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FOREWORDFOREWORDFOREWORDFOREWORD    

 

 

 In the context of remarkable advances in technologies with medical applications and 

of concerns for prioritizing non-invasive diagnostic methods, elastography has gained a well-

deserved place. 

 Simplifying to the extreme, elastography replaces the sense of touch (with limited 

sensitivity, uneven individual accuracy, and inability to approach a large number of organs and 

tissues), with a standardized method, of high sensitivity and specificity, which allows the 

evaluation of the elasticity of organs and tissues inaccessible to clinical examination, having a 

wide practical applicability. 

The development of the method was explosive, both in terms of the techniques used 

and the fields of application. Numerous technical variants are currently available, developed 

in correlation with the type of application. Strain elastography, which measures the 

longitudinal deformation of tissues when applying an external stimulus, is especially 

applicable in the evaluation of breast, prostate, and thyroid tumors. Shear wave elastography, 

which measures the speed of displacement of shear waves generated in the tissue by an 

external stimulus, has multiple applications in hepatology, both in diffuse liver diseases, 

including steatotic liver (MASLD), and liver tumors, but also in pancreatic, breast, thyroid, 

prostate, testicular, renal, musculoskeletal pathologies. 

The medical industry has quickly adapted to the beneficiaries’ requirements and has 

managed in a short time to develop elastography modules, included in both medium-class and 

state-of-the-art ultrasound systems, which has led to increased accessibility to this 

examination method, thus making it possible to quickly assess patients in ultrasound offices. 

Although MRI elastography has a higher value, it is limited by its still low accessibility. 

It is also remarkable that the authors open a window into the future, looking at the 

role of artificial intelligence in elastography. 

The "Textbook of Elastography" appears at the initiative and under the coordination 

of the ultrasound school in Timișoara, a structure unanimously recognized and appreciated at 

national, European and world level, recognition validated by the presence of its members in 

European and world management structures. It responds to an acute need of the medical 

world to have access to exhaustive informative material, with scientific, didactic, and 

educational value in this dynamic field, addressing a wide range of practitioners who use this 

method.  

 

Prof. dr. Mircea Grigorescu 

                                                                Honorary member of the Romanian Academy 
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Chapter 1. IntroductionChapter 1. IntroductionChapter 1. IntroductionChapter 1. Introduction    

Ioan Sporea, Roxana Șirli, Dana Stoian, Alina Popescu 

  

Why would a Textbook on Elastography be needed at this time? The answer is given 

by the practical need for information in a relatively new field of medicine. For over 2000 years, 

physical palpation was considered to be the golden standard to evaluate an organ’s elasticity 

(stiffness). However, in the last 20 years, with the development of clinical elastography, things 

have started to change. If, at first, there was a reluctance or distrust regarding elastography, 

in recent years, more and more practitioners from various medical fields have been using this 

method and enjoyed its results. 

At first, elastography was mainly used for liver assessment, by means of Vibration-

Controlled Transient Elastography. Later, the development of other elastographic techniques 

(such as Acoustic Radiation Force Impulse and Strain Elastography) led to the use of this 

method in many other fields of medicine. Currently, elastographic evaluation is used for the 

diagnosis of soft tissue tumors, such as breast, thyroid, parathyroid, lymph nodes or in 

dermatology, for cervical or prostate lesions, as well as for the evaluation of musculoskeletal 

lesions. At present, all major ultrasound companies have implemented elastography modules 

in their new prototypes, and the number of users of the method is constantly increasing. 

 The publication more than 10 years ago of the European (EFSUMB) or World (WFUMB) 

elastography guidelines, which have been permanently updated, has made the best scientific 

information available, and the use of elastography in clinical practice, more and more 

frequent. The technique of performing elastography is relatively simple to learn, but the 

confounding factors must be well known and applied in practice, in order to avoid erroneous 

results. 

 The publication of a Textbook on Elastography aims to disseminate this method as 

much as possible in our geographical area and to be available to all interested specialties. 

From this point of view, Romania was among the countries that made a major contribution to 

the development of elastography, through published research, dissemination workshops and 

the development of national guidelines.  

 We have tried to include in this Textbook those areas of medicine where elastography 

is of great clinical utility, inviting authors with great experience to write the respective 

chapters. The book should remain open to the future, as new research and development may 

enable the use of elastography in other medical fields as well. 

 Finally, the question may arise whether elastography can replace clinical medicine and 

palpation? Probably not, because elastography data will have to be integrated in a clinical 

context, in which the anamnesis, clinical and biological examination data are indispensably 

linked, but elastography certainly complement and refine the others in order to obtain early 
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and correct diagnoses, and to begin appropriate therapy. In the coming years, Artificial 

Intelligence will also contribute to the integration of elastography in diagnosis, and the first 

steps are already being taken. 

 We hope that this Textbook on Elastography will be a useful and pleasant book to read, 

allowing a wide use of this new medical method, in parallel with the continuous development 

of elastography equipment. 

      The authors 
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Chapter 2. History of elastographyChapter 2. History of elastographyChapter 2. History of elastographyChapter 2. History of elastography    

Roxana Șirli, Camelia Nica 

 

Elasticity is an intrinsic property of all substances, implicitly tissues, to deform when 

an external stimulus is applied. The more elastic a tissue is, the more it will deform, and the 

stiffer it is (less elastic), the less it will deform when applying a stimulus of similar intensity. 

Palpation, an indispensable element in clinical examination, is the oldest method of assessing 

tissue elasticity, as it is known that some diseases (malignant tumors, accumulation of fibrotic 

tissue) lead to an increase in tissue stiffness, while others (inflammation, edema) lead to a 

stiffness decrease. 

Elastography is a medical imaging technique that measures tissue stiffness (elasticity), 

the terms elasticity – stiffness having the value of antonyms. Elastography has proven to be 

valuable in the diagnosis and monitoring of multiple medical conditions, especially in the field 

of chronic liver diseases, but also in breast, thyroid, prostate, vascular pathology, etc.  

The mathematical formula for calculating elasticity has been established since the 

fifteenth century – Hooke's law (1678) (1). This is applicable to solid structures, whose 

deformation is linear. Tissue elasticity differs from that of solids, since it is a visco-elastic 

medium, being influenced by factors other than the stimulus’ intensity, such as the direction 

of the stimuli application and the visco-elastic properties of the tissue. However, a fairly 

accurate approximation of the tissues’ elastic properties can be made using elastic moduli (1), 

as will be explained in the chapter on the technical principles of elastography.  

Starting from the relationship between the elastic properties of tissues and certain 

diseases, the concept of elastography was developed, an imaging method that measures 

tissue elasticity/stiffness. The measurement of tissue deformation induced by an external 

stimulus can be done either parallel to the direction of stimulus application (strain 

elastography) or perpendicular to the direction of stimulus, by assessing the speed of the 

shear waves generated by the stimulus into the tissue (shear-wave elastography). 

The first studies on the elasticity of viscoelastic substances date back to 1951 (2), when 

a mathematical model was developed that estimated the behavior of a sphere oscillating in a 

viscoelastic medium. Subsequently, using a strobe, members of the same group measured the 

speed of thigh surface deformation, generated by the vibration of a piston applied to the skin 

(3). This research was the basis for the development of elastographic methods used to assess 

living tissues elasticity, based on either nuclear magnetic resonance or on ultrasound. 
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1. Ultrasound-based elastography 

a) Strain Elastography (SE) 

One of the first applications of strain elastography (SE) was described by Eisensher et 

al. in 1983, who used M-mode ultrasound to track low-frequency (1.5 Hz) vibration-induced 

tissue dislocation in breast and liver tissue, thus managing to differentiate benign tumors from 

malignant ones (4). 

At the beginning of the 90s, SE techniques were developed, incorporated into common 

ultrasound systems, in which the stimulus used for tissue deformation was light manual 

compression with the transducer, the longitudinal tissue dislocation (parallel to the direction 

of application of the stimulus) being estimated using gray scale ultrasound (B-ultrasound 

mode) (5). The first clinical applications of SE were developed by the team led by BB Golberg 

in the mid-90s, for the evaluation of breast nodules (6). Subsequent studies in the early 2000s 

demonstrated the value of SE for increasing the accuracy of the BIRADS classification (7), as 

well as for differentiating benign from malignant nodules, using either the Tsukuba score (8) 

or the ratio of the lesion size measured by elastography vs. by gray scale ultrasound (B mode) 

(9). 

Since the mid-2000s, SE has also proven useful for the localization and characterization 

of prostate nodules (10), as well as for guiding prostate puncture for the diagnosis of prostate 

cancer (11). In the same period, SE began to be used for the evaluation of thyroid nodules 

(12,13), proving its usefulness in differentiating benign vs. malignant ones.  

Foreign elastography has limited value for the evaluation of the liver, due to the low 

penetrance of the deformation stimulus and the fact that the elastogram generated does not 

allow numerical results to be obtained, being only a quantitative method.  

Modern ultrasound machines use heartbeat and respiratory movements as a stimulus 

for tissue deformation (14). Other strain elastography techniques use an acoustic impulse as 

a stimulus for tissue deformation (14). 

 

b) Shear-wave elastography (SWE) 

As mentioned above, shear-wave elastography (SWE) is based on measuring the speed 

of shear waves generated into tissues by a stimulus, perpendicular to the direction of 

application of the stimulus. Depending on the way the tissue is stimulated, and the method 

used to measure the shear waves speed, SWE techniques have been classified as follows (14): 

● Vibration Controlled Transient Elastography (VCTE), originally known as Transient 

Elastography (TE), in which the stimulus is a mechanical impulse generated by a 

vibrator 

● SWE techniques based on ARFI (Acoustic Radiation Force Impulse), in which the 

stimulus is an acoustic pulse generated by the transducer  
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Vibration Controlled Transient Elastography (VCTE) 

 In the early 2000s, Laurent Sandrin and his team developed the technique of transient 

elastography, building a device called FibroScan™ (Echosens, Paris, France) (15). A special 

transducer, mounted on the shaft of a vibrator, measures the speed of the shear waves 

generated into the liver by the mechanical impulse generated by the vibrator. The value 

measured in m/s is automatically converted, using the Young modulus, to kiloPascals (kPa), 

considered indicative of liver stiffness. VCTE represented a real revolution for the non-invasive 

evaluation of liver fibrosis, being currently one of the reference methods for the evaluation of 

chronic liver diseases (16-19). 

 One of the biggest obstacles in achieving correct measurements of liver stiffness by 

VCTE proved to be obesity (20), in the severely obese, with a body mass index above 40 kg/m2, 

the failure rate of the measurements being 88% (21). In order to avoid this shortcoming, the 

XL probe was developed in 2010, with a central frequency of 2.5 MHz (22), thus with better 

penetrance than the usual probe – the M probe, whose central frequency is 3.5 MHz. Using 

the XL probe, valid results can be obtained in more than 60-80 % of patients with failed 

measurements with the M probe (22, 23). During the same period, the S probe also became 

available for pediatric use (24). 

 Over the years, numerous studies have been published regarding the usefulness of 

VCTE for assessing the severity of liver fibrosis in chronic liver diseases, the value of this 

method being confirmed by meta-analyses, both in mixed cohorts of patients (25-28) and in 

specific pathologies, such as chronic viral hepatitis (29-33); alcohol-induced liver disease 

(34.35); metabolic dysfunction associated steatotic liver disease - MASLD (36,37); but also in 

rarer diseases such as cholestatic liver diseases (38,39); alpha-1 antitrypsin deficiency (40); 

liver damage in cystic fibrosis (41,42); autoimmune liver disease (43). Moreover, VCTE has also 

proven its usefulness as a predictor of portal hypertension (44-47), as a predictor of hepatic 

mortality (48), but also of hepatocellular carcinoma occurrence (49,50). 

 In 2011, Horia Ștefănescu published the first study that evaluated the performance of 

VCTE in the spleen for the prediction of esophageal varices (51). In this study, special software 

was used, which expands the measurement range, opening up a new perspective in the use 

of VCTE. 

 Taking into account the high prevalence of steatotic liver disease, and its association 

with fibrosis, the manufacturers of FibroScan device have developed an application dedicated 

to quantifying steatosis, Controlled Attenuation Parameter (CAP), implemented in the same 

apparatus, both on the M probe, from 2010 (52) and on the XL probe, from 2015 (53).  

When VCTE started to be used, there was great interest on establishing cut-off values 

for differentiating the stages of histological fibrosis. However, in recent years, considering the 

new concept in hepatology of compensated advanced chronic liver disease (cACLD), as well as 

the overlapping cut-off values for mild stages of fibrosis, emphasis is placed on the diagnosis 

of advanced stages of fibrosis and clinically significant portal hypertension. This pragmatic 
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approach was introduced by the Society of American Radiologists, who proposed in 2020 the 

"rule of 5" regarding the evaluation by VCTE of patients with chronic viral hepatitis or MASLD, 

namely (54): liver stiffness (LS) ≤5 kPa - high probability of normal liver (without fibrosis); LS 

<10 kPa in the absence of significant clinical signs excludes compensated advanced chronic 

liver disease (cACLD), i.e. stages F3-F4; LS values between 10 and 15 kPa are suggestive of 

cACLD, but require additional testing for confirmation; >15 kPa LS values are highly suggestive 

of cACLD; LS values ≥20-25 kPa confirm clinically significant portal hypertension. 

This approach is also mentioned in the Baveno VII consensus (55), which also includes 

platelet counts as a criterion in determining the need for endoscopic screening of esophageal 

varices in patients with LS values between 20-25 kPa. 

 

SWE techniques based on ARFI (Acoustic Radiation Force Impulse) 

 As mentioned above, in all ARFI-based SWE techniques, the stimulus that causes tissue 

deformation is an acoustic impulse centered at a certain depth, which generates shear waves 

that move away from the application area. Depending on the technique for measuring the 

velocity of these shear waves, the ARFI-based SWE techniques are (14):   

● point SWE (p-SWE) in which the acoustic impulse is centered onto a point and the 

speed of the shear waves is measured in a region of interest, expressed in m/s that can 

be converted to kPa. 

● 2D-SWE and 3D-SWE, in which tissue stimulation is performed at several points by 

acoustic impulses and the measurement of shear waves velocity is done in a larger 

area. This type of elastography became possible due to technical advances in 

ultrasound, the evaluation result being not only a numerical value (expressed either in 

m/s or in kPa), but also an elastogram, a color-coded image superimposed on the gray 

scale ultrasound image. 

The ARFI technique was introduced in 1998 by Sarvazyan et al. (56), who used for the 

first time an acoustic pulse to produce tissue deformation (shear waves), the propagation 

speed of which was measured using ultrasonography. The major advantage of this technique 

is that no other device is required (as in the case of FibroScan™), as long as the ARFI pulse and 

the B-mode ultrasound used to measure shear waves velocity are integrated into the same 

transducer. In the early 2000s, papers on the in vitro and in vivo applications of ARFI technique 

began to be published (57, 58).  

In 2007, the first commercial application of the p-SWE technique, Virtual Touch 

quantification - VTQ™ was developed by Siemens. This was followed by the publication of 

numerous papers validating this method as compared to liver biopsy, but also to VCTE (59-

61). Currently, VTQ is included in international guidelines as a method to assess liver fibrosis 

(17-19,54). Later, p-SWE became available on other platforms, perhaps the most documented 

being the Philips' ElastPQ™ technique (62-64). 
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Technological development has made it possible for tissue stimulation to no longer be 

done by ARFI at a single point, as in p-SWE, but at several points in rapid succession. 

Measurement of shear waves velocity generated by multiple ARFI pulses could be achieved 

by ultrasonography transducers with a very high scan rate (on the order of 10 images/s). This 

technology was proposed in 2004 (65) and was the basis for the development of 2D-SWE real-

time elastography, being integrated into Supersonic Imagine's Aixplorer™ system. The clinical 

applications of this technology refer to liver fibrosis assessment (66-68), breast nodules (69), 

thyroid and prostate pathology, etc. 

Later, 2D-SWE became available on other platforms such as General Electric, Samsung, 

Cannon, Toshiba, the technologies used to generate the acoustic pulse and to measure the 

shear waves velocity being different, from manufacturer to manufacturer. 

In the following years, multiple clinical validation studies of 2D-SWE methods followed, 

compared to both biopsy and other elastographic methods, for the evaluation of liver fibrosis, 

of thyroid, breast, prostate pathology, etc. They demonstrated that 2D-SWE elastographic 

techniques are valuable methods, with good feasibility, being now included in international 

guidelines (17, 19, 54). 

 

2. MRI Elastography 

 The concept of MRI elastography was developed in 1991-1995 by a team led by Dr. 

Richard Ehman, who used nuclear magnetic resonance assessment of tissue dislocation 

induced in tissues by a low-frequency vibrator (70,71). They started from the idea that the 

shear waves generated into the tissue by a stimulus with a fixed frequency will have a different 

wavelength, depending on the tissue stiffness. The advantage of MRI elastography is that it 

evaluates a large volume of tissue (especially valid in the case of the liver, where an elastogram 

of the entire liver is obtained). The first results on the differentiation of normal liver from 

fibrotic liver were published in 2004 (72). 

The early 2000s saw significant advances in MRI technology, including the 

development of more sophisticated vibration sources and algorithms for processing shear 

wave images into elastograms. This period also marked the validation of MRI elastography in 

different clinical situations, especially for the evaluation of fibrosis in chronic liver diseases 

(73, 74), which has been demonstrated by several meta-analyses (75-77). Currently, MRI 

elastography is considered the most accurate non-invasive method of staging liver fibrosis, 

being accepted by international guidelines as an alternative to liver biopsy (17, 78).  

Other clinical applications of MRI elastography are neurological diseases (79, 80), 

breast tumor pathology (81, 82), in musculoskeletal pathology, etc. 

In conclusion, in the last 30 years, elastography based on either ultrasound or MRI has 

proven its usefulness for the non-invasive evaluation of liver fibrosis, of breast, thyroid, 

prostate tumoral pathology, of musculoskeletal pathology, etc. It is an extremely dynamic 

field, new technologies constantly opening new paths for the non-invasive evaluation of 

various pathologies. 
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ChapterChapterChapterChapter    3. History of Elastography Guidelines3. History of Elastography Guidelines3. History of Elastography Guidelines3. History of Elastography Guidelines    

Ioan Sporea 

 

When discussing practice guidelines in medicine, the first question is why they are 

necessary. Specifically, why do we need guidelines in the field of elastography? Practice 

guidelines are essential for educating physicians on the latest advancements and their 

application in practice. Periodic updates of these guidelines allow for the continuous 

improvement and incorporation of recent research and publications. Guidelines are typically 

published by professional societies at various levels (national, European, or global) and reflect 

their perspectives on different areas of activity. These parallel guidelines often highlight 

differences in approaches and views at continental or national levels, influenced by varying 

levels of resources and pathological characteristics. 

In the relatively new field of elastography, changes occur frequently, and new technical 

developments necessitate more frequent updates of these guidelines. A proper use of 

elastography in practice requires staying informed about the latest research and publications. 

Practitioners are encouraged to study these new guidelines to stay up to date with the latest 

developments and their practical applications. 

We will review the elastography guidelines produced by various scientific societies, 

from the earliest guidelines to the most recent ones (some of which are still being published). 

Fortunately, I have been part of the working groups for many of these guidelines, developed 

through careful study of emerging publications, academic debates among experienced 

individuals, and the formulation of recommendations based on Oxford levels of evidence. 

The first elastography guideline was published in 2013 by the European Federation of 

Societies for Ultrasound in Medicine and Biology (EFSUMB). Structured in two parts (the first 

covering physical principles and technology, and the second covering clinical applications) 

(1,2), this guideline was the first in the literature to review the basics of elastography. 

Also in 2013, the Japanese Society of Ultrasound published its elastography guideline. 

Published in multiple parts, it first presented the physical principles and terminology, followed 

by hepatic applications of the technique (3,4). Unlike the EFSUMB guideline, the Japanese 

guideline recommended the use of strain elastography for hepatic evaluation, whereas the 

European version did not. Subsequently, the Japanese Society of Ultrasound proposed two 

more guidelines related to the elastographic evaluation of the breast and pancreas (5,6). 

In 2014, the Romanian guideline for hepatic elastography was published (7). This 

guideline, which appeared relatively early, reflects the development of elastography 

(primarily hepatic) in Romania. Strong research centers in elastography (mainly hepatic, using 

impulse elastography and later ARFI technology) from Cluj and Timișoara, with numerous 

primary publications, allowed the accumulated experience to be shared in this Romanian 

guideline. This guideline begins with the physical principles of elastography and types of 
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elastography (SWE - Shear Wave Elastography and SE - Strain Elastography), followed by 

indications for hepatic elastography, the types of pathologies where hepatic elastography is 

used, and publications supporting the recommendations made. Finally, it includes references 

to the use of hepatic elastography in diagnosing circumscribed hepatic lesions. 

The American Society of Radiologists in Ultrasound (SRU) published its guideline on the 

elastographic evaluation of the liver in the following year (8). 

In 2015, three guidelines from the World Federation for Ultrasound in Medicine and 

Biology (WFUMB) were published (9,10,11). The first of these guidelines discusses terminology 

related to elastography and the basic principles of the method. The second guideline is for 

breast elastography, and the third is for hepatic elastography. The significant merit of these 

three guidelines is that they brought together the leading researchers and experts worldwide 

under the WFUMB umbrella in this new field. These guidelines allowed for a relative 

unification of the method globally. In 2017, the WFUMB guidelines on thyroid (12) and 

prostate (13) elastography were published. 

After this period, hepatology societies began to get involved in developing liver 

elastography guidelines. In 2015, the European Association for the Study of the Liver (EASL), 

along with the Latin American Society, published a guideline on non-invasive liver evaluation 

(14), in which hepatic elastography plays a central role. Two years later, the American 

Gastroenterological Association (AGA) published its guideline on the elastographic evaluation 

of the liver (15). 

Given the dynamic nature of elastographic methods, where the number of publications 

each year is high, as well as the emergence of numerous meta-analyses, the need arose for 

renewing and updating such guidelines after their first edition. Thus, the first renewed elasto-

graphy guideline was from EFSUMB (16). This guideline also makes several recommendations 

for using hepatic elastography in clinical practice. Again, the European priority in renewing the 

hepatic elastography guideline comes from the extensive experience accumulated in 

European centers and the publications by European authors with considerable expertise in 

this field. Also, in 2017, the EFSUMB guideline for non-hepatic applications (17) was published. 

In 2018, the World Federation for Ultrasound in Medicine and Biology (WFUMB) 

updated its guideline (18), incorporating new information related to elastographic methods 

for liver evaluation. The recommendations made, based on levels of scientific evidence, are 

helpful for practitioners. In 2020, an updated hepatic guideline from the American Society of 

Radiologists in Ultrasound (SRU) was published (19), introducing an important rule, the “Rule 

of 4,” which aims to standardize ARFI technique cut-offs for liver evaluation. 

In 2021, EASL updated its guideline for the non-invasive evaluation of liver fibrosis (20). 

In parallel with these guidelines related to liver fibrosis evaluation, two guidelines for 

assessing portal hypertension were published, in 2015 (Baveno 6) and 2022 (Baveno 7) (21, 

22). In these two guidelines, which represent consensus on portal hypertension, the “Rule of 

5” is introduced for Impulse Elastography (VCTE), simplifying the use of cut-off values for 
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different grades of fibrosis and the risk of portal hypertension in patients with compensated 

advanced chronic liver disease (cACLD). 

The most recent renewed guideline is from the World Federation for Ultrasound in 

Medicine and Biology (WFUMB) (23), updating information related to the elastographic 

evaluation of liver fibrosis and portal hypertension, providing several practical 

recommendations. This guideline also includes information on quantifying hepatic steatosis 

using ultrasound methods (24). 

We have attempted to review the main guidelines published by various professional 

associations, initially focusing on general use guidelines and later on those for evaluating 

hepatic fibrosis (and subsequently hepatic steatosis). The continuous emergence of updated 

guideline versions demonstrates the dynamic nature of this method, with numerous valuable 

publications appearing annually. 

Reviewing these guidelines aims to provide readers with these bibliographic materials, 

which can be consulted for a precise understanding of their recommendations. The 

continuous renewal of good practice guidelines and the physicians' knowledge of them allows 

for the correct use of the method, ensuring accurate clinical implementation. 
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Chapter Chapter Chapter Chapter 4. Principles of elastographic techniqu4. Principles of elastographic techniqu4. Principles of elastographic techniqu4. Principles of elastographic techniqueseseses    

Felix Bende, Tudor Moga, Roxana Şirli 

 

 Elastography assesses the elasticity of tissues, representing the tendency of a tissue to 

resist deformation under the action of an applied force or to return to its original shape after 

the removal of that force. Elastography is a form of remote sensing that measures and shows 

the biomechanical characteristics of a tissue resisting shear deformation. A force can be 

applied widely across the surface of the body or at a single point, which results in shear 

deformation. This force can be generated naturally by physiological movement applied to the 

body's surface by vibration, or it can be concentrated at specific depths using an ultrasonic 

transducer to create a force of acoustic radiation (1,2). 

 Ultrasound is used in all ultrasound-based elastography techniques to quantify tissue 

shear deformations produced by an applied force. Both dynamic and quasi-static forces can 

be used. Quantitative imaging of tissue characteristics is not possible with quasi-static 

pressures. Tissue properties can be quantified thanks to dynamic forces. These include force 

impulses generated by acoustic radiation at specific depths or mechanical impulses generated 

at the body's surface.  

According to EFSUMB (European Federation of Ultrasound in Medicine and Biology) 

guidelines (3), elastography techniques can be classified according to how tissue deformation 

data are displayed. Three options are available: 

a. Display displacement without additional processing. This kind of displacement is 

employed in acoustic radiation force impulse imaging (ARFI imaging), where the presented 

image is scaled between bright (soft tissue) and dark (hard tissue), and it allows for a 

quantitative measurement (units of μm). Liver elastography does not employ this method. 

b. Display of tissue deformation or strain rate, which is calculated from the spatial 

gradient of the displacement or velocity. This type of displacement works according to Hooke's 

law, which states that E=σ / ε, where stress is the force applied per unit area and strain is the 

change in tissue length divided by its original length. If the stress (unknown in the strain 

modulus) is assumed to be the same for all image locations, a strain image can be thought of 

as the inverse of the Young's modulus map. Distortion is a quantitative measurement (%) and 

the image brightness is usually scaled between bright (soft) and dark (hard). 

c. Display of shear wave velocity, which is calculated by measuring the arrival time of 

a shear wave at various locations in the tissue. This is only possible when the force is applied 

dynamically. The shear wave velocity can be displayed in units of m/s. Alternatively, it can be 

converted to either Young's modulus E or shear modulus G, which are expressed in units of 

kilopascals (kPa). These elastography techniques are called shear wave elastography (SWE) 

and include vibration controlled transient elastography (VCTE), point shear wave elastography 

(pSWE) and multidimensional shear wave elastography (2D-SWE and 3D-SWE) (Fig. 4.1). 
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Fig. 4.1. Classification of elastographic techniques 

 

 For liver applications, elastography methods that display shear wave velocity are most 

commonly used in practice, followed by strain and displacement imaging (for liver lesions), 

which are used less frequently. Elastography methods integrated into clinical practice for the 

liver are described in Table I. 

Table 4.1. Elastography methods used for the liver. 

Deformation/displacement techniques Shear wave elastography techniques 

1. Strain elastography 1. Vibration Controlled Transient 

Elastography – VCTE (Impulsive 

Elastography) 

2. Point shear wave elastography (Point 

Shear Wave Elastography) – pSWE 

3. Multidimensional shear wave 

elastography (2D Shear Wave 

Elastography and 3D Shear Wave 

Elastography) 

 

 

 

 



29  

1. Strain elastography 

Strain elastography is the most widely implemented elastography method on 

commercial systems, however, it is the least used technique for liver applications. The force 

used in strain elastography is either produced with the ultrasound probe or due to internal 

physiological motion. Axial displacement images are computed using radiofrequency echo 

correlation tracking or Doppler processing, which converts axial displacement images to strain 

images [2,4]. Manual pressure stimulation measures elasticity in superficial tissues. A 

disadvantage of this excitation method is that manual stress is not effectively transmitted to 

the deeper tissues. Excitation from natural physiological movement, such as heart rate and 

breathing, is another mechanism for generating tissue stress. Deep organs such as the liver or 

kidney can be evaluated with this method [2,4]. 

Strain elastography is a semi-quantitative method for analyzing the elastic properties 

of tissues, which has not demonstrated high accuracy in liver applications. 

 

2. Shear Wave Elastography (SWE) 

a) Vibration Controlled Transient Elastography – VCTE  

VCTE was designed to measure liver elasticity only. It uses an automatic piston, which 

is also a disk-shaped ultrasound transducer, that applies a low-frequency (50 Hz) mechanical 

push to the body surface with a controlled applied force (5). A transient shear wave is created 

that propagates through the tissue. The velocity of shear wave propagation is proportional to 

tissue stiffness, which increases with liver fibrosis (6). VCTE measures tissue stiffness over a 

region of tissue 1 cm in diameter and 4 cm in length, which is 100 times larger than that 

assessed with liver biopsy. The transient deformation of the shear wave is propagated at a 

constant speed for 4 cm and measured by a straight line automatically displayed in a 

displacement ultrasound M-mode shown in the result (Figure 4.2) (3). If the pulse is not 

successfully transmitted and recorded, the software does not provide a reading. Transient 

elastography is marketed under the trade name FibroScan®. Stiffness values are given in kPa. 

Controlled Attenuation Parameter (CAP) is a technology that quantifies hepatic steatosis by 

measuring the loss of energy as the sound wave passes through the medium. Total 

attenuation at 3.5MHz is expressed in dB/m and steatosis is estimated using the same 

radiofrequency data as elastography at the same location where stiffness is measured (7). A 

schematic representation of the basic principle of VCTE is shown in Figure 4.3. 
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Fig. 4.2 Vibration Controlled Transient Elastography (VCTE) and controlled attenuation parameter (CAP) with 

the Fibroscan® device. Sample display showing the M-echo scan on the left, the single-line amplitude A-scan 

in the middle, and the displacement M-mode after a vibration-controlled surface pulse on the right. 

Numerical values for CAP are shown on the left (db/m) and for VCTE on the right (kPa). 

 

 

Fig. 4.3. Schematic representation of the principle of transient elastography. A mechanically induced 

pulse at the tissue surface with an A-mode transducer produces an axial shear wave pulse. The shear wave 

velocity measured is proportional to the fibrosis. 

 

b) Point Shear Wave Elastography  – pSWE 

Applying an acoustic radiation force impulse (ARFI) at a controlled depth within a tissue 

generates a shear wave that propagates away from the axis and focal point of the thrust beam 

(Figure 4.4). The average propagation speed from the focal point positioned at the lateral 

boundary of a measurement region of interest (ROI) to another opposite lateral boundary of 

the ROI can be measured by detecting its arrival time at that point (2). Ultrasonography is used 
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to guide ROI placement, however, no elasticity images are produced (Figure 4.5). First 

introduced by the Siemens company, pSWE is available on various commercial systems from 

different vendors (e.g. Canon, Samsung, Hitachi, Esaote, etc.). Results can be expressed in 

either m/s or kPa. 

 

Figure 4.4. Schematic representation of the pSWE principle. An ultrasound-induced focused radiation force 

impulse is produced at a controlled depth generating a lateral shear wave in a region of interest (ROI).  

The measured shear wave velocity represents the stiffness of the tissue. 

 

 

Figure 4.5. pSWE elastography implemented on the Samsung system. A region of interest (ROI)  

is placed 1-2 cm below the liver capsule. Liver stiffness measurement is shown in kPa. 
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c) Two-dimensional shear wave elastography (2D-SWE) 

This method creates several locations of tissue displacement using the force impulse 

of acoustic radiation (Figure 4.6). Quantitative shear wave velocity images can be created by 

arranging the ARFI focus at multiple consecutive sites and measuring the shear wave velocity 

and arrival time at each (1,2). This results in the display of a sizable quantitative color-coded 

elasticity map, or elastogram, which can be shown independently side by side or overlaid over 

the B-mode image (Figure 6). By enclosing smaller ROIs (area of measurement) inside the 

elastogram, one can receive a quantitative measurement in addition to the visual impression 

of the elastogram on a color scale. A measurement's mean and standard deviation are typically 

shown, either as Young's modulus in kPa or as the shear wave propagation velocity in m/s 

(Figure 4.7). 

Numerous ultrasound systems, including SuperSonic Imagine, GE Healthcare, Canon, 

Philips, Siemens, and Mindray, support this technique. 

 

 

Figure 4.6. Schematic representation of the principle of 2D shear wave elastography (2D-SWE).  

Multiple ultrasound-induced ARFI lines create transverse shear waves that produce quantitative  

images of their velocity. 
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Figure 4.7. 2D Shear Wave Elastography (2D-SWE) implemented by General Electric. The elastogram, which is 

superimposed on the B-mode image, is placed 1-2 cm below the liver capsule (right image). A circular ROI is 

placed inside the elastogram for liver stiffness measurements. A quality color-coded map (pictured left) may 

be available to guide placement of measurements. The result is expressed in kPa and m/s. 
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Chapter 5. Liver ElastographyChapter 5. Liver ElastographyChapter 5. Liver ElastographyChapter 5. Liver Elastography    

 

5.1. Diffuse Hepatopathies 

5.1.a. ExaminaWon Techniques and Confounding Factors in Liver Elastography 

Felix Bende, Tudor Moga 

 

1. Elastographic Examination Technique 

All elastographic methods follow an evaluation technique that allows a good 

visualization and approach to the liver parenchyma. Patients will be positioned supine with 

the right arm in maximum abduction to widen the intercostal spaces thus providing a better 

view of the right liver lobe. Measurements from the left lobe of the liver are not recommended 

due to higher values and significant variability. Minimal training is required to be able to 

perform measurements of liver fibrosis, and the acquisition itself will usually take less than 5 

minutes. Patients must be fasting (at least 2 hours) and not exerting themselves for at least 

10 minutes before the assessment. At the time of ultrasound scanning of the liver, large 

vessels, artefacts and deep inspiratory movements should be avoided, both in A-mode 

Vibration Controlled Transient Elastography (VCTE) and in B-mode imaging (pSWE and 2D-

SWE) (1- 4). To improve contact, a common ultrasound gel is used as the interface between 

the probe and the patient's skin. 

For the VCTE technique (FibroScan®, Echosens), the transducer is placed between the 

right intercostal spaces (spaces 9-11) to facilitate pulse penetration at least 4 cm deep into 

the liver parenchyma. The device provides an A-mode image that will help the examiner 

choose the best section of the liver. The VCTE probe will transmit a mechanical impulse to the 

liver through a special (cylinder-shaped) piston that will apply a controlled force and thus 

generate shear waves. The probe is able to detect the speed of propagation of shear waves in 

the liver, reflecting the stiffness (hardness) of the liver. Measurements are expressed in 

kiloPascals (kPa) with a range of 1.5 kPa to 75 kPa. If the system detects errors in the 

acquisition process, it will automatically remove the measurement. At the end of the 

examination, the median of 10 measurements is displayed together with the quality 

parameters (interquartile range – IQR and success rate – SR). Although an IQR/median ratio ≤ 

30% and a success rate ≥ 60% were initially recommended as quality criteria, currently only 

an IQR/median ratio ≤ 30% is sufficient to qualify the assessment as valid (1-4). 

For more accurate measurements, manufacturers have developed several probes (M, 

XL and S) that are recommended to overcome the error factors given by obesity and variations 

in chest circumference (4). Boursier et al. (5) examined the learning curve and interobserver 

reproducibility of liver stiffness measurement (LSM) using VCTE elastography. The study found 

that novice examiners can obtain reliable LSM results with minimal training, indicating an 
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insignificant learning curve. The success rate of LSM is expected to increase with experience. 

Other studies have shown that at least 100 measurements are needed as training to obtain 

valid results and 500 for expert level (6, 7). It is also a reproducible method with excellent 

intra- and interobserver agreement (8). 

pSWE elastography is a different method from VCTE, being integrated into an 

ultrasonographic system that evaluates liver fibrosis by non-invasive means. The "acoustic 

pulse" generated by the probe will generate shear waves that propagate in the liver 

parenchyma. Being an ultrasound-assisted method, ultrasonographic experience plays an 

important role in the successful performance of the technique, the reproducibility of the 

method being excellent (4, 8). 

Using this technique, ascites is not a barrier to measuring liver stiffness (hardness). The 

probe, as in VCTE, should be placed in the right intercostal spaces to visualize liver tissue, 

avoiding large vessels or other structures. Next, the region of interest (ROI) should be placed 

at depths between 1 and 6 cm below the liver capsule, ideally 1-2 cm (9). Special attention 

should be paid to respiratory movements and cardiac cycles, patients should hold their breath 

for several seconds during the acquisition, and the operator should choose a correct distance 

from the heart when selecting the examination section and ROI. 

Ten valid measurements are recommended and the result (median of measurements) 

is displayed in m/s or kPa. Quality parameters such as IQR/M and standard deviation (SD) are 

used to optimize method performance (10, 11). The most important quality parameter 

common to all pSWE technologies is the IQR/median ratio, which should be ≤ 30% if results 

are expressed in kPa (2, 10). The WFUMB guideline is more restrictive and states that, if the 

results are expressed in m/s, the IQR/median ratio must be ≤ 10% (2). 

2D-SWE elastography is a real-time visualization technique based on ultrasound. As in 

the other methods, 2D-SWE uses a section through the right liver lobe, with the avoidance of 

large vessels and other structures, which require a stable image to make the acquisition. 

Patients must hold their breath for a few seconds so that the machine can track and measure 

the speed of propagation of the shear waves generated by the acoustic pulse in the region of 

interest. The speed of shear wave travel is displayed via a color-coded map, so the technique 

provides both quantitative and qualitative assessments of tissue stiffness. The region of 

interest, where the elastogram overlaps the gray-scale image, should be positioned at least 1-

2 cm below the liver capsule, but no deeper than 7 cm in the liver parenchyma (12). A smaller 

measurement area is selected in the region of interest, the size of which can be selected by 

the operator, the results will be expressed as mean value and standard deviation, in kPa or in 

m/s. 

The biggest advantage that 2D-SWE offers is that it evaluates a larger area of the liver 

parenchyma (up to 10 cm2). Typically, stiffer (harder) tissue will be represented in red and 

softer tissue in blue. The operator should obtain as many "loops" of elastograms as possible 

in which in post-processing the region of interest will be selected for the acquisition of liver 
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stiffness measurements in the most homogeneous elastogram (13). Minimal training in 

abdominal ultrasonography (> 300 examinations) is required to be able to obtain good 

elastograms (14). IQR/M ratio and measurement depth < 5–6 cm are recommended as quality 

factors (10, 15). The median of at least three measurements should be used when performing 

liver stiffness measurements, but the examiner can choose between 3 and 15 measurements 

(16-18). Even though it is a reproducible method (19), inter- and intraobserver agreement in 

patients may be slightly inferior to pSWE (20, 21). 

Real-time strain elastography, offered by the Hitachi system (HI-RTE) (22), uses a 

conventional ultrasound transducer that has the SE module built into it. A good ultrasound 

window is needed for the SE system to work properly, so a good ultrasound image is 

mandatory. The probe will generate longitudinal tissue deformation by mild tissue 

compression and thereby produce a real-time elasticity image by superimposing a color map 

on the B-mode image (23, 24). It has all the advantages of B-mode imaging and the approach 

to the examination will be the same as for the rest of the techniques, with the patient in supine 

position, with the right arm in maximum abduction with a short stop of breathing at the time 

of acquisition, ascites and increased BMI not being contraindications for this method. 

The method is mainly used as a qualitative assessment. Results will be displayed as 

blue for stiffer tissue and red for soft tissue. Several methods have been developed to 

quantitatively assess tissue stiffness, such as elastic ratio, elastic index, elasticity score, and 

liver fibrosis index, but without proven consistency. The examiner must have ultrasound skills, 

and special training is required to set the region of interest and adjust the probe for a 

homogeneous compression/relaxation index (4, 25). Even though experience plays a role in 

SE, studies have shown that SE has good to very good intra- and inter-observer variability and 

is a reproducible method (26, 27). 

 

2. Confounding Factors in Ultrasound-based Elastography 

When measuring liver stiffness (hardness) using ultrasound-based elastography, we 

must recognize several factors that may influence the results. Some of these are related to a 

physiological state, others are related to pathology. Hepatic inflammation with a threshold of 

AST and/or ALT values > 5 times the normal value, liver congestion, cholestasis, acute hepatitis 

and infiltrative liver disease are known to increase liver stiffness (4). It is also known that food 

intake and physical activity can falsely increase liver stiffness, so a minimum of two hours of 

fasting and ten minutes of rest before the examination is recommended (4, 28, 29). The error 

factors associated with liver elastography, depending on the method, are represented in 

Fig.5.1. 

For VCTE, BMI appeared to be the main factor influencing results (30), therefore a new 

probe, XL (2.5 MHz), dedicated to overweight and obese patients (BMI>28 Kg/m2) was 

produced with good results in clinical practice (31, 32). 
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In addition to BMI, VCTE results may be influenced by elevated transaminases (33), 

cholestasis (34), hepatic congestion (35), infiltrative liver disease, dietary intake (36, 37), and 

alcohol consumption. VCTE does not provide valid measurements in patients with ascites, 

another disadvantage being the lack of B-mode imaging, which prevents visualization of the 

liver, making it more difficult to avoid possible vascular or tumor structures (7, 38). 

The study by Kettaneh et al. (39) evaluate the efficacy of VCTE in a cohort of 935 

patients with Hepatitis C Virus (HCV). In this study, it was found that the success rate of VCTE 

measurements decreases with age and is lower in obese patients. However, the experience of 

the operator, especially those with more than 50 examinations, significantly improves the 

success rate. The performance of VCTE for the diagnosis of cirrhosis was consistent regardless 

of the number of valid measurements and operator skills, suggesting that, even with minimal 

training, VCTE provides reliable diagnostic performance for the diagnosis of cirrhosis. 

The pSWE technique uses B-mode ultrasound to visualize an appropriate liver section 

where the acquisition is to be made, thus making the method more dependent on the 

ultrasonographic image selection by the operator (8). Region of interest and right lobe depths 

vs. left are aspects that can influence the results (40, 41). Increased BMI, moderate/severe 

steatosis (42, 43), elevated transaminases, congestive liver, cholestasis, as well as dietary 

intake influence liver stiffness measurements. The examination must be done in a fasting state 

or at least 3-4 hours after the last meal (44-46). 

The 2D-SWE technique is an ultrasound-based method that allows for the real-time 

visualization of the visco-elastic properties of tissues. It is an operator-dependent method, 

with experience playing an important role in obtaining reliable results (14), from the study by 

Leung et al. (47), however, we find that 3 to 5 valid measurements can be obtained in 90-

98.9% of the examined cases. Even though the method overcomes some of the previous 

limitations, results may be influenced in patients with large amount of ascites, poor 

sonographic window, obesity (BMI > 30 kg/m2), inability to stop breathing, abdominal wall 

thickness (≥25 mm), steatosis, waist circumference (≥ 102 cm), and recent dietary intake (4, 

37, 48, 49). 

The strain elastography method is an operator-dependent method, with the 

ultrasound window being a prerequisite for a correct acquisition. We know from the study of 

Bilgen et al. (50) that when we use a convex transducer, extra care must be taken because the 

region immediately in front of the transducer could be under greater stress than the lateral 

portions of the sector. In this case, reducing the size of the ROI sector for elastography will 

improve the uniformity of the deformation image. It is essential to avoid placing the region of 

interest (ROI) near large blood vessels during elastography, as blood circulation can create an 

artificial displacement effect or an apparent 'soft' area in the elastogram. For the correct 

evaluation of liver fibrosis, it is recommended to position the ROI more than 1 cm below the 

liver capsule to avoid the area of reduced tension (colored in blue) that is found under the 

capsule (25). Experience also plays an important role. The method is not widely used in daily 

practice because of its inconsistency (1, 2, 4, 24, 51). 
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Fig. 5.1. Confounding factors associated in ultrasound-based elastography 
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5.1.b. Fibrosis Assessment by VCTE, pSWE and 2D-SWE 

Roxana Sirli, Ruxandra Mare, Alina Popescu 

 

The evaluation of liver fibrosis in chronic liver diseases of various etiologies is one of 

the most intensively studied and used clinical applications of elastography. Strain 

elastography, even if it was the first to appear on the market, has not confirmed its usefulness 

in everyday practice. Shear-wave elastography is the one used in daily clinical activity, as you 

will see below. 

 

5.1.b.1. Fibrosis Assessment by VCTE 

Vibration Controlled Transient Elastography (VCTE), originally known as Transient 

Elastography (TE), is the most established elastographic method used for fibrosis staging in 

chronic liver diseases. As shown in previous chapters, the method was developed in the early 

2000s (1). Liver stiffness (LS) is measured with the FibroScan™ device (EchoSens, Paris, France) 

(Fig.5.2.). A special transducer, mounted on the shaft of a vibrator, measures the velocity of 

shear waves generated into the liver by the mechanical impulse of the vibrator. The value 

measured in m/s is automatically converted using the Young modulus into kiloPascals (kPa), 

which is considered indicative of liver stiffness.  As previously described, 10 LS measurements 

are required for a correct assessment, the device automatically calculating their median value 

and IQR, which must be lower than 30% for the obtained value to be considered interpretable 

(1-7). 

 

Fig. 5.2. FibroScan device with M and XL probes. Measurement in an individual without fibrosis (LS 4.9 kPa - 

in yellow) and without steatosis (CAP 272 dB/m - in blue) 
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A. Evaluation by VCTE in Individuals with Normal Liver 

Since the method was introduced, multiple studies have been conducted that have 

evaluated subjects without liver damage. One of the first studies published was the one 

conducted by Roulot et al. on a group of 429 apparently healthy consecutive subjects, the 

mean LS value being 5.49±1.59 kPa (8). In another large study, on 445 patients, the mean LS 

value was 5.1±1.19 kPa (9). Two other large studies with more than 600 patients revealed 

slightly lower mean values, of 4.4 kPa (10, 11). In a personal study of 152 subjects, the mean 

LS value in normal individuals was 4.8±1.3 kPa (12). 

Factors influencing LS values in healthy subjects were also evaluated. The first factor 

taken into account was the patients’ gender. Most studies have shown that the values are 

higher in men than in women (8-10, 12).  

Based on the already demonstrated fact that liver fibrosis progresses more rapidly in 

elderly subjects (13), another factor considered was whether the LS values measured by VCTE 

in healthy subjects are influenced by the subjects’ age. In a study conducted in our clinic, 

although we found small differences in mean LS values between age groups, they did not 

reach statistical significance, nor could an upward trend in relation to age be highlighted (12). 

Similar results were observed in the Roulot study (8), as well as in two other smaller studies 

(14, 15). However, in another large study, a negative correlation between age and LS was 

observed in 530 patients (r=-0.168, p<0.001). For those aged ≤25, 26-35, 36-45, 46-55 and >55 

years, the mean LS values were 4.2, 4.3, 4.0, 3.8 and 3.4 kPa (p = 0.001), respectively (16). In 

a paediatric population of 240 children, the LS value was significantly age-dependent, with 

median values being 4.40, 4.73 and 5.1 kPa in children aged 0-5, 6-11, and 12-18 years (p = 

0.001), respectively (17). 

It is known that in overweight and obese patients it is more difficult to obtain valid 

measurements by VCTE. The same is true for subjects without liver pathology. Hence the idea 

of seeing whether the body mass index (BMI) influences the LS values measured by VCTE. In 

the Roulot study, LS values were significantly higher in subjects with BMI≥30kg/m2. In the 

Kumar study, LS was also higher in subjects with higher BMI (normal, overweight and obese 

subjects: 4.10±0.75, 5.08±0.66 and 6.05±1.28kPa, respectively; p<0.001) (9). Another large 

study demonstrated that LS values in individuals with BMI <18.5 kg/m2 were comparable to 

those of obese subjects, being significantly higher than in normal-weight subjects (6.05 ± 1.78 

kPa. and 6.60 ± 1.21 kPa versus 5.51 ± 1.59 kPa, p = 0.016 and 0.349 respectively (18). 

In a study including individual data from 16,082 subjects without chronic liver disease, 

with normal transaminases values (≤ 33 IU in men and ≤ 25 IU in women), the mean LS value 

in non-obese individuals was 4.68 kPa, with values increasing in patients with liver steatosis 

by ultrasound (5.42 kPa), with diabetes mellitus (5.56 kPa), with steatosis and diabetes (5.94 

kPa). In obese individuals, the values were significantly higher: 5.6 kPa (in those without 

steatosis or diabetes), 5.71 kPa in those with steatosis by ultrasound, 6.34 kPa in those with 

diabetes, 6.49 kPa in those with steatosis and diabetes (19). 
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In conclusion, considering all these data, what do the guidelines say? The EFSUMB 

(European Federation of Societies for Ultrasound in Medicine and Biology) guidelines state 

that LS values measured by VCTE in normal liver range between 4.5-5.5 kPa, these values being 

sufficient to exclude significant liver fibrosis in the absence of significant clinical and biological 

signs (20). According to the Guidelines of the American Society of Radiologists, LS values ≤ 

5kPa by VCTE exclude the presence of fibrosis in patients with chronic viral hepatitis or with 

metabolic dysfunction-associated steatosis (MASLD) (21). 

 

B. Evaluation by VCTE in Patients with Chronic Hepatitis C  

The first published studies regarding the value of VCTE for predicting liver fibrosis 

severity included patients with chronic hepatitis caused by hepatitis C virus (HCV). These 

studies tried to find cut-off LS values by VCTE that would differentiate between the stages of 

fibrosis diagnosed by liver biopsy. The conclusion was that VCTE is not precise enough to 

differentiate between close stages of fibrosis (in particular F0, F1, F2 Metavir) but it is 

sufficient to differentiate the absence of fibrosis and mild fibrosis (F0 and F1) from significant 

fibrosis (F2), which was essential for the treatment decision at the time. VCTE also had 

excellent predictive value for the diagnosis of HCV-induced cirrhosis.  

In a French multicenter study coordinated by Beaugrand (22), which included 494 

patients with chronic HCV hepatitis, evaluated by liver biopsy and VCTE, a significant 

correlation was found between fibrosis severity and LS (r = 0.57, p<0.001). This study 

calculated cut-off values to differentiate fibrosis stages. Thus, the value of 7.5 kPa 

differentiated F0-1 from F2-4 with sensitivity (Se) of 67%, specificity (Sp) of 87%, positive 

predictive value (PPV) of 86% and negative predictive value (NPV) of 68%, with a diagnostic 

accuracy of 76% (22).  

In a study by our group that included 407 naïve patients with chronic HCV hepatitis, 

we found a significant direct correlation of LS measurements with fibrosis severity: Spearman 

r=0.605, P<0.0001. For a cut-off value of 6.8 kPa, LS had a sensitivity of 58.9% and a specificity 

of 89.1% (AUROC 0.760) for predicting significant fibrosis (at least F2 Metavir), while for a cut-

off value of 12.6 kPa, the sensitivity was 92.1%, specificity 91.6% (AUROC 0.953) for the 

prediction of cirrhosis (23). Other studies have established cut-off values that differentiate F0-

1 from F2-4 ranging from 6.8-7.3 kPa (23-25). 

Over the years, countless studies have been published on the value of VCTE for the 

discrimination of fibrosis stages, which have been summarized in several meta-analyses (26-

29). In the Friedrich-Rust meta-analysis, based on 50 studies, the mean AUROC for the 

prediction of significant fibrosis (F2) was 0.84, at a suggested cut-off value of 7.6 kPa (26). In 

the Tsochatzis meta-analysis, the cut-off value calculated for F≥2 Metavir was also 7.6 kPa, 

with 0.78 Cumulative Se and 0.89 Cumulative Sp (29).  

The conclusion would be that, in viremic patients with HCV, if the LS is greater than 

6.8–7.6 kPa (22-24, 26, 28), there is a high probability that the liver biopsy will reveal 
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significant fibrosis (F2-F4), the patient requiring antiviral therapy according to the guidelines 

valid at the time, when only patients with at least significant fibrosis had a firm indication for 

treatment. Currently, taking into account the excellent efficacy of interferon-free treatment 

regimens exceeding 95-96%, their minimal adverse effects, all patients with active HCV 

infection should be treated, regardless of the stage of fibrosis (30, 31). 

 For the presence of cirrhosis, the predictive value of VCTE is much better, the AUROCs 

calculated in different studies exceeding 0.95 (26, 27). A meta-analysis published in 2016, that 

included 24 papers estimated a Se of 84%, with a Sp of 90%, with AUROC 0.95 for the 

prediction of cirrhosis in patients with chronic HCV hepatitis (32). The suggested cut-off value 

for the diagnosis of HCV liver cirrhosis was 12.5-15 kPa (24, 29). 

Another question that arose was whether VCTE could be useful for tracking antiviral 

treatment outcomes. In a study published in 2011, Hezode et al. prospectively evaluated 91 

patients with HCV chronic hepatitis during pegInterferon and Ribavirin therapy (33) using 

VCTE. LS was assessed at weeks 4, 12, 24, at the end of treatment and at 12 and 24 weeks 

after treatment. A significant decrease in LS during therapy, which continued after treatment, 

was only observed in patients who achieved a sustained virologic response (SVR). The median 

decrease in VCTE values from baseline at the end of follow-up was -3.4 kPa, compared to -1.8 

kPa in patients who did not achieve SVR (33). Similar results have been observed in other 

studies, in patients treated with both interferon-based regimens and patients treated with 

direct antiviral agents (34-37). However, the decrease in LS values at the end of treatment, as 

well as at short intervals after the end of treatment (12, 24 weeks) cannot be attributed to a 

regression of fibrosis, most likely to be caused by a decrease in inflammation (38). Long-term 

follow-up of LS values showed significant decreases in VCTE values in those with SVR, more 

intense immediately after therapy, slower in years of surveillance, more important in patients 

with liver cirrhosis and clinically significant portal hypertension (CSPH) (36, 39, 40).  

The question that arises is whether we can interrupt the surveillance of cirrhotic 

patients with SVR regarding the occurrence of CSPH and hepatocarcinoma. The Baveno VI and 

VII criteria state that patients with VCTE values ≤ 20 kPa and platelet count ≥150 × 109/L have 

a <5% risk of having esophageal varices with a high risk of bleeding (41). According to a recent 

study, if after SVR the LS values by VCTE fall below 12 kPa, in patients with normal platelet 

counts, the risk of developing CSPH is excluded with a Se of 99.2% (42).  Thus, if the Baveno 

VI/VII criteria are met after SVR, patients may no longer need screening endoscopy.  

However, regardless of the decrease in LS values, patients with severe fibrosis and 

cirrhosis should undergo the hepatocarcinoma screening program (5, 20).  

The value of VCTE to predict complications of cirrhosis in patients with chronic HCV 

hepatitis, especially CSPH, will be discussed in a separate chapter. 
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C. Evaluation by VCTE in Patients with Chronic Hepatitis B  

Initial studies of cut-off values for predicting different stages of fibrosis had conflicting 

results in patients with chronic hepatitis B, with variations in cut-off values for the same stage 

of fibrosis, particularly when compared to those in patients with chronic hepatitis C. In one of 

the first larger studies published, a prospective study by Marcellin et al. including 202 patients 

with chronic HBV hepatitis, the AUROCs for F≥2, F≥3 and F=4 were 0.81, 0.93 and 0.93, 

respectively. The optimal cut-off values were 7.2 and 11.0 kPa for F≥2 and F=4, respectively, 

by maximizing the sum of sensitivity and specificity, and 7.2 and 18.2 kPa by maximizing 

diagnostic accuracy (43). 

Comparative studies of the VCTE value for predicting fibrosis severity in patients with 

chronic hepatitis B vs. chronic hepatitis C have shown similar performance (44, 45). However, 

a significant dependence of cut-off values on serum transaminase values was highlighted in 

patients with flares of chronic HBV hepatitis (46-48). Consequently, LS measurements by VCTE 

must be interpreted in a biochemical context; Otherwise, there is a risk of overestimating the 

severity of fibrosis. This is also why evaluation by VCTE is not recommended in acute hepatitis 

or during flares of chronic hepatitis B (3, 5, 20). 

To minimize the risk of overestimation of fibrosis during flares, Chan et al. calculated the 

LS cut-off values by VCTE for different stages of fibrosis taking into account aminotransferase 

levels (49). In this study, the LS cut-off value for F3 was 9 kPa in patients with normal ALT and 

12 kPa in patients with ALT greater than 5 times the upper limit of normal. The cut-off values for 

cirrhosis were 12 kPa in patients with normal ALT and 13.4 kPa in those with elevated ALT (49). 

The Tsochatzis meta-analysis evaluated the predictive value of LS assessed by VCTE 

also in patients with chronic hepatitis B. The calculated cut-off value for F≥2 Metavir was 7 

kPa (range 6.9–7.2, lower than in HCV patients), with Se of 0.84 and Sp of 0.78 (29). The Chon 

meta-analysis included 2772 patients with HBV chronic hepatitis, the mean AUROC for the 

diagnosis of significant fibrosis (F2), severe fibrosis (F3), and cirrhosis (F4) were 0.859, 0.887, 

and 0.929, respectively. The calculated cut-off values were 7.9 kPa for F2 (Se 74.3% and Sp 

78.3%), 8.8 kPa for F3 (Se 74.0% and Sp 63.8%), while for F4 it was 11.7 kPa (Se 84.6% and Sp 

81.5%) (50). 

In 2015, two more meta-analyses were published on the performance of VCTE in 

staging fibrosis in HBV patients. Xu meta-analysis showed that there are significant differences 

in performance in European vs. Asian populations, the AUROC for F≥2 and F4 diagnosis were 

0.803 and 0.905 vs. 0.871 and 0.914, respectively (51). In the Li meta-analysis, which included 

4386 HBV patients, the corresponding AUROCs for F≥2, F≥3, and F=4 was 0.88, 0.91, and 0.93, 

respectively (52).  

Given all these data, VCTE has become an established method for staging fibrosis in 

chronic hepatitis B in patients with normal ALT (2, 3, 5, 20), with even better performance than 

serological tests (2). This is important because patients with chronic HBV hepatitis with 

significant fibrosis should receive antiviral treatment regardless of transaminase levels (53, 54). 



47  

Regarding the evolution of LS values in patients with chronic HBV hepatitis under 

antiviral treatment, several studies have shown a significant stiffness decrease during 

treatment (55-59). The decrease was more significant in the first 2-3 years of treatment, after 

which the values remained relatively stable (58, 59). However, as in patients with chronic HCV 

hepatitis, the decrease in LS values in cirrhotic patients following effective antiviral treatment 

should not influence the hepatocarcinoma screening program (5, 20). With regard to CSPH, 

the Baveno VI/VII criteria should also be applied to patients with chronic HBV hepatitis (60).  

A special category of patients are those with chronic HBeAg negative HBV infection 

(previously known as HBsAg inactive carriers; patients HBsAg positive, HBeAg negative, with 

HBV-DNA viral load < 2000 IU/ml and normal ALT level). Significant fibrosis and even cirrhosis 

may be present in these patients, albeit in a small percentage of cases. In a study by our group, 

the mean values of LS by VCTE in chronic HBV AgHBe negative infection was 5.6±2.1kPa, 

significantly higher than in normal subjects (4.8 ± 1.2 kPa, p = 0.0002). In patients with 

undetectable viral load, the mean LS was 4.9 ± 1.2 kPa, significantly lower than in those with 

detectable DNA (< 2000 IU/ml) (6.7 ± 2.7 kPa, p < 0.001) (61). International guidelines state 

that VCTE can be used to exclude significant fibrosis and diagnose cirrhosis in these patients 

(5, 20). 

The value of VCTE to predict complications of cirrhosis in patients with chronic 

hepatitis B, especially CSPH, will be discussed in a separate chapter. 

 

D. Evaluation by VCTE in Patients with Hepatic Steatosis Associated with 

Metabolic Dysfunction (MASLD) 

Metabolic dysfunction associated steatotic liver disease (MASLD), previously classified 

as non-alcoholic fatty liver disease (NAFLD), is currently the leading cause of chronic liver 

disease worldwide. MASLD affects more than 60% of people who are overweight/obese or 

have type 2 diabetes (62, 63). This category of patients is at risk of liver fibrosis which can 

progress to cirrhosis as a consequence of associated steatohepatitis (MASH, formerly known 

as non-alcoholic steatohepatitis - NASH). Considering the large number of patients with 

MASLD, it was very important to find a non-invasive method to assess fibrosis severity, since 

it is the most important prognostic factor in these patients (64). 

Even from the beginning, VCTE was used to evaluate patients with MASLD (NAFLD) and 

a significant correlation has been observed between the LS values by VCTE and the severity of 

histological fibrosis (65), even though in obese patients (a large part of patients with MASLD) 

it was more difficult to obtain valid measurements, an obstacle largely overcome by the 

development of the XL probe.  

One of the discussions in patients with MASLD is to what extent the presence of 

steatosis influences LS values. Wong et al. evaluated VCTE as a predictor of fibrosis and 

cirrhosis in patients with MASLD and factors associated with VCTE discordance with histology 

in 246 consecutive patients (48). LS was not affected by hepatic steatosis, necroinflammation 
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or body mass index. Discordance of at least two stages between VCTE and histology was 

observed in 33 (13.4%) patients. By multivariate analysis, biopsy fragment length less than 20 

mm and F0-2 disease were associated with discordance (48). In a Romanian study, 

multivariate analysis demonstrated that the only factor that independently influenced the LS 

values by VCTE in patients with MASH was the severity of fibrosis (66).  

In terms of predicting fibrosis severity, in the Wong study, the VCTE AUROCs for F≥3 

and F4 were 0.93 and 0.95, respectively. At a cut-off value of 7,9 kPa, Se, Sp, PPV and NPV for 

F≥3 were 91%, 75%, 52% and 97% respectively (67). In a meta-analysis published in 2014, 

including 856 patients with MASLD, assessed with the M probe, VCTE had good accuracy for 

the diagnosis of F≥3 (Se 85%; Sp 82%) and F4 (Se 92%; Sp, 92%), but only moderate accuracy 

for F≥2 (Se 79%; Sp 75%) (68).  

Over the years, numerous studies have been published trying to generate a screening 

algorithm for these patients, to identify those with significant/severe fibrosis, using serological 

markers, with or without elastographic methods. A recent meta-analysis included individual 

data from 5735 patients from 37 studies, assessed by liver biopsy and a sequential 

combination of FIB-4 (cut-off <1.3; ≥2.67), followed by LS measurements by VCTE (cut-off <8.0; 

≥10.0 kPa) to exclude or confirm advanced fibrosis (69). This combination of non-invasive tests 

had a Se and Sp of 66% and 86% respectively for the diagnosis of severe fibrosis. For the 

diagnosis of cirrhosis, FIB-4 (cut-off <1.3; ≥3.48) followed by VCTE (cut-off <8.0; ≥20.0 kPa) to 

exclude severe fibrosis and to confirm cirrhosis had a Se of 38%, with a Sp of 90% (69). 

Another recent meta-analysis including over 11,000 patients with MASLD evaluated by 

biopsy and VCTE, highlighted AUROC curves of 0.82, 0.85, and 0.89 respectively for the 

diagnosis of F≥2, F≥3, and F4, respectively. The cut-offs ranged from 3.8 to 10.2 kPa for F≥2, 

6.8 to 12.9 kPa for F≥3, and 6.9 to 19.9 kPa for F4 (70).  

The American Gastroenterology Association (AGA) guidelines suggest 12 kPa for 

confirming severe fibrosis (71). With regard to the prognosis of MASLD, the guidelines of the 

European Association for the Study of the Liver (EASL) suggest that repetitive assessment by 

VCTE at 1-3 years intervals, depending on the clinical and biological scenario, would be useful 

for the prognosis of patients (3), a recommendation also supported by the AGA guideline (71). 

In patients with MASLD, it is also important to quantify steatosis. Details on this topic 

can be found in the dedicated chapter. We will only mention that the manufacturers of 

FibroScan™ have developed an application dedicated to the quantification of steatosis, 

Controlled Attenuation Parameter (CAP), implemented in the same device, both on the M 

probe (72) and on the XL probe (73).  

The predictive value of VCTE to for cirrhosis complications in patients with MASLD, 

especially CSPH, will be discussed in a separate chapter. 
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E. Evaluation by VCTE in Patients with Alcohol-related Liver Disease (ALD) 

ALD is one of the most important causes of chronic liver disease, accounting for about 

50% of the etiology of cirrhosis in Europe (74). Unfortunately, these patients are diagnosed in 

most cases late, in the cirrhotic stage, although the risk factor is clear and they come into 

contact with the medical system, at least at the level of primary medicine. This is why it would 

be important to find non-invasive screening tests to diagnose ALD in the precirrhotic stage, 

when abstinence from alcohol would significantly improve the prognosis. 

Regarding VCTE assessment of patients with ALD, it should be taken into account that 

in most of these patients, inflammation coexists with fibrosis and steatosis, and can influence 

the results of LS measurements. Initial studies reported higher cut-off values for the diagnosis 

of cirrhosis in ALD than in those with viral hepatitis: 19.5 kPa in the Nguyen-Khac et al study 

(75) and 22.6 kPa in the Nahon study (76). However, ALT values were high in patients in these 

cohorts, but were not considered. 

 In a study conducted by Mueller et al (77), 50 patients undergoing a rehab program 

were included in the training cohort, were evaluated by VCTE at admission and after 

transaminase normalization, the mean interval being 5.3 days. A significant decrease in LS was 

observed in most patients, which correlated best with the decrease in AST. No significant 

changes in LS were observed below AST levels of 100 U/L. In the study cohort that included 

101 patients with histologically confirmed alcohol-induced steatohepatitis (ASH), if LS was 

measured by VCTE in patients with AST ≤ 100 U/L at the time of evaluation vs. at admission, 

the AUROC for the detection of cirrhosis improved from 0.921 to 0.945, while the specificity 

increased from 80% to 90%, to a sensitivity of 96%. A similar AUROC curve was obtained for 

F3 fibrosis if measurements were limited to patients with AST <50 U/L. The conclusion of this 

study was that delaying evaluation by VCTE in patients with ALD until AST decreases to <100 

U/ml (under abstinence conditions, significantly improves diagnostic accuracy (77). 

These results have also been confirmed by other studies which concluded that 

increased transaminase values correlate with increased VCTE values, and that the resolution 

of liver inflammation (evidenced by AST normalization) parallels the decrease in LS after a 

period of 1-8 weeks of abstinence (78-81). In a study in which VCTE was assessed compared 

to liver biopsy in patients with ALD, it was found that in patients with advanced fibrosis, mean 

LS values by VCTE decreased from 21.5 kPa at baseline to 11.4 kPa after two months of 

abstinence, with mean AST values decreasing from 70 U/L to 30 U/L over the same period 

(80). Another study found a steep increase in LS in ALD patients with advanced fibrosis when 

AST levels exceeded 70 U/L (81). 

As regards the effect of alcohol abuse per se on LS values assessed by VCTE, it does not 

appear to result in falsely elevated LS values, as long as transaminases are not highly elevated 

(82). Also, several studies have shown that low LS values by VCTE exclude advanced fibrosis in 

patients with ALD, regardless of concomitant alcohol abuse and the presence of histological 

steatohepatitis (80, 83, 84). 
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In a meta-analysis published in 2015 (85), due to the wide variability in the results of 

the included studies, cut-off values could not be calculated to discriminate fibrosis stages in 

patients with ALD. However, this meta-analysis suggests that VCTE can be used to exclude 

severe fibrosis and cirrhosis using cut-off values of 9.5 and 12.5 kPa, respectively, but with 

caution, taking into account the risk of overestimation in patients who continue alcohol 

consumption (85). 

A meta-analysis published in 2018, including individual data from 1026 patients with 

ALD found that the cut-off values of VCTE for fibrosis staging are strongly influenced by AST 

and bilirubin levels (cut-off values for AST>75 U/L and bilirubin >0.94 mg dl) (86). The cut-off 

values calculated for VCTE were 7 kPa (AUROC 0.83) for F≥1; 9 kPa (AUROC 0.86) for F≥2; 12.1 

kPa (AUROC 0.90) for F≥3 and 18.6 kPa (AUROC 0.91) for F=4 (86). 

The predictive value of VCTE for cirrhosis complications in patients with ALD, especially 

CSPH, will be discussed in a separate chapter. 

 

F. Evaluation by VCTE in Patients with Cholestatic Hepatopathies (Primary 

Biliary Cholangitis – PBC and Primary Sclerosing Cholangitis – PSC) 

The first study on the value of LS measurement by VCTE in patients with cholestatic 

liver diseases (PBC and PSC) was published in 2006 (87). In this study, LS was correlated with 

both fibrosis (Spearman r = 0.84, P<0.0001) and histological activity (r=0.79, P<0.0001). These 

correlations were maintained when patients with PBC and PSC were analyzed separately. The 

AUROC curves were 0.92 for F≥2, 0.95 for F≥3 and 0.96 for F=4, the calculated cut-off values 

being 7.3, 9.8 and 17.3 kPa, respectively (87).  

In another study published in 2008 in 80 patients with PBC, LS measured by VCTE was 

significantly correlated with histological fibrosis stage, with AUROCs being 0.89 for F>2 and 

0.96 for F=4 (88). A study published in 2012 by Corpechot calculated cut-off values of LS by 

VCTE of 7.1 kPa for F≥ 1, 8.8 kPa for F≥ 2, 10.7 kPa for F3 and 16.9 kPa for F4, the performance 

of VCTE being better than that of biochemical markers (89). 

An international multicenter study published by Corpechot's team in 2022, which 

included 3,985 patients with PBC, found that each additional kPa of LS increases the risk rate 

of poor outcome by 1.040 times, thus establishing that LS is an independent prognostic factor 

for PBC (90). The cut-off values of 8 kPa and 15 kPa effectively classified patients into low, 

medium and high-risk groups (90), respectively. A recently published meta-analysis from 2023 

showed that LS assessed by VCTE not only correlates with the presence of fibrosis but is also 

an important indicator for prognosis (91). 

Regarding PSC, the same team led by Copechot conducted a study that included 73 

patients with PSC evaluated by liver biopsy and VCTE. The cut-off values calculated for ≥F1, 

≥F2, ≥F3 and F4 were 7.4 kPa, 8.6 kPa, 9.6 kPa and 14.4 kPa (92) respectively. Another 

important conclusion of this study was that baseline LS values as well as their growth rate 

were strongly and independently correlated with patients' prognosis.   
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G. Evaluation by VCTE in Patients with Autoimmune Hepatitis 

Autoimmune hepatitis (HAI) is characterized by episodes of major cytolysis that result 

in progression to fibrosis and cirrhosis. Liver biopsy is essential for diagnosis and prognosis 

(93), but in recent years non-invasive staging methods have also been evaluated. It is a known 

fact that inflammation (with its indirect sign of major cytolysis) is one of the factors that lead 

to the overestimation of fibrosis by VCTE (2, 5, 20). Consequently, the results of VCTE at the 

time of diagnosis correlate with the histological degree of inflammation rather than with the 

stage of fibrosis (94). However, if the assessment is made after at least 6 months of successful 

immunosuppressive therapy, VCTE is accurate enough to diagnose cirrhosis and differentiate 

advanced stages of fibrosis (F3, F4) from less severe stages (F0-F2) (94). The calculated cut-off 

values were 5.8 kPa for F≥2, 10.5 kPa for F≥3 and 16 kPa for F≥4 (94). The decrease in LS values 

correlates with biochemical remission, fibrosis regression and favorable prognosis (95).  

 

H. New Concepts in VCTE 

If at the beginning there was emphasis on establishing threshold values by VCTE for 

differentiating the stages of histological fibrosis, in recent years, taking into account the new 

concept in hepatology of compensated advanced chronic liver disease (cACLD), as well as the 

overlapping of the measured values for mild stages of fibrosis, emphasis is placed on the 

diagnosis of advanced stages of fibrosis and clinically significant portal hypertension. This 

pragmatic approach was introduced by the Society of American Radiologists, which proposed 

in 2020 the "rule of 5" regarding the evaluation by VCTE of patients with chronic viral liver 

diseases or MAFLD, namely (21): liver stiffness (LS) ≤ 5 kPa - high probability of normal liver 

(without fibrosis); LS < 10 kPa in the absence of significant clinical signs excludes compensated 

advanced chronic liver disease (cACLD), i.e. stages F3-F4; values between 10 and 15 kPa are 

suggestive of cACLD, but require additional testing for confirmation;  values > 15 kPa are highly 

suggestive of cACLD; values ≥ 20-25 kPa confirm clinically significant portal hypertension. 

This approach is also continued in the Baveno VII consensus (41), which also includes 

platelet counts as a criterion in determining the need for endoscopic screening of esophageal 

varices in patients with LS values between 20-25 kPa. 

 

 

5.1.b.2. Evaluation of Fibrosis by Point Shear-wave Elastography (pSWE) 

pSWE elastography uses ARFI technology, which is integrated into multiple ultrasound 

systems, thus allowing the quantification of liver stiffness (LS) during a standard ultrasound. 

The measurements are made in an area of the parenchyma in the right hepatic lobe devoid of 

large vessels, by placing a region of interest (ROI) whose size is predetermined by the 

manufacturer (4, 20).  The first pSWE elastographic techniques were Virtual Touch Tissue 

Quantification (VTQ)® (Siemens Healthcare, Erlangen, Germany) (Fig. 5.3) followed by 
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Elastography Point Quantification (ElastPQ)® (Philips Healthcare, The Netherlands) (Fig. 5.4). 

Many other manufacturers have created this technique in recent years (Hitachi Ltd, Japan; 

Esaote, Italy; Samsung Medison, South Korea) (Fig.5.5). Regardless of the type of system used, 

10 measurements are required for an accurate assessment of liver stiffness, with the device 

automatically calculating the median and interquartile range (IQR), and the median/IQR ratio 

must be below 30% for the value to be considered interpretable (20, 96). The measured values 

are expressed either in m/s or in kPa, most systems being able to convert according to the 

operator's decision (4, 20, 96). The WFUMB guideline is more restrictive and states that if the 

result is expressed in m/s, the median/IQR ratio must be below 10% (4). 

 

Fig. 5.3. Measurements of liver stiffness using VTQ in a subject with mild fibrosis. The region of interest is 

placed in the liver parenchyma 3.2 cm below the liver capsule, avoiding large vessels. 

 

 

Fig. 5.4. Measurements of liver stiffness using ElastPQ in a patient with cirrhosis. The region of interest is 

placed 1-2 cm below the liver capsule, avoiding large vessels. The mean value and standard deviation are 

displayed on the screen. 
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Fig. 5.5. Measurements of liver stiffness using pSWE elastography in a patient without fibrosis (Samsung 

Medison, South Korea). The region of interest is placed 3.3 cm below the liver capsule, avoiding large vessels. 

The median (kPa), depth of the region of interest, and RMI (Reliability Measurement Index) are displayed on 

the screen. 

 

Regardless of the system used, current guidelines recommend the use of first line VCTE 

or pSWE or 2D-SWE elastography to assess the severity of liver stiffness in patients with 

chronic viral hepatitis. These elastographic methods have good accuracy in excluding cirrhosis 

in patients with chronic viral hepatitis C and in identifying patients with viral liver cirrhosis B 

(2, 4, 20, 96). 

 

A. Evaluation by pSWE in Individuals with Normal Liver 

 Before starting the evaluation of LS in patients with chronic liver diseases, we need to 

know the values in healthy subjects. In the literature there are numerous studies that have 

determined the reference values of pSWE elastography in healthy subjects, especially using 

the VTQ technique.  The mean values vary between 1.07 and 1.19 m/s, and are not influenced 

by age, sex and body mass index (97-101). On the other hand, the values are influenced by the 

place where the examination is performed, i.e. at the level of the left hepatic lobe, values are 

higher than at the level of the right hepatic lobe (98). Regarding ElastPQ, the values in healthy 

subjects are 1.08 ± 0.12 m/s (equivalent to 3.5 ± 0.04 kPa) (102-104), but one study found 

higher values in men than in women, significantly higher values at the end of exhalation 

compared to the end of inspiration, and the smallest variations in LS were obtained in segment 

V of the right hepatic lobe (103).  

 

B. Evaluation by pSWE in Patients with Chronic Hepatitis C Virus 

In the literature, there are a number of publications on the performance of VTQ 

elastography for the evaluation of fibrosis in patients with chronic HCV hepatitis, using liver 

biopsy as a reference method (Table 5.I). 
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Table 5.I Performance of VTQ in the evaluation of liver stiffness in patients with chronic hepatitis C virus (HCV) 

Study Number of 

patients (n) 

F ≥ 2 F=4 

Reference 

value (m/s) 

AUROC Reference 

value (m/s) 

AUROC 

Friedrich-Rust et al. 

(105) 

n=64 1.35 0.86 1.75 0.95 

Lupșor et al. (106) n=112 1.34 0.851 2 0.945 

Sporea et al. (107) n=274 1.21 0.893 1.82 0.937 

Sporea et al. (108) n=914 1.33 0.792 1.55 0.842 

Rizzo et al. (109) n=139 1.3 0.86 2 0.89 

Chen et al. (110) n=127 1.55 0.847 1.98 0.831 

Li et al. (111) n=128 1.53 0.775 1.79 0.792 

Joo et al. (112) n=101 1.335 0.853 1.665 0.828 

Ragazo et al. (113) n=107 1.22 0.67 2.37 0.96 

Hsu et al. (114) n=63 1.225 0.786 1.710 0.937 

Ueda et al. (115) n=108 1.26 0.93 1.94 0.86 

 

According to the EFSUMB guidelines, VTQ values of 1.21–1.34 m/s predict significant 

fibrosis (F ≥ 2) (AUROC 0.85–0.89), while values between 1.55 and 2 m/s (AUROC 0.89–0.93) 

predict cirrhosis (20).  The same guideline recommends the use of pSWE mainly VTQ as a first-

line assessment for predicting the severity of liver fibrosis in patients with chronic viral 

hepatitis HCV, this elastographic method having a very good accuracy in excluding the 

diagnosis of cirrhosis. 

Data on the ElastPQ value for the assessment of liver fibrosis severity in chronic HCV 

hepatitis are limited. Few studies have evaluated cohorts of HCV patients using biopsy as a 

reference method.  In a pilot study, the diagnostic performance (AUROC) for predicting 

significant fibrosis (F≥2) was 0.80 and for predicting cirrhosis 0.95 (102). Similar diagnostic 

performance, with AUROC 0.831 for F≥2 and 0.954 for advanced fibrosis (F=4) was obtained 

in a study published in 2017 using liver biopsy as a reference method (116). Other studies 

evaluated the diagnostic performance of ElastPQ using VCTE as a reference method. 

Diagnostic performance (AUROC) ranged from 0.92 to 0.96 for the diagnosis of significant 

fibrosis and from 0.83 to 0.95 for the diagnosis of cirrhosis (117, 118).  
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As in VCTE, LS values decrease in patients with sustained viral response (SVR) after 

antiviral treatment (119, 120). In a prospective study involving 336 patients, including 121 

patients with SVR, the diagnostic performance was 0.818 for the diagnosis of significant 

fibrosis (≥F2) and 0.981 for the diagnosis of cirrhosis (F4), respectively, and the cut-off values 

were 1.26 m/s for ≥F2 and 1.49 m/s for F4 (120). In another study, this time involving 644 

patients, of whom 80.9% were assessed by liver biopsy at the start of treatment and in 19.1% 

at 3 years after SVR was obtained, decreases in median LS were observed in the postSVR 

group, even though biopsy-assessed liver fibrosis did not change (119). 

The predictive value of pSWE for complications of cirrhosis in patients with chronic 

HCV hepatitis, especially CSPH, will be discussed in a separate chapter. 

 

C. Evaluation by pSWE in Patients with Chronic Hepatitis B Virus 

Using liver biopsy as a reference method, published studies have shown a diagnostic 

accuracy of VTQ comparable to that of VCTE in chronic viral HBV liver diseases (121-123).  The 

diagnostic accuracy (AUROC) in these studies ranged from 0.75 for the diagnosis of F≥2 to 

0.764 for VTQ and from 0.81 to 0.83 for VCTE, and for the diagnosis of cirrhosis (F=4), AUROC 

values ranged from 0.825 to 0.97 for VTQ and from 0.799 to 0.93 for VCTE (122, 123). 

 Our group (124) evaluated the value of VTQ elastography compared to liver biopsy in 

160 patients: 53 with chronic hepatitis B and 107 with chronic hepatitis C. The percentage of 

patients with indeterminable or invalid measurements was similar for VTQ and VCTE: 8.8% 

versus 10.9% (p=0.66). The mean LS values assessed by VTQ were similar for the same stage 

of histological fibrosis in patients with chronic hepatitis B and C. In patients with chronic 

hepatitis B, VTQ and VCTE elastography could not differentiate between patients without 

fibrosis (F0, Metavir) and mild fibrosis (F1, Metavir) respectively those with at least moderate 

fibrosis (F≥2, Metavir), but had a good value for differentiating between patients with or 

without severe fibrosis (F≥3, Metavir) and especially between non-cirrhotic patients and 

patients with cirrhosis (F=4, Metavir) (124).  

Already published meta-analyses have confirmed the good predictive value of VTQ in 

various chronic liver diseases, with AUROC curves for F≥2 of 0.84-0.87 and for F4 of 0.91-0.93 

(125, 126). 

The usefulness of ElastPQ in the diagnosis of chronic HBV liver disease has been 

evaluated in a small number of studies compared to VTQ, but with good results. Published 

studies have demonstrated an excellent diagnostic performance of ElastPQ in the diagnosis of 

significant fibrosis (AUROC 0.94-0.95) and a very good one in the diagnosis of cirrhosis (AUROC 

0.88-0.89) (127, 128). 

In this context, the EFSUMB guidelines state that pSWE-type elastography, as 

demonstrated with VTQ, is useful in patients with chronic HBV hepatitis to identify those with 

cirrhosis (20). 
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D. Evaluation by pSWE in Patients with Hepatic Steatosis Associated with 

Metabolic Dysfunction (MASLD) 

In 2023, a new nomenclature was adopted that replaced the terminology of NAFLD 

(non-alcoholic fatty liver disease) in MASLD (hepatic steatosis associated with metabolic 

dysfunction (129). Yoneda et al. (130) evaluated 54 patients with MASLD by liver biopsy, VCTE 

and VTQ.  In this study, the best cut-off value for the diagnosis of severe fibrosis (F≥3) was 

1.77 m/s (AUROC=0.973, with 100% Se, 91% Sp) and 1.9 m/s (AUROC=0.976, with 100% Se, 

96% Sp) for the diagnosis of cirrhosis (F4). Two other studies that evaluated the diagnostic 

performance of VTQ using liver biopsy as a reference method showed that the diagnostic 

accuracy of VTQ expressed by ROC curves for F≥3 ranges from 0.71 to 0.944 and for F4 from 

0.74 to 0.984 (131, 132). 

According to a meta-analysis published in 2015 involving 723 patients, the accuracy of 

VTQ in the diagnosis of F≥2 is only moderate (AUROC – 0.898, Se – 80.2%, Sp – 85.2%) (133).  

Another meta-analysis published in 2018, including 982 patients with MASLD evaluated by 

biopsy and pSWE, showed AUROC curves of 0.86, 0.94, and 0.95, respectively, for the 

diagnosis of F≥2, F≥3, and F4 respectively (134).  

A recent meta-analysis (70) evaluating the diagnostic accuracy of several types of 

elastographic methods, including pSWE, concluded that the diagnostic performance of pSWE 

in advanced fibrosis and cirrhosis expressed by AUROC curves is good (0.89 and 0.90 

respectively). 

Regarding the diagnostic performance of ElastPQ in MASLD, the evidence is limited. A 

European multicentre study showed that the values obtained by ElastPQ correlate with those 

obtained by VCTE (135). ElastPQ can reliably exclude fibrosis at a cut-off value <6.0 kPa (<1.41 

m/s, AUROC 0.940) and indicate a high risk of advanced fibrosis at a cut-off value ≥10.4 kPa 

(≥1.86 m/s, AUROC: 0.949) (135). Another study evaluating the diagnostic performance of 

ElastPQ showed an excellent correlation with VCTE (Spearman r = 0.80, p<0.001), which was 

better for mild/moderate stages of fibrosis (136). In the subgroup of patients with histology 

available, ElastPQ showed diagnostic accuracy similar to VCTE in staging liver fibrosis (AUROC 

values of 0.84, 0.83, 0.86 and 0.95, for F ≥ 1, F ≥ 2, F ≥ 3 respectively F = 4) (136). 

In view of all these data, the EFSUMB guidelines conclude that pSWE represented in 

particular by VTQ can be used to exclude cirrhosis in patients with MASLD (20). 

 

E. Evaluation by pSWE in Patients with Alcohol-related Liver Disease (ALD) 

Chronic alcohol abuse is a major public health problem worldwide. Alcoholic liver 

disease (ALD) is one of the most common complications and a leading cause of alcohol-related 

death, due to cirrhosis of the liver and its complications. Three histological lesions characterize 

ALD: steatosis, steatohepatitis and fibrosis. There are different stages of fibrosis, the most 
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severe of which is cirrhosis. In ALD it is important to know the stage of fibrosis to guide 

management decisions and estimate the prognosis. 

In a study involving 112 subjects with ALD assessed by VTQ and liver biopsy (137), VTQ 

was significantly correlated with histologically quantified fibrosis (r = 0.685, P <0.001). The 

diagnostic accuracy expressed using the AUROC curves was 0.846 for F≥2, 0.875 F≥3, and 

0.893 for F=4.  The optimal cut-off values were 1.33 m/s for F≥2, 1.40 m/s for F≥3, and 1.65 

m/s for F=4 in patients with high ALT values. In patients with normal ALT values, the cut-off 

values were 1.24 m/s for F≥2, 1.27 m/s for F≥3, and 1.41 m/s for F = 4 (137). 

Another study evaluated the diagnostic performance of VTQ in 83 patients with ALD. 

The cut-off values of the calculated VTQ were 1.63 m/s (AUROC 0.87) for F≥2; 1.84 m/s 

(AUROC 0.86) for F≥3; and 1.94 m/s (AUROC 0.89) for F=4 (138). 

The predictive value of pSWE for complications of cirrhosis in patients with ALD, 

especially CSPH, will be discussed in a separate chapter. 

 

F. Evaluation by pSWE in Patients with Cholestatic Liver Diseases (Primary 

Biliary Cholangitis – PBC and Primary Sclerosing Cholangitis – PSC) 

The pSWE value in cholestatic liver disease requires further study due to the small 

number of patients enrolled in existing studies (139). Thus, in a study with 126 subjects with 

PBC, the diagnostic performance of VTQ was good for the Child-Pugh A class (AUROC – 0.852) 

and excellent for the Chid Pugh C class (AUROC – 0.936) (139). 

In a study involving 152 subjects with PSC, the LS values obtained by ElastPQ highly 

correlated with the values obtained by VCTE (p <0.001, Spearman 0.93; Lin 0.86) (140). Also, 

ElastPQ had a good diagnostic performance for fibrosis staging (AUROC 0.96, 0.97, 0.97 and 

0.99 for F≥1, F≥2, F≥3 respectively, F=4). The best cut-off value to suggest compensated 

advanced chronic liver disease (cACLD) was 11.3 kPa, and to exclude cACLD, the cut-off value 

was ≤ 8kPa (140). 

 

G. Evaluation by pSWE in Patients with Autoimmune Hepatitis 

Studies on the diagnostic utility of pSWE in autoimmune hepatitis are limited. In a 

study involving 49 subjects with autoimmune hepatitis, ElastPQ showed moderate diagnostic 

accuracy to detect significant fibrosis (cut-off 4.47 kPa, AUROC 0.70), and cirrhosis (cut-off 

9.28 kPa, AUROC 0.75) (141). 

 

H.  New Concepts in pSWE 

Cut-off values differ for fibrosis staging between ultrasound systems produced by 

different providers, however, the Society of American Radiologists has attempted a unification 

of these values, suggesting the "rule of four" (5, 9, 13, 17 kPa) for ARFI techniques, valid in 
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chronic liver diseases of viral etiology and MASLD (21). This provider-neutral rule actually 

mirrors the 'rule of 5' used for the staging of liver fibrosis by VCTE, proposed at the Baveno VI 

consensus conference (142, 143).  Thus, LS of 5 kPa (1.3 m/sec) or less has a high probability 

of being normal, LS less than 9 kPa (1.7 m/sec), in the absence of other known clinical signs, 

excludes compensated advanced liver disease (cACLD), and values between 9 kPa (1.7 m/sec) 

and 13 kPa (2.1 m/sec) suggest cACLD, but additional tests are required for confirmation. 

Values higher than 13 kPa (2.1 m/sec) are highly suggestive of cACLD, and LS higher than 17 

kPa (2.4 m/sec) is suggestive of CSPH (21). 

In conclusion, pSWE is an easy-to-perform elastographic technique, integrated into a 

common ultrasound machine, with performance similar to VCTE to predict the severity of 

fibrosis in patients with liver diseases of various etiologies, the performance increasing with 

the severity of fibrosis. 

 

5.1.b.3. Evaluation of Fibrosis by 2D-SWE 

 2D-SWE elastography is the latest non-invasive technique developed for the evaluation 

of LS considered as a marker of fibrosis, the ARFI (Acoustic Radiation Force Impulse) technique 

being used in this situation to interrogate the tissue at several points (5, 144). The technique 

displays a qualitative color-coded elasticity map (elastogram), usually superimposed on the 

conventional B-mode ultrasound image, and it additionally allows for quantitative 

measurement by placing a smaller region of interest (ROI) inside the color map. The result of 

a measurement is usually displayed as the mean and standard deviation, either in m/s or kPa. 

This technique is available on several ultrasound systems including: Aixplorer (Supersonic 

Imagine – Hologic), General Electric Healthcare, Canon, Philips, Siemens, Samsung, Mindray 

and others (Fig.5.6, Fig.5.7). Although the systems are different, the principle of the technique 

is similar, and the results obtained are comparative, as will be seen from the data presented, 

having the additional advantage of the possibility of combined use with other ultrasound 

applications, in a multiparametric evaluation of patients with liver diseases. 
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Fig. 5.6. Evaluation of liver fibrosis using 2D-SWE.SSI elastography (Aixplorer®, Supersonic Imagine/Hologic), 

upper image. In the lower image, the assessment of viscosity (Vi.Plus) as a marker of inflammation. 

 

Fig. 5.7. Evaluation of liver fibrosis using 2D-SWE.GE elastography, the right image.  

In the left image, the reliability map. 

  

A. 2D-SWE Assessment in Individuals with Normal Liver 

The first ultrasound system to implement a 2D-SWE technique was Aixplorer™ 

(Supersonic Image – Hologic). The mean liver stiffness (LS) value in healthy volunteers using 

this system ranged from 2.6 kPa to 6.2 kPa in one study (145), being 6 ± 1.4 kPa (median 5.7 

kPa) in another publication (146), the latter showing higher values in males than females (6.6 

± 1.5 kPa vs. 5.7 ± 1.3 kPa, p=0.01). These values are also close to those obtained by our group 

using another 2D-SWE (General Electric) technique, where the average LS values obtained by 

2D-SWE.GE were 5.1 ± 1.3 kPa, significantly higher than those obtained by VCTE (4.3 ± 0.9 kPa, 

p < 0.0001) and again significantly higher in males than females, 5.9 ± 1.2 kPa compared to 4.7 

± 1.2 kPa (p = 0.0005) (147). 
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B. Evaluation by 2D-SWE in Patients with C Virus Chronic Hepatitis  

The first studies to evaluate liver fibrosis using 2D-SWE techniques included patients 

with chronic HCV liver disease, and also used the technique incorporated in Aixplorer™, 

showing very good results compared to liver biopsy or VCTE.  

Thus, in one of the first studies, Bavu et al. (148) included 133 patients with chronic 

HCV infection and compared the accuracy of 2D-SWE with VCTE and liver biopsy. The study 

showed a good correlation between the histological stage of fibrosis and the evaluation of LS 

using 2D-SWE and VCTE (p<0.0001), the AUROC values for the different stages of fibrosis for 

2D-SWE being higher compared to those for VCTE: 0.948 for F≥2, 0.962 for F≥3 and 0.968 for 

F=4, vs. AUROC for VCTE for F≥2, F≥3, F4:  0.846, 0.857 and 0.940 respectively. Data published 

later in another study, using the same technique, proved that 2D-SWE is a good and reliable 

method for the evaluation of LS in patients with chronic HCV hepatitis, the best cut-off values 

for different stages of fibrosis being: F≥2: 7.1 kPa (AUROC=0.92), F≥3: 8.7 kPa (AUROC=0.98) 

and F4: 10.4 kPa (AUROC=0.98) (149). 

More recent studies have followed the evaluation of patients with chronic HCV 

hepatitis using other 2D-SWE techniques, showing similar results. Thus, a study of our team 

(150) compared two methods of 2D-SWE, 2D-SWE.SSI (Aixplorer™) and 2D-SWE.GE (General 

Electric), using VCTE as a reference method. The study group included 208 consecutive 

patients with chronic HCV infection, in whom LS was evaluated in the same session using the 

two 2D-SWE techniques. LS values obtained with 2D-SWE.GE correlated better with VCTE than 

2D-SWE.SSI (r=0.75, p<0.0001 vs. r=0.57, p<0.0001, z-test p=0.0012), but no significant 

differences between AUROC values for 2D-SWE.GE and 2D-SWE.SSI in the identification of 

fibrosis F≥2 (0.97 vs. 0.96, p = 0.5650), F≥3 (0.97 vs. 0.95, p = 0.2935) or F = 4 (0.97 vs. 0.96, p 

= 0.6914) were found. 

2D-SWE.GE technique (LOGIQ E9 GE Medical Systems, Wisconsin, USA) was also used 

in a study involving 103 patients with chronic HBV and HCV liver diseases, the reference 

method being liver biopsy (151). The authors demonstrated a statistically significant positive 

correlation between LS values and the degree of liver fibrosis for both etiologies (Spearman 

correlation coefficient = 0.76 and 0.83 for HBV and HCV, respectively) (p = 0.0001), and the 

cut-off values of LS were also comparable for the two etiologies: F≥1: 5.92 kPa, F≥2: 7.69 kPa, 

F≥3: 8.97 kPa, F=4: 12.15 kPa in HBV; and F≥1: 6.09 kPa, F≥2: 7.81 kPa, F≥3: 9.0 kPa, F= 4: 12.47 

kPa in HCV patients. 

A newer 2D-SWE technique was also used by Villani et al. (152) in a study enrolling 178 

patients with chronic HCV hepatitis. The 2D-SWE technique existing in the EPIQ 7 US system 

(Philips Healthcare, The Netherlands) - ElastQ - was evaluated using VCTE as a reference 

standard, the cut-off values obtained for the diagnosis of fibrosis ≥F2, ≥F3 and F4 being 8.15 

(AUROC=0.899), 10.31 (AUROC=0.900) and 12.65 kPa (AUROC=0.899) (152), respectively.  

 

 



61  

C. Evaluation by 2D-SWE in Patients with B Virus Chronic Hepatitis  

In case of chronic HBV viral liver diseases, the initial data were also obtained with the 

2D-SWE technique incorporated by Supersonic Imagine in Aixplorer. Data from the initial 

studies of LS assessment using 2D-SWE in patients with chronic HBV hepatitis showed cut-off 

values and accuracy almost similar to those in HCV patients: F≥1: 6.5 kPa (AUROC=0.86), F≥2: 

7.1 kPa (AUROC=0.88), F≥3: 7.9 kPa (AUROC=0.93), and F4: 10.1 kPa (AUROC=0.98) (153). 

In another study (154) that enrolled 303 patients with chronic HBV hepatitis, in which 

the first 202 patients were the initial cohort and the next 101 patients the validation cohort, 

the AUROC curves for significant fibrosis, severe fibrosis, and cirrhosis were all greater than 

0.90. Using the cut-off values generated from the index cohort, in the validation cohort 2D-

SWE had a negative predictive value (NPV) of 82.6% for significant fibrosis, 95.1% for severe 

fibrosis, and 97.4% for cirrhosis. The positive predictive values (PPVs) were 83.6%, 65.0% and 

60.0% for F≥2, F≥3 and F4, respectively, demonstrating that the method has the highest 

accuracy in excluding the diagnosis of cirrhosis (154). 

A more recent study evaluated 602 patients with chronic HBV liver diseases using the 

2D-SWE ElastQ technique and liver biopsy as a reference method. The LS values obtained by 

2D-SWE showed a strong correlation with the fibrosis stage (r=0.71, P<0.001), the optimal cut-

off values for different degrees of fibrosis being: F≥1 5.72 kPa (Se 78%, Sp 70%), F≥3 6.85 kPa 

(Se 77%, Sp 86%), F≥3 7.43 kPa (Se 80%, Sp 86%), F4 8.03 kPa (Se 81%, Sp 73%) respectively. 

 

D. Evaluation by 2D-SWE in Patients With Metabolic Dysfunction-Associated 

Steatotic Liver Disease (MASLD) 

One of the first studies comparing 2D-SWE, VCTE, and pSWE (VTQ) with liver biopsy in 

291 patients with MASLD (155), showed similar good accuracy for all three techniques, slightly 

better for 2D-SWE: AUROC for 2D-SWE, VCTE, and VTQ were 0.86, 0.82, and 0.77 for 

diagnosing ≥F2; 0.89, 0.86, and 0.84 for ≥F3; and 0.88, 0.87 and 0.84 for F4 respectively. The 

cut-off values for 2D-SWE and VCTE for predicting different stages of fibrosis with a Se ≥90% 

were very close: 6.3/6.2 kPa for ≥F2, 8.3/8.2 kPa for ≥F3 and 10.5/9.5 kPa for F4 (155). 

In a study conducted by our group (156), which included 204 consecutive adult 

patients with MASLD, liver fibrosis was evaluated by the 2D-SWE technique incorporated into 

the Aixplorer™ MACH 30 System: ShearWave Elastography (2D-SWE.PLUS), using VCTE as a 

reference method. The study showed a strong correlation between the LS values obtained 

with 2D-SWE.PLUS and VCTE (r = 0.89), with the best cut-off value for 2D-SWE.PLUS for the 

presence of significant fibrosis (F≥2) of 7 kPa (156).  

Similar results have been demonstrated with other equipment incorporating 2D-SWE 

techniques. Thus, in a study involving 232 patients (164 in the MASLD group and 68 in the 

healthy control group) assessed by 2D-SWE (Canon) and VCTE, respectively, the authors 

demonstrated a significant correlation between 2D-SWE and VTCE (r=0.71, p < 0.0001) (157). 
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The MASLD-specific cut-off values of LS for 2D-SWE were: for F≥2: 7.9 kPa (AUROC=0.91); F≥3: 

10 kPa (AUROC = 0.92); and F=4: 11.4 kPa (AUROC = 0.95). 

In a more recent study (158) involving 104 patients with MASLD assessed by VCTE and 

2D-SWE, with liver biopsy as the reference method, the correlation between the histological 

grade of liver fibrosis and LS values was significantly stronger for 2D-SWE compared to VCTE 

(Spearman correlation coefficient of 0.71 vs. 0.51, z=2.21, p=0.027). Inflammatory activity was 

an independent predictor of LS by VCTE, but not by 2D-SWE. 

Similar to all elastographic techniques, 2D-SWE has better accuracy for diagnosing 

severe stages of fibrosis. In a study involving 552 patients with MASLD who had their LS 

assessed by 2D-SWE and VCTE in the same session (159), the median LS was 5.5 (2.8-75) kPa 

for VCTE and 6.2 (3.7-46.2) kPa for 2D-SWE. LS by VCTE and 2D-SWE were correlated 

regardless of the presence of obesity (r= 0.774; p < 0.001; r= 0.774; p < 0.001; r= 0.75; p < 

0.001 at BMI <25, 25-30 and ≥30 kg/m2 respectively), or by the degree of hepatic steatosis (r = 

0.63; p < 0.001 and r = 0.743; p < 0.001 in mild steatosis, and moderate/severe, respectively). 

The correlation between the two methods was strong in patients with at least severe fibrosis 

(r=0.84; p < 0.001) or cirrhosis (r=0.658; p < 0.001), with excellent 2D-SWE accuracy of 98.8 

and 99.8% in diagnosing severe fibrosis and liver cirrhosis using VCTE as a reference method 

(159). 

One of the questions related to elastographic techniques regards their feasibility. From 

this point of view, patients with MASLD are difficult patients, frequently obese, and for 2D-

SWE techniques, the role of experience in increasing the feasibility and accuracy of 

measurements has been demonstrated (160). However, in a study involving 90 morbidly 

obese patients proposed for bariatric surgery, for whom LS was assessed by 2D-SWE 14 days 

prior to a liver biopsy performed during bariatric surgery, the feasibility of the technique was 

97.3% (161). In the univariate analysis, 2D-SWE values were correlated with BMI, waist 

circumference, NAFLD activity score (NAS), and steatosis, while these components did not 

affect LS in the multivariate analysis. 

Another advantage offered by 2D-SWE techniques comes from the fact that they are 

incorporated into ultrasound machines, which allow for a complex multiparametric 

evaluation, especially for patients with fatty liver, but not only. The emergence of liver fat load 

assessment software, and their incorporation together with elastographic techniques in top 

ultrasound equipments and then also in mid-range ultrasound machines, makes a complex 

evaluation of patients with MASLD very easy. In a prospective study involving 120 patients 

evaluated by liver biopsy for suspected MASLD, the diagnostic performance of the 

measurements of dispersion slope [(m/sec)/kHz], attenuation coefficient [dB/cm/MHz] and 

shear wave velocity (in m/s) was evaluated using 2D-SWE elastography for the assessment of 

inflammation, steatosis and fibrosis in the non-invasive diagnosis of MASLD (162). The 

dispersion slope allowed for the identification of lobular inflammation, with an AUROC of 0.95 

for a degree of inflammation ≥A1 (mild), 0.81 for a degree of inflammation ≥A2 (moderate) 

and 0.85 for a degree of inflammation A3 (severe). The attenuation coefficient allowed for the 
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identification of steatosis, with an AUROC of 0.88 for the grade of steatosis ≥S1 (mild), 0.86 

for the grade of steatosis ≥S2 (moderate) and 0.79 for the grade of steatosis equal to S3 

(severe). 2D-SWE allowed the identification of fibrosis, with an AUROC of 0.79 for the fibrosis 

stage ≥F1 (portal fibrosis), 0.88 for stage ≥F2 fibrosis (periportal fibrosis), 0.90 for the fibrosis 

stage ≥F3 (septal fibrosis) and 0.95 for the F4 fibrosis stage (cirrhosis). The combination of the 

3 parameters showed an AUROC of 0.81 for the diagnosis of MASH.  

The performance of elastographic techniques for staging liver fibrosis in 

MASLD/NAFLD was evaluated in a recent meta-analysis that included 53 studies with VCTE 

(11,701 patients), 12 studies with pSWE (1,312 patients) and only 4 studies with 2D-SWE (502 

patients), the reference method being liver biopsy (70). The Summary Area Under the Curve 

(sAUC) for 2D-SWE was similar to that of the other elastographic techniques: sAUC for the 

diagnosis of significant fibrosis - 0.75, for advanced fibrosis 0.72, and for cirrhosis 0.88. 

 

E. 2D-SWE Assessment in Patients with Alcohol-related Liver Disease (ALD) 

Although the ethanolic etiology for chronic liver diseases is one of the most common 

in clinical practice, dedicated studies for the non-invasive evaluation of liver fibrosis in these 

patients are relatively limited for all types of elastography techniques, and especially for 2D-

SWE techniques. Data on the performance of this technique for the evaluation of ALD patients 

from studies published on a cohort of 289 patients, with a 23% prevalence of advanced fibrosis 

(82, 84), showed AUROC values of 0.88, 0.97 and 0.97 for the diagnosis of significant fibrosis 

(≥F2), advanced fibrosis (≥F3) and liver cirrhosis, with a much higher cut-off value for advanced 

fibrosis than for other etiologies: 16.4 kPa (Se - 90% and Sp - 96%). 

In another recent study involving 462 patients with cACLD of ethanolic etiology, followed 

for an average period of 49 months, the prognostic accuracy for events related to liver pathology 

was evaluated for several non-invasive methods of evaluation, using liver biopsy as an initial 

reference (163). The prognostic accuracy for 2D-SWE was comparable to that of VCTE, with a C-

statistics coefficient of 0.87 (vs. 0.876 for VCTE) for predicting liver-related events over 4.1 years 

of follow-up. The event rate was 5% for 2D-SWE values <10 kPa, 15% for 10.0-16.4 kPa, and 64% 

for >16.4 kPa. Episodes of binge drinking during follow-up increased the risk of hepatic 

pathology-related events, except for patients in low-risk groups (163). 

 

F. Evaluation by 2D-SWE in Patients with Cholestatic Hepatopathies (Primary Biliary 

Cholangitis – PBC and Primary Sclerosing Cholangitis – PSC) 

The existing data in the literature regarding the role of elastographic techniques in 

cholestatic pathologies are not very numerous, and those related to 2D-SWE are even fewer. 

However, data collected retrospectively for 157 patients with PBC showed a good 

performance of the technique for the evaluation of liver fibrosis in this etiology as well. The 

AUROC values for LS measured by 2D-SWE for significant fibrosis, severe fibrosis, and cirrhosis 
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were 0.88, 0.97, and 0.99, respectively. The cut-off values for 2D-SWE for the discrimination 

of significant fibrosis, severe fibrosis and liver cirrhosis were 10.7 kPa, 12.2 kPa and 14.1 kPa, 

respectively, with the diagnostic accuracy of 2D-SWE for staging liver fibrosis of 73.9% (164). 

And in the case of PSC, a study that included 66 patients assessed using VCTE, pSWE, 

and 2D-SWE, showed a moderate correlation for 2D-SWE with pSWE and VCTE, with a 

tendency to underestimate LS for 2D-SWE (165). 

 

G. Evaluation by 2D-SWE in Patients with Autoimmune Hepatitis 

The presence of significant cytolysis in active forms of autoimmune hepatitis is a 

disadvantage for elastographic techniques, which are influenced by high transaminase values. 

For this etiology, the existing data in the literature are relatively limited. In a study involving 63 

patients with autoimmune hepatitis in whom liver biopsy was the reference method, the cut-

off values for LS for the detection of liver cirrhosis by 2D-SWE were 16.1 kPa (AUROC 0.93) (166). 

 

H. 2D-SWE Assessment in Mixed Cohorts 

In a Romanian study that included patients with chronic liver diseases with various 

etiologies evaluated with 2D-SWE Aixplorer™, and which used VCTE as a reference method, 

the cut-off values for predicting different degrees of fibrosis were similar to the data published 

by other authors: F≥1: 7.1 kPa (AUROC=0.825), F≥2: 7.8 kPa (AUROC= 0.859), F≥3: 8 kPa 

(AUROC=0.897) and for F=4: 11.5 kPa (AUROC=0.914) (167). Similar results were obtained by 

our group on a subsequent cohort of 133 patients with chronic liver diseases, evaluated by 

2D-SWE PLUS (Aixplorer™ Mach 30 Supersonic Imagine, Aix-en-Provence, France), VCTE being 

the reference method, the calculated correlation between LS measurements by 2D-SWE. PLUS 

and VCTE being excellent (r=0.92, p < 0.0001), and the cut-off values comparable to the 

previous ones: F≥2 6.8 kPa; F≥3, 8.4 kPa; and for F4, 11 kPa (168).  

The very good accuracy of 2D-SWE was also demonstrated in a study comparing 2D-

SWE, VCTE and VTQ in 349 consecutive patients with chronic liver diseases of different 

etiologies, using liver biopsy as a reference method (169). Thus, 2D-SWE performed better 

than VCTE and VTQ: AUROC values for 2D-SWE, VCTE, and VTQ were 0.89, 0.86, and 0.84 for 

the diagnosis of mild fibrosis; 0.88, 0.84 and 0.81 for the diagnosis of significant fibrosis; 0.93, 

0.87 and 0.89, for the diagnosis of severe fibrosis; 0.93, 0.90 and 0.90 for the diagnosis of liver 

cirrhosis, respectively (169).  

Studies using other types of 2D-SWE techniques have shown the same good accuracy 

for assessing liver fibrosis, especially in advanced fibrosis. Thus, a study that included 54 

healthy subjects and 174 patients with chronic liver diseases, evaluated using 2D-SWE.GE 

(LOGIQ E9; GE Healthcare), the reference method being liver biopsy, showed a strong positive 

correlation of LS with the fibrosis stage (rho = 0.628; p > 0.001). AUROC values were 0.724 for 
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mild fibrosis (F≥1), 0.857 for moderate fibrosis (F≥2), 0.946 for severe fibrosis (F≥3) and 0.935 

for cirrhosis (F4) (170).  

Similar results were obtained by our team on a group of 179 patients with or without 

chronic liver diseases, in whom LS was evaluated in the same session by VCTE (FibroScan, 

EchoSens) and 2D-SWE.GE (LOGIQ S8; GE Healthcare), with a good correlation between the LS 

values obtained by the two methods (r = 0.72, P < 0.0001). The cut-off values for 2D-SWE.GE 

were as follows: for F≥2 - 6.9 kPa (AUROC 0.93; Se 85.8%; Sp 90.2%), for F≥3 - 8.2 kPa (AUROC, 

0.93; 87.5%; Sp 86.8%) and for F4 9.3 kPa (AUROC, 0.91; Se 85.7%; Sp 81.2%) (171). 

Another study (172) involving 640 patients with chronic liver disease assessed by 2D-

SWE (Canon) and VCTE as a reference method showed a significantly strong correlation 

between the two techniques (r = 0.932, p < 0.001). The good accuracy of the technique (2D-

SWE Canon Aplio i800) was proved also by another study using liver biopsy as a reference 

method. The cut-off values obtained for significant, severe fibrosis and liver cirrhosis were 6.5 

(AUROC 85.2%), 9.8 (AUROC 86.8%) and 13.1 kPa (AUROC 95.6%) (173). 

In the same session, our group evaluated a 115 patients mixed cohort, by VCTE 

(FibroScan, EchoSens) (reference method), and pSWE and 2D-SWE (Samsung-Medison RS85). 

The cut-off values obtained for 2D-SWE were quite close: F≥2 LS >6.1 kPa (AUROC=0.93), F4 

LS>7.6 kPa (AUROC=0.98), with a strong correlation between the LS values obtained by VCTE 

and 2D-SWE (r=0.85) (174). 

The status of 2D-SWE as a feasible and very accurate technique was reinforced by the 

results of meta-analyses that included studies in the literature using this type of techniques. 

Thus, in one of the first meta-analyses, based on individual data from a mixed cohort (175), 

which included 1,340 patients and compared 2D-SWE with liver biopsy, the overall 

performance of 2D-SWE was good to excellent in HCV, HBV and MASLD patients with AUROC 

values of 86.3%, 91.6%, 85.9% for the diagnosis of significant fibrosis and 96.1%, 97.1% and 

95.5% for diagnosing liver cirrhosis, respectively. The cut-off value for predicting significant 

fibrosis in all patients was 7.1 kPa, while for the diagnosis of liver cirrhosis it was 13.5 kPa in 

HCV and MASLD patients and 11.5 kPa in HBV patients (175).  

Another meta-analysis, published relatively quickly after the introduction of the 

techniques on the market (176), assessed the accuracy of 2D-SWE for the diagnosis of 

different stages of fibrosis. The included studies reported Se, SP, PPV and NPV of 2D-SWE for 

the diagnosis of liver fibrosis. The meta-analysis included 13 articles, 2303 patients, and the 

Se and Sp 2D-SWE obtained for the diagnosis of different stages of liver fibrosis were as 

follows: ≥F1 0.76 (p<0.001), 0.92 (p<0.001); ≥F2 0.84 (p = 0.35), 0.83 (p<0.001); ≥F3 0.89 (p = 

0.56), 0.86 (p<0.001); F4 0.89 (p = 0.24), 0.88 (p<0.001), respectively. 

 Moreover, regardless of the type of cohort studied, similar to the other elastographic 

techniques, 2D-SWE has a better accuracy the higher the degree of fibrosis is, which makes it 

a feasible technique for both the diagnosis and exclusion of liver cirrhosis (4, 20). 
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I. New Concepts in 2D-SWE 

As with VCTE and pSWE, the initial studies focused on differentiating individual stages 

of fibrosis. The more modern concept is to diagnose severe fibrosis/cirrhosis, as this is the one 

with the greatest prognostic impact. As we mentioned in relation to pSWE, the cut-off values 

also differ in the case of 2D-SWE depending on the system and technology used. The American 

Society of Radiologists has attempted a unification of these values, suggesting the "rule of 

four" (5, 9, 13, 17 kPa) for ARFI techniques, valid in chronic liver diseases of viral etiology and 

MASLD (21). This provider-neutral rule actually mirrors the 'rule of 5' used for the staging of 

liver fibrosis by VCTE, proposed at the Baveno VI consensus conference (142, 143). Thus, LS of 

5 kPa (1.3 m/sec) or less has a high probability of being normal, LS less than 9 kPa (1.7 m/sec), 

in the absence of other known clinical signs, excludes compensated advanced liver disease 

(cACLD), and values between 9 kPa (1.7 m/sec) and 13 kPa (2.1 m/sec) suggest cACLD, but 

additional tests are required for confirmation. Values higher than 13 kPa (2.1 m/sec) are highly 

suggestive of cACLD, and LS higher than 17 kPa (2.4 m/sec) is suggestive of CSPH (21). 

In conclusion, elastographic techniques, whether we are talking about VCTE, pSWE or 

2D-SWE, are a particularly useful tool in assessing the severity of liver fibrosis, and their first-

line use in the evaluation of patients with chronic liver diseases is recommended. The 

performance is very good for the diagnosis of advanced stages of fibrosis, but also for the 

prediction of their complications, as will be seen below. In addition, if pSWE and 2D-SWE were 

previously available only on top-of-the-line systems, they are now also available in mid-range 

systems, which are much cheaper and available. 
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5.1.c. ComparaWve Studies between Elastographic Techniques  

    Ioan Sporea, Victor Bâldea 

 

Given the multiple possibilities for elastographic evaluation of the liver—Vibration 

Controlled Transient Elastography (VCTE), initially known as Transient Elastography (TE), point 

Shear Wave Elastography (pSWE), 2D Shear Wave Elastography (2D-SWE), and also Magnetic 

Resonance Elastography (MRE)—the reader is interested in comparing the performance of 

various methods in order to choose the optimal technique for the non-invasive assessment of 

liver fibrosis in current practice. Here, we will attempt a comparative analysis between the 

elastographic methods available on the market. 

 

1. Comparison between the Performance of pSWE Techniques in Staging Liver 

Fibrosis 

Most studies evaluating the performance of pSWE methods, especially VTQ® (Virtual 

Touch Quantification) (Siemens), have been conducted on patients with chronic liver disease 

of mixed etiology, with chronic viral hepatitis being the most prevalent liver disease (1-9). 

These studies have shown a superior performance of VTQ in identifying patients with cirrhosis 

(AUROC values: 0.81-0.99) than with significant fibrosis (AUROC values: 0.77-0.94). Moreover, 

numerous meta-analyses have shown that VTQ has a better performance in the diagnosis of 

cirrhosis than of various stages of liver fibrosis (3,4). 

According to the EFSUMB clinical practice guidelines, VTQ can be used as a first-line 

method for assessing the severity of liver fibrosis in patients with chronic hepatitis C virus 

(HCV) infection, with the best performance in excluding cirrhosis (1). In line with the same 

guidelines, the best cut-off values of VTQ for predicting significant fibrosis (F≥2) ranged 

between 1.21-1.34 m/s (AUROC = 0.85-0.89), and for predicting cirrhosis (F = 4) they ranged 

between 1.55 and 2 m/s (AUROC = 0.89-0.93) (1). 

Regarding ElastPQ (Philips), data is available for patients with chronic liver diseases of 

mixed etiology. In a study comparing the diagnostic performance of ElastPQ and VCTE, the latter 

being considered the reference method, the calculated AUROC values for significant fibrosis 

(F≥2), severe fibrosis (F≥3), and cirrhosis (F = 4) were 0.94, 0.97, and 0.97, respectively (10). In 

another study which used liver biopsy as the reference method, ElastPQ showed good accuracy 

in identifying each stage of liver fibrosis. ElastPQ showed similar performance compared to VCTE 

in the diagnosis of liver cirrhosis (AUROC = 0.834 and 0.879, respectively) (11). 

In terms of ElastPQ for patients with NAFLD, a study by Bauer demonstrated that ElastPQ 

is an accurate method for diagnosing fibrosis and cirrhosis, with a good level of agreement with 

VCTE for staging fibrosis in these patients. The optimal cut-off values for classifying significant 

fibrosis and cirrhosis (F≥2) (F=4) were 7.5 kPa and 10.1 kPa, respectively (12). 
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Many manufacturers like Esaote, Samsung, Mindray, or Hitachi (Fujifilm) have 

implemented pSWE techniques in their ultrasound machines. In a study which enrolled 196 

consecutive liver transplant patients, pSWE using QElaXto embedded on the MyLab Eight 

platform by Esaote was used for the non-invasive assessment of liver fibrosis using VCTE as 

the reference method (13). Excellent agreement was found between paired measurements 

by QElaXto pSWE and VCTE (CCC = 0.91). The performance of QElaXto pSWE for diagnosing 

clinically significant fibrosis (F2-F3) and cirrhosis (F4) was evaluated using AUROC curves. The 

optimal cut-off value for F2-F3 and F=4 was >6.7 kPa (AUROC=0.90) and >11.6 kPa 

(AUROC=0.99), respectively (13). 

In another study that included 115 patients with chronic liver diseases of mixed etiology, 

the performance of pSWE implemented on the Samsung platform was compared to VCTE for 

the non-invasive assessment of liver fibrosis (14). The results of this study have shown strong 

correlations between measurements obtained using pSWE and VCTE (r = 0.90). AUROC curve 

analysis was used to evaluate the performance of Samsung pSWE for diagnosing significant 

fibrosis and cirrhosis (F≥2, respectively F=4). The optimal cut-off value for significant fibrosis was 

>5.9 kPa (AUROC=0.95), and for cirrhosis it was >8 kPa (AUROC=0.98) (14). 

In another study which enrolled 445 individuals, the performance of a pSWE technique 

implemented on the Hitachi Ascendus system (SWM) was analyzed. When assessing the 

diagnostic performance of SWM, ROC curve analysis was used with a specificity or sensitivity 

>90% in order to exclude F≥2 and F=4  (15). The optimal cut-off values for confirming ("rule-

in") and excluding ("rule-out") F≥2 were 6.78 kPa (Se: 76.9%, Sp: 90.3%) and 5.55 kPa (Se: 

90.6%, Sp: 72.2%), respectively. The optimal cut-off values for confirming and excluding F=4 

were 9.15 kPa (Se: 83.3%, Sp: 90.1%) and 8.41 kPa (Se: 90.6%, Sp: 82.2%), respectively (15). 

These results from published articles indicate that pSWE methods have good diagnostic 

accuracy in identifying patients with significant fibrosis and excellent diagnostic accuracy for 

advanced fibrosis and cirrhosis, and are similar to those obtained in the meta-analysis 

conducted by Bota et al., where VCTE and VTQ were found to have nearly identical performance 

in the diagnosis of significant fibrosis and cirrhosis (16). However, some studies have found that 

VCTE may have better performance for diagnosing significant fibrosis than VTQ (9, 17,18). 

 

2. Comparison between the Performance of 2D-SWE Techniques in Staging Liver 

Fibrosis 

Many published studies evaluating 2D-SWE technology for assessing liver fibrosis, 

implemented on different ultrasound systems, have shown a good correlation with liver 

histology or VCTE (19-22). 

In a study by Cassinotto et al., which enrolled 349 consecutive patients with various 

chronic liver diseases who underwent liver biopsy, 2D-SWE.SSI (Aixplorer®, Supersonic 

Imagine), pSWE (VTQ®, Siemens), and VCTE (FibroScan®, Echosens) were compared (19). The 

AUROC of 2D-SWE.SSI for diagnosing mild, significant, severe fibrosis, and cirrhosis was 0.89, 
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0.88, and 0.93, respectively. There was a good correlation between all methods and 

histological fibrosis scores. 2D-SWE.SSI had better accuracy compared to VCTE for diagnosing 

severe fibrosis (F≥3) (p = 0.0016) and better accuracy than VTQ for diagnosing significant 

fibrosis (F≥2) (p = 0.0003). In the same study, which also included an analysis of 294 patients 

with MASLD confirmed by liver biopsy, the performance of VCTE, VTQ, and 2D-SWE.SSI in 

diagnosing significant, severe fibrosis, and cirrhosis in this patient category was compared. In 

this study, 2D-SWE.SSI had AUROC values of 0.86, 0.89, and 0.88 for diagnosing significant 

fibrosis, severe fibrosis, and cirrhosis. Additionally, pairwise comparisons of AUROC values 

between 2D-SWE.SSI, VCTE, and VTQ were performed on 231 patients, and 2D-SWE.SSI 

showed similar diagnostic performance in identifying significant fibrosis, severe fibrosis, and 

cirrhosis (all p values = 0.5), while the difference between the correlation coefficients of VCTE 

and 2D-SWE.SSI was not significant (r2 = 0.67 vs. 0.72, p = 0.1). 

In a more recent study that enrolled 115 consecutive patients with chronic liver 

disease, the diagnostic performance of a 2D-SWE technique with a propagation map (Canon) 

was evaluated for the non-invasive assessment of liver fibrosis and compared with VCTE (23). 

This study found a moderate correlation between 2D-SWE and VCTE in diagnosing liver fibrosis 

(r = 0.511), with good ICC concordance between operators with different experience levels 

(ICC = 0.878). However, 2D-SWE demonstrated good reliability in predicting significant fibrosis 

and cirrhosis (AUROC = 0.777, at a cut-off value >1.78 m/s and AUROC = 0.935 at a cut-off 

value >2.24 m/s, respectively). 

More recently, in a prospective multicentric study conducted in Europe, the diagnostic 

performance of a 2D-SWE technique with a propagation map (Canon) was used in the non-

invasive evaluation of liver fibrosis and compared with VCTE (24). This study showed that the 

average liver stiffness values obtained using 2D-SWE were significantly lower compared to 

VCTE, especially for more advanced fibrosis (9.1 ± 6.1 kPa vs. 10.1 ± 9.4 kPa, paired t-test: p 

<0.001), but were significantly correlated (Pearson r = 0.932, p <0.001, ICC 0.850) (21,24). 

Additionally, the performance of 2D-SWE for diagnosing significant fibrosis (F≥2), severe 

fibrosis (F≥3), and cirrhosis (F4) based on AUROC analysis was: 0.935, 0.954, and 0.973, 

respectively, with optimal cut-off values ≥7.40 kPa, ≥7.95 kPa, and ≥10.50 kPa, results which 

confirm the good performance of 2D-SWE with a propagation map for the non-invasive 

assessment of liver fibrosis (4,25). 

In a study on 199 consecutive patients with alcohol-induced liver disease (ALD), all 

patients were evaluated for liver fibrosis by 2D-SWE.SSI, liver biopsy, and VCTE. The optimal 

cut-off values of 2D-SWE.SSI for diagnosing significant fibrosis and cirrhosis were 10.2 kPa 

(AUC = 0.94) and 16.4 kPa (AUC = 0.95), respectively, with better performance in excluding 

cirrhosis (26). 

In a cohort of 66 patients with primary sclerosing cholangitis (PSC), the performance 

of 2D-SWE.GE (2D-SWE implemented on a General Electric ultrasound) was compared to that 

of VCTE and pSWE in the non-invasive assessment of liver fibrosis (27). The ability of 2D-

SWE.GE to discriminate between mild and advanced fibrosis (F3-F4), as defined by VCTE, was 
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good (AUROC=0.85), with an optimal cut-off value of 7.8 kPa (Se=76.9%, Sp=88.2%). 

Moreover, moderate to excellent correlations were found between 2D-SWE.GE, pSWE, and 

VCTE LSM values. 

In a study by Gargovich et al., which included 253 patients with chronic liver disease, 

the diagnostic performance of a pSWE method (X+pSWE, X-CUBE 90, Alpinion Medical 

Systems Co) was compared with 2D-SWE.SSI (Aixplorer, Supersonic Imagine) as the reference 

method (28). A very good correlation was found between X+pSWE and 2D-SWE.SSI (r2 = 0.94; 

p < 0.001), with mean liver stiffness values for X+pSWE being 0.24 kPa lower than those 

obtained with 2D-SWE.SSI. The AUROCs for X+pSWE for staging significant fibrosis (F2), severe 

fibrosis (F3), and cirrhosis (F4) using 2D-SWE.SSI as the reference method were 0.96, 0.98, and 

0.99, respectively. The best cut-off values for diagnosing fibrosis ≥F2, ≥F3, and F4 were: 6.9, 

8.5, and 12 kPa for X+pSWE. According to histological classification, X+pSWE correctly 

identified 93 out of 113 patients (82%) for F ≥ 2 and 101 out of 113 patients (89%) for F ≥ 3, 

using the mentioned cut-off values. 

In a study comparing pSWE with 2D-SWE incorporated into the same ultrasound 

system (Philips) (29), using liver biopsy as the reference method, in a cohort of 87 patients, it 

was found that measurements not meeting quality criteria were rarer with 2D-SWE (1.1%) 

than with pSWE (9.2%)(p<0.001) and that the AUROC of the 2D-SWE technique was 

significantly better for diagnosing significant fibrosis (0.965 vs 0.872, p=0.022) and cirrhosis 

(0.994 vs 0.886, p=0.042) than the pSWE technique. 

Several publications from our group refer to comparative clinical studies between 

various elastographic methods. In one such study (30), a pSWE technique (ElastPQ) was 

compared with 2D-SWE.GE for the non-invasive evaluation of patients with chronic hepatitis 

C, considering VCTE as the reference method. First, this study found no significant differences 

in feasibility between the methods (VCTE, ElastPQ, and 2D-SWE.GE) (p=0.507), then a good 

correlation was found between pSWE and 2D-SWE (r=0.78), but the mean values obtained by 

pSWE were significantly higher than those obtained using 2D-SWE. At the same time, the 

study showed that pairwise comparison found no significant differences in performance for 

staging F ≥ 2 (p = 0.89), F ≥ 3 (p = 0.76), and F = 4 (p = 0.86) between pSWE and 2D-SWE, in 

patients with chronic viral hepatitis C. 

In another study, considering liver biopsy as the reference method, in a cohort of 157 

patients with chronic viral hepatitis (80 HBV cases and 77 HCV cases), the performance of VCTE 

was compared with pSWE (VTQ) (31). The two methods were strongly linearly correlated 

(Spearman p=0.826; p<0.001). Regarding AUROCs, VCTE and VTQ had similar predictive values 

(F≥1 Metavir score: AUROC VCTE = 0.876, AUROC VTQ = 0.832, p = 0.358; for F≥2 Metavir: 

AUROC VCTE = 0.826, AUROC VTQ = 0.862, p = 0.313; for F≥3 Metavir: AUROC VCTE = 0.907, 

AUROC VTQ = 0.880, p = 0.434, and for F = 4 Metavir: AUROC VCTE = 0.981, AUROC VTQ = 

0.974, p = 0.423). Based on these published data, we can state that the diagnostic 

performance of pSWE and VCTE in evaluating patients with chronic viral hepatitis is similar. 
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All the data presented above lead to the conclusion that all SWE techniques have 

similar performances in clinical practice and also similar feasibility. The decision to use them 

depends on the users. For ARFI methods (pSWE and 2D-SWE), an advantage is that they are 

available as modules included in standard ultrasound machines (so the examination can start 

with a standard liver evaluation, and the elastographic evaluation site can be chosen while 

avoiding vascular structures and possible liver lesions), and they can also assess patients with 

ascites (who cannot be examined by VCTE). 

With the emergence of Magnetic Resonance Elastography (MRE), it is increasingly used, 

especially in the United States. Although the method is more costly, it has the advantage of 

investigating the entire liver with high accuracy, can be performed without major difficulties, 

and can be done on obese patients. Several meta-analyses have evaluated the accuracy of MRE 

for liver fibrosis staging. For instance, in a meta-analysis by Singh and colleagues (34) comparing 

this technique with liver biopsy in a cohort of 697 patients with chronic liver diseases of various 

etiologies, the AUROC curves calculated for fibrosis stages of F≥1, F≥2, F≥3, and F=4 were 0.84, 

0.88, 0.93, and 0.92, respectively, with the performance being independent of body mass index 

or liver disease etiology. A few years later, another meta-analysis (35) assessed the value of MRE 

for fibrosis staging in patients with metabolic associated fatty liver disease (MAFLD) compared 

to liver biopsy in a cohort of 910 patients, showing AUROC curves of 0.89, 0.93, 0.93, and 0.95 

for the above-mentioned fibrosis stages. Both meta-analyses, whether with various liver 

diseases or MAFLD patients, demonstrated that MRE has very good accuracy, regardless of the 

fibrosis stage, but which increases with fibrosis severity. 

Given the proven high accuracy of MRE from biopsy studies or meta-analyses, many 

studies have tried to compare ultrasound-based elastography methods with this technique. 

For example, a meta-analysis comparing VCTE with MRE in 230 patients with MAFLD with liver 

biopsy calculated AUROCs for F≥1, F≥2, F≥3, and F=4 of 0.82 vs. 0.87 (p=0.04), 0.87 vs. 0.92 

(p=0.03), 0.84 vs. 0.93 (p=0.001), and 0.84 vs. 0.94 (p=0.005) (36). The meta-analysis 

concluded that MRE has significantly higher diagnostic accuracy compared to VCTE in this 

patient category. 

Another study compared VCTE, pSWE, and MRE in a group of 100 patients with chronic 

liver diseases of various etiologies, all having undergone liver biopsy (37). Feasibility and 

reliable values were achieved in 92%, 79%, and 91% of cases, and the accuracy of the methods 

for fibrosis staging was 0.89, 0.90, and 0.94, respectively, with the conclusion that MRE is the 

most sensitive method for diagnosing fibrosis. In a study comparing MRE with 2D-SWE (38) in 

a group of 888 patients with liver biopsy, it indicated an almost perfect correlation between 

the two methods (0.8231; 95% CI, 0.8006 - 0.8432; P<0.001), leading to the conclusion that 

the methods may be interchangeable. 

Lately, there has been increasing interest in evaluating patients with Metabolic 

Dysfunction Associated Steatotic Liver Disease (MASLD) due to the very high prevalence of 

this pathology in the population of developed countries. Multiple comparative studies 

between non-invasive methods for assessing fibrosis in these patients have been published. 



85  

In three studies comparing liver biopsy with VCTE, 2D-SWE, and MRE, the three 

methods showed comparable results in patients with fatty liver. For example, in a study by 

Furlan and colleagues (39) involving 62 patients with a BMI of 35 kg/m2 (severe obesity), the 

pairwise comparison of methods with liver biopsy revealed similar accuracy for significant 

fibrosis (2D-SWE vs. MRE, p = 0.431; 2D-SWE vs. VCTE, p = 0.317; and MRE vs. VCTE, p = 0.052) 

and for severe fibrosis (2D-SWE vs. MRE, p = 0.348; 2D-SWE vs. VCTE, p = 0.293; and MRE vs. 

VCTE, p = 0.059). The study concluded that all three methods have similar and very good 

accuracy for at least moderate fibrosis. In another study by Imajo et al. (40), comparing VCTE, 

2D-SWE, and MRE in 231 MASLD patients with biopsy, the AUROC curves for the three 

methods did not significantly differ for F1, F2, and F3 but were superior for F=4 in MRE vs. 

VCTE. This study showed that the distance from the liver capsule to the skin and the 

IQR/median value were correlated with the accuracy of assessments by 2D-SWE. Lastly, in a 

third study (41) comparing MRE with 2D-SWE in 100 patients with the same pathology and 

undergoing liver biopsy, with a BMI of 31.6 kg/m2 (obese patients), there was a significant 

difference between methods for F1, F2 (in favor of MRE) but not for F3 and F4, where the 

AUROCs were 0.95 vs. 0.85 and 0.92 vs. 0.91, respectively. The study concluded that SWE and 

MRE do not significantly differ in performance for severe fibrosis and cirrhosis diagnosis. 

Similar comparisons have been made in several published meta-analyses. In one meta-

analysis (42), where biological scores (FIB-4, BARD, NAFLD Fibrosis Score) were compared with 

VCTE, SWE, and MRE in a cohort of 13,046 patients, AUROC curves of 0.88 and 0.85 were 

calculated for VCTE with M and XL probes, 0.95 for SWE, and 0.96 for MRE (these values were 

significantly higher than biological scores), concluding that elastographic methods outperform 

biological scores and that SWE and MRE have the highest accuracy among elastographic 

methods. In another meta-analysis (43), analyzing 30 studies comparing VCTE, ARFI methods, 

and MRE, AUROC curves of 0.82 were found for VCTE, 0.90 for ARFI technology, and 0.93 for 

MRE. In a recent meta-analysis (44) comparing VCTE with pSWE, 2D-SWE, and MRE in a cohort 

of 14,609 patients with fatty liver (from 82 studies), AUROC curves for significant fibrosis were 

0.83 for VCTE, 0.86 for pSWE, 0.75 for 2D-SWE, and 0.91 for MRE. For severe fibrosis diagnosis, 

the AUROCs were 0.85, 0.89, 0.72, and 0.92, and for liver cirrhosis, the AUROCs were 0.89, 

0.90, 0.88, and 0.90. The meta-analysis concluded that all these elastographic methods have 

a good practical value for evaluating severe fibrosis and cirrhosis. 

After reviewing several comparative studies and meta-analyses, all demonstrating 

good to very good accuracy of elastographic methods for diagnosing significant fibrosis, severe 

fibrosis, and cirrhosis, we can conclude that elastographic methods can be confidently used in 

the non-invasive evaluation of fibrosis in patients with chronic liver diseases of various 

etiologies. The choice of elastographic technique used in different centres depends on the 

technical capabilities of the unit, the experience of the elastography centre, and the 

preference of the performing physician. With the introduction of the new concept of 

compensated advanced liver disease (cACLD) in the Baveno Consensus 6 (and maintained in 

Baveno Consensus 7) (45,46), several important fibrosis cut-offs are present in clinical 

practice, such as the "Rule of 5" for VCTE and the "Rule of 4" for ARFI methods (45,46). 
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5.1.d. EvaluaWon of HepaWc Steatosis 

Ioan Sporea, Raluca Lupușoru 

 

 To define fatty liver, it is necessary to highlight the presence of fat loading in the liver. 

A loading of more than 5% of hepatocytes with fat defines fatty liver. The interest in evaluating 

liver fat also resides in the fact that hepatic steatosis is a factor leading to liver inflammation, 

an essential factor for subsequent secondary liver fibrosis (1). 

The best practical non-invasive method for proving fatty liver loading is imaging 

methods. These can be ultrasonography, computed tomography, and nuclear magnetic 

resonance (NMR), respectively. Discussing each, ultrasonography is inexpensive and within 

the reach of many physicians, easy to perform or repeat. At the same time, ultrasound is 

increasingly used nowadays as a "Point of Care" method (POCUS), that is, it is performed in 

the consulting room, immediately after the clinical evaluation, a doctor in a clinical specialty 

(and not by imagist, as it happens in Anglo-Saxon countries). As an imaging alternative, 

computed tomography primarily has the disadvantage of irradiation, and MRI has the 

disadvantage of high cost and less accessibility. 

 The prevalence of fatty liver (hepatic steatosis) associated with metabolic dysfunction 

(MASLD - Metabolic dysfunction associated steatotic liver disease) is high globally, reaching 

up to 30% of the adult population (2) and is constantly increasing. At the same time, in certain 

categories of patients, such as those with type 2 diabetes, it reaches over 50% of individuals 

(3,4). Other categories of patients such as those with obesity or metabolic syndrome 

frequently have this associated pathology. Hence the need for the evaluation of this huge 

cohort of individuals to be done with the simplest, cheapest, and most accessible diagnostic 

means. 

 Non-alcoholic fatty liver was for a long time NAFLD (Non-Alcoholic Fatty Liver Disease), 

which relatively recently (2020) was changed to MAFLD (Metabolic Dysfunction Associated 

Fatty Liver Disease) (5) so that in 2023 it will be renamed MASLD (Metabolic Dysfunction 

Associated Steatotic Liver Disease) (6). 

 So, considering the huge number of individuals with fatty liver (over 2.5 billion people 

worldwide), distributed in countries with different economic conditions, we consider that a 

cheap and accessible means of diagnosis such as ultrasound is of great use to screen the 

population at risk for this pathology. 

 Using abdominal ultrasound, with two simple ultrasonic semiology signs, such as 

increased ultrasound brightness with posterior attenuation (Fig. 5.7.) and respectively the 

increase of the hepato-renal index (Fig. 5.8.), a good practical value is obtained for a diagnosis 

of hepatic steatosis. According to the intensity of these two signs, steatosis can be assessed 

semi-quantitatively as mild, moderate, and severe respectively (Fig 1,2). Various steatosis 

assessment scores have been proposed, the best-known of which is the Hamaguchi score (7). 
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This score is based on 4 ultrasound signs: increased hepatic ultrasound brightness, posterior 

attenuation, increased hepatorenal index, and obliteration of intrahepatic vessels and their 

narrowing, respectively. 

 

         
Fig.5.7 Ultrasonographic bright liver with attenuation     Fig. 5.8. Increased hepato-renal index 

 

Liver ultrasound can estimate the severity of fatty liver load with relative accuracy, as 

demonstrated by two published studies and a meta-analysis. Thus, Palmentieri (8), who 

compared "ultrasound glow" with liver biopsy in a cohort of 235 patients, found this 

ultrasound sign in 67% of patients with hepatic steatosis of any degree and respectively in 89% 

of patients with severe steatosis. In the subgroup of patients with severe hepatic steatosis, 

ultrasound had a sensitivity of 91% with a specificity of 93%. 

In another published study, Mathiesen (9), who also compared liver ultrasound with 

biopsy, in a group of 165 patients, demonstrated that among those with increased ultrasound 

brightness, 86.7% have at least moderate histological liver steatosis. In this study, for the 

detection of steatosis, liver ultrasound has a sensitivity of 90%, a specificity of 82%, a positive 

predictive value of 87%, and a negative predictive value also of 87%. 

But perhaps the most convincing example of the value of liver ultrasound for the 

diagnosis of fatty liver is Hernaez's meta-analysis (10). Thus, analyzing 4,720 patients from 49 

studies, the author compared ultrasound with liver biopsy and found that ultrasonography 

has a sensitivity of 84.8% (95% CI: 79.5-88.9%), with a specificity of 93.6% (95% CI: 87.2-97.0%) 

for the detection of moderate and severe hepatic steatosis (those with clinical relevance). 

Some older or newer studies have shown that by using computer-assisted diagnosis 

(Computer Assisted CAD Diagnosis) (10) or, more recently, Artificial Intelligence (AI) (11), the 

sensitivity of ultrasound in the diagnosis of fatty liver can be increased (12, 13, 14). 

Liver ultrasound being very widely spread in clinical practice, but also easy to perform 

and accessible everywhere, it also has the role of a "point of care" method for the semi-

quantitative detection of the fat load of the liver, and the latest EASL Guide (European 

Association for the Study of the Liver) (15) believe that liver ultrasound will be the first-line 

method for the diagnosis of hepatic steatosis in clinical practice, regardless of all known 

limitations. 



92  

After reviewing these data regarding the value of transabdominal ultrasound in the 

diagnosis of fatty liver, the question can be raised as to whether we still need other more 

powerful ultrasound methods. And the answer is certainly positive because we want more 

objective, numerical methods for evaluating hepatic steatosis. One of the criticisms of 

conventional liver ultrasound in quantifying liver fat load is the interobserver (but also 

intraobserver) variability for this method (16,17). 

This is where the idea of objective, numerical methods to quantify liver fat load came 

from. The first method introduced for the numerical quantification of liver fat load was the 

CAP module (Controlled Attenuation Parameter) integrated in FibroScan® (Echosens, Paris, 

France). Introduced in 2010, this module allows for the measurement of the attenuation of 

the ultrasound beam, which is directly proportional to the fat content of the liver. This 

measurement is performed simultaneously with the determination of liver hardness (stiffness) 

as a marker of fibrosis, which increases the value of the method for examining patients with 

fatty liver. CAP results are expressed in decibels/meter (dB/m) and range from 100 to 400 

dB/m (18). If initially, this CAP module existed only for the M probe, later it was also integrated 

into the XL probe (for overweight and obese patients), increasing the feasibility of the method 

(Fig.5.9. and Fig.5.10). At the same time, several studies have demonstrated that for CAP the 

same cut-offs can be used for various degrees of steatosis, regardless of whether we use the 

M or XL probe (19,20). 

 

        
Fig. 5.9 and Fig. 5.10. The FibroScan device, with the two probes M and XL and with the fibrosis (stiffness) 

module (the result in yellow on the screen) and CAP (the result in blue). 

 

Over time, many publications have attempted to establish the accuracy of CAP for 

assessing liver fat load. Studies have compared this method with liver biopsy or more recently 

with MRI evaluation (PDFF - proton density fat fractions). The results are satisfactory for 

clinical practice, usually being between 80-90%. Thus, the CAP AUROC for the detection of 
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steatosis was between 0.823 (95% CI: 0.809-0.837) and respectively 0.865 (95% CI: 0.850-

0.880), in a clinical trial and respectively in a meta-analysis, which used liver biopsy for 

comparison. 

In another meta-analysis (23), the AUROC for CAP was 0.85 (95% CI: 0.81–0.88) for mild 

steatosis, 0.88 (95% CI: 0.85 -0.91) for moderate steatosis and 0.87 (95% CI: 0.84-0.90) for 

severe steatosis, respectively. All these studies were performed on patients with diffuse 

chronic liver diseases of various etiologies (usually including many chronic viral hepatitis). 

Over the years, in the nearly 15 years of CAP use, multiple publications have appeared, 

each proposing their own cut-offs. These cut-offs are summarized in Table 5.I. 

 

Table 5.I. CAP values in the most representative publications 

Study 
Comparative 

method 
No. of patients 

Cut-off values for each 

degree of steatosis (dB/m) 

S≥1 S≥2 S≥3 

Bao et al. (24) MRI-PDFF 159  310 328 

Baumeler et al. (25) Liver biopsy 224 258.5 282.5 307.54 

Chan et al. (26) Liver biopsy 105 263 281 283 

By Ledinghen et al. (27) Liver biopsy 112 215 252 296 

By Ledinghen et al. (28) Liver biopsy 261 - 310 311 

Eddowes et al. (20) Liver biopsy 88 302 331 337 

Ferraioli et al. (29) Liver biopsy 114 219 296  

Gu et al. (30) Liver biopsy 1183/3295/2835 273.5 288.5 309 

Imajo et al. (31) Liver biopsy 142 236 279 302 

Kamali et al. (32) Liver biopsy 77 237 259 291 

Karlas et al. (33) Liver biopsy 2735 248 268 280 

Lupsor-Platon et al. (34) Liver biopsy 201 226 285 194 

Mikolasevic et al. (35) Liver biopsy 179 304 311 345 

Myers et al. (36) Liver biopsy 153 283   

Naveau et al. (37) Liver biopsy 123 298 303 326 

Oeda et al. (38) Liver biopsy 137 - 264 289 

Park et al. (39) Liver biopsy 104 261 305 312 

Park et al. (40) Liver biopsy 104 261 - - 
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Petroff et al. (41) Liver biopsy 2346 294 310 331 

Sasso et al. (42) Liver biopsy 615 222 233 290 

Shalimar et al. (43) Liver biopsy 219 285 331 348 

Siddiqui et al. (44) Liver biopsy 393 285 311 306 

Somda et al. (45) Liver biopsy 249 255 288 297 

Steinmann et al. (46) Liver biopsy 433 288   

Thiele et al. (47) Liver biopsy 269 290 328 339 

Trowell et al. (48) Liver biopsy 217 278 301  

Zeng et al. (49) Liver biopsy 173 244   

Zenovia et al. (50) Liver biopsy 204 245 273.5 333 

 

However, the most relevant studies for practice are probably those that establish the 

cut-offs for CAP in patients with fatty liver (MASLD). In this category of patients, the numerical 

quantification of the fat load is the most important clinically, for diagnosis and supervision. 

From this point of view, we consider the publication by Eddowes (20), who used liver biopsy 

to stratify patients, to be the most relevant. In this meta-analysis, a cut-off of 302 dB/m for 

mild steatosis, 331 dB/m for moderate steatosis, and 337 dB/m for severe steatosis was 

calculated (S1, S2, and S3). In Petroff's publication (41), cut-offs of 294 dB/m for mild steatosis, 

310 dB/m for moderate steatosis, and 331 dB/m for severe steatosis were calculated (S1, S2, 

and S3). Based on this biopsy study in patients with MASLD and for the simplicity of 

memorizing the values, we propose to use in practice the cut-offs of 290 dB/m, 310 dB/m, and 

330 dB/m (for S1, S2, and S3) at patients with MASLD. 

Along with FibroScan, in recent years a similar system for quantifying fibrosis and 

steatosis has been developed, namely FibroTouch (iLivTouch) (Fig.5.11 and Fig.5.12), which 

uses the UAP  module to quantify steatosis (Ultrasound Attenuation Parameter). The 

advantage of this system would be that it uses a single probe (and not M and XL respectively 

as in FibroScan) and that it allows for the ultrasound visualization of the liver, to establish the 

correct region to evaluate. Published studies for this system showed AUROCs for UAP of 0.88, 

0.93, and 0.88 for mild, moderate, and severe steatosis and established cut-offs of 244, 269, 

and 296 dB/m for S1, S2 and S3 respectively (51). Other cut-offs can be found in Table 5.II. An 

advantage of this system would be that, more recently, it also evaluates inflammation, which 

is essential in differentiating simple hepatic steatosis from steatohepatitis (MASH - metabolic 

associated steatohepatitis) (52). 
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Fig. 5.11. and Fig. 5.12. iLivTOUCH ( FibroTouch) with two forms of presentation, the fixed and the mobile 

version. Note the included ultrasound probe and the unique fibrosis/steatosis assessment probe. 

 
Table 5.II. UAP values in the most representative publications 

 

Study 
Comparative method 

No. of 

patients 

Cut-off values for each 

degree of steatosis (dB/m) 

S≥1 S≥2 S≥3 

Deng et al. (53) Liver biopsy 254 230.6 246.9 261.1 

Hou et al. (54) Standard ultrasound 3770 257.2 286.2 315 

Mu et al. (55) MRI-PDFF 275 259 274 295 

Qiao et al. (56) Liver biopsy 130 276 288 293 

Qu et al. (52) Liver biopsy 237 244 269 296 

Yu et al. (57) CAP 85 278 305 307 

Zhu et al. (58) Liver biopsy 497 295 314 324 

 

Ultrasonographic quantification techniques of steatosis (Quantitative Ultrasound = 

QUS) have been increasingly developed. These modules are included in most modern 

ultrasound machines and allow for a quantification of the fat load of the liver with good 

precision. The physical principle behind these modules is represented by the measurement of 

the posterior attenuation of the ultrasound beam, the measurement of the "scatter" of the 

ultrasound beam ("backscatter") and respectively the measurement of the speed of 

ultrasound in the liver (" Speed of Sound"). Various ultrasound companies use one of these 
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techniques, or a combination thereof, to assess liver fat load. Usually, the evaluation 

technique is easy, quickly performed (under 5 minutes for all determinations), with high 

reproducibility and feasibility, and does not require most special system conditions (such as 

fasting condition or respiratory arrest during the evaluation, as in the determination of liver 

fibrosis). Generally, 10 determinations are made, and the device calculates the median of 

these values. The values are expressed in decibels/meter (dB/m) as in CAP, or dB/cm/MHz 

(Fig. 5.13-Fig. 5.28). 

 

 

Fig. 5.13. Canon's ATI assessment with severe steatosis 

 

 

Fig.5.14. Canon's ATI evaluation with severe steatosis 
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Fig.5.15. Normal UGAP, measured in dB /m (GE) 

 

 

Fig. 5.16. Normal UGAP, measured in dB/cm/MHz (GE) 

 

 

Fig. 5.17. TAI with normal values (Samsung) 
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Fig. 5.18. TAI with severe steatosis (Samsung) 

 

 

Fig. 5.19. TSI with normal values (Samsung) 

 

 

Fig. 5.20. TSI with severe steatosis (Samsung) 
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Fig. 5.21. Normal UDFF (4%) (Siemens) 

 

 

Fig. 5.22. UDFF with moderate steatosis (11%) Siemens 

 

 

Fig. 5.23. Aixplorer Rating (Hologic) 
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Fig. 5.24. Aixplorer (Hologic)- severe steatosis 

 

 

Fig. 5.25. Mindray System with RLB Index (Quality of acquisition) 

 

 

Fig. 5.26. Mindray system with USAT quantification 
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Fig. 5.27. Philips steatosis quantification system 

 

 

Fig. 5.28. ATT from Hitachi/ Fujifilm 

 

All QUS images shown above show a simple way to quantify steatosis. Usually, an area 

is selected, away from the liver capsule, where the evaluation area is placed, and the system 

performs an analysis of the region, using either back attenuation, or "backscatter", or 

measuring the speed of sound (or a combination thereof), to assess the severity of steatosis. 

The first publications on the value of these steatosis quantification systems appeared more 

than 5 years ago and demonstrated very high accuracy, several of them comparing the method 

with FibroScan's CAP, demonstrating its superiority. 

We would like to present only a few published studies on QUS to prove the practical 

value of these methods. Thus, the Canon system (Attenuation Image) with the ATI module 

was compared with the PDFF method (from MRI) in a cohort of 15 healthy volunteers and 114 

subjects with fatty liver and showed that between ATI and PDFF there is a good correlation 

(r=0.81), better than between PDFF and CAP (r=0.65) (59). A study by Bae, using liver biopsy 

as the reference method for assessing steatosis, in a group of 108 patients, calculated AUROC 
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curves ranging from 0.84 to 0.93, depending on the severity of steatosis (60). Another study 

by Tada used liver biopsy for comparison in a cohort of 148 patients and calculated AUROC 

curves of 0.85, 0.91, and 0.91 for mild, moderate, and severe steatosis, respectively (S1, S2, 

and S3). In patients with non-alcoholic fatty liver, the diagnostic value of ATI was 0.77, 0.88, 

and 0.86, respectively, for mild, moderate, and severe steatosis (61). In another recently 

published study (62), where ATI was compared with liver biopsy in a group of 76 patients, it 

was shown that ATI values increase with the severity of steatosis (0.60, 0.65, 0.83, and 0.90 

dB/cm/MHz for S0, S1, S2, and S3). In this study, the AUROC of ATI to diagnose any degree of 

steatosis (S1-S3) was 0.85, and, for the diagnosis of at least moderate steatosis (S2-S3), it was 

0.91. The above results plus others studied with ATI can be found in Table 5.III. 

 

Table 5.III. Performance of ATI in the diagnosis of fatty LIVER 

Study 
No. of 

patients 

Comparative 

method 

Cut-off values for 

each degree of 

steatosis 

(dB/cm/MHz) 

AUROCs 

S≥1 S≥2 S≥3 S≥1 S≥2 S≥3 

Bae et al. (60) 108 Liver biopsy 0.63-

0.74 

  0.84-

0.92 

  

Tada et al. (61) 148 Liver biopsy    0.85 0.91 0.91 

 76 Liver biopsy 0.65 0.83 0.90    

Bao et al. (24) 159 MRI-PDFF 0.69  328    

Seo et al. (63) 105 Liver biopsy    0.93 0.94 0.87 

Zhu et al. (64) 130 MRI-PDFF       

Ferraioli et al. 

(65) 

72 MRI-PDFF 0.69   0.90   

Hsu et al. (66) 28 Liver biopsy    0.97 0.99 0.97 

Kim et al. (67) 70 CAP 0.66      

Burgio et al. (68) 191 

187 

Liver biopsy 

 MRI-PDFF 

   0.86 

0.92 

0.71 

0.79 

 

Jang et al. (69) 57 Liver biopsy    0.80   

Bae et al. (70) 120 MRI-PDFF      0.88-0.94 

 

Mindray developed the USAT technique (Ultrasound Attenuation Analysis) which is 

also based on the attenuation coefficient. This technique automatically avoids structures that 

could affect the measurements, analyzing the values in the region of interest, the result being 

expressed as a median thereof. In one of the publications on this technique, 326 subjects with 

or without chronic liver diseases were analyzed, comparing USAT with CAP, with a Pearson 

coefficient, r=0.78 between methods, and the cut-offs for the three degrees of steatosis (S1, 
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S2, and S3) were 0.62, 0.66, and 0.72 dB/cm/MHz (71). Another recent study that compared 

all USAT with CAP, in 212 patients, showed a correlation with CAP of r=0.67, and the cut-offs 

for the various degrees of steatosis were 0.59, 0.73, and 0.87 dB/cm/MHz (72). 

Several articles have been published regarding the quantification of steatosis by UGAP 

(Ultrasound-Guided Attenuation Parameter) from General Electric. Thus, in a study by 

Fujiwara (73), using liver biopsy as a reference method in patients with chronic liver disease, 

the calculated AUROCs for UGAP were 0.900, 0.953, and 0.959 in patients with S1, S2, and 

respectively S3. The median UGAP attenuation coefficient was 0.485, 0.560, 0.660, and 0.720 

dB/cm/MHz in patients with S0, S1, S2, and S3, respectively. Compared with liver biopsy, this 

study showed significantly better results for UGAP compared to CAP. In another study 

comparing UGAP with PDFF (MRI) in a cohort of 126 patients with chronic liver disease, the 

correlation coefficient between PDFF and UGAP was 0.746 (p<0.001) and the AUROC for UGAP 

was 0.922, 0.874 and 0.892 for S1, S2 and S3, respectively (74). 

A more recently published article, a Japanese multicentre study (75), compared PDFF 

with UGAP in a cohort of 1010 patients, found a correlation between the two methods of 

0.768, and the AUROC for S1, S2, and S3 for UGAP was 0.91, 0.91 and 0.89, respectively. In a 

publication by our group (76), in a cohort of 179 subjects, in which UGAP was compared with 

CAP, UGAP values increased with the severity of steatosis (obtained by CAP), from S0: 

198.3±25 .7 dB/m, at S1: 216.86±26.3 dB/m, at S2: 237.79±26.3 dB/m and respectively S3: 

270.8±31.62 dB/m (p< 0.001). A good positive correlation was found between CAP and UGAP 

(r=0.73, p<0.0001). Ogino et al (77) compared UGAP and with PDFF (MRI) methods for 84 

patients having a steatosis score ≥1, ≥2, and ≥3 (AUROC = 0.94, 0.95, and 0.88) and a 

correlation of r=0.88. The results are summarized in Table 5. IV. 

 
Table 5.IV UGAP performance in the diagnosis of fatty LIVER 

Study 
No. of 

patients 

Comparative 

Methods 

Median values for each degree of 

steatosis (dB/m) 
AUROCs 

S≥1 S≥2 S≥3 S≥1 S≥2 S≥3 

Fujiwara et al. 

(73) 

163 Liver biopsy    0.90 0.95 0.95 

Tada et al. 

(74) 

136 MRI-PDFF    0.92 0.87 0.89 

Imajo et al. 

(75) 

1010 MRI-PDFF    0.91 0.91 0.89 

Bende et al. 

(76) 

179 CAP 216.8±26.3 237.7±26.3 270.8±31.6    

Ogino et al. 

(77) 

84 Liver biopsy    0.94 0.94 0.88 
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As early as 2018, the first articles were published regarding the quantification of 

steatosis using the Hitachi (currently Fujifilm) system. The quantification module called ATT 

was used in a multicentre prospective study in a cohort of 351 patients with chronic liver 

diseases, being compared with a liver biopsy performed in the same session. The mean 

attenuation coefficient values for S0, S1, S2, and S3 were 0.55, 0.63, 0.69, and 0.85 

dB/cm/MHz, and the attenuation coefficient was significantly correlated with the degree of 

histological fat loading (r=0.50, p<0.001). In this study, the AUROC for S1, S2, and S3 was 0.79, 

0.87, and 0.96 (78). 

To quantify fat loading, the module proposed by Samsung evaluates two parameters - 

TAI (Tissue Attenuation Imaging) which aims to attenuate the ultrasound beam and TSI 

(Tissue Scatter-distribution Imaging) which follows the dispersion of the ultrasound beam, 

along with the use of the hepato-renal index. One of the studies performed on this device 

compared these techniques with PDFF (MRI), in a cohort of 120 subjects with suspected fatty 

liver (79) and obtained a significant correlation between the methods of 0.659 for TAI and 

0.727 for TSI, respectively (p<0.001 for both). For PDFF values of ≥5% and ≥10% fat loading, 

the AUROC for TAI was 0.861 and 0.835, and for TSI, the AUROC was higher, at 0.964 and 

0.935. In another study conducted on 123 patients which compared this Samsung module with 

CAP, taking PDFF as the reference method (80), the AUROC curve calculated for the Samsung 

module was superior to assessments by CAP, 0.92 versus 0.79 (p = 0.03). Another study 

compared ATI, TAI, TSI, and CAP with PDFF, concluding that ATI and TAI correlated better than 

CAP with PDFF (r=0.58, r=0.71, r=0, 48), but instead, the areas under the ROC curve (AUROC) 

were similar between the methods: ATI - 0.88, TAI - 0.86, TSI - 0.87 and CAP - 0.86 (83). 

More recently, Samsung has implemented the USFF system (UltraSound Fat Fraction), 

which, using artificial intelligence (convolutional neural network - CNN), quantifies the fat load 

in percentages (55). In a study of 173 patients comparing PDFF with USFF, a Pearson 

correlation of 0.86 was obtained between methods, and the AUROC for more than mild 

steatosis for USFF was 0.97 (superior AUROC- for TAI or TSI). 

UDFF (Ultrasound Density Fat Fraction) from the Siemens company has the advantage 

of quantifying the fatty liver load in percentage (%). This system has the advantage that it is 

not necessary to memorize cut-offs for clinical practice. Although the experience with this 

system is quite new, two relevant articles have been published. Thus, in a cohort of 101 

patients with suspected fatty liver in whom PDFF was performed, and in 90 of them liver 

biopsy, using posterior attenuation and dispersion for ultrasonic quantification of steatosis, a 

Pearson correlation coefficient of r=0 was found, 87 between UDFF and PDFF (84). In patients 

with PDFF values greater than 5% and 10%, respectively, the AUROC for UDFF was 0.97 and 

0.95. In another study published in 2022 (57) that compared UDFF with PDFF in 56 subjects, a 

positive correlation between methods of 0.82 was found. The AUROC of UDFF was 90% for 

more than mild steatosis (F2, F3), and UDFF values greater than 5% had a sensitivity of 94.1% 

and a specificity of 63.6% for at least mild steatosis compared to PDFF. 
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For the Aixplorer system (Hologic) which uses the speed of sound evaluation in the 

liver, but also posterior attenuation, there are several publications. One compared PDFF with 

ultrasound speed (sound speed estimation - SSE) in the liver in 100 subjects (50 for the training 

cohort and 50 for the validation cohort) (85). In this study, several cut-off values for sound 

speed were calculated: 1.570 ± 0.026 mm/µs for S0, 1.568 ± 0.023 mm/µs for S1, 1.521 ± 0.031 

for S2, and 1.514 ± 0.019 mm/µs for S3 respectively (p<0.01). Regarding the correlation of SSE 

with PDFF, it was 0.73 in the training cohort and 0.76 in the validation cohort, respectively. 

In a study by our group, using the Aixplorer MACH 30 (86), in a cohort of 238 patients 

with fatty liver, this system was compared with CAP. Two parameters were used to quantify 

steatosis, sound speed (Sound Speed Plane- wave UltraSound - SSp.PLUS) and attenuation 

respectively (Attenuation Plane- wave UltraSound - Att. PLUS), and the CAP method was used 

as the reference method. The feasibility of both methods was over 95%, and sound speed 

correlated better than attenuation for quantifying hepatic steatosis (0.74 versus 0.45). The 

cut-off value obtained for SSp.PLUS for significant steatosis was 1524 m/s. 

We have tried to review some of the publications related to the quantification of 

steatosis, using ultrasound devices on the market. There are other steatosis quantification 

modules implemented in other ultrasound systems, but not all have relevant publications to 

highlight their performance. Some newer, less well-known systems also allow steatosis to be 

quantified. Moreover, the ENDRA system should be mentioned that uses the TAEUS modality 

(Thermo Acoustic Enhanced Ultrasound) for the assessment of fatty liver load, it being 

approved for use in Europe and the United States. 

For a long time, liver biopsy has been considered the ideal comparison method for non-

invasive steatosis evaluation methods, however, in recent years, with the appearance of 

studies and several meta-analyses, PDFF (Proton Density Fat Fraction) made with the help of 

MRI has become the new reference method for comparison. This is due to the significant 

decrease in the number of liver biopsies performed in the world, but also to the need for 

comparative studies to be published as quickly as possible (and performing a significant 

number of biopsies would greatly delay publication). A meta-analysis published in 2019 (87) 

comparing liver biopsy with PDFF-MRI found for this method an AUROC of 0.98, 0.91, and 0.90 

for mild, moderate, and severe steatosis, respectively (S1, S2, and S3). 

Several comparative studies between various non-invasive steatosis evaluation 

techniques have been conducted, which have attempted to demonstrate the practical value 

of each. Thus, in a study on 105 patients in which the reference method was PDFF (88), the 

evaluation of the speed of sound (SSE), then of the attenuation coefficient, of the hepato-

renal index (all from MACH 30 Aixplorer) was performed in the same session, and respectively 

CAP. The AUROC for these methods was 0.73, 0.82, 0.79, and 0.91, respectively, and this study 

concluded that the hepatorenal index (a very simple index) appears to be the most useful. 

Another comparative study used histology from liver resection for comparison and 

preoperatively evaluated the liver by standard ultrasonography, ATI, CAP, CT, and PDFF in a 

group of 120 patients. For the detection of at least mild histological steatosis, the AUROC for 
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PDFF, CAP, CT, ATI, and standard ultrasound were: 0.946, 0.807, 0.829, 0.892, and 0.761, 

respectively. In pairwise comparison, there were no significant differences between methods, 

except for standard ultrasound, but for severe steatosis, all methods had good diagnostic 

value, with no significant differences (70). 

Under these conditions, we believe that we currently have numerous imaging methods 

for evaluating the severity of hepatic steatosis in clinical practice, in patients with MASLD. But 

there are some comments to be made. Thus, computed tomography is irradiating and 

therefore not recommended, and MRI is less available and expensive. Therefore, ultrasound-

based methods remain the the most cost-effective repetitive methods. QUS-type steatosis 

quantification methods, implemented in modern ultrasound machines, have the advantage of 

being able to be performed immediately after the standard ultrasound evaluation, have good 

feasibility, are quick to perform, repetitive, and with very good accuracy, becoming POCUS 

methods ("Point of Care" US). In addition, these QUS methods have started to be 

implemented in mid-range ultrasound machines, which makes them more and more 

accessible to a growing category of doctors. 
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5.1.e. Elastography in Portal Hypertension 

Alina Popescu, Renata Bende 

 

Portal hypertension (PH) is one of the most feared complications of liver cirrhosis and 

is diagnosed when the hepatic venous-portal gradient (HVPG) has a value greater than 5 mm 

Hg. Clinically significant portal hypertension (CSPH) is defined at values of HVPG> 10 mmHg 

(1). 

Regardless of the etiology, liver cirrhosis is the most common cause of PH. In this case, 

the increase in pressure is due to structural changes in liver architecture that lead to distortion 

of the vascular bed. In addition to the structural component that contributes about 70% to 

the increase in portal pressure, there is also a dynamic component determined by the 

contraction of smooth muscle in the vascular walls and the activation of Ito stellate cells, a 

component that is responsible for 30% of the intrahepatic resistance of portal flow. Increased 

resistance to portal flow, along with compensatory mechanisms of increased splanchnic blood 

flow and hyperdynamic circulation maintain and worsen PH (2, 3). 

The development of CSPH represents a crucial step in the natural history of patients 

with compensated advanced chronic liver disease (cACLD) and is accompanied by the 

occurrence of complications associated with PH, such as ascites or esophageal varices (EV). 

Variceal rupture occurs when the parietal tension exceeds the limit of wall elasticity, and 

generally occurs at a value of HVPG> 12 mmHg (4). 

Taking these aspects into account, the assessment of PH status is recommended for all 

patients with advanced chronic liver disease, at the time of diagnosis, both for therapeutic 

management and for prognosis.  

 

5.1.e.1. Diagnosis of Portal Hypertension. Invasive Techniques 

HepaWc Venous Gradient (HVPG) Measurement 

 

The measurement of HPVG is the method of choice for diagnosing PH and establishing 

its severity. However, it is an invasive method that involves catheterization with a balloon 

catheter of one of the hepatic veins, under ultrasound guidance, using the right jugular vein 

(or femoral vein, or antecubital vein) as an approach (5). 

HVPG is calculated by subtracting free liver venous pressure (FHVP) from blocked liver 

venous pressure (WHVP) (HVPG = WHVP-FHVP). The median of three measures is considered 

the most accurate value for HVPG (6). 

Based on these findings, HVPG is recommended for all patients with advanced chronic 

liver disease at the time of diagnosis for risk and prognosis assessment (7, 8). Moreover, HVPG 
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seems to be the ideal tool to assess the response to therapy of patients with CSPH, with the 

target being an HVPG value <12 mmHg, or a decrease of at least 20% compared to baseline 

(8, 9). Failure to meet these targets is the best independent predictor of bleeding or rebleeding 

(10), with a 2 to 4 times higher relative risk for non-responders to non-selective beta-blockers 

(11).  

Despite its excellent diagnostic and prognostic value, HVPG is an invasive procedure, 

has low availability, increased costs, and is more difficult for patients to accept (12). 

 

Upper Digestive Endoscopy 

Upper digestive endoscopy is the method of choice for the objective diagnosis of 

esophageal and gastric varices and portal-hypertensive gastropathy. Although this is an 

invasive method, it is the only method that allows for the evaluation of specific characteristics 

of esophageal or gastric varices (their size, the presence of bleeding stigmas) that are directly 

associated with the risk of variceal bleeding (13). 

However, given the high rate of endoscopies performed in patients with advanced 

chronic liver disease in whom varices at high risk of bleeding (HRV) are not detected, the cost-

effectiveness of extensive screening is controversial.  

The Baveno VI consensus (12) proposes the use of non-invasive methods as initial 

screening in order to stratify the risk, identifying with very good accuracy patients at low risk 

of having esophageal or gastric varices, which patients can avoid endoscopic screening. 

 

5.1.e.2. Diagnosis of Portal Hypertension. Non-invasive Techniques 

In recent years, the arsenal of tools available for PH assessment has been enriched by 

the introduction of numerous non-invasive markers, thus complementing traditional and 

invasive methods. Given the limited availability and invasiveness of these conventional 

techniques, there is a growing need for new, non-invasive and easily reproducible methods, 

especially in patients with newly diagnosed cACLD. 

In such cases, initial screening with non-invasive markers is preferable, to determine 

the optimal time to perform endoscopy or other invasive procedures. 

The arsenal of non-invasive techniques for predicting PH includes biological tests, 

biological scores or multiparametric scores, imaging techniques (B-mode ultrasound, Doppler 

ultrasound, computed tomography (CT), CT angiography, magnetic resonance imaging, MRI 

angiography, ultrasound-based elastography techniques, MRI elastography), up to prediction 

models based on artificial intelligence (13). 

Among these, ultrasound-based elastography techniques have been intensively 

studied in recent years for the non-invasive evaluation of the mechanical properties of tissues, 
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providing quality and quantity information regarding the elastic properties of the interrogated 

tissue.   

The interest in ultrasound-based elastography techniques lies in their many 

advantages: they are widely available, easily reproducible, cost-effective, and very well 

accepted by patients (14). 

Although initially developed for non-invasive staging of fibrosis in chronic liver 

diseases, numerous studies have analyzed the performance of these methods for the non-

invasive evaluation of PH by measuring liver and splenic stiffness, with promising results (15-

23). 

According to international guidelines (24, 25), elastography techniques can be 

classified into: strain elastography (mainly used for breast, thyroid and prostate) and shear 

wave elastography (SWE). The SWE technique uses an external pulse that generates shear 

waves inside the examined organ, and the speed of these waves is measured by ultrasound, 

being indicative of tissue stiffness (rigidity), in the case of the liver as a marker of fibrosis 

severity.  

Depending on the type of external pulse applied and the technique for measuring the 

speed of the shear waves, SWE elastography is subdivided into: Vibration Controlled Transient 

Elastography (VCTE); Point SWE (pSWE), which uses Acoustic Radiation Force Impulse (ARFI) 

technology as a stimulus, and the speed of the shear waves is measured at a certain point; 

and real-time elastography, which includes 2D-SWE and 3D-SWE (also uses ARFI technology 

as a stimulus, and the speed of the shear waves is measured in an area of interest and at the 

same time a color elastogram is generated) (24, 25). It should be noted that the cut-off values 

proposed for different stages of fibrosis are system-specific. 

 

5.1.e.3. Ultrasound-based Elastography Techniques. Hepatic Elastography.  

Vibration Controlled Transient Elastography (VCTE) 

It is the first elastography technique introduced for the evaluation of liver fibrosis, 

having the richest scientific support so far. The basic principle of VCTE is that the speed of 

wave propagation through a homogeneous tissue is directly proportional to its elasticity, 

which is correlated with the amount of liver fibrosis (26). The VCTE has a transducer that 

produces low-frequency (50 Hz) and low-amplitude vibrations, consequently generating shear 

waves that propagate to the liver. Their propagation rate is directly proportional to the 

stiffness of the tissue assessed (27). VCTE is a quantitative elastography technique, so the 

result is represented by a numerical value expressed in kilopascals (kPa). The values obtained 

are between 1.5 and 75 kPa, and normal values are considered to be below 5 kPa (29-31). 

Numerous studies have demonstrated correlations between liver stiffness (LS) and the 

presence of EV (32, 33, 34-38), as well as between LS values and their severity/size 
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(32,35,37,39), therefore, the attention of subsequent research has been directed towards 

confirming LS as a predictor of PH.   

Thus, one of the first and most important studies carried out regarding the LS value as 

a predictor of PH, concluded that a cut-off value of 13.6 kPa of LS predicted the presence of 

HVPG ≥10 mmHg with excellent accuracy (AUC-0.99, Se-97%), while for the prediction of 

HVPG≥12 mmHg, AUC was 0.92, with Se-94%, for a cut-off value of 17.6 kPa. These results 

confirmed that LS correlates very well with HVPG up to values of 10 mmHg, values above 

which the worsening of PH is more dependent on the increase in splanchnic flow, than on the 

flow resistance determined by LS (33), results later confirmed by another study in which LS 

predicted the presence of HVPG ≥10 mmHg with an AUC-0.945 (at a cut-off value of 21 kPa) 

(39). 

A meta-analysis, carried out on 18 studies, concluded that LS assessed by VCTE has a 

very good accuracy in detecting CSPH (AUC-0.93). Subsequently, another meta-analysis 

showed a very good correlation between LSand HVPG, having a good diagnostic and predictive 

performance for the detection of CSPH (40). Furthermore, the Baveno VI consensus suggested 

that if the LS assessed with VCTE is <20 kPa and platelet count is >150x 109/L, upper digestive 

endoscopy could be avoided in patients with advanced liver disease, as the likelihood of having 

esophageal varices at high risk of bleeding is very low (<5%) when these criteria are met 

simultaneously (12).  

On the other hand, the total number of endoscopies avoided by using these criteria 

was found to be relatively low, so, in another study published in 2017 (41), the Baveno VI 

criteria were extended and validated in additional cohorts. 499 patients with cACLD of various 

etiologies were evaluated to study the performance of different platelet and LS cut-off values 

to identify patients at very low risk (<5%) of having EV with high risk of bleeding (HRV). The 

newly established criteria (platelet count >110 ×10.9 cells/L and LS<25 kPa) were validated in 

two additional cohorts in London (309 patients) and Barcelona (117 patients). Using these 

criteria, 40% of screening endoscopies could have been avoided (versus 21% with the Baveno 

VI criteria) with a 1.6% risk of missing HRV.  

However, in the latest versions of the EASL and AASLD guidelines, a clear 

recommendation has not been made regarding the ideal LS cut-off value (20 or 25 kPa) to 

predict the risk of clinical decompensation.  

In light of these inconsistencies, a meta-analysis that included 30 studies to assess the 

accuracy of the Baveno VI criteria (LS<20 kPa and platelet count >150 x 109) and the Extended 

Baveno criteria (LS<25 kPa and platelet count >110 x 109 cells/L) to identify HRV in patients 

with cACLD were published in 2019 (42), concluding that these criteria are very sensitive but 

not very specific for identifying patients with HRV.    

More recently, the Baveno VII consensus (43) reiterates the idea that non-invasive 

tests are accurate enough to identify CSPH. Thus, LS≤15 kPa and a platelet value >150x109/L 

exclude CSPH (Se and NPV >90%) in patients with cACLD.  
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In patients with cACLD of viral and/or ethanolic etiology, as well as in non-obese 

patients (BMI <30 kg/m2) with MASH, LS≥25 kPa is sufficient to predict CSPH (Sp and PPV 

>90%). In this category of patients, using the previous model, the risk of CSPH can be predicted 

with very good accuracy. Thus, patients with LS between 20-25 kPa and a platelet value 

<150x109 /L or LS between 15-20 kPa and a platelet value <110x109 /L, have a 60% risk of 

having CSPH. 

 

Shear-wave Elastography Techniques Using ARFI Technology. 

Point Shear-wave Elastography (pSWE) 

Point shear-waves elastography is an elastography technique based on ARFI 

technology, integrated into standard ultrasound systems, enabling direct visualization of the 

evaluated parenchyma. These methods allow for querying a specific region of the parenchyma 

with the help of a region of interest (ROI), which has a predetermined size depending on the 

ultrasonographic system. The most studied types of pSWE elastography were: Virtual Touch 

Tissue Quantification® (VTQ) implemented on Siemens systems and the ElastPQ® technique 

implemented by Philips. Subsequently, other manufacturers also implemented pSWE on their 

systems: Samsung, Hitachi and Esaote (44, 45). 

Studies have shown that pSWE (VTQ) is a reliable technique for predicting liver 

cirrhosis even when liver biopsy has been used as a reference method. For cut-off values 

between 1.55 and 2 m/s, the AUC was 0.89-0.93 (46, 47-50). Several meta-analyses confirmed 

that pSWE is a useful method for the diagnosis of liver cirrhosis, with mean diagnostic accuracy 

values of 0.93 (51) and 0.91 (52), respectively, values similar to those obtained for VCTE (51, 

53). 

A study evaluating the performance of another pSWE technique (ElastPQ) for the 

diagnosis of liver cirrhosis demonstrated a good correlation between LS values and fibrosis 

stage (r=0.61) (54).  

Regarding the LS performance evaluated with pSWE implemented on another 

ultrasound system (Samsung-Medison RS85), a very good diagnostic performance was also 

detected (AUC-0.95 for significant fibrosis and AUC-0.98 for cirrhosis) (55). 

For the evaluation of PH, the most studied pSWE technique is VTQ, but the results are 

inhomogeneous between studies. One of the first studies carried out detected a cut-off value 

for the prediction of large esophageal varices of 2.25 m/s (AUC-0.596), results that are similar 

to those found in another study in which the AUC for the prediction of HRV was 0.58 (56). 

Better results were obtained in a study that showed a good correlation (r=0.646; p < 

0.001) between VTQ and HVPG measurements, with an AUC of 0.85 for the CSPH prediction 

(57). 
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In a South Korean study (58), LS assessed with VTQ had an AUC of 0.76 (cut-off value - 

2.08 m/s) and 0.78 (cut-off value - 1.9 m/s), for the detection of esophageal varices of any 

grade and those at increased risk of bleeding, respectively. 

Regarding the LS value assessed with the ElastPQ technique, for the prediction of PH, 

studies are more limited. A recent study showed that LS assessed with ElastPQ was positively 

and significantly correlated with portal pressure (r = 0.482, p < 0.001) (59). 

 

Real-Ame Shear-waves Elastography (2D-SWE and 3D-SWE) 

Real-time shear-wave (2D-SWE) elastography is an elastography technique based on 

ARFI technology, implemented on different ultrasound systems, which enables the real-time 

capture of the propagation speed of shear waves.  

The advantage of this technique is that the elasticity of the interrogated tissue is 

displayed using a color-coded image superimposed on a B-mode image and, at the same time, 

a quantitative estimation of LS in a given region can be performed, the results being expressed 

in kPa or m/s (60). Studies have shown that for good feasibility, it is necessary to obtain a 

quality image in B mode, as well as to have an experienced operator (61,62). 

Initially, the 2D-SWE technique was developed by Supersonic Imagine (France) (2D-

SWE. SSI) and incorporated into the Aixplorer® system. Eventually, other companies 

developed similar techniques: General Electric (2D-SWE.GE), Canon, Philips (ElastQ), Samsung 

etc. (60). 

Several studies have shown good accuracy of the 2D SWE.SSI technique for the 

prediction of significant fibrosis and liver cirrhosis in patients with cACLD of different etiologies 

(63, 64-67), however revealing very different cut-off values, depending on the etiology.   

As for 2D-SWE.GE, less data is available. A study of 331 subjects (68) concluded that 

this technique has very good diagnostic accuracy for significant fibrosis (AUC-0.95) and 

cirrhosis (AUC-0.96), respectively. Similar results were obtained in an Italian study (69) that 

used liver biopsy as a reference method. 

A recent study evaluated LS performance with a 2D-SWE technique from Samsung and 

established a cut-off value of 7.6 kPa (AUC-0.98) for the prediction of liver cirrhosis (55). Using 

ElastQ, Villani et al. (70) obtained an LS cut-off value of 12.65 kPa for the prediction of cirrhosis 

(AUC-0.89). 

Regarding the LS performance assessed by 2D-SWE techniques for PH prediction, most 

of the published studies used the 2D-SWE.SSI technique.  

Kim et al. (22) found a significant correlation between HVPG and LS values in patients 

with CSPH (r=0.574; p<0.001). For an LS cut-off value of 15.2 kPa, the AUC for the CSPH 

prediction was 0.819 (95% CI, 0.725–0.892). In another study (20), for an LS cut-off value of 

15.4 kPa, the AUC for the CSPH prediction was 0.948.  
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A meta-analysis on 2D-SWE.SSI performance to identify CSPH was performed on 519 

patients from seven centers. At a cut-off value of LS<14 kPa, CSPH was excluded with an 

accuracy of 85% (sAUC-0.88), while LS≥32 kPa was able to make a positive prediction of CSPH 

with an accuracy of 55% (sAUC—0.83). The authors concluded that LS values below 14 kPa can 

be used to exclude CSPH, however, LS values could not predict the presence of EV at increased 

risk of bleeding (71). 

Fewer studies are available on the performance of 2D-SWE.GE for PH prediction. In a 

study in which LS was determined with the 2D-SWE.GE technique (72) a very good correlation 

between LS and HVPG was proven (r=0.704; p <0.0001). For a cut-off value of 11.3 kPa for LS, 

the performance to detect CSPH was very good (AUC-0.91). 

Given the inconsistency of the results obtained regarding the cut-off values of LS, for 

both pSWE and 2D-SWE techniques, within the Liver Elasography Consensus of the American 

Society of Radiologists, a neutral approach called the "rule of four" (5, 9, 13, 17 kPa) was 

proposed. This approach has been established for viral etiologies and MASLD and can be 

interpreted as follows: LS≤5 kPa (1.3 m/sec) indicates, with a very high probability, a normal 

subject from the point of view of LS; LS≤9 kPa (1.7 m/sec), in the absence of clinical signs, 

excludes cACLD; values between 9 kPa (1.7 m/sec) and 13 kPa (2.1 m/sec) suggest cACLD, but 

require further testing for confirmation, and LS≥13 kPa (2.1 m/sec) is highly suggestive of 

cACLD. If LS≥17 kPa (2.4 m/sec), CSPH is likely (73). 

 

5.1.e.4. Ultrasound-based Elastography Techniques. Splenic Elastography 

The spleen is considered an important regulatory factor in order to maintain adequate 

portal hepatic flow. Splenomegaly in subjects with portal hypertension occurs through the 

interaction of several factors, both through congestion of the spleen and through hyperplasia 

and hyperactivation of splenic lymphoid tissue. Also, accelerating the processes of 

angiogenesis and fibrogenesis plays an important role. This process of accelerated 

fibrogenesis leads to increased spleen stiffness (hardness), which is why the assessment of 

spleen stiffness (SS) as a non-invasive marker for predicting portal hypertension and CSPH has 

attracted increasing interest (74). SS was evaluated by different ultrasound-based 

elastography techniques, both by VCTE and by ARFI (pSWE and 2D-SWE) techniques (24, 25, 

75, 76). 

VibraWon Controlled Transient Elastography (VCTE) 

In recent years, numerous studies have been oriented toward the evaluation of SS and 

its correlation with portal hypertension. Studies have demonstrated a definite and 

reproducible correlation between SS values measured with VCTE and the presence of PH. One 

of the first studies to evaluate SS (77) concluded that SS values are significantly elevated in 

patients with liver cirrhosis. Subsequently, another study proved that an SS with values greater 

than 46.4 kPa can predict the presence of esophageal varices in patients with liver cirrhosis, 
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with a diagnostic accuracy of 80.5% (AUC-0.78) (78). Also, using a prediction model that 

included both LS (≥ 19 kPa) and SS (≥ 55 kPa), the prediction accuracy increased to 88.5%.  

Another prediction model, which combined SS with Baveno VI criteria, was useful to 

exclude the presence of HRV (79). Using this multiparametric model, a higher number of 

endoscopies could be avoided compared to using the Baveno VI criteria alone. The study was 

conducted on 498 patients and established a cut-off value ≤46 kPa to exclude the presence of 

HRV. Using this cut-off value or the Baveno VI criteria, 35.8% and 21.7% of the validation batch 

subjects, respectively, could have avoided upper digestive endoscopy with an HRV loss rate of 

less than 2% in both cases. When the two parameters were used simultaneously in a 

prediction model, an additional 22.5% of endoscopies could have been avoided, thus 

increasing the final percentage to 43.8%, with a very good prediction performance and an HRV 

failure rate below 5% (79). 

Another important study evaluating the performance of SS measured with VCTE for PH 

prediction, was published by Colechia et al. (23) and concluded that SS is a useful non-invasive 

marker for predicting the presence of EV and CSPH. The AUC value for the EV prediction was 

0.94 and 0.95 for the prediction of HVPG≥12 mm Hg. A more recent study published by Wang 

et al. (80) reiterates the results of previous studies that SS is a non-invasive marker with very 

good EV prediction accuracy. The study included 102 subjects with liver cirrhosis in whom SS 

was assessed using VCTE elastography. For a cut-off value of 45.5 kPa, SS had AUC-0.98 for 

the prediction of esophageal varices at increased risk of bleeding and AUC-0.92 for the 

prediction of variceal bleeding. 

Most of the studies evaluating SS were performed using FibroScan® (RS@50 Hz), which 

allowed SS to be measured up to a maximum of 75 kPa, which may have underestimated the 

severity of EV. Finally, EchoSens has developed a new variant of FibroScan® (SSM@100 Hz) 

with a specific module for spleen assessment. After the emergence of this new variant of 

FibroScan® (SSM@100 Hz), in a study comparing the two techniques, valid SS measurements 

were obtained in a significantly higher proportion of patients using this technique compared 

to the previous technique (92.5% vs. 76.0%, p <0.001) (81). 

The Baveno VII Consensus specifies that SS measured with VCTE can be used in patients 

with cACLD of viral etiology to exclude or confirm the presence of CSPH, using the following 

cut-off values: SS<21 kPa and SS>50 kPa, respectively. However, these cut-off values require 

additional validation (43). 

Another important note regarding SS is that in patients who are not candidates for 

non-selective beta-blocker therapy and who, according to Baveno VI criteria, should undergo 

upper digestive endoscopy, they can avoid endoscopy, having a low risk of HRV, if SS ≤40 kPa 

(43). 
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Shear-wave Elastography Techniques Using ARFI Technology 

Point Shear-wave Elastography (pSWE) 

Multiple studies have evaluated SS performance determined with pSWE elastography 

techniques as a predictive marker of PH. Among the pSWE elastography techniques, the most 

studied and validated technique for the evaluation of SS is the VTQ technique. 

In a study published by Rifai et al. (82), SS assessed with VTQ was found to be lower 

than LS for PH detection (AUC 0.68 vs. 0.90). Another study published by Vermehren et al. 

(83), proved that in the multivariate analysis, there was a stronger association between SS 

assessed with VTQ and PH, compared to LS, even though the prediction accuracy of the two 

markers was similar. Bota et al. (84) concluded that the SS assessed with VTQ had a very good 

predictive value for liver cirrhosis, but could not predict the presence and severity of EV. The 

same author formulated a multiparametric prediction model. In the univariate analysis, LS and 

SS assessed with VTQ, as well as the presence of ascites were independent predictors of HRV. 

Combining these parameters into a prediction score, this author obtained an HRV detection 

accuracy of 69.6% (AUC=0.72) (56).  

Although data on the superiority of SS compared to LS are inconsistent in studies, in a 

meta-analysis that included 16 studies, it was concluded that SS has a superior predictive 

accuracy for PH. (85). Takuma et al. (86) used VTQ for the assessment of SS. The AUC for the 

prediction of HRV was between 0.92-0.94, depending on the etiology. Another study 

concluded that SS assessed with VTQ can predict the presence of HRV with an AUC of 0.97 

(87).  

There is not as much data on SS evaluation as other elastography techniques. A more 

recent study, conducted on 107 subjects in whom SS was determined with another pSWE 

technique (ElastPQ) using HVPG as a reference method, demonstrated a significant correlation 

between SS and portal pressure values (r=0.489, p <0.001). A diagnostic algorithm using 

SS<20kPa and a platelet count ≥150x109 /L was able to exclude CSPH with 92.9% accuracy (59). 

 

Real-Ame Shear-waves Elastography (2D-SWE and 3D-SWE) 

There are a smaller number of studies that have evaluated SS performance queried 

with a 2D-SWE technique as a predictor of portal hypertension. A study in 77 subjects in which 

SS was determined using 2D-SWE.SSI concluded that SS<35.8 kPa excluded the presence of 

HRV (AUC-0.85, NPV-91.3%) (88). In a study on a larger number of subjects, SS had very good 

predictive accuracy for predicting esophageal varices, regardless of grade (AUC-0.8) and HRV 

(AUC-0.78), respectively (89). 

An interesting approach to predict CSPH by means of 2D-SWE.SSI was proposed by 

Jansen et al. (90), who formulated a sequential algorithm using LS and SS. The study included 

158 patients with liver cirrhosis who also had measurements of HVPG. 
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First, LS was evaluated, if LS>38 kPa, 36/39 patients were correctly classified with 

CSPH. If LS<38 kPa, the next step was to measure SS. If LS<38 kPa and SS<27.9 kPa, 32/40 

patients were correctly classified as having CSPH, and in the case of LS<38 kPa, but SS>27.9 

kPa, 35/37 patients were correctly classified with CSPH. This algorithm had a sensitivity of 

89.2% and a specificity of 91.4% for the diagnosis of CSPH (90). 

Also a 2D-SWE technique, this time implemented on another ultrasound system 

(General Electric), was used to evaluate the performance of SS in HRV prediction and 

compared this technique with a pSWE technique (VTQ). Optimal cut-off value of SS assessed 

with 2D-SWE.GE for the HRV prediction was 13.2 kPa (AUC–0.84), while for the VTQ it was 

2.91 m/s (AUC–0.90), with no significant difference in performance between the two 

techniques (p = 0.1606) (91). 

Several meta-analyses have been published regarding the usefulness of SS in PH 

prediction and concluded that there is a good correlation between SS and HVPG (r=0.72) (92), 

with SS having good accuracy in HRV detection as well (93). 

 

5.1.e.5. Nuclear Magnetic Resonance Elastography (MRI-Elastography) 

A number of meta-analyses have been published regarding the accuracy of MRI 

elastography for the prediction of liver fibrosis, proving an accuracy of over 90% for the 

prediction of advanced fibrosis and cirrhosis (94–96).  

In addition to its very good predictive value, MRI elastography has a number of notable 

advantages: it enables the evaluation of the entire liver parenchyma, the quantification of 

hepatic steatosis, and the identification of focal liver lesions. In addition, obesity does not 

influence the feasibility and accuracy of the method (97). The most important limitations, 

however, are related to increased costs and limited availability.  

A preliminary study, conducted on 34 patients, evaluated the LS value determined by 

MRI-elastography for PH prediction, using HVPG as a reference method. LS values were weak, 

but significantly correlated with HVPG values (r = 0.478, p = 0.016). However, the accuracy of 

LS for predicting PH (AUC-0.809) and CSPH (0.742), respectively, was very good (98).  

The SS determined by MRI-elastography was evaluated together with LS for the 

prediction of EV. SS values were significantly higher in EV patients, and in multivariate 

regression analysis, SS was an independent predictor for the presence of EV. In contrast, no 

association was detected between LS values and the presence of EV. For a cut-off value of 9.53 

a SS, the predictive accuracy for EV was very good (AUC-0.853, Se-84.4% and Sp- 73.7%) (99). 

These results were confirmed by two other studies (100, 101). More recently, in a 

meta-analysis that included 14 studies, SS and LS were assessed as predictors of PH. The 

summarized and adjusted values of Se, Sp and AUC were 83%, 80% and 0.88 respectively for 

LS, while for SS they were 79%, 90% and 0.92 respectively (102). The conclusion of this meta-
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analysis was that SS is slightly more specific and has a higher accuracy compared to LS for PH 

prediction.  

 In conclusion, Elastography, whether hepatic, splenic, ultrasound-based, or MRI is a 

useful tool for stratifying the risk of portal hypertension in patients with advanced liver 

disease. The Baveno VI and Baveno VII Consensus, as well as the American Radiologists' 

Consensus, state this.  
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5.1.f. MulWparametric Ultrasound EvaluaWon of Fa`y Liver Disease 

Alexandru Popa, Ioan Sporea 

 

Chronic liver diseases (CLD) represent a significant public health issue worldwide, 

being a major cause of mortality and morbidity. The etiological factors of CLD are multiple and 

vary from one geographical region to another. Metabolic Dysfunction Associated Steatotic 

Liver Disease (MASLD), hepatitis B virus (HBV), hepatitis C virus (HCV), and alcohol-associated 

liver disease (ALD) are the most widespread etiologies of CLD. Considering the high rates of 

sustained virological response in HCV-infected patients after an 8–12-week treatment with 

direct-acting antivirals (DAAs) and the improved management of HBV-infected patients using 

nucleotide/nucleoside analogs, hepatologists' attention has increasingly shifted towards 

MASLD (1). Hepatic steatosis is among the leading factors responsible for chronic liver disease 

(2). Evaluating the prevalence of fatty liver in the general population, a recent epidemiological 

study by Younossi Z et al. indicates that approximately 30% of the global general population 

is affected by this condition (3). According to the study, Europe has the lowest prevalence of 

this pathology at 25%, while South America has a prevalence of 44%, and South Asia 34%. 

These figures represent an increase compared to previous studies, which reported 

prevalences of 30.4% in South America and 23.7% in Europe (4). Regarding the terminology 

for fatty liver, the term NAFLD (Non-Alcoholic Fatty Liver Disease) was used for a long time. 

Recently, this term was modified to MAFLD (Metabolic Dysfunction Associated Fatty Liver 

Disease), as proposed by Eslam M in 2020 (5). However, in 2023, a group of experts decided 

to change the nomenclature to MASLD (Metabolic Dysfunction Associated Steatotic Liver 

Disease), as detailed in the consensus on the new nomenclature published by Rinella (6). 

Liver injury, regardless of etiology, triggers a sequence of inflammatory events that 

lead to a chronic inflammatory status. Chronic inflammation is an active process responsible 

for the development of fibrosis, ultimately inducing irreversible alteration of the hepatic 

architecture (liver cirrhosis), with the potential for hepatocellular carcinoma (HCC) occurrence 

(7–10). Since it marks a critical point in the evolution of CLD, liver fibrosis is considered one of 

the most important prognostic parameters. Hepatic steatosis is also an important prognostic 

factor linked with the progression of CLD. Additionally, the need for quantification and 

monitoring of hepatic fat load in a non-invasive manner has increased with the rapid rise in 

obesity prevalence and the introduction of new potential therapies for this pathology. 

Until 15-20 years ago, liver biopsy was the only method for determining the presence 

of liver fibrosis, steatosis, and inflammation. Although it remains the "golden standard" for 

confirming CLD, liver biopsy is an invasive procedure with well-known disadvantages, such as 

its potential risks, high costs, sampling errors that can lead to the underestimation of liver 

lesion severity, and inter- and intra-operator variability in histological evaluations among 

pathologists (11). 
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In the last 20 years, significant progress has been made in the non-invasive evaluation 

of patients with CLD. Several ultrasound-based elastographic techniques have been developed 

to assess the physical properties of liver tissue to evaluate CLD severity. At present, the 

physical characteristics of tissues can be assessed through ultrasound-based elastography, 

which analyzes tissue responses to mechanical or acoustic energy generated by external 

stimuli. Non-invasive ultrasound techniques for measuring liver stiffness (LS) via elastography 

have become increasingly accessible. One of the first and most validated elastographic 

methods was vibration-controlled transient elastography (VCTE), followed by other 

techniques such as point shear wave elastography (pSWE) and two-dimensional shear wave 

elastography (2D-SWE). 

Conventional techniques, such as standard abdominal ultrasound, can detect diffuse 

fat accumulation in the liver. The typical signs of hepatic steatosis are hyperechogenicity and 

posterior attenuation of the ultrasound signal. These indicators have led to the development 

of several quantitative ultrasound-based techniques for evaluating hepatic steatosis: 

attenuation coefficient, backscatter coefficient, acoustic structure quantification, and sound 

speed quantification. 

However, besides liver fibrosis, numerous other factors influence liver stiffness. 

Among these, probably the most important and difficult to assess is necroinflammation. Given 

that these conditions frequently coexist, it is essential to evaluate whether increased liver 

stiffness can be attributed to fibrosis or inflammation. Shear wave dispersion is an ultrasound-

based method that can be used as an indirect marker of liver viscosity. According to 

preliminary studies, this method could be useful for determining inflammation. 

In the context of the alarming rise in the incidence of metabolic diseases, it becomes 

essential to identify and manage MASLD early in at-risk patients. The risk factors for MASLD, 

such as obesity, type 2 diabetes (T2DM), and metabolic syndrome, are well defined. Thus, we 

face a major challenge: how to detect this pathology efficiently, quickly, and cost-effectively 

among at-risk populations? In this context, the emergence of new technologies offers us the 

possibility to use multiparametric ultrasound (MPUS) evaluation as a solution. 

What does MPUS entail? MPUS (Multiparametric Ultrasound) is an advanced 

ultrasound method that enables detailed tissue analysis using different ultrasonographic 

parameters, all integrated into the same ultrasound device. For patients with chronic diffuse 

liver diseases, such as MASLD, MPUS provides important data about the hepatic structure's 

appearance in standard ultrasound, as well as allowing for the quantitative determination of 

steatosis, fibrosis, and more recently, the evaluation of hepatic inflammation. This method 

ensures a rapid and non-invasive evaluation, which can be performed immediately after the 

patient's clinical evaluation, right in the medical office (“point-of-care”), being particularly 

useful in the diagnosis and management of chronic liver diseases. Therefore, we propose the 

use of ultrasound as the primary method for identifying and evaluating hepatic fat load due 

to its cost-effectiveness and easy applicability. Once hepatic steatosis is identified by MPUS, 
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we aim to quantify it, evaluate liver stiffness as an indicator of fibrosis, and finally, analyze 

hepatic inflammation. 

 

5.1.f.1. Standard Abdominal Ultrasound 

B-mode (gray scale) ultrasound of the liver is the classic method used to examine the 

morphology of the liver and other abdominal organs. This technique provides information 

about the shape, size, contour, and structure of the hepatic parenchyma, as well as the 

presence of focal lesions. It also allows the evaluation of hepatic vascularization (vessel 

diameter, permeability, presence of solid intraluminal lesions, and thromboses) and the biliary 

tree (bile duct dilation). 

In diffuse liver diseases, ultrasound allows for the assessment of disease stage, 

including the identification of morphological characteristics of cirrhosis, such as the 

heterogeneous appearance of the hepatic parenchyma's echostructure, nodular or irregular 

surface, changes in hepatic vascularization, and caudate lobe hypertrophy. The clinical context 

plays an essential role in interpreting ultrasound results. It is important to note that ultrasound 

has low sensitivity and high specificity for cirrhosis in patients with chronic liver disease, 

meaning that the absence of typical morphological features does not exclude the presence of 

cirrhosis, while their presence is very specific in this clinical context. Additionally, ultrasound 

examination of other abdominal organs can provide valuable additional information for a 

comprehensive evaluation of diffuse liver diseases. Spleen size, the presence of ascitic fluid, 

and secondary changes to portal hypertension (increased portal vein diameter and 

development of porto-systemic collateral pathways) can be detected, contributing to a 

detailed overall assessment. Ultrasound is also recommended as a screening tool for HCC in 

patients with liver cirrhosis. 

Over time, standard ultrasound has been recognized as an accessible, rapid, 

inexpensive, and efficient method for evaluating hepatic steatosis. Ultrasound changes appear 

when 15-20% of hepatocytes are infiltrated with fat, and simple signs such as the "bright liver" 

with "posterior attenuation" of ultrasound waves or an increased "hepato-renal contrast 

index" facilitate the semi-quantitative assessment of fatty infiltration in the liver (Fig.5.29) 

(12). Hepatic steatosis can be subjectively divided on ultrasound into mild, moderate, or 

severe, based on the severity of the mentioned signs. Although these ultrasonographic signs 

are simple and somewhat subjective, numerous studies have demonstrated their significant 

value in assessing the severity of hepatic steatosis. In a comprehensive meta-analysis by 

Hernaez R et al., which included 49 studies and 4,720 subjects, ultrasound was compared with 

liver biopsy. Ultrasound demonstrated a sensitivity of 84.8% (95% CI: 79.5-88.9%) for 

identifying moderate to severe steatosis, and a specificity of 93.6% (95% CI: 87.2-97.0%) (13). 
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Fig. 5.29. Ultrasonographic Aspects of Hepatic Steatosis 

Posterior attenuation (left image) and increased hepato-renal index (right image). 

 

In conclusion, abdominal ultrasound proves to be an indispensable tool in liver 

evaluation. However, certain limitations of this method must be recognized, such as its 

subjective nature of assessment, variability in interpretations between different operators, 

differences in quality between ultrasound equipment, and challenges in monitoring the 

progression or regression of conditions over time. In this context, the development and 

integration of quantitative ultrasound-based techniques that offer a multiparametric hepatic 

analysis represent a crucial step. These emerging technologies extend the capabilities of 

standard ultrasound, providing a broader and more objective perspective on liver evaluation. 

 

5.1.f.2. Evaluation of Hepatic Steatosis Using Ultrasound-Based Techniques 

Semi-Quantitative Techniques for Steatosis Quantification 

Three semi-quantitative scores have been developed to meet the need for more 

precise evaluations of hepatic steatosis: the hepato-renal index, Hamaguchi score, and US-FLI 

index. 

The hepato-renal index (HRI) is determined by comparing the brightness ratio between 

the liver and the renal cortex. This process requires selecting two regions of interest (ROI): 

one in segment VI of the liver and another in the cortex of the upper pole of the right kidney. 

The mean brightness of these ROIs is measured based on numerical values assigned to the 

pixels on the gray scale, which are then used to calculate the index. Certain ultrasound devices 

are equipped with software that can automatically compute this index (Fig. 5.30). 
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Fig. 5.30. Illustration of a Technique for Quantifying the Hepato-Renal Index (HRI) 

 

Other authors have utilized specialized software to analyze images in JPEG format or 

conducted histogram analyses on DICOM images. Webb et al. used liver biopsy as the control 

method in a study of 111 patients with CLD and proposed HRI cut-off values of 1.49 (AUROC 

0.99) for S1, 1.86 (AUROC 0.96) for S2, and 2.23 (AUROC 0.96) for S3 (14). Petzold defined an 

HRI cut-off value of 1.46 for ≥S1, with a sensitivity of 42.7% and a specificity of 90.7% (AUROC 

0.680) in a cohort of 157 patients with chronic liver diseases (15). In a retrospective study 

published by Johnson, which included 267 patients who underwent liver ultrasound and 

biopsy, it was showed that an HRI ≥ 1.4 corresponds to a PPV >95% for hepatic steatosis ≥ 

10%, while an HRI ≤ 1.17 has a PPV >95% for hepatic steatosis ≤ 5% (16). Stahlschmidt 

demonstrated that HRI is not suitable for estimating hepatic steatosis in patients with 

advanced liver fibrosis due to the substitution of fat with fibrosis in the progression of MASLD 

(17). In a group of 34 patients with suspected hepatic steatosis and advanced liver fibrosis, a 

weak correlation (r = 0.33; p = 0.058) between HRI and the control method was observed. 

Similarly, HRI should not be used in patients with chronic kidney disease, as they may have 

increased renal cortex echogenicity due to the accumulation of fibrotic tissue at this level. 

Although several authors have proven the effectiveness of HRI in quantifying hepatic steatosis, 

the validation of this index by large clinical studies is still lacking (18). 

In 2007, Hamaguchi presented a score based on 4 ultrasonographic parameters to 

improve the evaluation of hepatic steatosis: hepato-renal contrast (contrast between the 

hepatic parenchyma and the right renal parenchyma), hepatic brightness, posterior 

attenuation (attenuation of the ultrasonographic signal in the deep hepatic segments and 

reduced diaphragm visualization), and vessel blurring (blurring of hepatic vessel margins and 

lumen narrowing). A score higher than 2 indicates the presence of steatosis, while a value 

greater than 4 indicates moderate-severe steatosis. The Hamaguchi score demonstrated a 
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sensitivity and specificity of 91.7% and 100%, respectively, with an AUROC of 0.98 in detecting 

hepatic steatosis, using biopsy as the reference method. In another study, the Hamaguchi 

score was validated for detecting steatosis in 167 patients with and without MASLD, showing 

82% and 100% sensitivity and specificity, with an AUROC of 0.94 compared to CAP as the 

reference technique (12, 19). 

Similar to the Hamaguchi score, the Ultrasound Fatty Liver Index (US-FLI) is based on 

several ultrasonographic factors, comprising liver/kidney contrast, attenuation, vessel 

visualization, gallbladder wall visualization, diaphragm visualization, and whether fatty-free 

areas are present or absent. When the score is greater than 2, the presence of steatosis is 

identified. In a study published by Ballestri, which included 352 biopsied patients with chronic 

liver diseases, the following cut-off values for US-FLI were established: ≥ 2 for mild steatosis 

(AUROC 0.934), ≥ 3 for moderate steatosis (AUROC 0.958), and ≥ 5 for severe steatosis (AUROC 

0.954) with sensitivities greater than 86% and specificities over 87% (18, 20, 21). A recent 

article compared US-FLI with CAP in 96 patients with MASLD and revealed that a US-FLI ≥ 6 

had a positive predictive value (PPV) of 94% for steatosis >S2, while a US-FLI ≤ 3 had a negative 

predictive value (NPV) of 100% for steatosis >S2, with good discrimination capacity between 

different grades of steatosis (AUROC scores of 0.88 for S1 and 0.90 for S2) (22). 

 

Quantitative Techniques for Steatosis Quantification 

The limitations of standard ultrasound and semi-quantitative techniques have led to 

the development and integration of quantitative ultrasound-based techniques. These offer a 

multiparametric analysis of hepatic pathology. Quantitative methods have established links 

between the physical characteristics of hepatic tissue (lipid droplets in hepatocytes have 

different impedance characteristics) and data obtained from the analysis of ultrasound 

propagation in tissue (attenuation coefficient and backscatter coefficient) (23). The 

attenuation coefficient quantifies the energy loss of ultrasound as it traverses the liver, while 

the backscatter coefficient quantifies the energy of the ultrasound returned by the liver. These 

emerging technologies extend the capabilities of standard ultrasound, providing a broader 

and more objective perspective on liver evaluation. 

 

Controlled Attenuation Parameter (CAP) - VCTE  

(Vibration-Controlled Transient Elastography) 

The advent of the FibroScan® device (Echosens, Paris, France) has enabled the 

quantification of steatosis through the CAP (Controlled Attenuation Parameter) module, used 

in conjunction with VCTE for stiffness assessment (Fig. 5.31). The CAP software, integrated 

into the FibroScan device since 2010, measures the attenuation of the ultrasound beam, which 

is directly related to the fat content in the liver. Results are reported in decibels per meter 

(dB/m), ranging from 100 to 400 dB/m, providing a quantitative assessment of hepatic 

steatosis (24). 



137  

            

Fig. 5.31. FibroScan with CAP (CAP values are in light blue), with M and XL probes 

 

Numerous studies and meta-analyses have evaluated the efficacy of the CAP method, 

particularly in comparison with liver biopsy. The AUROCs for CAP in quantifying hepatic fat 

infiltration ranged from 0.823 (95% CI: 0.809-0.837) to 0.865 (95% CI: 0.850-0.880) (25, 26). 

Additionally, a meta-analysis by Shi, which included data from 11 patient cohorts, reported 

that the AUROCs for CAP were 0.85 (95% CI: 0.81-0.88) for mild steatosis ≥ S1, 0.88 (95% CI: 

0.85-0.91) for moderate steatosis ≥ S2, and 0.87 (95% CI: 0.84-0.90) for severe steatosis S3 

(27). 

The cut-off values for assessing the severity of hepatic steatosis vary according to 

etiology and authors. The reported cut-off values for detecting hepatic steatosis range from 

222 dB/m in patients with chronic hepatitis C to 294 dB/m in patients with MASLD (28, 29). In 

MASLD, and the most reliable cut-off values were proposed by Eddowes and established using 

liver biopsy as the control method: for S1 (mild) – 294 dB/m, for S2 (moderate) – 310 dB/m, 

and for S3 (severe) – 331 dB/m. For ease of memorization, these can be approximated to 290 

dB/m, 310 dB/m, and 330 dB/m, respectively (30). Therefore, it has been proposed that cut-

off values be specific to the etiology of liver pathology. 

CAP can be measured using either the M probe or the XL probe, the latter being 

particularly useful for overweight and obese patients. This raises an important question: 

should different cut-off values be applied for these two probes? A study by Chan (31), which 

used liver biopsy as the reference method and included 180 patients with hepatic steatosis 

evaluated using both M and XL probes, found that the same CAP cut-off values can be applied 

for both probes in assessing the degree of hepatic steatosis. These results were corroborated 

by data from another study by Eddowes (30), which obtained similar results. Under these 

conditions, it is considered that the same CAP cut-off values can be used for the same degree 

of steatosis, regardless of the probe. 
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Steatosis quantification can also be performed using the FibroTouch (iLivTouch) system, 

which uses the Ultrasound Attenuation Parameter (UAP) (Fig. 5.32). In a prospective study 

including 237 patients evaluated by FibroTouch and liver biopsy, the FibroTouch examination 

success rate was 96.5%. The AUROCs of UAP for diagnosing steatosis ≥ S1, ≥ S2, and S3 were 

0.88, 0.93, and 0.88, respectively, and cut-off values were 244, 269, and 296 dB/m. The 

advantage of the FibroTouch system is that it uses a single probe for all patients, and the 

system benefits from a standard ultrasound probe, allowing for an ultrasound evaluation of 

the liver before quantitative assessment. Like the FibroScan, the system has the capability to 

evaluate steatosis and liver stiffness (and more recently hepatic inflammation) (32). 

 

       

Fig. 5.32. The iLivTouch (FibroTouch) System with Ultrasound and Elastography Probe 

 

Quantification of Steatosis (Quantitative Ultrasound QUS) 

In recent years, the field of ultrasound has seen the development of new software tools 

integrated into various ultrasound machines. These quantitative techniques—Quantitative 

Ultrasound (QUS)—enable precise evaluation of ultrasound beam attenuation, backscatter 

coefficient, and sound speed in hepatic tissue, serving as markers for identifying fat 

accumulation in the liver (Fig. 5.33). Several ultrasound manufacturers go further by combining 

these parameters to provide a detailed quantitative measurement of steatosis. 
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Fig. 5.33. Quantitative Ultrasound (QUS) Parameters for Steatosis Evaluation 

 

These new techniques are extremely simple, requiring only a few seconds to be 

performed, and a major advantage is that they are practical, immediately applicable methods 

(“point of care”). When a patient presents for an abdominal ultrasound, and hepatic steatosis 

is identified in a standard ultrasound, a QUS evaluation can be performed on the spot, 

providing an objective measurement of steatosis. This method is particularly valuable in 

monitoring the patient's progression, allowing for the comparison of results obtained in 

successive evaluations with the initial ones. 

 

Attenuation 

Regarding attenuation analysis, advanced technologies have been developed to 

measure the attenuation of ultrasound beams. These include Attenuation (ATT) from Fujifilm, 

Ultrasound Attenuation Parameter (UAP) from FibroTouch, Ultrasound-Guided Attenuation 

Parameter (UGAP) from General Electric, Attenuation Imaging (ATI) from Canon, Tissue 

Attenuation Imaging (TAI) from Samsung, Attenuation Coefficient (AC) from Siemens, and 

Liver Fat Quantification (LFQ) from Philips. These technologies represent a significant step 

forward in diagnosing and evaluating hepatic steatosis, having been recently introduced to 

the market (32-38). Unlike CAP, these techniques integrated into ultrasound devices allow for 

B-mode guidance for determining the measurement area. 

The validation of various QUS techniques has been carried out through studies using 

liver biopsy as the golden standard or, for some of them, MRI-PDFF (Proton Density Fat 

Fraction from MRI). The encouraging performances obtained by many such systems make QUS 

an extremely attractive option for both the initial evaluation of patients with MASLD and their 

long-term monitoring. 

Using UGAP from GE Healthcare, the attenuation coefficient is determined in a region 

of interest with a length of 65 mm and placed at least 20 mm underneath the liver capsule 

(Fig. 5.34). In a study published by Fujiwara (2018), which included 163 patients and intended 
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to assess UGAP's performance for quantifying hepatic fat load using liver biopsy as a control 

method, excellent AUROCs for UGAP were obtained for identifying grades S1, S2, and S3, at 

0.900, 0.953, and 0.959, respectively. The mean UGAP values for patients with steatosis 

grades S0, S1, S2, and S3 were 0.48, 0.56, 0.66, and 0.72, respectively (39). In another study 

published on UGAP, conducted on a cohort of 1,010 patients with chronic liver diseases, 

examined by MRI-PDFF and UGAP in 6 hepatology centers in Japan, a significant correlation 

between UGAP values and MRI-PDFF results was observed (intraclass correlation coefficient 

being 0.768). The AUROCs for differentiating steatosis levels ≥ 1 (MRI-PDFF >5.2%), ≥ 2 (MRI-

PDFF > 11.3%), and 3 (MRI-PDFF >17.1%) were 0.91 (CI 95%, 0.891–0.928), 0.91 (CI 95%, 

0.894–0.929), and 0.89 (CI 95%, 0.873–0.916) respectively (40). In 2019, Tada conducted a 

study involving 126 patients, utilizing MRI-PDFF as the reference standard for detecting and 

grading hepatic steatosis. There was a high correlation of r = 0.75 between PDFF and UGAP. 

The AUROCs of UGAP for steatosis grades S ≥ 1, S ≥ 2, and S = 3 were 0.92, 0.87, and 0.89, 

respectively (35). 

 

 

Fig.5.34. UGAP (Ultrasound-Guided Attenuation Parameter) developed by General Electric™ 

 

Using the ATT (attenuation measurement function) technology from Hitachi/Fujifilm 

(Tokyo, Japan), the measurement area is visualized in real-time without requiring additional 

tools. In B-mode ultrasound, multiple ultrasound waves at various frequencies are used for 

measurements. Therefore, ATT identifies hepatic steatosis by analyzing the variations in 

attenuation of the ultrasound signal. The ATT technique was analyzed in a prospective study 

by Tamaki, which included 351 patients with chronic liver diseases and used liver biopsy as the 

control method. Results showed a moderate correlation between ATT and liver biopsy (r = 

0.50), and AUROC values for diagnosing S ≥ 1, S ≥ 2, and S ≥ 3 were 0.79, 0.87, and 0.96, 

respectively (41). 
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Using a color-coded map, ATI from Canon (Japan) measures and displays attenuation 

in real-time over an extensive area. The attenuation coefficient is expressed in decibels per 

centimeter per Megahertz (dB/cm/MHz). An automatic filter excludes blood vessels and other 

artifacts from the analysis, thus improving the accuracy of the measurements (Fig. 5.35) (18). 

In a study conducted by Ferraioli, which included 129 participants, ATI was compared 

with MRI-PDFF. There was excellent inter-observer and intra-observer agreement, with ICCs 

ranging from 0.91 to 0.98. ATI demonstrated a strong correlation with MRI-PDFF, at 0.81, with 

an AUROC of 0.91 for identifying steatosis with grade S > 0 and 0.95 for S > 1. The cut-off 

values for ATI were 0.63 dB/cm/MHz for detecting steatosis S > 0 and 0.72 dB/cm/MHz for S 

> 1 (33). In another study by Bae, which used liver histology as the reference standard in a 

group of 108 subjects, the reported AUROC values for this method ranged between 0.84 and 

0.93 (34).      

 

 

Fig.5.35. ATI (Attenuation Imaging) developed by Canon™ 

 

The Tissue Attenuation Imaging (TAI) technique from Samsung quantifies attenuation 

based on changes in the central frequency under optimal transmission and reception 

conditions. It is part of Samsung's advanced solution for liver fat load analysis, which includes 

other tools for assessing hepatic steatosis and fibrosis (Fig. 5.36). 

Jeon’s study revealed a significant correlation between TAI and MRI-PDFF (r = 0.65, p 

< 0.001). The AUROCs for TAI in detecting hepatic fat content of ≥ 5% and ≥ 10% were 0.86 

(95% CI: 0.78-0.91) and 0.83 (95% CI: 0.75-0.89), respectively (42). 
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Fig. 5.36. TAI (Tissue Attenuation Imaging) developed by Samsung™ 

 

Other ultrasound-based approaches have also been developed to evaluate hepatic 

steatosis by analyzing multiple acoustic parameters, such as the backscatter coefficient (BSC), 

speckle statistics, or sound speed. 

 

Backscatter Coefficient (BSC) 

The backscatter coefficient (BSC) is a quantitative method that assesses the amount of 

ultrasound energy reflected by tissue during an ultrasound examination. BSC refers to the 

echogenicity or "brightness" of the tissue as measured by conventional ultrasound. In standard 

ultrasound, echogenicity intensifies with the presence of fat in the liver, and BSC also increases 

with fat infiltration in the liver (43). Recent studies have highlighted a significant correlation 

between BSC and the degree of hepatic steatosis determined by biopsy (r = 0.67) or by MRI-

PDFF (r = 0.72). Additionally, BSC has demonstrated remarkable diagnostic accuracy for hepatic 

steatosis, with AUROCs for S ≥ 1, S ≥ 2, and S ≥ 3 of 0.95, 0.85, and 0.83, respectively (44, 45). 

Siemens Medical Solutions (USA) introduced the concept of Ultrasound-Derived Fat 

Fraction (UDFF), a methodology that integrates attenuation quantification with BSC (Fig. 5.37). 

According to Labyed’s study, a strong correlation was found between values obtained by UDFF 

and MRI-PDFF (0.87). Furthermore, in the context of diagnosing hepatic steatosis, defined by 

an MRI-PDFF of over 5% and 10%, UDFF recorded AUROCs of 0.97 and 0.95, respectively (23). 
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Fig. 5.37. UDFF (Ultrasound Derived Fat Fraction) developed by Siemens™. 

 

Backscatter (Ultrasound Envelope Statistic Parametric Imaging) 

Speckle patterns (pixel models) can be observed in ultrasound imaging. As 

microstructures in tissue scatter ultrasound, generating the speckle pattern, speckle statistics 

can be used to describe the scattering characteristics of the tissue. The Nakagami distribution 

and Acoustic Structure Quantification (ASQ) have been most intensively investigated for 

evaluating tissue properties. 

 

Tissue Scatter Distribution Imaging (TSI) 

Developed by Samsung, TSI is a technique based on the Nakagami distribution and has 

been recently introduced (Fig. 5.38). The technique demonstrated a significant correlation 

with MRI-PDFF results (r = 0.68, p < 0.001) in evaluating hepatic steatosis in patients with 

NAFLD. Regarding diagnostic performance, TSI had AUROC values of 0.87 for detecting hepatic 

fat content of ≥5% and 0.86 for content of ≥10%. Inter-observer analysis showed moderate 

reproducibility for TSI (ICC = 0.73), indicating some variability between different operators (46). 

In conclusion, TSI represents a promising technique for the non-invasive evaluation of hepatic 

steatosis. 
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Fig. 5.38. TSI (Tissue Scatter distribution Imaging) developed by Samsung™ 

Acoustic Structure Quantification (ASQ) 

The Acoustic Structure Quantification (ASQ) technique by Canon Medical Systems 

evaluates the difference between theoretical and actual tissue distributions, providing a non-

invasive method for estimating the degree of hepatic steatosis (43). Karlas conducted a cohort 

study comparing ASQ with magnetic resonance spectroscopy (MRS), identifying a negative 

correlation between the focal disturbance ratio (FD ratio) and MRS (Spearman r = -0.43, p = 

0.004) (47). In a prospective study involving 36 patients suspected of hepatic steatosis, a 

similar negative correlation was observed between FD ratio and MRS (Spearman r = -0.43, p = 

0.004) (48). In Son's 2016 study, ASQ demonstrated excellent diagnostic performance in 

detecting hepatic steatosis over 10% (AUROC = 0.96) (49). Additionally, Keller's study 

highlighted a significant correlation between ASQ and the degree of hepatic steatosis 

established through histological examination (r = -0.55, p < 0.0001), but no correlation was 

found between histologically determined fibrosis stage and ASQ (50). These findings 

underscore ASQ's value as an effective non-invasive tool for evaluating hepatic steatosis. 

 

Speed of Sound 

In the presence of hepatic steatosis, a decrease in the speed of sound propagation 

through the hepatic parenchyma has been observed (51). In a study aimed at evaluating this 

principle, Imbault analyzed an ultrasound technique (SSE) capable of estimating the speed of 

sound in the liver. Validation on artificial anatomical models demonstrated the method's 

accuracy, and a preliminary clinical study (on 17 patients) showed a high correlation between 

SSE results and fat fraction determined by MRI, as well as biopsy results, highlighting this 

technique's potential in non-invasive diagnosis of hepatic steatosis (52). In a study published 

by Dioguardi Burgio, MRI-PDFF was used as the control method to test this technique's ability 
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to detect hepatic steatosis. With a speed of sound cut-off value of 1.537 mm/s, steatosis could 

be detected with a sensitivity of 80% and a specificity of 85.7% (S1-S3). There was also a strong 

correlation between SSE and MRI-PDFF of 0.73 (53). 

A study dedicated to the Sound Speed Plane-wave UltraSound (SSp PLUS) technique 

(Fig. 5.39) revealed a strong correlation between this technique and the reference method 

used for steatosis evaluation, with a correlation coefficient of r = 0.70 (p < 0.0001). This 

suggests the effectiveness of SSp PLUS in identifying and determining the degree of hepatic 

steatosis. The optimal cut-off value established for SSp PLUS in predicting hepatic steatosis is 

1.537 m/s. However, additional evidence is needed to confirm that measuring the speed of 

sound is a useful tool in evaluating hepatic steatosis (37). 

 

 

Fig. 5.39. Speed of Sound (Att Plus & SSp Plus) developed by Aixplorer (Hologic™) 

 

Techniques for quantifying steatosis through ultrasonography provide a numerical and 

objective indicator of liver fat load. This allows for access to previous evaluations of patients 

undergoing follow-up visits to assess changes in the degree of hepatic steatosis, which is useful 

for monitoring the impact of clinical and therapeutic interventions. Furthermore, given that 

hepatic steatosis can negatively affect patient prognosis, quantifying liver fat gains significant 

clinical importance. For example, severe steatosis can accelerate disease progression to MASH 

(metabolic-associated steatohepatitis) or liver fibrosis (54). Patients requiring hepatic 

resections are more prone to postoperative complications and have an increased risk of death 

if they have hepatic steatosis. Compared to patients without steatosis, those with steatosis 

>20% have a significantly higher risk of postoperative complications, and those with steatosis 

>30% have an increased risk of postoperative mortality (55). 

It is important to emphasize that even simple steatosis can lead to an unfavorable 

prognosis. A study conducted on a national cohort in Sweden from 1966-2017, which included 
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10,568 patients, showed that simple steatosis, MASH without fibrosis, non-cirrhotic fibrosis, 

and cirrhosis are associated with a significantly higher risk of mortality compared to the 

control group. Total mortality in the cohorts with simple steatosis, MASH without fibrosis, 

fibrosis, and cirrhosis was 2.5%, 3.0%, 3.5%, and 7.0% per year, respectively, while mortality 

among the control group was 1.69% per year (56). 

A study by Izumi highlighted that in patients with chronic hepatitis C, a CAP value ≤ 221 

dB/m is associated with a higher risk of HCC (57). In another cross-sectional study, which 

included 130 patients with HCC and 54 with chronic hepatitis C, it was observed that the CAP 

value in the chronic hepatitis C group was significantly higher than in the HCC group (259.96 

dB/m vs. 209.57 dB/m, p < 0.001) (58). J. Oh et al. demonstrated that patients with HBV and 

advanced chronic liver disease (cACLD), identified by measuring liver stiffness (>10 kPa), have 

an increased risk of HCC when CAP values are below 222 dB/m. Patients with higher CAP 

values showed a reduced risk of HCC compared to those with lower values. However, in 

patients without cACLD, no significant difference in the risk of HCC was observed based on 

CAP value (59). 

In conclusion, the quantification of steatosis in the context of chronic liver diseases 

represents a valuable diagnostic strategy, contributing to the efficient monitoring of disease 

progression and the optimization of therapeutic management. 

 

5.1.f.3. Evaluation of Liver Fibrosis Using Ultrasound-Based Techniques 

After assessing hepatic steatosis through standard ultrasound and quantifying it using 

QUS, patients with significant steatosis can immediately have their liver stiffness evaluated 

using MPUS. Liver stiffness serves as a marker for liver fibrosis, and its assessment is essential 

for all patients with chronic liver diseases, indicating the risk of future liver morbidity and, 

consequently, establishing the need for therapy, monitoring, and follow-up. However, certain 

factors can influence the accuracy of measurements, such as whether the examination is 

performed fasting or postprandial, elevated aminotransferase levels, the presence of 

extrahepatic cholestasis, or right heart failure. Therefore, we believe this measurement 

should be performed by qualified personnel familiar with the patient’s history, ensuring that 

the results are correctly interpreted in the appropriate clinical context. 

In the past, the performance of liver stiffness as a predictor of fibrosis severity was 

evaluated by direct comparison with liver biopsy results, following different stages of fibrosis, 

usually classified according to the METAVIR score (F1, F2, F3, F4). However, more recently, 

this differentiation method has been abandoned in favor of a new terminology introducing 

the term cACLD (compensated Advanced Chronic Liver Disease), as presented in the Baveno 

VI consensus (60). The main advantage of this revised terminology is that it shifts the focus 

from the need to distinguish between absent or mild fibrosis (F0 and F1), instead emphasizing 

the importance of differentiating between significant fibrosis, advanced fibrosis, and cirrhosis. 

This modernized approach improves risk stratification and personalized care for patients, 
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emphasizing disease stages that present a higher risk of unfavorable progression and 

complications. 

In clinical practice, ultrasound-based elastographic methods used to evaluate liver 

stiffness are Shear Wave Elastography (SWE) methods, as described in the EFSUMB guidelines 

(61). These methods are divided into VCTE, which applies a short-duration mechanical impulse 

on the skin surface at a low frequency with a specific force, and ARFI techniques, where the 

probe itself generates the ultrasonic acoustic stimulus. ARFI techniques are further subdivided 

into pSWE and 2D-SWE. Results for VCTE are expressed in kilopascals (kPa), while for ARFI, 

they can be expressed in meters per second (m/s) or kPa. 

Studies demonstrate high feasibility, generally over 90%, for all ultrasound 

elastographic methods. In the case of VCTE, two different probes must be used: the M probe 

and the XL probe (the latter for overweight and obese individuals). Another disadvantage of 

VCTE is that it cannot be used in the presence of ascites, and the probes need to be calibrated 

periodically, which involves additional costs. For all elastographic techniques, there are 

qualitative parameters, and perhaps the most important is the IQR/median (interquartile 

range), which should be below 30%. For 2D-SWE acquisition, qualitative criteria are 

implemented in each system, showing the acquisition quality. Currently, all ultrasound 

equipment manufacturers on the market integrate elastographic SWE modules into their 

equipment, some having not only pSWE or 2D-SWE but both (such as Samsung, Mindray, and 

others). What is the advantage of having two elastographic modules in the system? For 

example, when applying a method like 2D-SWE encounters difficulties in acquiring 

information, either due to not meeting qualitative parameters or technical infeasibility, 

resorting to pSWE can overcome these obstacles, and the patient can leave with a valid result. 

 

VCTE (Vibration-Controlled Transient Elastography) 

The principle of VCTE is used by both FibroScan and FibroTouch equipment, as shown 

in the images presented earlier. Comparative studies, such as the one conducted by Xu (62), 

have indicated similar results between these two systems. In a prospective study on a cohort 

of 435 patients with chronic liver diseases who underwent liver biopsy (32), the AUROC for 

FibroTouch was comparable to that of FibroScan in diagnosing significant fibrosis, severe 

fibrosis, or cirrhosis. There was a strong correlation (r = 0.85, p < 0.001) between values 

obtained with FibroTouch and FibroScan for liver stiffness. Moreover, no significant 

differences were found between FibroTouch and FibroScan in terms of sensitivity, specificity, 

negative predictive value, positive predictive value, and overall accuracy. 

Numerous publications and meta-analyses have suggested different cut-off values for 

measuring liver stiffness using VCTE (FibroScan), considering various disease etiologies. More 

recently, however, the Baveno VI consensus, followed by Baveno VII, supported the so-called 

"Rule of 5" - a simplified approach for classifying stiffness values (Fig. 5.40) (60, 63). 
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Fig. 5.40. Liver Stiffness Measurement Scale ("Rule of 5" - adapted from the Baveno VII consensus). 

The "Rule of 5" provides a simple and user-friendly framework for clinical practice: less 

than 5 kPa indicates a normal liver; a value below 10 kPa excludes the presence of cACLD; a 

value above 15 kPa suggests the presence of cACLD; and values over 25 kPa denote the 

presence of clinically significant portal hypertension (CSPH). In clinical practice, these 

guidelines allow for the efficient use of elastography for various purposes, such as assessing 

fibrosis and determining cACLD or significant portal hypertension. Using the FibroScan system, 

CAP is used to stratify the severity of steatosis, while VCTE quickly confirms or excludes 

significant fibrosis in a very short time. 

 

ARFI (Acoustic Radiation Force Impulse) Techniques 

Due to their integration into standard ultrasound systems, ARFI methods can be 

performed immediately after routine abdominal ultrasound. Additionally, ultrasound 

machines are equipped with other functionalities such as Doppler evaluation, quantification 

of hepatic steatosis, and liver stiffness. Furthermore, when a focal liver lesion is identified, 

contrast-enhanced ultrasound (CEUS) can be performed immediately for characterization. 

This comprehensive approach, available with a single ultrasound device, provides an efficient 

multiparametric evaluation (MPUS). Regarding ARFI methods, all of them are based on the 

same principle; the probe is used to induce acoustic impulses into the liver tissue. The 

following images present examples of pSWE and 2D-SWE techniques (Fig. 5.41 - Fig. 5.47). 
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Fig. 5.41. pSWE-VTQ developed by Siemens™ 

 

 

Fig. 5.42. pSWE-ElastPQ developed by Philips™ 
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Fig. 5.43. pSWE developed by Samsung™ 

 

 

Fig. 5.44. 2D-SWE developed by Canon™ 
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Fig. 5.45. 2D-SWE developed by Samsung™ 

 

 

Fig. 5.46. 2D-SWE developed by General Electric™ 

 

 

Fig. 5.47. 2D-SWE developed by Hologic™(Aixplorer) 
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Technically, SWE-ARFI methods are easy to perform. The patient lies on their back with 

the right arm in maximum abduction, similar to the positioning for VCTE. The transducer is 

placed in an intercostal space to capture the clearest possible image of the hepatic 

parenchyma. In pSWE elastography, a small measurement "box" of 10 by 5 mm is placed 1-2 

cm below the liver capsule, ensuring optimal selection of the liver section and avoiding blood 

vessels. The patient is then asked to hold their breath in a neutral position, and the acquisition 

is performed. Five to ten measurements are taken, with the median value displayed 

afterward. For 2D-SWE, which provides both a qualitative assessment displayed as a color-

coded map and a quantitative, numerical one, a larger "box" of approximately 3 by 2 cm is 

positioned similarly, at a distance below the liver capsule. Multiple loops are recorded, and 

the ROI (region of interest) is placed in each frame for evaluation. Three to five 2D-SWE 

measurements are sufficient, and the system calculates and displays the median value of the 

measurements (note, the median, not the mean, is used) (61). 

In the past, each company developing a new ARFI technique proposed its own cut-off 

values for evaluating liver fibrosis, making their application in practice quite difficult 

(memorizing many values, each specific to an ultrasound company). In 2020, Barr proposed a 

simplified algorithm known as the "Rule of 4," facilitating easier application in clinical practice 

(64). Recommendations for interpreting liver stiffness values obtained with ARFI techniques 

in patients with viral hepatitis and NAFLD are as follows: 

• A stiffness value <5 kPa (1.3 m/s) suggests a high likelihood that the liver is normal. 

• A value < 9 kPa (1.7 m/s), in the absence of other known clinical signs, indicates that 

cACLD is unlikely. If known clinical signs are present, further tests may be necessary 

for confirmation. 

• A value between 9 and 13 kPa (1.7-2.1 m/s) indicates possible cACLD but requires 

additional tests for confirmation. 

• A value > 13 kPa (2.1 m/s) confirms cACLD (compensated advanced chronic liver 

disease). 

• A value > 17 kPa (2.4 m/s) suggests the presence of clinically significant portal 

hypertension (CSPH). 

Numerous prospective studies and meta-analyses (most using liver biopsy as the 

reference standard) have demonstrated the practical utility of SWE methods in evaluating 

liver stiffness as a marker of fibrosis. These studies reveal that the performance of these 

methods, expressed through AUROC curves, tends to increase in parallel with the severity of 

fibrosis, frequently exceeding 90% for cases of liver cirrhosis (65-69). Comparative studies 

between various SWE methods have demonstrated their equivalent practical value in 

evaluating liver fibrosis (70-75). 

The latest EASL guidelines regarding non-invasive tests for evaluating liver fibrosis 

highlight the advantages and disadvantages of different methods (Table 5.VI) (76). These 
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guidelines provide a comprehensive overview of several technologies, VCTE, pSWE, 2D-SWE, 

and magnetic resonance elastography (MRE). 

Table 5.VI. Advantages and disadvantages of different non-invasive tests 

Serum markers 
Transient 

Elastography 
pSWE 2D-SWE MRE 

A
d

v
a

n
ta

g
e

s 

Non-patented Patented -most widely 
used and 
validated 
technique 

-point-of-care 
(bedside, easy 
to learn, rapid) 

-quality criteria 
well defined 

-good 
reproducibility 

-high 
performance 
for cirrhosis 

-prognostic 
value in 
compensated 
cirrhosis well 
validated 

-can be 
performed with 
regular 
ultrasound 
device 

-ROI smaller 
than TE and 
location chosen 
by the operator 

-higher 
applicability 
than TE 

-equivalent 
performance 
that of TE for 
advanced 
fibrosis and 
cirrhosis 

-prognostic 
value in 
cirrhosis 

-high 
applicability for 
spleen stiffness 
measurement 

-can be 
performed with 
regular 
ultrasound device 

-large ROI that 
can be adjusted in 
size and location 
chosen by the 
operator 

-measures liver 
stiffness in real 
time 

-good 
applicability 

- high 
performance for 
the diagnosis of 
advanced fibrosis 
and cirrhosis 

- prognostic value 
in cirrhosis 

 

 

-can be 
implemented 
on a regular 
MRI machine 

-examination of 
the whole liver 

-higher 
applicability 
than TE (ascites 
and obesity) 

-high 
performance 
for the earlier 
fibrosis stage 
and for 
diagnosis of 
cirrhosis 

-good 
reproducibility 

-high 
applicability 

-no cost and 
wide 
availability 

-well validated 

-can be 
performed in 
the outpatient 
clinic 

-validated 
prognostic 
value 

-good 
reproducibility 

-high 
applicability 

-can be 
performed in 
the outpatient 
clinic 

-validated 
prognostic 
value 

D
is

a
d

va
n

ta
g

e
s 

-non-liver 
specific 

-performance 
not as good as 
TE and 
patented serum 
markers 

-false positive 
results with 
FIB4 and NFS in 
case of 
age>65yrs 

-cost 

-non-liver 
specific 

-performance 
not as good as 
TE for cirrhosis 

-false positive 
results in case 
of extrahepatic 
inflammatory 
conditions, 
profibrotic, 
extrahepatic 
conditions and 
other (Gilbert 
syndrome, 
hemolysis) 

-requires a 
dedicated 
device 

-ROI cannot be 
chosen 

-lower 
applicability 
than serum 
markers 

-false positive 
in case of acute 
hepatitis, 
extrahepatic 
cholestasis, 
liver 
congestion, 
food intake, 
excessive 
alcohol intake. 

- false positive 
in case of acute 
hepatitis, 
extrahepatic 
cholestasis, 
liver 
congestion, 
food intake, 
excessive 
alcohol intake. 

-false positive in 
case of acute 
hepatitis, 
extrahepatic 
cholestasis, liver 
congestion, food 
intake, excessive 
alcohol intake. 

-not applicable 
in case of iron 
overload 

-requires an 
MRI facility 

-time 
consuming  

-costly 

-not clear data 
on prognostic 
value 
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5.1.f.4. Evaluation of Hepatic Inflammation Using Ultrasound-Based Techniques 

Given that biological soft tissues are hydrated, they are viscoelastic rather than purely 

elastic. SWE are shear waves that propagate laterally, moving away from the deformation 

stimulus, which can be an acoustic impulse in ARFI techniques (pSWE and 2D-SWE) or a 

mechanical impulse in VCTE. The characteristics of shear waves (SWE) (such as speed, 

attenuation, and dispersion) are closely correlated with the properties of the propagation 

medium. Viscosity and elasticity are the two parameters that most influence SWE properties. 

One of the major limitations of most SWE methods is that they only calculate elasticity, using 

a linear elastic model and ignoring the dispersion effect, which characterizes tissue viscosity 

(77). 

Several studies have revealed that liver stiffness significantly decreases in patients with 

alcoholic liver disease (ALD) after withdrawal, while fibrosis stages assessed using liver biopsy 

remain largely unchanged (78). Liver stiffness also decreases in patients with chronic hepatitis 

C after sustained viral response following interferon or direct-acting antiviral therapy. A similar 

pattern was observed in patients with HBV initiated on antiviral therapy (79). These results 

suggest that, in addition to fibrosis, inflammation is a major contributor to stiffness. Therefore, 

when evaluating elastography results, it is critical to distinguish between the inflammatory 

and fibrotic components. 

Ultrasound manufacturers have developed techniques that evaluate the slope of the 

shear-wave dispersion curve, identified as being associated with tissue viscosity, thus 

providing biomechanical information regarding necroinflammation. A study published by 

Sugimoto (2018) demonstrated that SWE is more effective than viscosity for predicting fibrosis 

grade and that viscosity is more useful than SWE for predicting necroinflammation grade. 

Consequently, the slope of the dispersion curve, which reflects viscosity, may offer additional 

pathophysiological insights into CLD (80, 81). 

Determining the degree of inflammation is essential in several specific pathological 

conditions. Firstly, due to significant variations in prognosis, it is important to distinguish 

between simple hepatic steatosis and steatohepatitis (MASH) in patients with MASLD. Liver 

biopsy is the ideal technique to distinguish this, but MASLD affects over 30% of the population 

in developed countries, making it impractical to evaluate all these patients by this invasive 

procedure. Several biological markers have been analyzed in this regard, but it has been 

established that biological tests alone (such as transaminases or Cytokeratin 18) are 

insufficient to predict the presence of inflammation. 

Regarding the VCTE system using iLivTouch, a study by Gao, which included a cohort 

of 259 individuals with biopsy-confirmed MASLD, explored an innovative QUS method to 

identify inflammation (MASH). This score demonstrated a promising ability to discriminate 

MASH, with an AUROC of 0.798 (95% CI 0.731-0.865, p = 0.755) in the training set and 0.816 

(95% CI 0.725-0.906; p = 0.397) in the validation set (82). 
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A prospective study conducted by Sugimoto on a group of 111 patients who underwent 

liver biopsy for suspected MASLD investigated the role of shear-wave dispersion slope (SWDS) 

using the Aplio i800 (Canon, Japan) in diagnosing steatohepatitis. The study results indicated 

that SWDS increases significantly with the degree of inflammation. Using a cut-off value of 8.5 

m/s/kHz, SWDS demonstrated very high accuracy in identifying the presence of lobular 

inflammation ≥1, with an AUROC of 0.95. It also showed good ability to distinguish 

inflammation grades ≥2 and equal to 3, with AUROCs of 0.81 and 0.85, respectively. 

Interestingly, when combining shear-wave speed, attenuation coefficient, and SWDS into a 

regression model, the overall AUROC for diagnosing MASH was higher than the AUROC of each 

parameter alone (0.81 vs. 0.76, 0.71, and 0.70 for SWDS, attenuation coefficient, and shear-

wave speed, respectively). Additionally, both SWDS and attenuation coefficient were 

significantly influenced by lobular inflammation and steatosis grade, while fibrosis was 

significantly influenced by shear-wave speed (83). 

A study conducted by Lee evaluated the effectiveness of a multiparametric approach 

using attenuation imaging, 2D-SWE, and SWDS in detecting steatosis, fibrosis, and 

inflammation in patients with biopsy-proven MASLD. The results of this study, which included 

102 patients with MASLD, showed that the attenuation coefficient was associated with 

steatosis grade (p<0.01), identifying patients with steatosis grades ≥S1, ≥S2, and ≥S3 with 

AUROC values of 0.93, 0.88, and 0.83, respectively. Liver stiffness was correlated with fibrosis 

stage (p<0.01), and lobular inflammatory activity was identified as the only factor associated 

with SWDS (p<0.01), detecting inflammation grades I≥1, I≥2, and I=3 with AUROC values of 

0.89, 0.85, and 0.78, respectively. A risk score system was developed to detect steatohepatitis 

based on the attenuation coefficient and SWDS, identifying patients with steatohepatitis with 

an AUROC of 0.93, which was significantly higher than that of other parameters (p<0.05) 

except for SWDS (AUROC 0.89; p=0.18) (84). 

A multicenter study conducted by Jang (2022) evaluated the utility of MPUS in 

assessing hepatic steatosis, inflammation, and fibrosis in a cohort of 132 patients. Participants 

were evaluated using the attenuation coefficient (AC) from ATI, liver stiffness assessed by 2D-

SWE, and the slope of the dispersion curve (DS). The authors developed a risk scoring system 

by combining these parameters. This score demonstrated high diagnostic performance for 

detecting MASH, with an AUROC of 0.94 (95% CI: 0.89 to 0.98, p < 0.05) (85). 

Another system used to evaluate hepatic inflammation is the Viscosity Plane-Wave 

UltraSound (Vi.PLUS) technology (Hologic Aixplorer system) (Fig. 5.48). In a cohort of 204 

subjects who did not undergo liver biopsy, data analysis revealed that Vi.PLUS values 

correlated with body mass index (BMI) and liver stiffness measurements obtained using the 

ultrasound system, but not with transaminase values (86, 87). The same system was used in a 

recent study published by Minciună et al., where data showed that Vi.PLUS results weakly 

correlated with GOT (r=0.33, p<0.001) but did not correlate with GPT values. No differences 

were observed in mean viscosity values between patients with GOT ≥100 U/l and those with 

lower levels (2.3 vs. 2.1, p>0.05). In the study group, viscosity moderately correlated with VCTE 
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values (r=0.679, p<0.001) and with other non-invasive markers of liver fibrosis, including FIB-

4, APRI, and e-LIFT (r=0.486, r=0.437, r=0.473, p<0.001). However, viscosity weakly correlated 

with CAP values (r=0.209, p=0.004) (88). However, neither of the last two studies used liver 

biopsy as a control method, so no firm conclusions can be drawn. 

 

Fig.5.48. Vi.Plus developed by Hologic™(Aixplorer) 

 

The number of studies evaluating the capability of these non-invasive techniques to 

assess hepatic inflammation is still limited, and their role is not yet fully established. Future 

studies using liver biopsy as the reference method are necessary to clarify this aspect. 

In summary, the advantages of simultaneously assessing fibrosis and steatosis, along 

with the accessibility, affordability, absence of radiation, repeatability, and high patient 

acceptance, suggest that this multiparametric approach (MPUS) is well-suited for evaluating 

at-risk patients. During the initial patient encounter, a comprehensive multiparametric 

assessment of hepatic features—including structure, fibrosis, steatosis, and inflammation—

can be achieved within minutes. The continued development and integration of these 

multiparametric techniques into routine clinical practice will provide significant benefits not 

only to hepatologists but also to general practitioners and any physician conducting 

abdominal ultrasound examinations. 
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5.1.g. Elastographic Screening in Fa`y Liver Disease  

Ioan Sporea, Ruxandra Mare, Camelia Nica 

 

The prevalence of NAFLD (Non-alcoholic Fatty Liver Disease) and NASH (non-alcoholic 

steatohepatitis) is increasing worldwide, in parallel with the increasing prevalence of obesity 

and comorbid metabolic diseases (1,2). The prevalence of NAFLD in adults has been estimated 

to be 25%–30% in the general population (3–5) and varies by race/ethnicity and geographic 

region. The prevalence of NASH in the general population is difficult to determine with 

certainty, due to the need to highlight inflammation, obtained only by liver biopsy. However, 

NASH has been identified in 14% of asymptomatic patients screened for colon cancer (6). On 

the other hand, the prevalence of NAFLD and NASH in patients with type 2 diabetes (DM2) is 

65% and 32%, respectively, according to a meta-analysis published in 2023 (7). Of these, 35% 

had significant fibrosis (F2-F4), and 15% had severe fibrosis (F3-F4) (7). 

In this context, screening in high-risk populations, such as those with T2DM, obesity 

with metabolic complications, a family history of cirrhosis but also those with significant 

alcohol consumption, can identify those with asymptomatic but clinically significant fibrosis 

(8). Early identification of these at-risk patients enables interventions that can prevent future 

liver complications. 

In 2023, a new nomenclature was adopted to replace the terminology of NAFLD (8). 

Non-alcoholic fatty liver disease (NAFLD) has become Metabolic Dysfunction Associated 

Steatotic Liver Disease (MASLD). MASLD includes patients who have hepatic steatosis and 

have at least one of the five cardiometabolic risk factors (Table 1).  At the same time, a new 

category, in addition to pure MASLD, called MetALD, has been defined, to describe those with 

MASLD who consume higher amounts of alcohol per week (maximum of 140 g/week and 210 

g/week for women and men, respectively). Metabolic dysfunction-associated steatohepatitis 

(MASH) is the replacement term for NASH. 

 

Table 1. Cardiometabolic criteria in adults* 

1. BMI ≥25 kg/m2 or waist circumference >94 in men or > 80 cm in women or ethnic 

adjustment 

2. Fasting blood glucose ≥ 5.6 mmol/L (100 mg/dl) or 2 hours postprandial glycemic 

values ≥ 7.8 mmol/L (≥140 mg/dl) or Hb A1c ≥ 5.7% (39 mmol/L) or DZ2 or under 

treatment for DZ2 

3. Blood pressure ≥ 130/85 mmHg or antihypertensive treatment 

4. Serum triglycerides ≥ 1.70 mmol/L (150 mg/dL) or lipid-lowering treatment 

5. HDL cholesterol ≤ 1.0 mmol/L (≤40 mg/dL) in men and 1.3 mmol/L (≤50 mg/dl) in 

women or lipid-lowering treatment 

*At least 1 in 5 



164  

Under these conditions, the screening of the population at risk for MASLD is an 

imperative of current medicine, which is also intended to be preventive. The following 

questions arise: Which population needs to be screened? Who performs the screening?  What 

are the methods used for screening? 

 

1. Which population needs to be screened? 

Screening in the general population is not cost-effective, while screening of at-risk 

populations (subjects with DM, dyslipidemia, obesity, metabolic syndrome) is feasible and 

recommended by international guidelines (9,10). Liver fibrosis seems to be the main factor 

influencing the long-term survival of these patients.  

In this context, we ask ourselves when we should start screening people at risk? Some 

papers are in favor of starting screening as soon as possible. In a recent meta-analysis in 

diabetic patients, it was found that 5.2% of patients with type 1 diabetes (DM1) and 19.8% of 

patients with type 2 diabetes (DM2) have elevated liver stiffness values, suggestive of 

significant or advanced liver fibrosis (F2-F4) (11). According to this study, the highest risk of 

severe fibrosis is found in male, obese, older patients with DM2. Another study showed that 

in a cohort of patients with DM2, 60% of patients had severe steatosis and 20% of them had 

advanced fibrosis (12). Factors associated with advanced fibrosis were body mass index, waist 

circumference, increased AST levels, increased HbA1c, and elevated CAP (Controled 

Attenuation Parameter at Fibroscan) values. Younossi (13) estimated that 25% of the world's 

adult population has MASLD, resulting in a huge screening cohort. Using artificial intelligence 

(AI) algorithms, we can define more precisely the population that needs to be examined first, 

having a higher risk (14). Such an algorithm has recently been evaluated in terms of the general 

population, trying to identify patients who are at high risk of developing severe liver disease. 

The chronic liver disease (CLivD) risk prediction score was developed and validated, based on 

age, gender, alcohol consumption, waist-to-hip ratio, presence of diabetes, and smoking 

history, with or without the inclusion of the liver enzyme gamma-glutamyltransferase (15). 

 

2. Who can perform the screening? 

Screening for MASLD can be initiated at baseline level, by the general practitioner, by 

means of simple and inexpensive biological tests, such as the FIB4 index (16). This score, based 

on the following formula: age (years) x AST (U/L)/ [platelets (109/ L) x ALT1/2 (U/L), can be the 

first step in making the decision to refer the patient to the specialist. However, published data 

agree that biological tests are inferior to imaging techniques in assessing fibrosis severity (17). 

A study published in 2022 (18) highlighted that both FIB-4 and non-alcoholic fatty liver fibrosis 

(NFS) scores are suboptimal for screening purposes, due to a high risk of overdiagnosis and a 

not insignificant percentage of false-negative results, especially in patients with risk factors 

(obesity, diabetes, alcohol) to develop chronic liver disease. Measurement of abdominal 
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circumference has emerged as a potential first step in identifying patients at risk for liver 

fibrosis in the general population (18). 

Considering that patients at risk for MASLD represent a very clear cohort (obese, 

patients with type 2 diabetes, dyslipidemia patients or those with metabolic syndrome), any 

doctor, regardless of the specialty (internal medicine, diabetology, but also other specialties) 

can send them all for imaging evaluation, by standard ultrasound, quantification of steatosis 

and elastography. These methods can quickly detect and quantify steatosis, they can also 

assess liver stiffness as a marker of fibrosis, and, with modern systems, the viscoelastic 

properties of the liver can be assessed for a final diagnosis of MASLD. 

The imaging evaluation of fatty liver is done in some countries by the radiologist (the 

only one who uses imaging techniques, including ultrasound), or in some countries, such as 

Germany, Italy, Romania or Japan, ultrasound is used intensively by the gastroenterologist/ 

hepatologist, thus this screening is performed by the clinician. We believe that the screening 

of fatty liver by the clinician has certain advantages, such as the evaluation in the consultation 

room (point of care) and a therapeutic attitude, immediate if deemed necessary. 

 

3. What are the methods used in screening? 

3.1. The first step in the diagnosis of MASLD is to show the presence of fatty liver 

disease (as a mandatory element to define fatty liver).  

Conventional ultrasound is considered the first-line method for diagnosing steatosis 

in clinical practice, despite its well-known limitations (steatosis is visible on ultrasound only if 

it is in a proportion of more than 20% of hepatocytes, there is interoperative variability, and 

accuracy is reduced in patients with obesity) (17). Currently, MRI-PDFF (PDFF=proton density 

fat fraction) is considered to be the most accurate non-invasive method for detecting and 

quantifying steatosis. However, it is not recommended as a first line tool, given its cost and 

limited availability. It is therefore more suitable for clinical trials and not for population 

screening (17). In a meta-analysis published in 2011, in which ultrasound was compared with 

liver biopsy in 4720 subjects, the sensitivity of ultrasound was 84.8% (95% CI: 79.5-88.9%) for 

diagnosing moderate and severe steatosis, with a specificity of 93.6% (95% CI: 87.2-97.0) (19). 

The results of this meta-analysis allow us to affirm that, in everyday practice, standard 

ultrasound can be a good method of screening fatty liver, as a first step in discovering cases 

that require further evaluation. The use of this simple technique, available in many outpatient 

clinics (at least in some geographical areas), makes it very useful. Although it is a semi-

quantitative method, it can determine the referral of patients with steatosis to a liver fibrosis 

assessment center. The use of simple ultrasound signs, such as increased "ultrasound 

brightness", "posterior attenuation" or increased hepatorenal index, allow for a fairly accurate 

assessment of the presence of hepatic steatosis, at least for moderate and severe steatosis 

(with clinical significance). 
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In recent years, ultrasound methods for quantitative quantification of fatty infiltration 

of the liver have emerged. The most used and the best-known is the Controlled Attenuation 

Parameter (CAP= Controled Attenuation Parameter), an application developed by the 

manufacturers of FibroScan® (EchoSens, Paris, France), an initial device dedicated to the 

evaluation of fibrosis by means of Vibration-Controlled Transient Elastography. (Vibration 

Controled Transient Elastography=VCTE). VCTE measures the speed of shear waves generated 

inside the liver by an external mechanical impulse. Several probes are available, depending on 

the body weight of the patients: M for those of normal weight, XL for obese and S for children 

and adolescents. CAP assesses the severity of fatty liver disease by measuring the attenuation 

of ultrasound beams as they pass through the liver and is available on both M and XL probes. 

The results are expressed in decibels per meter (dB/m), ranging from 100 to 400 dB/m (20,21). 

CAP is a promising technique for rapid and standardized detection of steatosis. 

Although there are no well-defined reference values, values above 275 dB/mm can be used 

to diagnose steatosis as it has shown a sensitivity (Se) and a positive predictive value (PPV) of 

over 90% (17). 

In recent years, techniques for the quantitative assessment (QUS) of steatosis have 

been implemented in ultrasound scanners from several providers. These techniques use 

ultrasound attenuation or reverse scattering (backscattering), thus allowing for an accurate, 

fast and objective assessment of hepatic steatosis. Such modules are implemented on the 

Canon system (Attenuation Imaging - ATI), General Electric (Ultrasound-Guided Attenuation 

Parameter - UGAP), Samsung (Tissue Attenuation Imaging - TAI and Tissue Scatter distribution 

Imaging - TSI), Siemens (Ultrasound Derived Fat Fraction - UDFF), Fujifilm/Hitachi (Attenuation 

Coefficient - ATT), on Hologic/Aixplorer (Attenuation PLUS - Att PLUS and Sound Speed PLUS - 

SSp PLUS), or Mindray (USFF)(see chapter on Ultrasonic Evaluation of Steatosis hepatic). 

These methods of quantifying steatosis are promising, they are introduced in 

ultrasound machines that are used in daily practice, and certain ultrasound companies have 

started to implement them in their middle-class systems (therefore, they will become more 

and more accessible)! What would be the advantages of these QUS systems? If the signs of 

hepatic steatosis are detected through ultrasound screening, then instead of a subjective, 

semi-quantitative assessment, a quantitative evaluation is carried out. As there are certain 

cut-offs for each ultrasound system, the severity of steatosis can be assessed, and later, when 

the patient is reassessed, the numerical values can be compared. 

 

3.2. Liver fibrosis is the main prognostic factor for patients with MASLD, and an 

independent risk factor for both adverse and extrahepatic hepatic events, as well as for 

hepatic and overall mortality.  

One-dimensional transient elastography (VCTE-FibroScan®) was the first ultrasound-

based elastographic method used to assess the severity of fibrosis, and numerous studies that 

considered liver biopsy as a reference method confirmed its value. The accuracy of VCTE for 



167  

assessing fibrosis ranges from 0.80 to 0.95, increasing with fibrosis severity and being greater 

than 90% for predicting the presence of liver cirrhosis (22, 23).  

The reference values of VCTE vary with the etiology of the liver disease (24). It has also 

been suggested that different reference values should be used for the M and XL probes, since 

in the same individual, liver stiffness values obtained by the XL probe are approximately 1.5 

kPa lower than those obtained with the M probe (25). However, when the right probe is used 

in a particular patient (XL probe in patients with > 25 mm skin-liver capsule distance (SCD) and 

M probe in patients with SCD < 25 mm), there is no significant difference in liver stiffness 

values for the same stage of fibrosis (26). Currently, there is no agreement in clinical practice 

on the reference values for the exclusion of advanced fibrosis, although 8 kPa is the most 

validated threshold, with a predictive negative value of over 90% (27). In contrast, VCTE values 

> 12 kPa define advanced fibrosis, according to a recent meta-analysis (28).  

The development of ultrasound-based techniques in recent years has led to the 

implementation of elastographic modules in medium and high-class ultrasound scanners.  In 

these cases, unlike VCTE, shear waves are generated in the liver tissue by an acoustic impulse 

generated by the transducer (Acoustic Radiation Force Impulse – ARFI technology). The speed 

of the shear waves is measured either at a point (point Shear-Waves Elastography - pSWE) 

(Fig.1,2) or over a larger area, also generating a color-coded elastogram (Shear-Waves Two-

Dimensional Elastography - 2D-SWE) (Fig.3)(24) .   

 

   

Fig.1 and Fig.2 pSWE: Severe fibrosis (F4)- quantified by Virtual Touch Quantification (VTQ) and ElastPQ 
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Fig. 3. Severe fibrosis assessed by the Hologic/Aixplorer system 

 

Two recent meta-analyses indicate that both point elastography (pSWE) and two-

dimensional 2D-SWE have the same performance in identifying advanced fibrosis as VCTE (29, 

30). 

After presenting the data related to the evaluation of steatosis and fibrosis based on 

ultrasound, we can conclude that, in current clinical practice, these methods are sensitive and 

specific enough to be used. They are useful for an initial diagnosis, but also for the follow-up 

("follow-up") of these patients.  

It is necessary and important that this screening should start as soon as possible (31, 

32), and probably with certain categories of patients who are monitored anyway (patients 

with DM2), then moving on to metabolic patients. 

If we look at the WHO (World Health Organization) criteria regarding screening (which 

have to offer high validity and confidence, to be accepted by patients and to have a positive 

balance between results and cost), then ultrasonography (together with the quantification of 

steatosis and fibrosis) is probably an important method for screening fatty liver in at-risk 

populations (representing the "one stop shop") (33). The accuracy of the evaluation of 

steatosis and fibrosis ranges between 80-95%, the repetitive evaluation, a not very high 

maintenance cost of the device and the availability of medium-class ultrasound systems that 

can make all these evaluations, make it very attractive for practice. What other positive 

prospects are there? Small, portable, wireless systems for the evaluation of liver fibrosis 

("Palm-Sized Wireless Transient Elastography System with Real-Time B-Mode Ultrasound 

Imaging Guidance") (34) have appeared! The use of such equipment called Liverscan (Hong 

Kong, China), in a cohort of 121 patients, in which the system was compared with VCTE and 

2D-SWE, demonstrated a very high correlation with the first one (r = 0.975) and a strong 

agreement with the other one (mean difference of -0.77 kPa).  They will allow a greater 

number of doctors to use ultrasound systems for the detection of fibrosis and the start of mass 

screening soon. 
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A very important element for a screening is its cost-effectiveness. In a study by 

Canadian group (35), the cost-effectiveness of non-invasive screening in the general 

population versus in the at-risk population (T2DM and/or obese) was analyzed, using VCTE 

and VTQ (a pSWE method) for the detection of advanced fibrosis (≥ F3) in these populations. 

The conclusion of the study was that annual screening in patients at risk is cost-effective. The 

same results were obtained by other groups (36). 

In conclusion, screening for liver fibrosis in the at-risk population using ultrasound-

based methods is feasible, simple to perform and cost-effective. It is necessary to start such a 

screening program as soon as possible, in order to prevent the progression of fibrosis in those 

at risk. 
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5.2. Ultrasound-based Elastography of Solid Focal Liver Lesions 

Ana-Maria Ghiuchici, Mirela Dănilă 

 

1. Introduction 

Standard abdominal ultrasonography (US) is the most commonly used imaging 

technique for liver evaluation due to several advantages, including non-invasiveness, 

accessibility, safety, integrated clinical information, and cost-effectiveness. Focal liver lesions 

(FLL) are often detected incidentally during routine abdominal US (1-3). Distinguishing 

between benign and malignant lesions can be challenging due to similar sonographic features 

and the heterogeneity of tumor types and subtypes (2). Superior contrast-enhanced imaging 

methods (CT/MRI with contrast) and/or liver biopsy are often necessary for a definitive 

diagnosis. However, these techniques have potential complications or contraindications, with 

additional limitations related to increased costs and prolonged waiting lists due to limited 

accessibility. 

Continuous advances in US and access to new techniques implemented in most 

modern ultrasound machines (Doppler ultrasound, contrast-enhanced ultrasound - CEUS, 

elastography, 3-D or 4-D ultrasound, fusion techniques) have significantly improved the 

characterization of FLLs. Furthermore, it allows for a comprehensive assessment of diffuse and 

focal liver pathology, making it accessible to physicians in clinical practice (4, 5). 

Ultrasound-based elastography is a non-invasive imaging technique, easy to perform, 

repeatable, and can be added to a standard ultrasound examination. Most available 

elastographic methods are integrated into modern US systems (6). US based elastography is 

widely used for liver stiffness assessment as a non-invasive marker of fibrosis, which is 

important for the management of patients with diffuse liver disease. Clinical applications for 

liver elastography include diagnosis of clinically significant portal hypertension, prognostic 

assessment in patients with chronic diffuse liver disease, and characterization of hepatic 

tumors (7-11). 

Supplementing a standard US and CEUS examination with elastographic evaluation 

provides additional information regarding tissue stiffness of the liver parenchyma and FLLs in 

a quantifiable manner, considered by some authors as a virtual biopsy (12). The multiple 

associated advantages and the validated performance of liver fibrosis assessment have led to 

the expanding clinical applicability of US elastography. Thus, several studies have investigated 

the role of different elastographic techniques in the characterization and discrimination of 

tumor nature. The role of US elastography for FLL diagnosis, including hepatocellular 

carcinoma (HCC) is not established (13, 14). Recent advances in US elastography for FLL 

evaluation are presented in this chapter. 
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2. Ultrasound-based Elastography for the Evaluation of Focal Liver Lesions  

Currently, liver cancer is the sixth most common cancer and the fourth leading cause 

of cancer death worldwide, with HCC accounting for more than 90% of primary malignant liver 

tumors (15, 16). The clinical interest in excluding malignancy of liver tumors is the early 

diagnosis of liver cancer and optimization of therapeutic intervention, with a positive impact 

on the prognosis of these patients.  

Considering that malignant transformation can modify tissue structure/composition, 

elastography could be useful for the detection, evaluation of elasticity differences, and in 

predicting FLLs nature (17, 18). These aspects are supported by the fact that elastographic 

evaluation is based on the elastic properties of the tissue under analysis, namely, the ability 

to recover its shape and dimensions after the application of an external deformation force 

(14, 20). Technically, elastographic assessment involves applying an external force to the 

region of interest and evaluating the generated response, stiff tissues with low elasticity will 

deform less than soft tissues. Thus, it is possible to obtain a qualitative and quantitative 

assessment of the elasticity difference between normal and pathological tissues. 

FLL elastographic evaluation should be performed and interpreted with knowledge of 

the clinical context and history of the patient (chronic liver disease, history of neoplasms, 

medications, comorbidities, infections) (19). The importance of assessing liver fibrosis arises 

from the increased incidence of different tumor types in well-defined clinical contexts (for 

example, HCC develops in a cirrhotic liver in more than 90% of cases) (16). 

Several elastographic methods have been developed, most of which have been 

integrated into high-performance ultrasound scanners, except transient elastography 

performed with the FibroScan (EchoSens, Paris, France). These methods are non-invasive, 

painless, repetitive, fast, and can be performed during a standard US examination. 

EFSUMB (European Federation of Societies for Ultrasound in Medicine and Biology) 

and WFUMB (World Federation for Ultrasound in Medicine and Biology) have developed 

several elastography guidelines classifying elastographic methods and presenting the clinical 

applications, advantages, and limitations of these techniques (6, 13-14). According to the 

EFSUMB and WFUMB guidelines, elastographic methods can be classified as follows: 

1. Strain elastography (SE) 

2. Shear wave elastography (SWE):  

(a) Transient Elastography-TE (FibroScan); 

(b) Point Shear Wave Elastography - pSWE (Acoustic Radiation Force Impulse 

Quantification (ARFI technique): VTQ (Siemens), Elast PQ(Philips), Samsung, 

Hitachi, Mindray, others)  

c) Real-Time Shear Wave Elastography - 2D SWE (Aixplorer, General Electric, 

Canon, Samsung, Samsung, Philips, Siemens, others). 
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Both qualitative methods (SE) and quantitative methods (SWE) are useful for assessing 

tissue stiffness. The measurement of the minimum deformations in the tissue under 

interrogation induced by mechanical compression or a forced acoustic impulse represents the 

basic principle of these methods. 

 

Strain Elastography for the Evaluation of Solid Focal Liver Lesions 

SE (quasi-static elastography) is a qualitative technique that enables the measurement 

of the physical displacement of tissue parallel to the normal applied tension. The applied 

stress can be induced mechanically (actively via compression with a US transducer or passively 

via physiological movements) or US-induced using focused ultrasound beams- ARFI imaging 

(6, 17).  

SE provides information about the relative stiffness value between different tissue 

types. Among the limitations regarding SE techniques for FLL evaluation are high interobserver 

variability, and the difficulty in applying it to patients with ascites or deep lesion localization 

(6, 17, 21).  

Although SE is not a commonly used method for liver evaluation, some studies have 

shown its usefulness in characterizing tumors as soft or hard. Additionally, histograms can be 

obtained and the ratio between the tumor stiffness and the liver parenchyma ("strain ratio") 

can be calculated (22-24). 

In a recent prospective study (22), the usefulness of SE in characterizing solid FLLs was 

evaluated. The study analyzed qualitative (deformation pattern, type of elasticity of FHC) and 

semi-quantitative (strain ratio, hardness percentage, and histogram) measurements of 38 

FLLs. A statistically significant difference (p<0.001) was observed between the median values 

of the three parameters measured for benign tumors (1.02; 12%; 47) compared to malignant 

tumors (1.66; 65%; 20.5). Additionally, the values of these parameters were significantly 

different between hepatic hemangioma (HH), focal nodular hyperplasia (FNH), and liver 

metastases (LM) (p<0.05). The cut-off values of 1.2, 45, and 30 for strain ratio, hardness 

percentage, and histogram showed an AUROC of 0.88, 0.89, and 0.86, respectively. The study 

suggests the usefulness of SE for differentiating benign from malignant liver formations, 

especially LM, with good diagnostic performance. 

In a study conducted by Onur et al. (23), stiffness differences between benign and 

malignant FLLs were reported by analysing the strain index value, representing the ratio 

between liver and tumor stiffness. Malignant lesions had an increased strain index compared 

to benign FLLs (strain index 2.82 ± 1.82 vs 1.45 ± 1.28, p < .0001). However, the significant 

overlap in the strain index values of benign and malignant solid FLLs limits the clinical utility 

of this technique. 

Similarly, another study (24) showed a significant difference in the stiffness SE ratio 

(strain ratio) between benign and malignant FLLs (1.08 ± 0.40 vs 4.14 ± 1.25). The study 
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proposed a cut-off value of1.7 for FLL differential diagnosis with a Se 100%, Sp 93.10%, PPV 

97.40%, and NPV 100. 

In a study comparing the diagnostic accuracy of IO-SE with IO-CEUS for FLL 

differentiation, the authors concluded that IO-CEUS can be useful for the localization and 

characterization before surgical resection. On the other hand, IO-SE provided accurate 

characterization for only a limited number of lesions. IO-SE presented Se 70.5%, Sp 60%, PPV 

94%, and NPV 18.75 with 69% accuracy (25). 

In conclusion, SE evaluation of solid FLLs provides information about the tumoral 

relative stiffness compared to the surrounding liver parenchyma. Therefore, liver fibrosis can 

limit the accuracy of FLL evaluation using SE. Overlaps between malignant and benign FLL 

stiffness values should also be considered. Currently, the EFSUMB and WFUMB elastography 

guidelines do not recommend the use of this technique in clinical practice for the diagnosis of 

solid FLL [6, 14]. 

 

Shear Wave Elastography for the Evaluation of Solid Focal Liver Lesions 

SWE methods are based on the ARFI technique, shear waves are generated using the 

US transducer for US-integrated techniques. Transient elastography involves a controlled 

external mechanical excitation using a piston that is integrated with an ultrasonic transducer 

to monitor the pulse of shear waves that are generated by the punch. These methods can 

provide quantitative information about tissue stiffness by measuring shear wave velocity 

(SWV), results being expressed in meters per second (m/sec), or by converting Young's 

modulus to kiloPascal (kPa) (6, 14, 26).  

The main SWE methods used in clinical practice are transient elastography (TE), 

pointSWE, which evaluates tissue stiffness at a single point (pSWE), and 2D-SWE or 3D-SWE, 

with multidimensional tissue evaluation. 

SWE methods have been validated for liver fibrosis evaluation and can be used as 

complementary methods for breast, thyroid gland, prostate, gastrointestinal tract, or lymph 

node tumor stiffness assessment (6, 14, 27-28). TE is the most widely used method for 

assessing liver fibrosis. This method is not feasible for liver tumor evaluation because the 

measurements are not under direct US guidance in B mode. It is possible to evaluate large 

tumors in the right liver lobe with the risk of incorrect determinations. 

The SWE evaluation of FLLs is performed under US control (except for the Fibroscan), 

making it possible to precisely choose the region of interest (ROI) in the liver parenchyma and 

at the tumor level, while avoiding the vessels or liver capsule that can influence the results of 

the elastographic determinations. Using the SWE elastography module available in the US 

machine during a standard examination, we can obtain information about the tumor and the 

surrounding liver parenchyma stiffness. 
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pointSWE Evaluation of Solid Focal Liver Lesions 

Based on the ARFI technique, pSWE methods are available in various US devices (VTQ 

(Siemens), Elast PQ (Philips), Samsung, Hitachi, etc.) and allow non-invasive, real-time 

evaluation of tissue stiffness, being the most studied elastographic methods for the 

characterization and differential diagnosis of FLLs. 

From a technical point of view, during the US examination in B mode, the operator will 

access the elastography module and select, under US guidance, the ROI to be evaluated at the 

level of the liver parenchyma or FLL. The ROI box will be placed, avoiding large vessels or the 

liver capsule, followed by the generation of the acoustic impulse and the recording shear wave 

speed propagation which is dependent on the stiffness of the analyzed tissue. The results are 

displayed on the monitor, respectively the SWV expressed in m/s and the ROI depth 

evaluated, as in the example in Figure 5.2.1. The measuring box can be placed at a maximum 

depth of 8 cm from the skin surface. "X.XX" results (undetermined values) may occur in FLLs 

with marked heterogeneity, predominantly fluid content, or due to the deep localization of 

the lesion (Figure 5.2.2).  

 

 

Figure 5.2.1. pSWE measurement in a hepatic hemangioma with central thrombosis using VTQ - Acuson 

S2000TM (Siemens AG, Erlangen, Germania); thrombosis was evidenced by a previous CEUS examination. The 

results are displayed on the monitor, Vs (velocity speed) = 2.75 m/s and ROI depth = 5.5 cm. 
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Figure 5.2.2. pSWE measurement in a simple liver cyst using VTQ - Acuson S2000TM (Siemens AG, Erlangen, 

Germania); "X.XX" result (undetermined values), Vs (velocity speed) = X.XX m/s and ROI depth = 7.5 cm. 

 

Several recent studies and meta-analyses have shown promising results regarding the 

performance of pSWE in discriminating and characterizing benign and malignant liver tumor 

formations. 

The meta-analysis published in 2017 by Jiao et al. (29) included 9 prospective studies 

and 1,046 FLLs, out of which 679 were malignant lesions. The results demonstrated a 

combined Se and Sp of pSWE in discriminating the tumoral nature of 82.2% (95% CI: 73.4-88.5) 

and 80.2% (95% CI: 73.3-85.7), respectively. The results showed a positive likelihood ratio of 

4.159 (95% CI: 2.899-5.966) and a negative likelihood ratio of 0.222 (95% CI: 0.140-0.352) of 

pSWE for differentiating malignant vs. benign liver lesions, respectively.  

The most recent meta-analysis (30) included 1894 FLLs analyzed by SWE, comprising 

12 pSWE and 3 2D-SWE studies. The results revealed an overall Se and Sp for the identification 

of malignant FLLs of 0.82 (95% CI: 0.77-0.86) and 0.82 (95% CI: 0.76-0.87), respectively, with 

AUROC of 0.89 (95% CI: 0.86-0.91). The study also assessed the accuracy of the SWV ratio in 

differentiating benign and malignant lesions. Combined SE, Sp, PLR, and NLR of the SWV ratio 

(FLL to surrounding liver parenchyma) for differentiation of tumor nature were 0.72 (95% CI: 

0.59-0.83), 0.82 (95% CI: 0.43-0.97), 4.08 (95% CI: 0.88-18.89), and 0.33 (95% CI: 0.19-0.60), 

respectively. The Fagan graph demonstrated that the SWE assessment is effective for liver 

tumor differentiation: 82% probability of malignancy following a positive measurement, and 

the probability was reduced to 18% when a negative measurement occurred.  

The results of both meta-analyses suggest that complementary SWE assessment may 

be useful for the non-invasive differentiation of FLLs. 

Several published studies on FLL characterization using pSWE have reported 

overlapping results. Some studies have shown higher SWV values in malignant tumors (31), 
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while others have found similar SWV values in benign and malignant tumors (32-35). The 

different findings can be explained by the degree of vascularization and the accumulation of 

fibrous tissue at the tumor level (31). 

Malignant FLLs are generally stiffer than benign lesions, with some studies reporting 

the following decreasing order of stiffness: MH> HCC >HFN>HH (19, 31, 36-37).   

In the context of a cirrhotic liver, HCC nodules may have decreased stiffness compared 

to the surrounding liver parenchyma or other malignant liver tumors (LM and intrahepatic 

cholangiocarcinoma -ICC) (38-40), with reported SWV values ranging from 2.16 ± 0.75 m/s [41] 

to 3.07 ± 0.89 m/s in Guo's study (42). HCC stiffness can correlate with the degree of 

vascularization and histological differentiation (43). In a study (44) involving 99 patients with 

confirmed HCC through histopathology, pSWE examination showed significantly higher 

stiffness values in patients with hypervascular HCC and poor histological differentiation 

compared to hypovascular (P<0.03) and moderately or well-differentiated (P<0.01) nodules.  

MH and ICC have variable stiffness values on pSWE assessment, often characterized as 

hard lesions compared to other tumor types or the surrounding liver parenchyma. 

 

 

Figure 5.2.3. pSWE measurement in a liver metastasis using VTQ - Acuson SequoiaTM (Siemens AG, Erlangen, 

Germania). The results are displayed on the monitor, Vs (velocity speed) = 1.56 m/s and ROI depth = 4.6 cm. 

 

Tables 5.2.I-II summarizes the results of studies (35, 37-48) on pSWE elastographic 

characterization of the most common types of benign (HH, FNH, HA) and malignant (HCC, ICC, 

LM) liver tumors encountered in clinical practice. 
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Table 5.2.I. Benign solid FLLs; pSWE mean values (m/s) 

Author/Year 
Hepatic 

hemangioma 

Focal nodular 

hyperplasia 
Hepatic Adenoma 

Heide/2010 (35) 2.36 ± 0.77 3.11 ± 0.93 2.23 ±0.97 

Davies/2011 (46) 1.35 ± 0.38 - - 

Yu/2011 (34) 1.75 ± 0.80 2.18 ± 0.84 1.79 ±0.14 

Gallotti/2012 (40) 2.30 ± 0.95 2.75 ± 0.95 1.25 ±0.37 

Park/2013 (47) 1.83 ± 0.62 0.97 ± 0.48 - 

Kim/2013 (39) 1.80 ± 0.57 - - 

Zhang/2014 (33) 1.33 ± 0.38 1.90 ± 0.45 - 

Guo/2015 (42) 1.48 ± 0.70 2.30 ± 1.18 - 

Goya/2015 (45) 2.32 ± 0.93 2.76 ± 0.47 1.72 ± 0.85 

Dong/2017 (32) 
1.5 

(0.79-2.61) 
1.35 

(0.69-2.94) 
- 

Akdogan/2018 (38) 2.15 ± 0.73 3.22 ± 0.18 - 

Galati/2019 (48) 1.34 ± 0.91 - - 

 
Table 5.2.II. Malign solid FLLs; pSWE mean values (m/s) 

Author/Year 
Hepatocellular 

carcinoma 
Liver metastases 

Intrahepatic 

cholangiocarcinoma 

Heide/2010 (35) 2.63 ± 1.09 2.88 ± 1.16 3.78±1.73 

Davies/2011 (46) - 4.23 ± 0.59 - 

Yu/2011 (34) 2.49 ± 1.07 2.73 ± 0.89 - 

Gallotti/2012 (40) 2.17 ± 0.85 2.87 ± 1.13 - 

Park/2013 (47) 2.48 ± 0.84 2.35 ± 1.18 1.65 ± 1.43 

Kim/2013 (39) 2.66 ± 0.94 
2.82 ± 0.96 
3.70 ± 0.61 

3.27 ± 0.67 

Zhang/2014 (33) 2.59 ± 0.91 3.20 ± 0.62 3.74 ± 0.54 

Guo/2015 (42) 3.07 ± 0.89 2.74 ± 1.06 3.44 ± 1.18 

Goya/2015 (45) 3.39 ± 0.56 1.64 ± 0.45 1.80 ± 0.63 

Dong/2017 (32) 
2.63 

(1.84-5.68) 
2.78 

(1.02-3.15) 
2.42 

(1.99-3.31) 

Akdogan/2018 (38) 2.75 ± 0.53 3.59 ± 0.51 - 

Galati/2019 (48) 2.47 ± 1.42 3.29 ± 1.23 - 

Ghiuchici/2021 (41) 2.16 ± 0.75 - - 
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The results presented in the tables above reflect significant heterogeneity of stiffness 

within the same tumor type but also overlaps of pSWE values between malignant and benign 

liver lesions, which is why EFSUMB/WFUMB have not validated the use of elastographic 

methods for the differential diagnosis of FLLs in clinical practice. 

 

2D-SWE Evaluation of Solid Liver Lesions 

2D-SWE is a quantitative elastographic technique, integrated into ultrasound systems 

and can be performed during the standard US examination session. Compared to pSWE, it 

allows for the real-time visualization of a color-coded elastogram superimposed on a B-mode 

image. The ROI box has a variable size that can be adjusted by the operator. Figures 5.2.4-6 

show examples of 2D-SWE assessment for different FLLs. 

 
Figure 5.2.4. 2D-SWE evaluation of a hepatic hemangioma using SSI–SuperSonic imagine 

 from Aixplorer US system. 

 

 
Figure 5.2.5. 2D-SWE evaluation of a liver metastasis using SSI–SuperSonic imagine 

 from Aixplorer US system. 
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Figure 5.2.6. 2D-SWE evaluation of a hepatocellular carcinoma using 2D-SWE.GE  

from Logiq E9 General Electric US system. 

 

The Liver Elastography Malignancy Prediction score (LEMP) developed by Grgurevic et 

al. (49) using RT-2D-SWE elastography allowed for the correct differentiation of benign and 

malignant FLLs in 96% of patients. The best cut-off value for predicting malignancy was 22.4 

kPa with Se 83%, Sp 86%, PPV 91.5%, and NPV 73%. These results suggest the usefulness of 

2D-SWE for FLL characterization and differentiation. In contrast, two other studies (50, 51) 

that evaluated the utility of 2D-SWE for FLL characterization did not find significant differences 

between malignant and benign FLL stiffness. However, both studies showed that HFN was 

significantly stiffer than HA. 

The evaluation of HCC nodules using 2D-SWE revealed an increased stiffness variability 

ranging from 19.6 kPa to 44.8 kPa (range 15.8 kPa-97 kPa) (50,52). Factors influencing 

elastographic determinations include tumor size, ROI positioning, degree of liver fibrosis, etc. 

In the prospective study conducted by Gerber (52), malignant FLLs were significantly 

stiffer than benign lesions (p<0.0001). ICCs were stiffer than HCC and LM (p=0.033 and 

p=0.0079). The median for 2D-SWE values corresponding to the stiffness of benign FLLs was 

16.4 (2.1-71.9) kPa, and for malignant ones 36 (4.1-142.9) kPa.  

 

Limitations of Elastography for FLL Evaluation 

Lesions, patients, or technique characteristics can limit the accuracy of elastography 

for the characterization of FLL. 

SWE measurements can be influenced by tumor size, position, and heterogeneity. 

Patient-related limitations involve poor ultrasound image acquisition, narrow intercostal 

spaces, obesity, lack of patient cooperation, or inability to hold breath. The overlap of SWE 

values between malignant and benign lesions can lead to diagnostic confusion. Additionally, 

there is no consensus on the required number of elastographic measurements in FLL (6, 13, 

43). 
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Despite these limitations, elastography remains a simple, non-invasive, and rapid 

diagnostic tool for stiffness assessment of FLL and surrounding liver parenchyma. 

In conclusion, studies on the performance of elastographic methods for FLL 

characterization have contradictory and heterogeneous results. The WFUMB [14] and 

EFSUMB [6] guidelines do not recommend the use of elastography in clinical practice for the 

diagnosis or discrimination of FLL. 
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5.2.a. MulWparametric Ultrasound EvaluaWon in Focal Liver Lesions 

Alina Popescu, Roxana Șirli, Tudor Moga 

 

Ultrasound is an extremely widespread diagnostic method, being an accessible, non-

invasive, and non-irradiating technique, which complements the clinical evaluation of 

patients. Conventional ultrasound examination modes, grayscale mode (B-mode) and Doppler 

mode, are considered as first-line options for imaging diagnosis in many specialties. Advances 

in ultrasound technology have introduced a variety of new functions, increasing the versatility 

and effectiveness of ultrasound examination. Thus, the new ultrasound machines have the 

ability to evaluate the degree of fibrosis by elastographic methods (Fig. 5.58). Moreover, with 

the introduction of contrast agents in contrast-enhanced ultrasound or CEUS (Fig. 5.59.), the 

paradigm of the indication for ultrasound evaluation has changed especially for focal liver 

lesions. By using contrast in ultrasound, a wide range of features has been implemented in 

ultrasound machines, allowing quantitative analysis of organ perfusion in terms of time and 

intensity (time-intensity curve) and parametric imaging analysis (1-3).   

 

Fig. 5.58. Highlights of a cirrhotic liver evaluated by the 2D-SWE.GE technique, LOGIQ E9 system  

(GE Healthcare, Chalfont St Giles, United Kingdom) (version 2.0), where the color-coded map indicates a 

reddish-yellow color, signifying the presence of significant fibrosis. 
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Fig. 5.59. In these images, a malignant liver lesion (marked by the dotted line) as illustrated in B-mode (box 

A) was assessed by CEUS. The CEUS assessment is illustrated in frames B–D, representing the vascular times: 

B- arterial phase; C- portal phase and D- late phase (Arrow representing the wash-out phenomenon). (1) 

 

Focal liver lesions (FLLs) are often detected in daily practice during routine abdominal 

ultrasounds. The new features implemented in newer ultrasound machines allow the 

examiner to gain a better understanding of the structural and functional changes of the 

lesions. Therefore, the role of ultrasound examination is to evaluate functional changes by 

analyzing vascularization by both quantitative (Fig. 5.60) and qualitative (Fig. 5.61.) means, 

and structural changes by measuring the stiffness of both the liver and the focal liver lesion as 

can be seen in Fig. 5.62. (4, 5). 

 

Fig. 5.60. In this figure, a malignant lesion was evaluated, and the time-intensity curve (TIC) analysis 

 was applied in the wash-out format. On the right side of the image are represented the graphs  

of the intensity variations as well as the parameters analyzed in the preselected regions of interest (yellow 

circle; blue circle) (6) 
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Fig. 5.61. The arterial phase of CEUS is illustrated in (A). In frame (B), parametric imaging has been applied, 

thus better documenting contrast arrival time by using color coding (7). 

 

 

Figure 5.62. It reveals a VTQ (Virtual Touch Quantification) measurement, performed with a Siemens Acuson 

S2000TM (Erlangen, Germany) system in a focal liver lesion (hepatocellular carcinoma). 

 

The new imaging options offer a broader perspective on the structures examined and 

have led to the creation of a concept called "multiparametric ultrasound" (MPUS) (8, 9), a 

concept already used in the literature for the evaluation of other pathologies. MPUS is 

successfully used to evaluate parathyroid lesions, thyroid nodules (10), prostate cancer (11), 

breast lesions (12) and in the evaluation of chronic kidney disease (13). All these new features 

have propelled ultrasonographic evaluation to the level of other contrast imaging techniques 

that, not long ago, were considered superior to ultrasonography. Of all the organs, the liver 



189  

was probably the most privileged from this point of view and, in the context of the evaluation 

of focal liver lesions, the concept of MPUS brings considerable advantages. Thus, given the 

amount of information that ultrasound can provide, the time required to perform a complete 

examination with all these new applications is increasing, which is why the ultrasound 

evaluation could be changed to multiparametric evaluation (8, 14, 15).  

Several approaches have been proposed regarding multiparametric ultrasound 

examination in focal liver lesions. In a study published in 2020 (16), the use of contrast vector 

imaging (CVI) combined with CEUS ultrasonography at a high frame rate for the 

characterization of focal liver lesions was analyzed, highlighting its feasibility and potential 

benefits. The results demonstrated CVI's ability to provide quantitative and multiparametric 

information, improving diagnostic accuracy for differentiating between hepatocellular 

carcinoma (HCC) and non-HCC tumors. The study represents a promising approach to improve 

the characterization and implicitly the diagnosis of lesions, reducing, at least theoretically, the 

need for more invasive diagnostic methods.  

A different approach (17) proposes to reassess inconclusive focal liver lesions using 

MPUS analysis together with a binary decision tree classifier (BDTC) after the initial analysis at 

CEUS. The study showed that, by applying this concept, 78% of the lesions could be classified 

as malignant, with the type of lesion being determined in 28% of the cases. This approach 

demonstrates the potential of MPUS combined with BDTC in improving the accuracy of the 

diagnosis of focal liver lesions.  

In the study by Ainora et al. (18), a multiparametric dynamic ultrasound (D-CEUS) 

approach is developed to differentiate between hepatocellular carcinoma (HCC) and 

intrahepatic cholangiocarcinoma (ICC), with the aim of improving the accuracy of non-invasive 

diagnosis. The study proposes the integration of liver stiffness measurements and CEUS-

standardized parameters, developing a score to improve the differentiation of the two 

entities. The study reveals significant differences in blood perfusion parameters and tissue 

stiffness between HCC and ICC, suggesting the potential of this multiparametric approach to 

reduce the need for liver biopsies in certain patient groups. 

Multiparametric ultrasound (MPUS) is a significant advance in the diagnosis of focal 

liver damage, providing a non-invasive and radiation-free alternative that is based on 

advanced technologies, including elastography and contrast enhanced ultrasonography. 

These techniques allow for quantitative and qualitative evaluations of tissue vascularization 

and stiffness, improving the ability to differentiate between different types of liver damage. 

Recent studies highlight the potential of MPUS to reduce reliance on biopsies by providing 

accurate characterization of lesions, taking a step forward in the accurate and minimally 

invasive diagnosis of liver lesions.  
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Transabdominal Pancreatic Elastography 

Over the past two decades, elastography has seen a continuous rise, proving to be an 

extremely useful technique that allows for the real-time assessment of the stiffness of various 

tissues. There is a considerable number of studies that have confirmed the utility of 

elastography in evaluating superficial organs (breast gland, thyroid) and the liver. Due to 

significant advancements in elastographic techniques in recent years, there has been 

increased interest in establishing the importance of elastography in the diagnosis and 

management of pancreatic pathology. However, due to the deep positioning of the pancreas, 

making precise and reproducible elastographic measurements remains a challenge. 

Moreover, verifying the concordance between elastographic measurements and the 

histological structure of the pancreas is difficult, considering the challenges in obtaining 

biopsies from this organ (1). 

The elastic properties of the pancreas can be studied through both transabdominal 

and endoscopic approach. Impulse elastography-VCTE (FibroScan, EchoSense), used for 

assessing liver stiffness, cannot be applied to the pancreas since this organ is located deeply 

in the abdomen and it is difficult to explore without adequate visualization. Therefore, 

transabdominal elastographic evaluation of the pancreas requires that the elastography 

software module be integrated into the ultrasound device to use standard B-mode ultrasound 

as guidance. Thus, to evaluate the pancreas, two different types of elastography based on 

different principles can be used: strain elastography techniques and shear-wave elastography. 

Using strain elastography, tissue stiffness is estimated by measuring its distortion as a result 

of external (manual) or internal (heartbeats, pulsations of the aorta) compression. In shear-

wave elastography, stiffness is estimated by measuring the propagation speed of shear-wave 

vibrations in tissues.  

 

Strain Elastography 

In clinical practice, the initial elastographic evaluation has been performed by using 

strain elastography. Strain elastography estimates the stiffness of the target tissue by 

measuring the degree of deformation caused by external pressure. There is a negative 

correlation between the degree of deformation and the stiffness of the target tissue: the 

greater the deformation, the softer the tissue stiffness. Since manual compression is 

inefficient for the pancreas, deformation must be generated by the pulsations of the aorta. 

Ideally, the targeted tissue should be located between the transducer and the aorta, thus 

facilitating the proper detection of deformation. An elastogram can be easily obtained in the 
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pancreatic body, except in patients with severe arteriosclerosis. Conversely, obtaining a 

proper elastogram in the head and tail of the pancreas is difficult. 

The first clinical use of strain elastography was documented using Real-Time 

Elastography (RTE) technology, developed by Hitachi Aloka (2). Initially, RTE only allowed for 

qualitative assessments, through a color elastogram where harder tissues are indicated in 

shades of blue, while softer tissues are represented in red. Uchida reported that the diagnostic 

accuracy for pancreatic tumors using only standard ultrasound was approximately 70%-80%, 

while the accuracy of combining it with RTE significantly improved diagnostic accuracy (over 

90%). 

Initially, these qualitative evaluations were marked by subjectivity and largely 

depended on the operator. With the introduction of the strain-ratio concept, a more objective 

approach to evaluation was pursued. Thus, the strain-ratio was defined as the ratio between 

the deformation measured in the reference tissue (B) and the deformation recorded in the 

targeted tissue (A). However, there is still no consensus on establishing the reference area. In 

evaluating pancreatic cancer, some researchers have used non-tumoral pancreatic tissue as 

the reference area, while others have chosen a red area around the pancreas, assumed to be 

fat—this latter consideration is not supported by any evidence. On the other hand, shear-

wave elastography (SWE) is a quantitative method, considered to be the more accurate 

method for assessing pancreatic stiffness. 

 

Shear-Wave Elastography (SWE) 

Given that the pancreas is an organ deeply situated within the abdomen, a qualitative 

elastogram cannot always be obtained using strain elastography. Therefore, elastographic 

techniques that use acoustic radiation force impulse (ARFI) to generate shear waves in the 

pancreatic tissue have been developed. One of the first techniques introduced was the Virtual 

Touch Quantification (VTQ) developed by Siemens. VTQ is a point-shear wave technique (p-

SWE) that estimates the stiffness of the target tissue by measuring the speed of the shear 

waves generated through the initiation of an ultrasonic pulse (Fig. 6.1). 
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Fig. 6.1. p-SWE Elastography Developed by Siemens 

 

Subsequently, several other p-SWE techniques have been developed and used, 

including ElastPQ developed by Philips, pSWE developed by Samsung, as well as 2D-SWE 

techniques (General Electric, Samsung, Canon, Supersonic) (Fig. 6.2). 

 

Fig.  6.2. 2D-SWE Elastography Developed by SuperSonic 
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Normal Values 

Establishing normal values for the elastography of pancreatic parenchyma presents a 

challenge, given that, even using the same methodology, variations are observed among 

healthy control groups from different studies. One of the most comprehensive data sets, 

which included 210 healthy subjects, was analyzed by Xie and colleagues. According to them, 

the normal values for p-SWE elastography of the pancreatic head and body were 1.18 ± 0.23 

m/s and 1.20 ± 0.20 m/s, respectively, unaffected by age, gender, body mass index (BMI), 

waist circumference, or organ dimensions (3). 

On the other hand, the results of the study published by Stumpf and colleagues 

indicate significant differences based on sex, with lower average values recorded in men 

compared to women across all examined areas of the pancreas (head, body, and tail). 

Additionally, a significant correlation was observed between the age of participants and the 

measured values, suggesting that pancreatic tissue properties may change with age (4). 

Alcohol consumption and smoking did not have significant effects on the p-SWE values of the 

pancreas. 

In a study that included 37 healthy subjects, Zaro investigated the pancreatic stiffness 

using the VTQ elastographic technique. The results indicate an average SWV (Shear-Wave 

Velocity) for the entire pancreatic parenchyma of 1.216 m/s ± 0.36, with similar values across 

the three segments of the pancreas: head (1.224 m/s), body (1.227 m/s), and tail (1.191 m/s). 

The study suggests that performing five SWV measurements per pancreatic segment is 

sufficient, with no statistically significant differences between the results obtained through 5 

or 10 measurements (5). 

 

Acute Pancreatitis 

Several studies have explored the capability of elastographic techniques to 

differentiate acute pancreatitis from other pancreatic conditions. Mateen highlighted that p-

SWE values were higher in patients with acute pancreatitis (n=68) compared to healthy 

subjects (n=52) and patients with chronic pancreatitis (n=46) (3.28 ± 0.85 vs. 1.28 ± 0.29 and 

1.25 ± 0.24 m/s, p < 0.001). Using a cut-off value of 2.2 m/s, the negative predictive value of 

p-SWE to distinguish patients with acute pancreatitis from healthy individuals or those with 

chronic pancreatitis was 97.8% (6). However, Xie et al. found no significant differences 

between patients with acute pancreatitis (n=44) and healthy volunteers (3). 

Given that the diagnosis of acute pancreatitis in typical cases is based on clinical 

presentation and biological changes that occur, elastography could improve the accuracy of 

diagnosis in unclear cases, even when imaging results are inconclusive. Using a cut-off value 

of 1.63 m/s, the p-SWE technique performed better than computed tomography (CT) in 

diagnosing acute pancreatitis, with a sensitivity of 100% and a specificity of 98% (7). Similarly, 

Durmaz showed that in patients diagnosed based on clinical symptoms and biological changes, 

who had a normal pancreatic appearance on standard ultrasound and CT, the 2D-SWE values 
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were significantly higher than in healthy volunteers (41.67 ± 9.65 vs. 23.77 ± 6.72 kPa,  

p < 0.001) (8). 

Given that universal normal or pathological elastographic values have not been clearly 

established, in patients with acute pancreatitis, investigating the dynamics of elastographic 

values between the initial moment and subsequent re-evaluations is of real interest. In a 

prospective study where patients with acute pancreatitis were classified according to Atlanta 

criteria, the 2D-SWE values in patients with mild acute pancreatitis tended to be higher than 

those in patients with severe acute pancreatitis (9.05 ± 1.44 vs. 8.61 ± 1.72 kPa); however, the 

difference was not statistically significant. After clinical improvement, the 2D-SWE values 

decreased significantly compared to the initial value (10.97 vs. 8.8 kPa, p = 0.000), but 

remained elevated after one month. Furthermore, 2D-SWE was not correlated with hospital 

stay duration and biochemical parameters (9). Further studies on the dynamics of SWE values 

are needed. 

Pancreatic elastography could also prove to be a valuable tool in monitoring the 

effectiveness of treatment. In patients diagnosed with type 1 autoimmune pancreatitis (n=23), 

it was observed that the 2D-SWE values were significantly higher compared to those of healthy 

volunteers (n=34) - 30.9 vs. 6.6 kPa, p = 0.001. Moreover, these values registered a significant 

decrease just two weeks after starting treatment with corticosteroids, thus highlighting the 

capability of elastography to accurately track the response to therapy (10). 

 

Chronic Pancreatitis 

A study conducted by Yashima investigated the efficacy of ARFI elastography in 

diagnosing chronic pancreatitis, comparing SWE values between healthy volunteers and 

patients with chronic pancreatitis. The study included 52 healthy volunteers and 46 patients 

with chronic pancreatitis, with elastographic measurements taken across all segments of the 

pancreas (head, body, and tail). The feasibility of the technique was good in the body, 

acceptable in the head, and low in the tail: 75%, 69%, and 42%, respectively. The study results 

show that pancreatic stiffness is significantly higher in patients with chronic pancreatitis. The 

optimal cut-off value for diagnosing chronic pancreatitis was 1.40 m/s with a sensitivity of 

75%, specificity of 72%, positive predictive value of 69%, and negative predictive value of 78%. 

Additionally, alcoholic etiology (r2 = 0.142) and lower BMI (r2 = 0.107) were correlated with 

higher values of pancreatic stiffness (11). 

In another study that included 52 patients with chronic pancreatitis and 42 healthy 

volunteers, pancreatic stiffness values were significantly higher in patients with chronic 

pancreatitis compared to healthy subjects (p = 0.001). Significantly higher values were also 

observed in patients with a longer duration of the disease (>10 years compared to ≤10 years) 

(p = 0.01), those using chronic analgesic medications (p < 0.05), and those with lower body 

weight (p < 0.05, r = -0.38) (12). 
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Kojima aimed to evaluate the role of SWE elastography in diagnosing chronic 

pancreatitis in a study that included 59 patients. The study demonstrated significant 

differences between the SWE values obtained in patients with chronic pancreatitis compared 

to those obtained in patients with a normal pancreas (p = 0.001) (13). 

Another study conducted by Kawada, which included 85 patients with chronic alcohol 

use (AUD) and analyzed the p-SWE technique, concluded that pancreatic stiffness values were 

significantly higher in patients consuming >60 g ethanol/day (p = 0.005) (14). 

In conclusion, the use of elastography consistently revealed that pancreatic stiffness is 

significantly higher in patients diagnosed with this condition compared to healthy individuals. 

This underscores the potential of such non-invasive techniques as promising tools for 

diagnosing chronic pancreatitis. However, further studies are needed to comprehensively 

evaluate their applicability in clinical practice. 

 

Pancreatic Cancer 

Although pancreatic elastography has proven useful in enhancing the diagnostic 

accuracy of standard ultrasound (B-mode) for the diagnosis of pancreatic cancer, the results 

regarding SWE values are mixed. Some authors have reported significantly higher values at 

the tumor site compared to healthy pancreatic parenchyma (15), yet, in other studies, no 

significant differences were identified using transabdominal elastography. Park and 

colleagues highlighted that the difference between the p-SWE values obtained in the lesion 

and in the surrounding healthy pancreatic parenchyma was significantly smaller for benign 

lesions compared to malignant lesions (0.4 ± 0.3 vs. 1.5 ± 0.8 m/s, p = 0.011) (16). 

The results of the aforementioned studies indicate that transabdominal elastography 

holds significant potential in evaluating pancreatic pathologies, providing valuable details that 

can support the improvement of the accuracy of standard ultrasound diagnostics. However, 

variations between studies and the challenges in establishing reference normal or pathological 

values underscore the imperative need for further research to solidify the foundations of its 

use in clinical practice. Ecoendoscopic elastography seems to offer even more promising 

results, suggesting that it could be even more useful in detailed assessments of the pancreas, 

requiring additional studies for full validation of its effectiveness and applicability. 

 

Endoscopic Ultrasound Elastography (EUS-E) of the Pancreas 

The utility of EUS-E lies in its ability to access structures that are quite difficult to 

examine, such as the pancreas or adjacent lymph nodes. There are two elastography 

techniques available on endoscopy systems, similar to transabdominal ultrasound, which have 

been studied in pancreatic diseases: strain elastography and shear-wave elastography (17). 

One of the major differences between these techniques is that strain elastography provides 

relative values, as it is a semi-quantitative method, whereas shear-wave elastography 
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produces absolute values, which may be more relevant in the subsequent management of the 

patient. To perform this type of procedure, it is necessary for the endoscope to be connected 

to a compatible ultrasound machine, or for the endoscopy system to be equipped with a 

dedicated endoscopy processor (18). 

 

Clinical Applications of Endoscopic Ultrasound Elastography  

in Pancreatic Pathology: Solid Pancreatic Tumors 

Given the epidemiology of pancreatic adenocarcinoma, among focal pancreatic 

lesions, the most important consideration when faced with a pancreatic tumor is to exclude 

this diagnosis. The existence of elastographic cut-off values to define this tumor compared to 

other pancreatic tumors would be extremely useful, but these values are not yet available, 

even though there are studies that have tried to differentiate various types of tumors based 

on elastography (19). 

There are multiple meta-analyses that have evaluated the diagnostic performance of 

strain-type endoscopic ultrasound elastography in characterizing malignant pancreatic 

lesions, with authors demonstrating high sensitivity but low specificity of elastography in 

clinical practice (20,21,22,23,24). (Table 6.I). 

 

Table 6.I: Diagnostic Performance of Strain-Type Endoscopic Ultrasound Elastography in Characterizing Malignant 

Pancreatic Lesions 

Author
  

Number of 

Patients 

Sensitivity 

(%)  

Specificity 

(%) 

Pei et al. 2012 1042 98 69 

Mei et al. 2013 1044 95 67 

Ying et al 2013 893 98 69 

Li et al. 2013 781 99 76 

Hu et al. 2013 752 97 76 

Xu et al. 2013 752 99 74 

Lu et al. 2017 1537 97 67 

Zhang et al. 2018 1687 98 63 

 

In a study conducted by Ignee and colleagues that included 216 patients with small 

solid pancreatic tumors (up to 15 mm), elastographic measurements were performed using 

endoscopic ultrasound, and the results were subsequently compared with the 

histopathological diagnosis. The authors demonstrated that EUS-E had a sensitivity and 

specificity of 96% and 64%, respectively, for pancreatic adenocarcinoma (25). 
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Fine-needle aspiration or biopsy guided by endoscopic ultrasound plays an important 

role in diagnosing malignancy in pancreatic masses or certain lymph nodes. Elastography 

enhances this procedure by highlighting the hard areas within the masses being biopsied, thus 

selecting the most suitable region for biopsy while avoiding areas of necrosis and 

inflammation (Fig. 6.3 and Fig. 6.4). A study published by Facciorusso and colleagues on a 

cohort of 54 patients with solid pancreatic lesions with an average size of 35 mm showed that 

using elastography to guide the most appropriate area for fine-needle aspiration increased 

sensitivity from 86.4% to 93.4% and specificity from 75% to 100% (26). 

EUS elastography can be considered a method for excluding a malignancy diagnosis 

rather than confirming it, but combined with other endoscopic ultrasound diagnostic 

methods, such as the administration of contrast agents during the examination, it can be very 

helpful in confirming the malignant nature of a solid pancreatic mass or lymph node (27). 

In conclusion, qualitative and semi-quantitative elastography in pancreatic formations 

have a very high negative predictive value for excluding the diagnosis of pancreatic 

adenocarcinoma in a soft pancreatic lesion. Additionally, it can be used as a non-invasive 

technique that assists in guiding endoscopic ultrasound-guided fine-needle aspiration, the 

golden standard in the diagnosis of solid pancreatic tumors (27).  

 

Fig. 6.3. Shear-Wave Type Endoscopic Ultrasound Elastography 

 

Chronic Pancreatitis 

The value of elastography for diagnosing chronic pancreatitis (CP) remains 

controversial. Although transabdominal elastography is the first-line choice due to its ease of 

use, EUS-guided elastography is the preferred method because of its better visualization of 

the pancreas compared to transabdominal ultrasound (28). 

In general, fibrotic changes in chronic pancreatitis lead to increased pancreatic 

stiffness, while acute pancreatitis and necrotic areas appear softer on the elastogram (26). In 
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chronic pancreatitis, elastographic histogram analysis corresponds with histological changes 

and the likelihood of exocrine pancreatic insufficiency (29). 

Using this method, a prospective study conducted in 2013 by Iglesias-Garcia and 

colleagues demonstrated a significant direct correlation (r = 0.813; p < 0.0001) between EUS 

criteria for CP (Rosemont criteria, Tables 6.II and 6.III) and strain elastography as an indicator 

of pancreatic fibrosis severity. The sensitivity of EUS elastography for diagnosing CP was 91.1% 

at a cut-off value of 2.25. Strain elastography values varied significantly according to the 

Rosemont classification (1.80 normal pancreas, 2.40 indeterminate group, 2.85 suggestive of 

CP, 3.62 consistent with CP, p < 0.001) (30). 

 

 

Fig.  6.4. Strain-Type Endoscopic Ultrasound Elastography 

 

Table 6.II. Rosemont Criteria for Diagnosing Chronic Pancreatitis by EUS 

Parenchyma Ducts 

Hyperechoic foci with posterior shadowing (major 

A); body/tail 
Ductal calculi (major A criterion) 

Honeycomb-type lobulation (major B); body/tail 
Irregular main duct (minor criterion); 

body/tail 

Lobulation without honeycomb (minor criterion); 

body/tail 

Dilated secondary ducts (minor 

criterion); body/tail 

Hyperechoic foci without posterior shadowing 

(minor criterion); body/tail 

Dilated main duct (minor criterion); 

body/tail 

Cysts (minor criterion) 
Hyperechoic ductal margin (minor 

criterion); body/tail 

Hyperechoic septa (minor criterion); body/tail  
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Table 6.III. Interpretation of the Rosemont Criteria 

Result Criteria 

Chronic Pancreatitis 
1 major A + ≥ 3 minor<br>1 major A + 1 major 

B<br>2 major A 

Suspected Chronic Pancreatitis 
1 major A + < 3 minor<br>1 major B + ≥ 3 

minor<br>≥ 5 minor 

Possible Chronic Pancreatitis 3 or 4 minor, no major B +/- < 3 minor 

Normal < 3 minor, no major 

 

An accurate diagnosis of pancreatic fibrosis is clinically important and has the potential to 

stage chronic pancreatitis. To this end, Itoh and colleagues demonstrated a very strong correlation 

between histology, the standardized fibrosis score, and elastographic assessment. The ROC curve 

for the diagnosis of mild fibrosis, marked fibrosis, and severe fibrosis were 0.90, 0.90, and 0.90, 

respectively (31,32). 

In terms of applicability, shear wave elastography has also been described in chronic 

pancreatitis. A recent study published by Yamashit and colleagues, which included 52 patients, 

demonstrates a direct correlation between elastography results and the Rosemont 

classification (Tables 1,2), considered the golden standard for diagnosing chronic pancreatitis. 

At a cut-off value of 2.19 m/s, it showed a sensitivity of 100% and a specificity of 94% for 

chronic pancreatitis (33). These data showed good results in favor of EUS-SWM as a diagnostic 

modality for chronic pancreatitis compared to other studies on strain elastography. Iglesias-

Garcia and colleagues reported a sensitivity and specificity of strain-type EUS elastography for 

diagnosing chronic pancreatitis of 91.2% and 91%, respectively. Given these results, EUS-SWM 

appears to be superior (34). 

More recently, another study published in 2023 by Yamashit and colleagues showed 

that shear wave elastography values correlated better with the severity grades of the 

Rosemont classification, CT appearance, and the degree of exocrine pancreatic insufficiency 

compared to strain-type values (35). 

In conclusion, EUS-guided elastography is considered an excellent tool today, capable 

of differentiating a normal pancreas from early chronic pancreatitis. Future research will 

continue to update and define the role of EUS elastography in clinical practice. 
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Autoimmune Pancreatitis 

Autoimmune pancreatitis (AIP) is a distinct type of pancreatitis caused by a chronic 

inflammatory mechanism mediated by autoimmunity. AIP is morphologically characterized by 

diffuse or focal enlargement of the pancreas and irregular, diffuse narrowing of the main 

pancreatic duct, and serologically by elevated levels of serum gammaglobulins, including IgG, 

and especially IgG4 (36). AIP responds well to steroid therapy. However, the definitions of 

"remission" and "relapse" are ambiguous; therefore, a method to assess the degree or activity 

of AIP inflammation is necessary (37,38). 

There is a wide spectrum of radiological features of AIP, ranging from a normal 

pancreas to diffuse parenchymal enlargement or the appearance of focal pancreatic lesions. 

The latter are characterized as focal AIP and can be easily confused with pancreatic 

adenocarcinoma. Correct diagnosis can be established by evaluating combined clinical, 

laboratory, and histopathological data along with EUS assessment. Elastography is an 

important tool that can help clinicians differentiate focal AIP from pancreatic carcinoma. 

Indeed, the former usually presents a homogeneous increase in stiffness throughout the 

entire organ, whereas the latter has increased stiffness limited only to the tumor area (39). 

When using qualitative elastography in AIP, the inflamed area should present a 

predominantly green pattern with slight red or yellow lines, while a homogeneous green 

appearance should appear in the normal parenchyma. However, definitive cut-off values for 

diagnosing AIP and distinguishing between focal AIP and pancreatic carcinoma are not 

available. A prospective study was conducted using shear-wave measurements to evaluate 

the feasibility and ability to measure tissue elasticity in the pancreas and the correlation 

between disease activity and pancreatic tissue elasticity in patients with AIP (40). 

To evaluate the utility of EUS-SWM, measurements and comparative analyses of 

pancreatic tissue elasticity were performed in patients with diffuse pancreatic lesions. Eight 

patients with AIP and 16 control patients were included in this analysis. The median Vs in the 

pancreatic body of the AIP group was 2.57 m/s (IQR 2.16–3.08), significantly higher than that 

of the normal control group (1.89 m/s (IQR 1.68–2.63)) (P=0.0185) (40). For patients who 

received corticosteroid therapy (n=6), EUS-SWM was performed before and 2 weeks after 

therapy (Prednisone 0.6 mg/kg/day). The mean Vs significantly decreased from 3.32 m/s (IQR 

2.93–3.59) before to 2.46 m/s (1.84–2.96) after steroid therapy. The pancreatic body size on 

CT examination significantly decreased (21.3 mm vs. 15.9 mm). Serum IgG4 level (244 mg/dl 

vs. 209.5 mg/dl, P=0.3367) and pancreatic body size on EUS (24 mm vs. 16 mm, P=0.0863) 

showed a trend of decrease, but no statistically significant difference was observed 2 weeks 

after steroid therapy. There was no significant correlation between Vs level and IgG4 in 

patients with AIP (41). 

In conclusion, even though elastography is not the main diagnostic tool for AIP, the use 

of EUS-SWM is feasible and represents a useful method for evaluating the effect of steroid 

therapy in patients with AIP. EUS-SWM is a promising method that can facilitate the 

implementation of EUS-E in the future. 
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Conclusions 

The use of EUS elastography should be encouraged as it provides valuable 

complementary information. It is performed in real-time, it is easy to use and learn, it has no 

additional risks or costs, and only minimally increases the examination time. It has no known 

contraindications and does not require any specific preparation. 
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The wall of the gastrointestinal tract is a long and thin anatomical organ, surrounded 

by a serous layer and which includes a lumen, usually occupied by gas or fluid content, 

characterized by a natural peristalsis, a phenomenon that brings additional complexity to the 

elastographic evaluation. This anatomical structure can be examined by ultrasound, 

presenting it as a layered structure, characteristically consisting of five distinct layers (1, 2). In 

the context of ultrasonographic examination, it is recommended to use high ultrasonic 

frequencies, exceeding 7.5 MHz, to ensure optimal visualization of wall layers, of any 

thickening of the intestinal wall and possible focal lesions. This recommendation applies also 

to both the Strain Elastography (SE) and the shear wave (SWE) elastography techniques. 

Pathological lesions that increase the thickness of the wall are most appropriate for 

elastographic evaluation, because the intestinal wall is a thin structure in ultrasound images, 

which shows natural peristalsis, and considerable movements are possible on both the serous 

and luminal sides. This adds artifacts to elastographic images and makes stiffness 

measurement more difficult and user-dependent. SE and SWE are the elastographic methods 

that can be used to measure the elasticity of the digestive tract wall, and the studies that have 

addressed the elastographic evaluation of intestinal wall lesions focus mainly on the use of 

the SE technique (Fig.7.1). 

 

   
Fig. 7.1. Elastographic evaluation of a cecal tumor formation. The image on the left is taken using eSie Touch 

Elasticity Imaging (Siemens) elastography, where the blue color represents the harder areas and the green 

color the soft areas. The image on the right is taken using the pSWE technique where a small rectangular 

region of interest is positioned at the level of the modified wall of the cecum, obtaining a stiffness value 

 of 3.36 m/s. 

 

Pathological intestinal lesions usually induce a thickening of the intestinal wall and a 

reduction in peristalsis, thus improving the conditions of elastographic evaluation. The 

intestinal wall can become thickened in both neoplastic and inflammatory diseases, 
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predominantly in Crohn's disease (CD) (Fig.7.2). The elastographic study can provide 

important information in these pathologies, such as improving tissue characterization, 

differentiating between malignant and benign lesions or between inflammation and fibrosis.  

 

     
Fig. 7.2. Elastographic evaluation of the intestinal wall in Crohn's disease. The image on the left represents 

the elastographic evaluation using the strain elastographic (SE) technique. The image on the right represents 

elastographic evaluation using the pSWE technique where a small rectangular region of interest is positioned 

at the level of the intestinal wall, obtaining a stiffness value of 1.97 m/s. 

 

Clinical Applications 

Differentiation between fibrous and inflammatory strictures in Crohn's disease 

Various studies on CD, which have involved both animal and human models, conclude 

that increased stiffness is associated with the presence of fibrotic structures. Some studies 

indicate that SE and SWE elastography can differentiate fibrosis from inflammatory lesions (3-

5). One study evaluating SE performance in terminal ileum stenosis in CD, reported a higher 

tissue stiffness score in fibrosis using magnetic enterography as a reference (6). Another ex-

vivo study of intestinal tissue samples from CD and neoplastic lesions also showed that 

stiffness is higher in both CD and adenocarcinoma lesions, but it is not possible to differentiate 

between the two pathologies (7). The same study showed that adenomas had significantly 

lower stiffness compared to adenocarcinomas, and that SE in intestinal pathology is a 

reproducible method.    

A meta-analysis that included 154 CD lesions in 129 patients (8), suggested that the 

stiffness assessed using SE was significantly higher in fibrotic stenosis. In a study of ten 

patients, using SE at the level of the intestinal wall of the affected vs. unaffected segments 

before, during, and after surgery, found significant differences in stiffness values in the 

affected vs. unaffected segments, correlating well with the histological distribution of 

connective tissue and collagen content (9). Also, the SE measurements had an acceptable 

intraclass correlation coefficient (ICC) in the three examinations. 
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A study of 23 consecutive patients who underwent surgery for CD (10) achieved 

excellent differentiation between patients with severe ileal fibrosis, both histologically and by 

the use of the strain ratio (including excellent agreement between examiners). Conflicting 

results are reported in a prospective study using SE in 26 patients who underwent surgery for 

CD. Preoperatively, the strain ratio did not correlate with histological scores of fibrosis or 

inflammation (11). 

A systematic review of the literature on elastography in patients with inflammatory 

bowel disease (IBD) that included 12 published studies and a number of 275 patients with IBD 

showed moderate to good accuracy of ultrasound-based elastography in the detection of 

histological fibrosis. SWE outperformed SE (12).    

Strain elastography of intestinal lesions in CD can also predict the response to anti-

inflammatory treatment. In a prospective study of 30 patients with CD, five patients who 

required surgery had significantly higher values of the strain ratio at baseline, with a 

significantly negative correlation between baseline strain ratio and intestinal wall thickness 

after 52 weeks of anti-tumor necrosis factor (TNF) therapy (13). 

In ulcerative colitis, a published study evaluating SE demonstrated a correspondence 

between elastographically increased stiffness and the severity of inflammation by endoscopic 

scores (14). Another published study evaluated 37 patients with ulcerative colitis in whom 

descending colon changes were evaluated by SE, using endoscopic scores as a reference, 

classifying elastographic changes into 4 types: normal, homogeneous, random, and hard. In 

the active phase of colitis, the colonic wall was classified as hard (elastographically blue) (15).   

 

Diagnosis of acute appendicitis 

The performance of 2D-SWE in the diagnosis of acute appendicitis was evaluated in a 

study that included a group of 30 patients with acute appendicitis and a control group of 11 

patients. This study showed that 2D-SWE can differentiate between an inflamed appendix and 

a normal one using a cut-off value of 12.5 kPa (Sensitivity 93%, Specificity 100%), but is not 

superior to computed tomography (16).  

The role and efficacy of SE in the diagnosis of acute appendicitis was evaluated in a 

study that included 225 pediatric patients with clinical and biological suspicion of acute 

appendicitis. Appendectomy was performed in all cases and the histopathological result was 

compared with imaging methods (SE examination together with ultrasound examination in B 

mode). Using B-mode ultrasonography together with SE, the following values of sensitivity, 

specificity, positive predictive value, negative predictive value, and accuracy for the diagnosis 

of acute appendicitis were obtained: 96%, 96%, 95%, 96.8% and 96%. This study concluded 

that SE in acute appendicitis can be used as a complementary method, with the results having 

a good correlation with the histopathological stage of appendicular inflammation (17).  
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Differentiation of intramural gastrointestinal tumors 

Echoendoscopic elastography (EUS) may be useful in the evaluation of intramural 

tumors in the upper gastrointestinal tract. Measuring the stiffness of intramural tumours can 

be useful in differentiating leiomyomas, lipomas or ectopic pancreatic tumours, as well as in 

assessing the degree of aggressiveness of gastrointestinal stromal tumours (GIST) (18). 

A published study evaluated the usefulness of EUS elastography in the differential 

diagnosis of GIST from gastrointestinal leiomyomas (GIL), differentiation that is not possible 

by conventional EUS. The authors used the elastographic images obtained by EUS for post-

processing analysis by tinted histogram in Photoshop software, obtaining the hue values of 

the R (red), G (green), B (blue) channels of each group. The statistical t-test showed significant 

differences between the mean shade values between GIST and GIL in channels B and G, but 

not in the RGB and R channels, obtaining an area value below the ROC curve of shades B and 

G for differentiating the diagnosis of GIST or GIL using EUS elastography of 0.723 (19). Another 

published study demonstrated that EUS elastography has a good value in the differential 

diagnosis between GIST and GIL, with sensitivity of 100% and specificity of 94% (20). However, 

there are studies such as the one published by Ignee et al., which have shown that EUS 

elastography is not useful in the differential diagnosis between GIST and GIL (21).   

 

Characterization and staging of rectal tumors 

 In rectal tumors, differentiating between adenomas and adenocarcinomas is 

important for planning the optimal treatment option. Endorectal ultrasonography (ERUS) is a 

good imaging method for the T staging of rectal tumors. Elastography has demonstrated its 

ability to characterize harder neoplastic tissue compared to benign tissue. However, 

differentiating between rectal adenomas and early rectal cancer remains a challenge (T1 vs. 

T2) (22).    

Differentiation and staging of rectal tumors can be achieved using SE as a 

complementary ERUS method. Thus, SE can improve the staging of rectal cancer and 

differentiate adenoma from adenocarcinoma, compared to ERUS alone and magnetic 

resonance imaging, with high interobserver agreement (23–25). Another published study 

demonstrated a good correlation between diffusely weighted magnetic resonance imaging 

associated with fibrosis, and SWE of rectal malignancies (26). Another study evaluated the 

performance of ERUS for rectal tumours using SWE with an 8 MHz endorectal transducer, 

finding that tumour stiffness measurements accurately corresponded to pathological T stage 

and the accuracy of tumour staging diagnosis increased from 76.7 % to 93.3 % (27). 

A systematic review of the diagnostic performance of ERUS elastography in 

differentiating rectal adenomas from adenocarcinomas identified 6 published studies that 

reported increased diagnostic accuracy of ERUS elastography compared to ERUS. The 

sensitivity, specificity and accuracy ranged from 0.93-1.00, 0.83-1.00, 0.91-1.00 for the 
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differentiation of rectal adenoma from rectal adenocarcinoma, and for the differentiation of 

adenoma from incipient rectal cancer ranged from 0.82-1.00, 0.86-1.00 and 0.84-1.00, 

concluding that elastography increases the diagnostic accuracy of ERUS and provides valuable 

information on the malignant transformation of rectal lesions (28). 

Despite the advances in the field of elastographic techniques and the interest of 

researchers in their use in the pathology of the digestive tract, it still remains an open field for 

research, in which further studies are needed to establish the role and indications where 

elastography can be useful. 
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IntroducWon 

Artificial intelligence (AI) is a vast and rapidly growing field that uses software that 

mimics human cognitive abilities to perform complex tasks. The contribution of artificial 

intelligence to the global economy by 2030 is estimated to be $15.7 trillion (1). AI has been 

recognized as the fourth industrial revolution, as it is reshaping many areas of human activity. 

Let's explore the most promising AI trends in the healthcare industry that are expected to see 

the most growth in the coming years. We'll see how AI will move from experiments and testing 

to real-world use cases, especially in areas that reduce administrative burdens, help clinicians 

easily find information, assist agents in medical call centers, and ultimately help organizations 

run more efficiently. Of course, we will continue to see the development of medical imaging 

in relation to AI application. Ultimately, this technology will drive a new understanding of 

health and healthcare. This will influence the big changes we will see over the next decade. In 

other words, radical change doesn't arrive like a bolt from the blue, it builds gradually.  

Imaging diagnostics is increasingly becoming a top priority for AI utilization. AI-

powered medical imaging solutions have initiated a transformative period in healthcare. With 

the amalgamation of artificial intelligence and medical imaging, the accuracy and efficiency of 

diagnosis has reached new heights. These advanced imaging technologies facilitate faster 

analysis, early disease detection and personalized treatment planning, bringing great benefits 

to both patients and healthcare professionals. According to BIS Research, the global market 

for AI-powered medical imaging solutions is anticipated to reach $18.35 billion by 2032, up 

from $1.85 billion in 2022 (1). 

Tissue stiffness is a biological marker of changes in tissue strength, which is often 

associated with the progression of pathologic changes in tissue. It is also well known that 

cancerous tissue tends to be stiffer than normal. Ultrasound-based elastography is an imaging 

technology that enables the assessment of tissue elasticity. The application of tissue elasticity 

measurement during conventional ultrasonography enhances the diagnostic performance of 

the exploration. US elastography has gradually been used to evaluate the pathology of 

superficial organs, in which tissue elasticity is found in close relationships with specific 

pathological processes and can characterize tumour formations of mammary glands (2), 

thyroid nodules (3) and prostate lesions (4). 

However, the analysis of medical images is challenging due to significant intra- and 

inter-observer variability, to unstable diagnostic performance, to particularly low image 

acquisition accuracy due to low operator experience, especially for images where the 

boundary of a lesion is usually less well specified (7). The difficulty in identifying the optimal 
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cutoff for stiffness values, the variability in the selection of the region of interest (ROI), and 

the lack of image quality verification (8) are the basic limitations of the method. 

AI can be applied in the medical field for image interpretation. As the rapid 

development of machine learning (ML), particularly advanced deep learning (DL) 

architectures, offers significant potential for automating the analysis of medical images, 

including segmentation, detection, and classification. (9). 

The need for artificial intelligence to optimize the interpretation processes of organ-

specific elastography results is crucial in the current medical context, and this can be 

supported by a series of solid arguments. Machine learning algorithms can detect subtle 

changes and provide early clues about potential conditions, contributing to early diagnosis 

and treatment. The increased volume of data generated by modern medical imaging can 

surpass a human operator's ability to process information efficiently. Artificial intelligence can 

quickly manage and analyze large amounts of data, providing a correct approach for 

interpreting elastographic results. By adapting to the particularities of each organ, artificial 

intelligence can contribute to personalized diagnosis, considering patient-specific variables 

and thus providing a more accurate framework for medical decision-making. 

Therefore, in this chapter, we explore how the integration of artificial intelligence in 

elastography can redefine diagnostic processes and how this may influence the evolution of 

medicine in the next decade. In this context, it is essential to explore the potential of AI 

(including ML, DL and radiomics) in elastography and to identify the scientific, cultural, 

educational and ethical issues. We present existing challenges and future trends regarding the 

application of AI based on ultrasound-based elastography. 

 

1. Principles of Elastography Techniques 

In general, ultrasound elastography technique can be categorized into Strain 

Elastography (SE), which applies a constant tension method of tissue excitation, and Shear 

Wave Elastography (SWE), which uses a time-varying force. Figure 1 shows the categories of 

elastography techniques according to the excitation methods, including external compression 

or internal physiological motions, Acoustic Radiation Force Impulse (ARFI) and mechanical 

vibration. All approaches are based on the three-phase methodology: (a) tissue is compressed 

by static stress or shear wave propagation; (b) tissue displacement is tracked using ultrasound; 

and (c) tissue elasticity is estimated quantitatively or qualitatively by displacement 

measurement. In addition, a physical property called Young's modulus (E) is calculated to 

estimate tissue stiffness. Harder lesions have smaller deformations and higher E values (10). 

Details of ultrasound elastography techniques can be found in the chapter of the same name. 
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Figure 1. Categories of ultrasound-based elastography techniques depending on excitation methods, 

including external compression or internal physiological motions (green), acoustic radiation force impulse 

(ARFI) (blue) and mechanical vibration (yellow). 

 

2. Artificial Intelligence - an Overview 

Over the past decade, AI has become a popular topic both inside and outside the 

scientific community; an abundance of studies from the technology and non-technology fields 

have covered the topics of ML, DL and AI. However, there is still confusion around AI, ML and 

DL. The terms are highly associated, but not interchangeable. In this review, we attempt to 

drop the technical language to better explain these concepts to a clinical audience. 

In 1956, a group of computer science researchers proposed that computers could be 

programmed to simulate intelligence, suggesting that "every aspect of learning or any other 

feature of intelligence could, in principle, be described so precisely that a machine could 

replicate these processes." (13). In simple terms, AI is a field focused on automating 

intellectual tasks typically performed by humans, and ML and DL are specific methods of 

achieving this goal. In other words, they fall under the umbrella of AI (Figure 2). 
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Figure 2. The difference between artificial intelligence, machine learning, deep learning and data science 

 

However, AI includes approaches that do not involve any form of "learning". The sub-

domain known as symbolic AI, for example, focuses on hardcoding (i.e. explicitly writing) rules 

for every possible scenario within a specific area of interest. These rules, written by humans, 

come from the "a priori" knowledge of the subject and in this way, specific tasks will be 

accomplished. For example, if someone were to program an algorithm for modulating the air 

temperature in an office, he or she would likely already know what temperatures are 

comfortable for humans and would program it to cool the room if temperatures rise above a 

certain threshold and to heat it if they fall below a lower threshold. Although symbolic artificial 

intelligence can solve clearly defined logical problems, it often fails at tasks that require 

higher-level pattern recognition, such as speech recognition or image classification. These 

more complicated processes are the tasks in which ML and DL methods perform well. We will 

try to summarize ML and DL for the audience without extensive technical knowledge of 

computer programming. 
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2.1. Machine Learning  

Machine Learning is a field that focuses on the learning aspect of AI by developing 

algorithms that best represent a dataset. Unlike classical programming (Figure 3A), in which 

an algorithm can be explicitly encoded using known features, ML uses subsets of data to 

generate an algorithm that can use novel combinations or different features and weights than 

those that can be derived from the first principles (Figure 3B) (14). 

AI encompasses a broad array of techniques, with machine learning being one of the 

most significant methods used in the medical field. As a branch of AI, Machine Learning (ML) 

allows the creation of a system of algorithms and computational models. This system can learn 

from data and experience without being explicitly programmed for a particular task and can 

make predictions, thus allowing computers to learn like humans (11). A machine learning 

system is trained to interpret data and enhance its performance in a specific task or area by 

learning from experience. ML has numerous applications in various domains such as speech 

recognition, facial recognition, image classification, personalized recommendations, data 

analytics, and many others. It is an interdisciplinary field involving computer science and 

statistics. 

 

Figure 3. Classical programming versus machine learning paradigm. A. In the classical paradigm the computer 

is supplied with datasets and algorithms. The algorithm provides information to the computer how the data 

set needs to be operated to obtain the desired result. B. In machine learning, the computer is provided with 

datasets and corresponding results. It then learns from this information and creates an algorithm that 

describes the relationship between them. This algorithm can be used to predict future datasets. 
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2.1.1 Types of Learning Methods in ML 

Generally, ML techniques can be categorized based on the types of datasets used for 

training. There are four commonly used learning methods in ML, each suited for different 

tasks: supervised, unsupervised, semi-supervised, and reinforcement learning (Figure 4). 

Supervised learning involves training models with labelled data. Each dataset includes 

features associated with correct diagnoses. This guides the model in recognizing features and 

making predictions. For example, to make liver steatosis prediction, a model is fed with data 

from patients in whom the diagnosis of liver steatosis was made by liver biopsy. The model 

learns to predict in patients with the same characteristics (e.g. body mass index, visceral 

obesity, blood glucose, triglyceride levels) the presence of hepatic steatosis. This method is 

crucial to predict different real-life scenarios. The process is simple, first the model is trained 

with labelled examples and then applies what it has learned to new, unseen data. Gradually, 

the accuracy and reliability of the method improves. 

 

Figure 4 Types of machine learning models. Supervised learning models use labelled data;  

Unsupervised learning models use unlabelled data; Reinforcement learning models take actions in the 

environment, then receive state updates and feedback 
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There are two main types of supervised models: 

Regression models find connections between variables. One can visualize such 

connections in a graph with X and Y axes, as in the picture above. If body weight increases, 

one can predict the increase in body mass index. This is called linear regression. 

Classification models sort items into categories. Imagine a full bowl of fruit. If one is 

asked to pick out all the bananas, one will instinctively look at shape, color and so on. For 

humans, categorization is simple and automatic. We don't need to have seen a billion bananas 

to tell them apart. Computers must do it, though, and that was a challenge (although robots 

have gotten better and better at it). 

Supervised models are ideal when we have a large amount of labelled data. They are 

perfect for content recommender systems, automatic categorization and language learning 

tools. 

Datasets are generally divided into three categories: training, validation, and testing 

(models will always perform optimally on the dataset on which they are trained). Supervised 

learning uses the models in the training dataset to draw features for the target so that an 

algorithm can make predictions about presence, for example steatosis, based on future 

datasets. This approach is supervised, as the model infers an algorithm from the feature-target 

pairs and is informed, via the target, whether the prediction was correct. In other words, the 

features x are mapped to the target Y by learning the function f, allowing the algorithm to 

approximate the probability of steatosis as Y = f(x). That is, the features x is mapped to the 

target Y by learning the mapping function, f, so that the probability of the presence of steatosis 

can be approximated by the algorithm Y = f(x). The performance of the algorithm is evaluated 

against testing on another dataset, which the algorithm has never seen. 

Unsupervised learning operates without human guidance, utilizing algorithms to 

discover patterns in unlabelled data without predefined outcomes. It is essential for analysing 

large amounts of unstructured and unlabelled data. Clustering is a common type of 

unsupervised learning that groups similar data to uncover insights. It is like classification, but 

the data isn't labelled. For example, if one is asked to sort gemstones by type without 

providing specific labels, one would use clustering techniques to group them based on their 

similarities. Even if one has never encountered a gemstone before, one could likely distinguish 

between rubies and emeralds simply because they have distinct colors: one is red and the 

other is green. Similarly, unsupervised learning is used to identify trends or organize content 

without direct guidance, mimicking human pattern recognition. 

Semi-supervised learning can be considered the "happy medium" between supervised 

and unsupervised learning and is particularly useful for datasets that contain both labelled 

and unlabelled data (for example, where all feature data is available, but not all features have 

associated targets). This situation typically arises when image labelling is time-consuming or 

difficult due to cost. In such cases, semi-supervised learning is frequently applied in medical 

imaging, where a clinician labels a small sample of images to train a model. This model is then 
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used to classify the remaining unlabelled images in the dataset. The newly labelled dataset 

can then be used to train a more effective model, which is expected to perform better than 

unsupervised models. 

Reinforcement Learning (RL) is a machine learning method where a software agent 

learns to make decisions by trial and error, aiming to maximize rewards. Unlike other learning 

models, RL does not rely on pre-existing training data. Instead, the agent improves its 

performance through experience gained from its actions over time. This approach is 

particularly valuable in robotics and gaming, where actions have direct consequences, such as 

scoring in video games. In RL, the computer determines which actions lead to the highest 

rewards through repeated trials. For example, teaching a dog a trick involves rewarding or 

correcting its behaviour rather than giving instructions. Similarly, RL begins with imprecise 

actions but gradually becomes more proficient. In a practical RL scenario, if a system 

misidentifies an apple as an orange, feedback helps it learn the correct identification for future 

instances. 

 

2.1.2. Machine Learning Algorithms 

Examining various ML algorithms reveals that each offers a unique approach to data 

analysis and interpretation. 

Decision tree 

In ML models, decision trees use tree-like graphs to make decisions. Each branch 

represents attributes of the observed data, and the leaves signify conclusions. These branches 

simplify the complex decision process by breaking down conditions into hierarchical paths, 

much like how we make everyday decisions, such as choosing activities based on the weather. 

Random forest 

Developed by Leo Breiman and Adele Cutler, the random forest (RF) algorithm 

combines multiple decision trees to generate unified results. Renowned for its simplicity and 

versatility, RF is effective for both classification and regression tasks. 

Logistic regression 

Logistic regression is a technique that mathematically establishes the relationship 

between two data variables. It predicts the outcome of a variable, providing binary results 

such as "yes" or "no." 

Linear regression 

Linear regression predicts a dependent variable based on an independent one by 

finding the smallest error in their linear relationship. It is like drawing a line through the data 

points to estimate the results. It reduces the difference between observed and predicted 

values. 

 



220  

K-means clustering 

K-means clustering is an unsupervised learning algorithm that organizes unlabelled 

data into a predefined number of clusters, "K". It iteratively assigns data points to clusters 

based on their similarity, optimizing the distance between the points and the centroids (the 

mean value of a cluster's elements, representing its center of gravity, though not necessarily 

part of the dataset). This approach allows for the discovery of clusters in the data without 

prior training, enabling insightful classification. 

 

2.1.3. The Most Widely Used Application Directions of ML 

Here is a list of some of the most common uses of machine learning: 

Pattern recognition 

Pattern recognition uses ML to identify patterns automatically. It observes different 

types of data, including text, image and sound data. These systems quickly and accurately 

detect familiar patterns, simplifying data analysis. Common applications of pattern 

recognition are image recognition, fingerprint scanning and seismic activity analysis. 

Regression analysis 

Regression models predict a continuous outcome variable (y) based on one or more 

predictor variables (x). Regression analysis is a fundamental technique in ML. 

Automation 

ML recognizes patterns in the tested system and autonomously generates test cases. 

This decreases dependency on manual creation, improving productivity and accelerating 

processes. 

Data Extraction 

Data extraction involves the following key steps: detecting patterns, predicting results, 

and obtaining meaningful insights from extensive datasets. 

 

The process of model building in machine learning generally involves the following 

steps: 

Step 0. Understand the problem and objectives. 

Step 1. Data collection: gathering data relevant to the specific problem or task that the 

system is required to learn.  

Sources of datasets:  

- Open-source datasets. Large technology companies and even governments provide 

free data for modelling.  
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- Web scraping. Collecting data from websites is often done manually. Popular 

"scrapers" are Scrapy and ProWebScraper. 

- Internal data. With customized data, one can build highly specific models. Sometimes, 

it is the only way to achieve optimal results, as public data often has its limitations. 

Step 2. Data preparation and preprocessing: cleaning and preparing the data for use in 

the training process. This may include normalizing the data, removing missing values or 

handling other anomalies. 

 

The steps in data preprocessing are (Figure 5): 

I. Data cleaning. Machine learning engineers correct errors and handle missing data 

through various data cleaning techniques, such as imputation, elimination, and 

transformation. Data cleaning addresses two main issues: missing data and noisy data. For 

missing data, values are often filled in through imputation. For noisy data, the problematic 

entries are typically removed. Noisy data can be managed using techniques like binning, 

regression, and clustering. 

II. Data transformation is the conversion of raw data into a structured and usable 

format. These methods help in preparing data for analysis and improving the performance of 

machine learning models. These are the main ways of transforming data: 

- Data normalization. Adjusts data to fit within a specific range, making sure all values 

are on the same scale. Think of normalization as adjusting the volume on a music player. It is 

a method to ensure that all data values are on the same scale by placing them within a 

specific range, like setting the volume knob between 0 and 100. 

- Attribute selection. It chooses the most relevant features from the data to simplify 

and improve the model. Imagine having a lot of tools, and one wants to choose only the 

most useful ones for a particular task. Attribute selection is like picking the best tools from 

the toolbox and creating new, more focused tools to make work easier.  

- Discretization. Rounds or bins continuous data into more manageable categories. If 

one has a bunch of numbers and wants to simplify things, discretization is like rounding those 

numbers to make them more manageable. 

- Concept Hierarchy Generation. It might sound intimidating, but it simply means 

converting detailed information into broader, more general categories. 

III. Data reduction means reducing the data set while retaining important information.  

- Feature selection. This involves choosing a subset of relevant features from the 

dataset, eliminating unnecessary or duplicate ones. Techniques such as correlation analysis, 

mutual information and principal component analysis (PCA) are commonly used. 
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- Feature extraction. Transforming data into a smaller dimensional space while 

retaining the important information. This is beneficial for large and complex datasets. 

Techniques include PCA, linear discriminant analysis (LDA) and non-negative matrix 

factorization (NMF). 

- Sampling. Selecting a subset of data points to reducing the size of the data set while 

retaining essential information. Techniques such as random sampling, stratified sampling and 

systematic sampling are used. 

- Clustering. Grouping similar data points into clusters, replacing them with a 

representative centroid. Methods include k-means, hierarchical clustering and density-based 

clustering. 

- Compression. Reducing the size of the data set for storage and transmission without 

losing vital information. Techniques such as wavelet compression, JPEG compression and gzip 

compression are commonly used. 

 
Figure 5. Data processing steps 

 

Step 3. Model selection: choosing a suitable ML algorithm or model for the given task. 

There are a variety of models such as decision trees, support vector machines, neural 

networks, etc. 
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Step 4. Train the model: Feed the model with training data and adjust its parameters 

to improve performance. The goal is to make the model able to make correct predictions or 

decision making on new data. 

Step 5. Performance Evaluation: Test the model on data that was not used in the 

training process and evaluate the accuracy, recall, or other relevant metrics to measure model 

performance. 

Step 6. Production Deployment: If the model meets the desired performance, it can be 

deployed into a production system to make decisions or perform specific tasks. (Figure 6) 

 

Figure 6. Machine learning process 

 

2.2 Deep Learning 

The availability of labelled datasets, faster algorithms, and more powerful hardware have 

enabled the rapid application of Deep Learning (DL) (13). DL has facilitated the use of multiple 

features and the application of data with various levels of hierarchy and abstraction, leading 

to enhanced universal approximation capabilities. Convolutional neural networks (CNNs) have 

been considered as the state-of-the-art algorithms of DL methods in the field of radiology, for 

computerized image recognition tasks such as segmentation (a technique that divides a digital 

image into groups of pixels - image segments - to inform object detection and other related 

tasks; by dividing an image's complex visual data into shape-specific segments, image 

segmentation enables faster and more advanced image processing) (15), detection (16,17), 

and image classification ("few-shot image classification" a computerized image recognition 

task that involves training machine learning models to classify images into predefined 

categories using only a few labelled examples from each category (typically < 6 examples) (18). 

There are four key ideas underlying CNNs: local connections, shared weights, pooling, and the 

use of multiple layers, which results in improving the accuracy and efficiency of the whole 

system (14). The relationship between IA, ML, DL, and CNNs is shown in Figure 7. CNNs consist 

of a stack containing an input layer, an output layer, and several hidden layers, which consist 

of convolutional layers, clustering layers, and fully connected layers (19) (Figure 8). Fully 

connected convolutional and pooling layers, which are applied repeatedly, are used to make 
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classifications or predictions (20). The combinations of layers are diverse, and some deep 

neural network architectures have been successfully used in the field of image analysis, such 

as GoogleNet (21), AlexNet (22), VGGNet (23), ResNet (24).  

 

Figure 7. Classification and tasks of machine learning computer vision systems. ANN, artificial neural 

networks; DT, decision tree; FCM clustering, fuzzy C mean clustering; KNN, K nearest neighbour; RL, logistic 

regression; MRF, Markov random fields; RF, random forest; SVM, support vector machine 

 

2.3. Transfer Learning 

Transfer Learning (TL) strategies have recently been used in the medical world to avoid 

"overfitting" problems caused by lack of data. In the TL method, knowledge can be shared and 

transferred between different tasks (25). The work process involves two steps: pretraining on 

a large dataset (ImageNet, for example) and fine-tuning on the target dataset (a limited 

volume of ultrasonographic images). In other words, by fine-tuning the DL constructs, the 

knowledge obtained from one dataset can be transferred to another dataset obtained from 

another center. 

 

2.4. Radiomics 

Radiomics involves quantitatively mapping and analysing large, complex medical image data 

to extract information linked to predictive targets. (26). Radiomic features such as intensity, 

shape or texture reflect the underlying pathophysiology and provide information on tumour 

phenotype and microenvironment (27). For strong evidence-based decision support in 

prediction, diagnosis, prognosis, or monitoring, these features can be utilized either on their 

own or combined with other relevant data, such as clinical data, laboratory tests, or genomic 

information. (26). Radiomic features can be evaluated semantically by experienced 
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radiologists, computed mathematically by computer algorithms to describe the size, shape, 

and textures of regions of interest (ROIs), or generated by DL algorithms. (27). The computed 

features are further analyzed, typically with traditional machine learning methods, to develop 

predictive models (28). Research has shown that radiomic analysis can enhance diagnostic, 

prognostic, and predictive capabilities (29). 

 
Figure 8. The architecture of convolutional neural networks (CNNs) that consist of an input layer, multiple 

hidden states and an output layer. The convolutional and unification layers can be laid alternately until the 

network is deep enough to recognize the optimal features of the images which are enough to perform 

classification 

 

3. Artificial intelligence in imaging 

The field of medical imaging has been pivotal in advancing medicine into the digital era 

and now stands poised to lead in exploring AI applications in healthcare. The vast number of 

radiology reports and billions of digital images exemplify "big data" and provide a rich 

foundation for AI research. Three converging technical advances have facilitated medical 

applications of machine learning: 

� the global rise of ''big data'', i.e. the building and analysis of very large databases 

� the dramatic increase in computing power of processors 

� the design of new deep learning algorithms. 

Healthcare is currently facing a massive increase in the volume, complexity and 

heterogeneity of raw data. The efficient and medically oriented analysis of big data is a major 

issue in public health.  

AI offers three promising insights in this area: 

� risk prediction through correlation analysis  

� genomic analysis and phenotype-genotype association studies  

� automation of medical image analysis. 

In this chapter, we focused on the third topic and investigated the following question: ''Can 

deep learning algorithms for image recognition improve medical visual diagnosis?" 
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3.1 Artificial Intelligence in Ultrasound-based Elastography 

The fundamental question is whether AI applications in imaging can add diagnostic 

value. The main tasks for automated analysis of ultrasound-based elastography patterns using 

AI involve - (a) classification: predicting the character of changes in the ultrasonographic image 

(e.g., classifying breast tumours into benign or malignant) (30); (b) detection: to predict the 

location of focal lesions, which is a preliminary step for the operator to characterize the 

lesions; (c) segmentation: to distinguish suspicious lesions from surrounding normal tissues, 

i.e. to acquire ROIs; and (d): prediction: to predict the stage of diseases or events that may 

occur. 

Unlike conventional ML methods, the distinctive feature of DL is that the feature layers 

are not manually designed by experts but are instead automatically learned from the data 

through a general-purpose learning approach (14). This enables image classification using the 

image-to-classification method (30). In traditional ML methods, success relies heavily on 

accurate segmentation and the choice of features proposed by experts. These limitations can 

be addressed by DL approaches, as such algorithms can autonomously identify the regions in 

the image most closely associated with the outcome through self-learning (27). A comparison 

between traditional ML methods and DL models is illustrated in Figure 9. 

 
 

Figure 9. Conventional machine learning models of ultrasound-based elastography versus deep learning 

models of ultrasound-based elastography. Conventional machine learning models for ultrasound-based 

elastography depend on carefully human-selected features, whereas deep learning models allow learning by 

automatic feature extraction and assessment of pathological conditions 
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3.1.1. Assessment of Liver Pathology 

Many etiologies of chronic liver diseases follow a common pathway to liver fibrosis, cirrhosis 

and hepatocellular carcinoma (HCC). Hepatocellular carcinoma, the 6th most common form 

of cancer worldwide and the third leading cause of death (31). Liver biopsy has traditionally 

served as the golden standard for staging hepatic fibrosis in chronic liver disease and for 

diagnosing HCC. However, it is invasive and has some limitations such as sampling error and 

post-procedural complications. Compared with standard ultrasonography, elastography has 

become a popular non-invasive technique that provides additional information on liver tissue 

stiffness. Artificial intelligence-based elastography models may help improve diagnostic 

accuracy while reducing the need for unnecessary biopsies for either staging liver fibrosis in 

these patients or differentiating focal liver lesions (FLL) from benign to malignant. 

 

3.1.1.1. Staging of Liver Fibrosis 

Liver fibrosis is a critical factor in the progression of chronic liver disease. Accurate 

evaluation of its extent and progression is crucial for managing and predicting patient 

outcomes. Elastography, which measures liver stiffness, is widely regarded as the primary 

non-invasive method for this assessment. AI-based elastography models are being developed 

to minimize variability in liver stiffness measurements and enhance the diagnostic accuracy of 

liver fibrosis evaluations. 

Currently, it is anticipated that AI using DL methods will enable direct handling of input 

images and reveal information that human experts may not recognize. The superior diagnostic 

performance of deep neural networks (DNNs) compared to conventional machine learning 

classifiers for liver fibrosis staging was demonstrated in Brattain's study (32). To achieve more 

standardized measurements of shear wave elastography (SWE) and detect significant fibrosis 

in patients with non-alcoholic fatty liver disease, an automated framework called "SWE-Assist" 

was developed. This model can automatically verify the quality of SWE images, select a region 

of interest (ROI), and classify the ROI using classifiers such as random forests (RF), support 

vector machines (SVM), and CNNs. CNNs have provided the most significant improvement in 

classification, with an AUROC of 0.89 in a large dataset of 3,392 SWE images. A new method 

called “DL radiomics of elastography” (DLRE) was proposed by Wang (33) with the expectation 

of extracting additional radiomic features. In a study involving 398 patients with 1,990 images 

from 12 hospitals, DLRE achieved AUROC scores of 0.97 for F4, 0.98 for ≥ F3, and 0.85 for ≥ F2, 

which were significantly better than those obtained with LSM and biomarkers (33). The model 

also demonstrated improved performance with an increasing volume of acquired images. 

Since Wang's DLRE model showed limited accuracy in evaluating ≥ F2 fibrosis, Lu (34) 

developed a new model called DLRE 2.0, based on the previous model and utilizing TL for more 

precise assessment of liver fibrosis levels ≥ F2 (34). 
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3.1.1.2. Classification and Assessment of Focal Liver Lesions 

Early detection and precise diagnosis of HCC are essential for choosing the right 

treatment and assessing patient prognosis, making the differentiation of focal liver lesions 

(FLL) a critical task. Because structural changes can be reflected by changes in tissue stiffness, 

ultrasound-based elastography, especially SWE, has been widely used to differentiate benign 

from malignant FLL (35). 

Radiomic approaches have been suggested for various diagnostic applications, 

focusing on extracting features from ultrasonographic images and combining them with 

expert-designed SWE parameters or serologic data (36). 

Specifically, to classify FLL, Wang (37) established two radiomic models: the ultrasonic 

score (based on radiomic features alone) and the combined score (based on radiomic features 

and quantitative features of SWE measurements). With 1,044 features extracted from the 

ultrasonic, they found that the combined score had the best performance, yielding an AUROC 

of 0.92. 

 

3.1.2. Evaluarea tumorilor mamare  

Breast cancer is the most frequently diagnosed cancer among women (38). Precise 

evaluation of breast tumours—including tasks like segmentation, detection, distinguishing 

between benign and malignant masses, predicting axillary lymph node (ALL) status, and 

assessing treatment response—is essential for personalized treatment and better prognosis. AI 

techniques applied to ultrasound-based elastography are anticipated to offer more objective 

and consistent assessments of breast masses. Accurate delineation of these masses in 

ultrasound images is crucial for proper image interpretation. However, manual segmentation is 

labour-intensive and time-consuming (39). Additionally, artifacts, uneven intensity, and blurred 

boundaries in elastography images make automated segmentation challenging. 

Early detection and treatment of breast cancer can significantly decrease mortality. 

Therefore, distinguishing between benign and malignant breast masses holds significant 

value. Although the American College of Radiology Breast Imaging Data System (ACR BI-RADS) 

can provide a standardized and systematic interpretation of breast ultrasound, the problems 

of inter- and intra-observer variability can be effectively addressed by AI solutions (41). The 

most used machine learning algorithms are artificial neural networks and support vector 

machines. Fusion of B-mode ultrasound and elastography ultrasound features generates 

better results than unimodal imaging (42,43). Additionally, research has shown that utilizing 

elasticity features along the edges surrounding the lesion is valuable for breast mass 

classification. (44). 

However, extracting human-created features from elastography images is challenging 

because they often contain irrelevant data (45). Moreover, the performance of classification 

is greatly affected by the choice of specific features. Recently, DL algorithms, especially CNNs, 

have made significant strides in developing AI-based elastography models for classifying 
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breast tumour formations. Zhang et al. (46) utilized CNNs to extract 768 radiomic features 

from segmented B-mode and SWE ultrasonographic images. These features were used to 

develop radiomic scores, which were found to be superior to expert assessments using BI-

RADS and quantitative SWE features in distinguishing benign from malignant breast masses. 

Accurate preoperative assessment of axillary lymph node (ALN) status in breast 

tumour patients is crucial for surgical decisions and prognosis (47). Various AI models have 

been proposed to analyse ALN status using ultrasound images of ALN or the mammary gland 

(48). Zheng et al. (49), developed a deep learning-based radiomics model that can 

differentiate metastatic axillary lymph nodes with an AUROC of 0.905. Understanding how a 

tumour responds to treatment can be valuable for selecting subsequent therapies. 

Additionally, evaluating pathological complete response in breast cancer is crucial, as it is 

associated with long-term survival rates. Fernandes found that the strain ratio—a semi-

quantitative measure calculated by comparing the strain in a normal reference region to the 

strain in the region of interest—could predict the response to neoadjuvant chemotherapy in 

locally advanced breast cancer. Notably, significant changes in tumor stiffness were observed 

as early as 2 weeks into the treatment. 

 

3.1.3. Evaluation of Thyroid Nodules 

Thyroid nodules are very common findings during ultrasonographic examination, and 

the incidence of thyroid cancer is increasing worldwide year by year (51). However, only 5%-

15% of thyroid nodules are malignant, and most of those selected for fine-needle aspiration 

biopsy are benign (52). Differentiating clinically significant malignant nodules from the many 

benign ones remains a major clinical challenge. Effective differentiation would help identify 

patients who need surgical treatment, reduce medical costs, and lessen patient suffering. 

Additionally, lymph node metastases (LNM) are linked to local recurrence, the occurrence of 

distant metastases, and affect the staging of thyroid cancer, which in turn influences surgical 

strategies. Therefore, a reliable and non-invasive diagnostic method is needed to evaluate 

thyroid nodules and predict lymph node metastases. 

 

3.1.3.1. Segmentation and Delineation of Thyroid Nodules 

Segmentation is crucial in AI-based elastography models, as accurately delineated 

features are key to diagnosing malignant thyroid nodules. However, ultrasound images often 

suffer from low quality due to noise, making automatic nodule segmentation a challenging 

task. Huang et al. introduced a novel method for segmenting thyroid nodules that uses an 

adaptive fast generalized clustering algorithm, incorporating both grey level and spatial 

position information from the original image (53). The proposed method achieved an accuracy 

of 0.9981 with Gaussian noise at 0.03 and 0.9986 with Gaussian noise at 0.05. This 

demonstrates its strong ability to suppress noise and its effectiveness in producing more 

accurate results when clustering images with high noise. 
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3.1.3.2. Classification of Thyroid Nodules 

Although elasticity scoring has been introduced in elastography, strain elastography 

(SE) remains a quantitative yet somewhat subjective imaging method. Ding et al. (54) 

proposed a quantitative "hard area ratio" index by converting the original colour elastograms 

of the thyroid from the red-green-blue colour space to the colour-saturation-value hue space. 

The SVM classifier achieved an accuracy of 93.6% when both the hard-area ratio and textural 

features were utilized. Additionally, two studies employed logistic regression analysis to 

examine which sonographic features were linked to thyroid nodule malignancy, and they 

developed formulas to predict whether thyroid nodules were malignant or benign (55,56). 

It remains uncertain whether ML-based diagnostic models can offer a more efficient 

and accurate diagnosis compared to experts in thyroid nodule classification. In a large study 

involving 2,064 thyroid nodules, Zhang et al. (57) compared the diagnostic performance of 

nine ML classifiers, trained on 11 ultrasonographic B-mode (USBM) features and one SE 

feature, with that of radiology experts. The RF classifier achieved the highest AUROC of 0.938, 

surpassing expert diagnosis based on USBM alone (AUROC = 0.924 vs. 0.834) and on both 

USBM and SE (AUROC = 0.938 vs. 0.843). 

Both ML-based visual and radiomic methods are commonly used for diagnosing 

thyroid nodules. Recently, Zhao et al. (58) found that the ML-assisted visual ultrasound (US) 

approach outperformed the radiomic approach and the American College of Radiology 

Thyroid Imaging Reporting and Data System (ACR TIRADS) in diagnostic ability (AUROC: 0.900 

vs. 0.789 vs. 0.689 for the validation dataset; 0.917 vs. 0.770 vs. 0.681 for the test dataset). 

Moreover, using the ML-assisted visual US combined with SE reduced the rate of unnecessary 

fine-needle aspiration biopsies from 30.0% to 4.5% in the validation dataset and from 37.7% 

to 4.7% in the test dataset. Because DL is data-intensive and the absence of standardized 

images can lead to overfitting, TL strategies have been applied in some studies for thyroid 

nodule classification (59,60). Qin et al. (59) proposed transferring feature parameters learned 

from VGG16, pretrained on ImageNet, to ultrasonographic images. By using a combination of 

USBM and SE features, a CNNs model was built. This AI-based method achieved an accuracy 

of 0.947, outperforming other methods that relied on a single data source. Pereira et al. (60) 

compared the performance of conventional ML approaches based on feature extraction, fully 

trained CNNs, and TL-based pretrained CNNs for detecting malignant thyroid nodules. The 

results showed that the pretrained network achieved the best classification performance, with 

an accuracy of 0.83, which was superior to that of the fully trained CNNs. This may be due to 

the relatively limited sample size used to train the fully trained network. 

 

3.1.4. Evaluation of Cervical Lymph Nodes 

Although papillary thyroid cancer (PTC) is an indolent cancer, 20 to 90% of patients 

with PTC are diagnosed with cervical lymph node metastases (CLNM) (61), which are 

correlated with recurrence and decreased survival. Accurate estimation of CLNM in PTC 



231  

patients is clinically important. Liu et al. (62) constructed a radiomics-based model that 

extracted 684 radiomic features from both USBM and SE images to estimate CLNM in patients 

with PTC, obtaining an AUROC of 0.90, which was better than using features extracted from 

USBM or SE images separately. However, it used only radiomic features without considering 

other clinical information. Jiang's team (63) developed a radiomic nomogram by incorporating 

the radiomic features of SE as well as clinico-pathologic risk factors to predict CLNM in patients 

with PTC, which showed good diagnostic performance in the training set (AUROC of 0.851) 

and the validation set (AUROC of 0.832). 

 

3.2 Multiparametric Ultrasonography (MPUS) 

The diagnostic abilities will be greatly improved with the help of AI methods applied 

on elastography images, especially multiparametric ones, which contain several ultrasound 

imaging methods (standard ultrasound, elastography and contrast-enhanced 

ultrasonography-CEUS) and other medical imaging techniques (MRI and Computed 

Tomography). Although all available studies showed that models based on multiparametric 

imaging outperformed those based on a single modality, the efficiency in model development 

depends on the availability of datasets. On the one hand, an additional imaging modality may 

help provide more efficient and comprehensive information. 

If multimodality imaging data are available and acquired in a standardized fashion, it 

is expected that elastography imaging in combination with standard ultrasound or other 

modalities will help improve diagnostic accuracy. On the other hand, the model based on 

unimodal images gave acceptable performance and can be more easily obtained. AI models 

based on these are also easier to use and generalize in the clinic, especially in primary care 

hospitals. Thus, higher accuracy should not be the only factor considered when selecting a 

unimodal or multimodal prediction model; the applicability of the model in different 

institutions should also be considered. 

Overall, available studies suggest that AI is a powerful tool for assisting with various 

clinical tasks across different pathologies with consistent results. While diagnostic 

performance can vary depending on the disease, AI methods applied in elastography have 

shown exceptional capability in differentiating between malignant and benign breast masses, 

identifying focal liver lesions and thyroid nodules, staging liver fibrosis, and predicting lymph 

node metastases. The performance of many AI applications has been shown to be comparable 

to or even exceed that of experts, partly due to the growing availability of high-quality datasets 

and optimized AI methods. However, further validation with larger datasets is necessary to 

confirm these results. Additionally, non-uniform acquisition methods and variability in 

ultrasound data present significant challenges that affect the comparison and generalizability 

of different methods across various tasks. Developing standard databases for different 

ultrasound applications is a key future direction for advancing these studies. 
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3.3. Advantages and Limitations of Artificial Intelligence Technologies in 

Elastography 

Early ML-based elastography models primarily focused on extracting discriminative 

features from elastography images or from a combination of standard ultrasound and 

elastography images, often using texture features and elasticity indices. These features were 

then input into classical ML classifiers, such as SVM, RF, or artificial neural networks, to 

improve diagnostic accuracy and efficiency. However, with DL models, such as CNNs and those 

based on various training strategies like GoogleNet, AlexNet, VGG, ResNet, and DenseNet, 

there is no need for manual feature computation and image segmentation. These DL models 

can automatically learn hierarchical features, addressing some of the limitations of traditional 

ML processes. Additionally, numerous significant radiomics studies have been conducted. 

Radiomics enables the quantitative extraction of high-throughput features from medical 

images that are not immediately apparent. These features can then be used to build 

classification or prediction models using ML methods, either based solely on radiomic features 

or in combination with clinical disease-related information. 

However, there are still challenges in generalizing AI methods applied to ultrasound-

based elastography in clinical practice. One of the main challenges is the lack of large, high-

quality datasets. Since deep learning algorithms are "data hungry," large-scale multicenter 

studies with well-annotated datasets are necessary to better assess the diagnostic value of AI 

in elastography imaging. A common approach to addressing this issue is to increase the 

available data through artificial augmentation, which includes random transformations such 

as flipping, rotating, translating, and zooming (9). Another common strategy is TL, which can 

transfer learned parameters from one dataset to another target dataset. Recent advances in 

novel DL architectures, including unsupervised learning, Generative Adversarial Networks 

(GANs) (64), for example, and Federated Learning (65), have shown great promise to 

circumvent the data sparsity obstacle. GANs, which consist of a generator and a classifier, can 

help generate synthetic medical images to train deeper architectures. GANs have been shown 

to be very effective at synthesizing medical images between MRI and CT images (66, 67). 

Federated Learning allows multiple centers to collaboratively build an ML model based 

on datasets that are distributed across multiple devices, while preserving the confidentiality 

of private data. This can be useful to help address privacy and ethical concerns when patient 

data is shared between different centers. Also worth mentioning are Graph Neural Networks 

(GNNs), which focus on learning data represented as graphs (68). GNNs have been applied to 

several computational tasks, including image classification (69) and image segmentation (70).  

Another challenge is the lack of transparency in interpreting deep learning (DL) 

approaches, often referred to as the "black box" problem. This means it is difficult for experts 

to explain the results produced by DL models. Without a clear understanding of how input 

data relates to output, identifying the features used for interpretation can be nearly 

impossible, which may lead to reluctance among experts to accept conclusions drawn from 

such AI models. The development of "heatmaps" (AI-generated "attention heatmaps" that 
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highlight the elements of the model design most likely to be noticed) can help address this 

issue. 

In addition to the previously mentioned impediments, ultrasound-based elastography 

presents unique difficulties. Firstly, irrelevant patterns such as noise, artifacts, and regions 

lacking elastography information can complicate both manual and automated feature 

extraction. Consequently, there is a need for further improvement in elastography image 

quality. Secondly, because ultrasound is frequently used as a first-line imaging modality, there 

is often an imbalance with an overabundance of normal images, which can diminish the 

diagnostic accuracy of AI models. Additionally, the generalizability of developed AI models 

presents another challenge. Most datasets are generated by a single type of device and from 

a single collection center, and current AI research often focuses on specific tasks within a 

broader system, such as segmentation or classification. All these factors contribute to 

limitations in the generalizability of AI models. 

It is unlikely that artificial intelligence will replace experts in the near or distant future 

due to the complexity involved in creating and training an AI model. What is imperative is for 

experts to understand the fundamental principles of AI and apply them effectively to the 

interpretation and analysis of medical images (which is, in fact, the basis of this chapter). While 

AI can provide a second opinion based on elastography models using ML or DL techniques, the 

final diagnostic decision should always be made by the expert. 

In 2016, Geoffrey Hinton, often considered a pioneer in artificial intelligence, stated: 

“We should stop training radiologists now. In 5 years, deep learning will probably be better 

than radiologists.” However, a more plausible scenario might be: “AI will not replace doctors, 

but doctors who use AI will replace those who do not.” AI has the potential to reduce the 

workload for doctors and decrease the risk of burnout. The future will reveal the exact role of 

AI in medical practice (and in elastography), in a field where time seems to be accelerating. 
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Chapter 9. Chapter 9. Chapter 9. Chapter 9. Breast ElastographyBreast ElastographyBreast ElastographyBreast Elastography    

    Dana Stoian 

 

We may think of elastography as a continuation of the palpation, as a quantitative 

palpation, more objective than the qualitative clinical examination by convectional palpation. 

The evaluation of structures dislocation, when exposed to external pressure, estimates the 

tissue stiffness. This principle is used not only in ultrasound diagnostic techniques, but also in 

optical and magnetic resonance evaluations.  

From the exiting elastographic techniques, breast elastography uses free hand 

compression elastography, the strain technique (SE), where the different deformation of the 

tissue exposed to externally applied pressure is assessed and compared, respectively the 

shear wave technique (SWE), evaluating the propagation of the shear wave, generated by the 

ultrasound probe, within the scrutinized tissues.  

Regardless of the technique, the results of elastography pertain to the BIRADS 

classification system (1), being considered as associated features, along with architectural 

distortions, ductal and skin aspects, oedema, and vascularization, as part of the 

comprehensive multiparametric evaluation of breast lesions, besides gray scale conventional 

diagnostic criteria.  The need to improve breast ultrasound diagnosis derives from the limited 

positive predictive value of combined gray scale and Doppler techniques, described as up to 

40-60% (2–6).     

The premises of the use of elastography in the ultrasound diagnosis of breast lesions 

are supported by demonstrated data (7,8) regarding the significant differences in the elastic 

module of preglandular fatty tissue, healthy breast tissue, respectively breast cancers, which 

showed increased stiffness, when exposed to moderate pressure, whether it was the ductal 

in situ,  the infiltrative variant, or the isolated lobar carcinoma. When applied to breast, 

elastography is offered just in the presence of circumscribed/localised lesions, the stiffness of 

which is to be compared to the one of the healthy surrounding tissues. 
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9.1. Technique of examinaWon 

The elastographic examination, either by strain (SE), or shear-wave (SWE) technique, 

is made by using multifrequency linear transducers. The choice of the right frequency depends 

on the depth of the lesion: superficially located nodules require high frequency probes, while 

more deeply located nodules require lower frequencies, but the vast majority of lesions can 

be evaluated by the standard frequency range offered by the vendors, comprised between 5 

and18 MHz.  There are some general rules to be applied in any elastographic evaluation, in 

order for the results to be correct and valid (3).   

The transducer will be placed in a perpendicular position to the breast examination 

plane (Fig. 9.1.1), and not obliquely (Fig. 9.1.2), (3), with the arm of the examiner in a fixed 

position, avoiding exerting excessive external pressure. 

                      

Fig. 9.1.1: Perpendicular position of the  Fig. 9.1.2: Oblique position of the 

transducer on the examination plane  transducer on the examination plane 

 
Using the perpendicular position to the examination plane, the examination failures 

due to unneeded transducer movements or excessive external pressure are avoided. For big 

breasts, lower frequencies of up to 10 MHz are preferred (9), (Fig. 9.1.4), because of their 

deeper penetration power compared to the standard frequencies, 15 MHz, as seen in Fig. 

9.1.3, regardless of the vendor. We can observe the differences between the two images, 

where a deeper penetration enables a better evaluation of the examined ectatic duct.  
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Fig. 9.1.3: 15 MHz linear transducer  Fig. 9.1.4: 10 MHz linear transducer 

The avoidance of excessive external pressure during examination (10) is one of the 

most important prerequisites for a correct breast elastography examination. The 

recommendation is to perform elastography, after the gray scale ultrasound evaluation, with 

a fine withdrawal of the transducer, until it offers a minimum contact with the skin (9). 

External pressure quality control system is offered by each vendor, quality images being those 

where the pressure level is maintained constant in the recommended range, displayed on the 

screen. - Fig. 9.1.5-6. 

          

Fig. 9.1.5: Correct pressure: level 3-4   Fig. 9.1.6: Correct pressure: stable green bar 

Hitachi/Fujifilm US machine   Philips US machine 

 

Using external pressure outside the recommended range will generate distorsioned 

images; insufficient external pressure will yield a false reduction of the stiffness, as seen in  

Fig. 9.1.8, compared to the actual stiffness - Fig. 9.1.7, respectively applying an increased 

external pressure will induce an exaggerated tissue displacement, generating false increased  

stiffness, as seen  in Fig. 9.1.9 (9). This phenomenon is described both in strain and in shear 

wave elastography (3). 
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Fig. 9.1.7: Correct external pressure -  Fig. 9.1.8: Insufficient pressure - 

actual stiffens (Rago 2)     low stiffness (Rago1) 

 

 

Fig. 9.1.9: Excessive external pressure - 

Increased stiffness (Rago 4) 

 

Not only in SE but also in SWE (Fig. 9.1.10), there are signs suggesting excessive 

external pressure: appearance of vertical, parallel lines, coloured in blue, yellow, or red are 

highly suggestive images for high external pressure (Fig. 9.1.11 and 9.1.12), generating falsely 

increased stiffness in the subjacent region. Insufficient pressure with incomplete contact of 

the transducer to the skin will generate incomplete images.  

                     

Fig. 9.1.10: Sufficient pressure       Fig. 9.1.11: Excessive pressure             Fig.9.1.12: Intense pressure 

       Homogenous image   Vertical yellow lines        Vertical red lines 

        Soft nodule (cyst)   Mimicking solid nodule        Falsely increased stiffness 
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 The necessary movements of the transducer are different for different providers and 

elastographic techniques.  The strain technique usually needs the so-called ”Parkinson 

vibrating technique” with minimum movements, high frequency and low amplitude around 1 

mm (3) – an excellent technique for the evaluation of superficial lesions, like nodular breast 

disease (9). In the case of SWE technique, it is mandatory not to use any movement of the 

transducer, in order to not induce any deformation/flattening of the breast tissue to be 

evaluated (9). The scanning must be performed slowly, with stable images of at least 0.5 

seconds (2,3). 

There are some US machines offering evaluation systems for both quality (M STB scale) 

and stability of the image, (RLB index), displayed as a scale, rated from 1 to 5, with 1 to 3 stars 

suggestive for unstable image due to unstable transducer, - Fig. 9.1.13, respectively 4 to 5 star 

images, optimal images for use, because of pressure and position stability, ideally for the 

clinical use. Images with reliability indexes higher than 80% should be used.   

  

  a       b 

Fig.  9.1.13: 2D-SWE evaluation Mindray Reasona 9 US machine 

a. RLB index of 95%, 5 star stability map  - ideal image 

b. RLB index of 16%, 3 star stability map – not to be used image 

 

 

The Field of View (FOV) needs to be correctly identified. Since SE evaluates the 

differences in the stiffness of different tissues, any measurement needs to comprise sufficient 

healthy tissue, shrouding the observed lesion. The evaluated lesion needs to be positioned in 

the centre of the FOV occupying up to a maximum of 25-50% from the total area of the FOV 

(9) (Fig. 9.1.14). The same principle of the centrality of the lesion needs to be applied both in 

sagittal as in the orthogonal plane. The FOV must comprise all the anatomical layers, starting 

with the skin, the subcutaneous tissue to the muscular pectoralis plane, respectively the bone 

plane (9) (Fig.9.1.15). In case of large nodules, exceeding the length of the transducer, 

respectively larger than the maximum obtainable FOV, there are recommendations to place 

the lesion eccentrically, with a minimum layer of healthy tissue surrounding the lesion, in 

order to perform an acceptable measurement (3), as described in Fig.9.1.16 and 9.1.17.  
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Fig. 9.1.14: Nodular lesion placed in the centre              Fig. 9.1.15: Nodular lesion placed in the centre 

of the FOV (transversal section)   of the FOV (anteroposterior section) 

 

   
Fig. 9.1.16: Large nodule occupying  Fig. 9.1.17: Large nodule occupying 

more than 50% of the FOV   more than 50% of the FOV 

 

The same principle is valid for the SWE technique, where the FOV needs to comprise 

both the breast lesion which needs to be evaluated, and the healthy perilesional breast tissue, 

of at least 5 mm in size, respectively all the anatomical layers, for the skin to the pectoral 

muscles structure (11).     

For the SE examination, the patient must be positioned so as to minimise the impact 

of respiratory movements (12), with the rotation of the patient in the plane of the movement 

(13). The examination of external quadrants requires an internal oblique position, respectively 

the evaluation of inner quadrants requires an external oblique position of the patient (3). In 

SWE examination, the lesion must be positioned more than 5 mm and less than 4 cm to the 

skin, (12) and positions that reduce the depth of the preglandular fat layer are to be preferred.   

The optimum SWE image requires, besides the general conditions previously 

mentioned, regarding pressure, size and position of FOV, the adjustment of gain, in order to 

limit the noise artefacts, as seen inn Fig 9.1.18, observed in cases of excessive intensity, as 

seen in Fig 9.1.19. 
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Fig. 9.1.18: Optimal gain, complete   Fig. 9.1.19: Increased gain, complete 

image, no artefacts/noise   image with additional visible pixels  

  gain of 90%     gain of 100% 

 

The optimisation of the ratio of resolution versus penetration imposes the adjustment 

of resolution, in the case of small lesions, respectively of the penetration, in the case of 

profound lesions. The image scale can be adjusted: usually the upper normal value is 180 kPa, 

but it can be increased up to 300 kPa. This adjustment is needed for very dense lesions, for a 

better colour code map classification, as seen in Fig. 9.1.20 (a-c). 

         

Fig.9.1.20.a: B-5 ES=5 Scale maximum 100 kPa  Fig.9.1.20.b: B-5 ES=4 Scale maximum 200 kPa 

 

Fig.9.1.20.c: B-5 ES-5 Scale maximum 300 kPa 
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9.2. Strain elastography (SE) 

The main premise in the elastographic diagnosis of nodular diseases is that most 

cancers are stiff, respectively most benign lesions are soft.  The stiffness of cancer lesions is 

induced by desmoplastic peritumoral reaction, the infiltration of the interstitial tissue or of 

the ductal compartment by the neoformation tumoral tissue (14). 

SE does not directly measure the tissue elasticity, but it evaluates the differences in 

stiffnes in the exposed tissues to the external pressure and displays such differences as a 

colour code map. The colour code and legend can be different for different manufacturers.  

The colour convention from soft to stiff is displayed on the screen of the ultrasound machine, 

as seen in Fig. 9.2.1 and 9.2.2. Regardless of the producer, in SE, the elastography image is 

displayed in real time, concurrently with the grey scale image, thus allowing a complete and 

integrative image evaluation. 

   

Fig. 9.2.1: Scale red/stiff – blue/soft Hitachi   Fig. 9.2.2: Scale red/stiff – blue/soft E 7500 

Machine      Philips EPIQ 

 

The double checking of the quality of the elastography image requires the 

retrospective evaluation of the screen loop, by choosing the most stable colour distribution of 

the pre-recorded frames (3).  

The SE is a relative technique which evaluates the differences in the tissue dislocation 

when exposed to the same external pressure (13). Results can be displayed by three methods: 

a. qualitative technique, colorimetric evaluation of the predominant colour in the nodule; b. 

semiquantitative technique, with the computed ratio between the stiffness of the nodule and 

the pre-glandular fatty tissue and c. the ratio between the maximum size of the lesions in 

elastography compared to the same axis size, in grey scale evaluation, the E/B ratio. 

a. Qualitative evaluation quantifies the stiffness of the lesion. In breast elastography, 

the Tsukuba score is generally used. It comprises five categories:  score 1 with the whole 

nodule soft (Fig. 9.2.3), score 2 with predominance of stiffness in the nodule, with some point 

of increased stiffness, (Fig. 9.2.4), score 3 with the centre of the lesion hard and the periphery 

soft, respectively predominant stiffness (Fig. 9.2.5), score 4 with the entire lesion stiff (Fig. 

9.2.6), and score 5 when the stiffness exceeds the size in grey scale (Fig. 9.2.7-8).  
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Fig. 9.2.3: Score 1: complete elasticity          Fig. 9.2.4: Score 2: stiffness points 

  

Fig. 9.2.5: Score 3: central stiffness       Fig. 9.2.6: Score 4: complete stiffness 

 

  

Fig. 9.2.7: Score 5 with the stiffness           Fig. 9.2.8: Score 5 with the stiffness 

exceeding the contour of the nodule            exceeding the contour of the distortion 

 
Additionally, there is a subcategory to be considered, 1* (3,12) presented in Fig. 9.2.9, 

the so-called Blue-Red-Green sign– BRG, an artefact described in cystic lesions, regardless of 

simple or complex cyst (14). This aspect is characteristic to mobile fluid collections, the 

presence of a solid part inducing a defect in the area of the artefact (Fig. 9.2.10), with a 

diagnostic sensitivity and specificity of 100% (14). Mucinous or medullar lesions, even if soft, 

do not show this artefact (14), despite their increased elasticity. 
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Fig. 9.2.9: complete BRG sign Fig. 9.2.10: stiff area in the BRG area  

Fluid only content  induced by the solid intralesional 

 vegetation 

 
 

In the case of a voluminous fluid lesion, the transmission of the dislocation waves is 

interrupted, resulting in the partial or total absence of an elastogram (Fig. 9.2.11 and 9.2.12). 

   

Fig. 9.2.11: Large simple cyst    Fig.9. 2.12: Multiple simple cysts  

Incomplete BRG artefact    small lesion – complete BRG sign 

       large lesion – absent BRG sign 

 
Adherence to this classification is justified also by a very small intra- and interobserver 

variability, comparable to the classic BIRADS criteria (14). From the colour code perspective, 

categories 1, 1* and 2 are typical benign, respectively scores 4 and 5 are typical malignant 

(2,9,14,15), some authors describing category 3 and 4 (14) as suggestive for malignancy. Other 

authors consider score 3 lesions as equivocal (16) between benign and malignant. The 

qualitative technique shows a sensitivity between 87 to 93% and a specificity of 83 to 90% 

(9,13,17,18). 

 

b. The semiquantitative technique is used for the quantification of the stiffness of any 

circumscribed lesion, relative to the one of the surrounding tissues. Since pre-glandular fatty 

tissue proved to have constant elastic modulus, in different compression models (7), with 

minimum inter-patient variations patients (9), this tissue is always used as a reference for the 

stiffness ratio calculation, the so-called Fat Lesion Ratio, (FLR). The ratio is automatically 

computed by the ultrasound machine, as a division between the mean dislocation in the pre-
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glandular fatty tissue and the mean dislocation of the evaluated lesion, when exposed to the 

same external perpendicular pressure. After freezing the image and choosing the best image 

for the pre-recorded loop, a region of interest (ROI) is defined, to comprise the entire lesion 

under measurement, and the second ROI, automatically generated, is placed in the pre-

glandular suprajacent tissue (2,9,12) (Fig. 9.2.13.a-d and Fig. 9.2.14). The visualisation of ROI 

is different according to the graphic interface of each vendor.  

 

 

    

Fig. 9.2.13: Semiquantitative SE   with FLR evaluation. Hitachi Preirus US machine. 

a. Score 1, FLR = 2.20 b. Score 2, FLR = 0.97 c. Score 3, FLR = 4.35 d. Score 4 FLR = 107.2 

 

                            

Fig. 9.2.14: Automatic in real time FLR calculation. Philips Equip US machine   
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The elasticity curves are obtained for each tissue with automatic comparison. Since 

the algorithms behind the calculation of FLR are different for each major vendor, no unique 

threshold value of FLR is defined and validated (9) in terms of defining benign versus malignant 

lesions. Values between 0.5 to 4.5 are described in the literature as being suggestive for 

malignancy, with a mean sensibility of 88% (84-91%) and a mean specificity of 83% (78-88%) 

(18). Other publications suggest a higher sensitivity of 83-91% compared to the global 

specificity of 68-91%, for FLR threshold values from 2.3 to 4.8. Despite this robust data, a new 

metanalysis (19) reemphasise the unsolved problem of the agreement for the suggestive FLR 

ratio.  

c. The E/B ratio evaluation assesses the ratio between the maximum diameter in gray 

scale (B) (Fig. 9.2.15.a) and the same axis diameter of the lesion observed on elastography (E) 

(Fig. 9.2.15.b). The rationale behind this procedure is the fact that most malignant lesions 

seem larger in elastography compared to conventional ultrasound evaluation (13). The ratio 

can be calculated in any incidence, but same plane diameters must be compared (9). Three 

consecutive measurements are recommended, and the higher ratio will be taken into account 

in the the final evaluation. A value higher than 1 is suggestive for malignancy, values less than 

1 are characteristic for benign lesions, with an excellent sensitivity of 98% (93-99%) and a good 

specificity of 72% (31-96%) (20). This technique is available for any US machine able to perform 

elastography. 

 

          

Fig. 9.2.15.a:  Gray scale:  BI- 4 lesion   Fig. 9.2.15.b: Elastography image BI-4 lesion 

size = 13.9/11.3 mm     size =  18.8/11.3 mm 

E/B ration = 18.8/13.9 = 1.4      Hitachi Preirus US machine, Path:  CDI  

 

False negative results of the E/B ratio are observed in soft cancers, such as metastatic 

foci or intramammary lymphoma (21) (Fig. 9.2.16).  
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Fig. 9.2.16: Polilobulated Bi-4 lesion 

Gray scale diameter = 35 mm 

Elastography image diameter = 28 mm 

E/B ration = 28mm/35mm = 0.8     

Hitachi EUB 7500 US device 

Path: Multiple myeloma 

 

False positive results of the E/B ratio can be observed in mastitis cases (22) (Fig. 9.2.17), 

probably due to the perilesional oedema.   

 

 

Fig. 9.2.17: Architectural distortion Bi-4: gray scale size= 22 mm, elastography size = 28mm 

E/B ratio= 28/22= 1.27 Hitachi EUB 7500. Path: acute mastitis 
 

Despite these limitations, E/BB ratio offers the best accuracy among all semiqualitative 

techniques that can be applied with strain elastography, differentiating between malignant 

and benign lesions with a sensitivity of 96%, respectively a specificity of 88% (23).  

Subchapter 9.7 summarise the clinical use of elastography in the diagnosis of breast 

lesions.   
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9.3. Limits of strain elastography 

The most important limits in the strain technique evaluation, besides the rules to 

comply with, like external pressure intensity, the position or size of ROI, and the majority of 

the pitfalls described in the strain elastography technique are presented below.  

The absence of pre-glandular fatty tissue does not allow for the calculation of the 

stiffness ratio. The comparison with other adjacent structure, besides pre-glandular fatty 

tissue, is not recommended (Fig. 9.3.1). 

 

 
Fig. 9.3.1:  Absence of pre-glandular fatty tissue 

 

The size of the lesion limits the quality of the image, if the size exceeds the size of the 

ROI and also due to the deformation of the tissues and the alteration of the contact transducer 

– teguments, altering the final elastography image (Fig 9.3.2 and 9.3.3) (20,24). 

  

Fig. 9.3.2: Lobar cancer    Fig. 9.3.3: Lobar cancer 

Large size lesion exceeding the ROI  deformation of the teguments 

Inability for a correct measurement  incomplete elastogram 

 

The depth of the lesion is one of the most important causes of altered elastographic 

images (20,24,25), due to the alteration of the waves induced by the external pressure 

imposed by the examiner. There is not a threshold for the perfect penetration of the 

dislocation waves, and depths comprised between 2.5 cm (26,27) and 4 cm (28), for the most 

inferior point of the lesion compared to the skin surface, are mentioned in the literature.  
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Fig.9.3.4: Partial visualisation of the   Fig. 9.3.5: Partial visualisation of the 

Inferior portion of the tumour (3.2 cm)  Inferior portion of the tumour (3.5 cm) 

BI-5, Path: CDNS     BI-5, Path: LC 

 
The presence of a breast implant changes the dislocation of suprajacent tissues (29). 

The submuscular implant can alter the elastography, due to the compression effect that is 
induced on the surrounding tissues located in a superior position. This effect is more prone on 
profound, pre-pectoral located breast solid nodules (30) (Fig. 9.3.6), which effect is not 
observed in superficial located nodules (Fig. 9.3.7).   

 

  

Fig. 9.3.6: Bi-4. TSUKUBA 3   Fig. 9.3.7: Bi-3.  TSUKUBA 1 

Prepectoral located solid lesion  Intraglandular located solid lesion 

Path: Fibroadenoma    Path: Fibroadenoma 

 
False negative results are rare and characteristic for soft cancers, such as medullary, 

papillary or mucinous variants (31). The fact that accelerated growing aggressive tumours, due 

to high growing speed and increased cellularity, develop intra-tumoral necrosis with less 

fibrosis, is general accepted (32), and can explain low stiffness in some very aggressive 

cancers, as an exception to the rule. Besides these situations, mucinous cancers, very rare, 

representing 1-2% of false diagnoses of breast malignancy, due to the predominant mucinous 

content (33), with an associated low rate of cell proliferation (9), are the typical examples of 

soft breast cancers (20, 25), as depicted in Fig 9.3.8. Despite such general considerations, there 

are series of cases of mucinous cancers, presented in the literature, that tended to be stiff (32-

34), with a heterogenous aspect, in an inversed relationship between the mucinous content 

and the degree of stiffness (Fig 9.3.9) (35).  
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Fig. 9.3.8: Soft mucinous carcinoma  Fig. 9.3.9: Stiff mucinous carcinoma  

TSUKUBA 1 colour code score   TSUKUBA 3 colour code score 
 

In nonglandular tumours, with intramammary location, such as multiple myeloma, 

lymphoma, metastases, the general rule of stiffness suggestive for malignancy does not apply, 

these tumours being usually soft (Fig.9.3.10) (12,13,21). 

  

Fig. 9.3.10: Intramammary metastasis of multiple myeloma. TSUKUBA score 2. FLR =1,77 

 
The tumoral necrosis parts of breast cancers, often induced by the imbalance between 

the increased cell population and the neovascularisation (32), is soft, but the conventional 

image remains highly suggestive of malignancy, which does not alter the BIRADS category of 

the nodule (Fig. 9.3.11).  

                                            

Fig.9.3.11: Invasive lobar carcinoma  B-5 on gray scale ultrasound. TSUKUBA  score 2 



255  

False positive results are to be expected in the case of benign lesions difficult to 

compress due to fibrotic tissue, as in fibrotic scars or postmenopausal fibrosis, these being the 

most frequent causes of false negatives (38–40) (Fig. 9.3.12) or if the lesion has high cellularity 

such as in sclerosant adenosis (28), intraductal or old fibroadenomas (36,37). Additionally, the 

presence of breast implants may falsely increase the stiffness in profoundly located solid 

lesions.  

                                      

Fig. 9.3.12: B-5 lesion. TSUKUBA score 4 

Path: nontumoral postmenopausal fibrosis 

 
Calcifications are also associated with the alteration of the elastogram, inducing high 

stiffness in the evaluated region (2,20,25), but the phenomenon is not universal (Fig.9.3.13). 

The presence of an eggshell calcification does alter the elastogram, because of the lack of 

penetration of the dislocation waves in the central part of the nodule, not calcified (Fig. 9.3.14) 

(41). 

   

Fig. 9.3.13: B-3 Punctiform calcification    Fig. 9.3.14: Eggshell calcification, 

B -3 TSUKUBA 3    Path: adenosis sclerosant   B-5 Tsukuba 4 Path: calcified fibroadenoma 

 

Sclerosant adenosis, a variant of mastopathy, can mimic the breast cancer observed in 

both clinic and conventional ultrasound examinations (42,43), and with elastography (44) (Fig. 

9.3.15 and 9.3.16). Caution is needed, because this proliferative variant of adenosis can coexist 



256  

with in situ mammary carcinoma (Fig. 9.3.17 and 9.3.18), and elastography is not always 

suggestive. 

   
Fig. 9.3.15: B-4. TSUKUBA score  3   Fig. 9.3.16:  B-4.  TSUKUBA score 4 

Path: adenosis sclerosant     Path: adenosis sclerosant 

 

   

Fig. 9.3.17: B-3. TSUKUBA score 2    Fig. 9.3.18: B-5 . TSUKUBA score 3 

HP: adenosis sclerosant + CDI NOS   HP: adenosis sclerosant + CDIS  

 
In the same category of lesions which are difficult to assess, cystic carcinomas have to 

be considered (12,13,45). In their case, perilesional fibrosis, revealed by elastography, is a 
valuable, highly suggestive sign, for a peritumoral desmoplastic reaction (Fig 9.3.19 and 
9.3.20) (46,47). 
 

   
Fig. 9.3.19: B-4. TSUKUBA score 3    Fig. 9.3.20: B-2. TSUKUBA  score 1 

Path: adenoid cystic carcinoma    Path: sclerosant adenosis (48,49) + CDIS  
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Breast abscess can also result in false negative results in elastography. Classic 
ultrasound criteria are usually highly suggestive for the final diagnosis (Fig.9.3.21), but, in the 
absence of typical signs and a relevant clinical history, such lesions can be erroneously referred 
to CORE biopsy, due to their increased stiffness (Fig. 9.3.22). 
 

   

Fig. 9.3.21: B-4. TSUKUBA score 4   Fig. 9.3.22: B-3.  TSUKUBA score  3 

Path: Abscess       Path: Abscess   

 

Previous published papers mention that intraductal papilloma can associate secondary 

increased stiffness (37), representing the higher rate of false positive results, due to the 

overlapping of elastographic characteristics, so any intraductal proliferation imposes 

diagnostic caution (50) (Fig. 9.3.23 and 9.3.24). 

 

  

Fig. 9.3.23: B - 3. TSUKUBA  score 4   Fig. 9.3.24: B-3. Scor TSUKUBA  score 2 

Path: intraductal papilloma   Path: intraductal papilloma  

 

Breastfeeding adenoma is another example for difficult-to-diagnose lesions. This is 

characterised as a solid lesion, partial circumscribed, usually with a pseudo-capsule, with 

central inhomogeneity, intralesional fibrotic septae (51–53). Increased stiffness can be 

expected in such cases, usually heterogenous, mainly stiff (54) - Fig. 9.3.25. 
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           Fig. 9.3.25: B-5. TSUKUBA 4 score, Path: breastfeeding adenoma 

  

 

9.4. Shear Wave Elastography (SWE) 

Shear wave elastography, SWE, has a different basic principle: the propagation of shear 

waves with different speeds according to the stiffness of different tissues (3). Significant 

differences are described between the speed of waves when traveling through preglandular 

fatty tissue, breast glandular tissue, cystic lesions, or solid masses (55). The technique is based 

on the measurement of speed in the region of interest, in real time. The shear waves are 

automatically generated by the transducer (56), the phenomenon being known as radiation 

force of the ultrasounds beam. Technically, there are systems that generate a unique wave 

for each impulse, with postexposure image reconstruction, namely point SWE, respectively 

systems that are able to generate multiplane beams, with a real time image, the 2D-SWE 

variant.  

Point SWE is mentioned among the elastographic techniques used in breast diagnosis, 

as a possible option to assess tissue stiffness, measuring the speed of the acoustic force 

generated by a focused ultrasonic impulse (57). The technique is considered to be able to 

generate valuable information related to solid breast masses (58,59). The evaluation is usually 

made quantitatively, VTQ, measuring the shear wave, perpendicular to the direction of the 

acoustic pulse, calculating the speed, in m/s, which speed is called velocity of the shear wave 

and is proportional with the consistency of the penetrated tissues, (VS) (Fig. 9.4.1). 
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Fig. 9.4.1: point SWE evaluation, with the value of SWV (m/sec) 

 

Additionally, qualitative variants are also offered, VTI technique using a short acoustic 

impulse that compresses the structures/tissues within the ROI, generating an acoustic map in 

grey scale, with the grey intensity proportional to the stiffness of the structure (31,60). The 

map does not appear in real time but offers static images of the structures present in the ROI. 

(31). Because breast cancers are usually very heterogenous, this technique cannot offer a 

comprehensive image of an entire breast nodule, so there are voices advising against the use 

of this technique in the diagnosis of the breast (9,25).  

                         

Fig. 9.4.2 6.2. Grey scale color code map pSWE 

The studies related to the use of pSWE in the diagnosis of breast nodular pathology 

are limited, suggesting significant differences between benign and malignant lesions (61–63), 

with a threshold value of 3.6 m/s for the shear wave velocity, as suggestive for malignancy, 

with a sensitivity of 90% and a specificity of 80.6% (64).  

If the most important limit of pSWE is intended to be overcome, namely the 

techniques’s blind/randomly way of placing the ROI in an observed nodule, in the presence of 

increased speed, the specificity of the method reaches 100% but with a significant decrease 

in sensitivity (31).  

The Aixplorer system (Supersonic Imagine - Hologic) is able to evaluate 20,000 

images/second, due to the high number of acoustic beams generated by the transducer, 
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creating a moving picture of the wave propagation in the ROI, as well as a secondary map of 

the elasticity/stiffness. These events are in real time, with a short delay of just milliseconds. 

There is no need for additional movements from the operator. The final real time image 

always displays the elastographic image parallel to the grey scale image, allowing for a correct 

and integrated evaluation of the obtained images. This technique is called multiplane SWE or 

2D-SWE.  

A stable image is chosen, without any pressure artefacts, usually displayed as vertical 

greenish lines, as depicted in Fig. 9.1.10, and without any movements, as seen in Fig. 9.1.17, 

with correct gain and amplification avoiding noise artefacts as depicted in Fig. 9.1.18, using 

the elasticity standard scale, Fig. 9.1.19. The circumscribed lesion needs to be placed in the 

middle of the FOV (Fig. 9.4.3), on both transversal and anteroposterior directions, with all the 

anatomical layers visible in the FOV, from the skin to the entire muscle plane (Fig. 9.4.4) (3). 

 

   

Fig. 9.4.3: Nodular lesion placed in the center   Fig. 9.4.4:  Nodular lesion place in the center  

of FOV (transversal)      of FOV (frontal) 

       
 

Three consecutive measurements are recommended (9). Unlike SE, where the 

recommendation is to define a large elastographic window, that needs to comprise the entire 

nodule, in 2D SWE small ROIs are recommended, up to 3-4 mm in diameter (9,20,25). There 

are some studies suggesting that even very small ROIs of around 1 mm in diameter can be 

used, without altering the diagnostic capacity of the method (65). Usually, a standard ROI of 

2 mm is recommended, placed in the stiffest part of the nodule or in the shallowest 3 mm of 

the peritumoral tissue (Fig 9.4.5 and 9.4.6) (11).  
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Fig. 9.4.5:  4 mm large diagnostic ROI   Fig. 9.4.6:  2 mm large diagnostic ROI 

Path: CDIS      Path: CD NOS 

 

In the case of heterogenous lesions, the stiffest region of the nodule is chosen for the 

elastographic evaluation, as well as the first 2-3 peri nodular mm, which comprise the possible 

desmoplastic peritumoral reaction, essential for the diagnosis of breast cancers, regardless of 

the intranodular cancer composition and homogeneity/heterogeneity of the stiffness (Fig. 

9.4.7) and (Fig. 9.4.8). 

 

           

Fig. 9.4.7.a: Intra and perinodular stiffness  Fig. 9.4.7.b: Perinodular stiffness  

Path: lobular cancer    Path: CDI cystic variant 

 

The image stability is very important in the SWE technique. Aixplorer systems 

recommend a simple touch of the skin, without any compression, for some seconds, so as to 

obtain a stable image (2). There are systems that quantify the image stability as well as the 

quality of the elastographic image, the so-called Reability Map (RLM) offered by General 

Electric or Mindray machines, with a quality level of at least 80% (9) (Fig.9.4.8) confirming the 

homogeneity of the elastogram. 
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Fig. 9.4.8: 2D-SWE elastography with Reasona 9 Mindray US Machine 

a. excellent image quality RLM = 95% 

b. unreliable image quality RLM= 16% 

 

The 2D-SWE elastographic results are qualitative, as a color code map, but also 

quantitative, measuring stiffness. The qualitative measurements use the same principle as the 

strain elastography, displaying different colors according to the pre-set color code map, in 

relation to the relative stiffness (66): Type 1: homogenous blue (Fig. 9.4.9); Type 2: minimal 

vertical green lines against the predominant blue background (Fig. 9.4.10); Type 3: 

heterogenous colours in nodule periphery (Fig. 9.4.11); respectively Type 4:  multiple 

heterogenous zones in the core of the nodule (Fig. 9.4.12). Color code 1 and 2 are suggestive 

for benignity, 3 and 4 are suggestive for malignancy, with a sensitivity of 91.3% and a 

specificity of about 80%.  

 

          

Fig. 9.4.10: Color code 1 (blue)   Fig. 9.4.11: Color code 2 (green vertical) 
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       Fig. 9.4.12: Color code 3 (heterogenous)   Fig. 9.4.13: Color code 4 (completely stiff) 

An interesting algorithm is proposed in some previous published studies, (67), 

combining color code information with the maximum stiffness in the lesion, as threshold 

values: low risk, with a positive predictive value of 0.04% for completely blue color (color code 

type 1) respectively a maximum stiffness less than 72 kPa; intermediate risk for lesions with 

increased risk of the presence of green, yellow, orange colours, corresponding to stiffness 

values between 72 to 144 kPa; respectively high risk category for red colour associated with 

values higher than  144 kPa.  

Another classification system proposed a side by side qualitative/quantitative 

assessment integrating both color code map and stiffness values, in six categories (Fig. 9.4.14) 

(67). 

                  

      a: Score 1 Dark blue  0-36 kPa/0-3,5 m/s         b: Score 2 Light blue  36-72 kPa     

               

     c: Score 3 Green 72-108  kPa/4,9-6,0 m/s           d: Score 4  Orange 108.8-144 kPa/6,0-6,9 m/s           
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         e: Score 5 Red 144-180 kPa/6,9 - 7,7 m/s                          f: Score 6 Black <36 kPa/ <3,5 m/s 

Fig. 9.4.14: Combined quantitative evaluation (kPa, or m/sec) with color code map 6 (a-f) 

 

In the presence of black/dark blue colour, the malignancy risk is 0 (68) and a complete 

blue lesion allows the downgrade of B-4a cases to B-3.  

 

When evaluating the qualitative report of 2-D-SWE, the measured parameters are: 

mean = EMean, maximum = EMax, minimum= EMin, and standard deviation ESD. The values are 

measured for each pixel comprised in the ROI and are displayed in kPa or m/sec according to 

the selection made (Fig. 9.4.15) (69). Furthermore, a stiffness ratio, QR, between the stiffest 

part of the nodule and the preglandular fatty tissue can also be measured and is calculated 

automatically (Fig 9.4.15). 

 

Fig. 9.4.15: Measurement of stiffness ratio nodule/preglandular fatty tissue 

Since even very small, 2mm in diameter large ROIs can be used, with different positions 

in the nodule, E max can be very different in heterogenous nodules, but EMean is considered 

stable (70). The threshold values in defining malignancy, for EMean, are comprised between 33 

and 80 kPa, respectively for EMax 43.6-93.8 kPa, 6.3-13.9 kPa for ESD respectively 3.18-5.14 kPa 

for Eratio (61). There is no unanimous consensus for these threshold values (25), different 

values being described: 145.7 kPa for EMax and 89.1 for EMean (71) or  46.7 kPa for EMax and 42.5 
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kPa for  EMean (72), respectively 50.85 kPa for EMax and of 42.08 kPa for EMean (73). Differences 

can be explained by the different types of ultrasound machines used, the number of 

consecutive measurements, the size of ROI or the rule of choice about where to place the ROI 

within the intranodular portion (73), since not all users recommend placing the ROI in the 

stiffest part of the nodule (9,65).  

SWE offers more qualitative parameters, as shown before, the question rises which is 

the most accurate, which should be used in daily practice. Some studies recommend EMean as 

the parameter to be considered (11,69), with a described value of 80.17 kPa, differentiating 

between benign and malignant with a sensitivity of 88.8% and specificity of 84.9% . Other 

studies consider EMax (68) as the ideal diagnostic parameter, it being able to even predict the 

low differentiated grade lesions, the negative progesterone receptor levels, respectively the 

expression of Ki-67 (73), values less than 20 kPa being predictive for benignity with an error of 

up to 0.3%. From the clinical perspective, there are algorithms proposing BIRAS regrading, 

after integrating the elastographyc data (11,25,68,74). Subchapter 9.7 summarises the clinical 

implication of the use of elastography in the multiparametric diagnosis of breast lesions. 

 

Special aspects of 2D SWE 

No elastographic color on SWE appears when the examined tissue cannot measure the 

shear waves, because of the lack of transmission, either in the presence of large fluid 

collections, (Fig. 9.4.16 and 9.4.17), or in intensely stiff solid lesions, (Fig. 9.4.18 and 9.4.19).   

               

Fig. 9.4.16: Incomplete elastogram   Fig. 9.4.17: Incomplete elastogram 

Path: colloid cystic lesion B - 2   Path: simple cyst B - 2 

 

The explanation of the phenomenon is the lack of shear wave propagation through low 

viscosity fluids (25).  
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    Fig. 9.4.18: Strictly peritumoral elastogram  Fig. 9.4.19: Strictly pretumoral elastogram  

    Path: DCI       Path: DCI 

   
Even in these situations, the information offered by elastography can be useful, since 

peritumoral tissue offers sufficient areas to position the ROI in the immediate peritumoral 
zone(2).  
 

9.5. Limits of Shear Wave Elastography (SWE) 

The most important limits of SWE, beyond the technical requirements such as pressure 

intensity and stability, the size and position of ROI, the penetration adjustment, are the 

absence of preglandular fatty tissue, the size and depth of the lesion, the proximity to a hard 

plane, respectively the lesions generating falsely increased stiffness. 

The absence of preglandular fatty tissue makes the calculation of the stiffness ratio 

impossible, but, unlike strain elastography, all the other qualitative parameters can be 

measured without restraint (Fig 9.5.1).  

 

 

Fig. 9.5.1: Absent preglandular tissue. No stiffness ratio measurement 

 

Large tumours generate uneven pressure application on the surface of the tumour, 

altering the quality of the image collection (75) and generating false results (Fig.9.5.2). 
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    Fig. 9.5.2: Primary lesion 2.5 cm     Fig. 9.5.3: Primary lesion 4.5 cm   

    Path:  adenosis      Path: Lobar carcinoma 

 

No echogenic areas in the tumors, in grey scale mode, will induce null elastogram, as 

seen in Fig. 9.5.3 (76).  

A significant variation of results is seen in differently sized breast cancers, due to an 

intrinsic factor of the tumor biology, that induces different intra and peritumoral stiffness (77). 

Different discriminative threshold values are described for differently sized tumours: 109 kPa 

(for tumors smaller than 15 mm) versus 167 kPa (for tumors larger than 15 mm) (78) 

respectively values of 64 kPa for tumor diameters smaller than 1 cm, of 110 kPa for lesions 

comprised between 1 and 2 cm (77), and of more than 86 kPa for cancers smaller than 5 mm 

in diameter (11).  

 

      

Fig. 9.5.4: solid lesion B-5, diameter of 3 cm, ES=4, E Max=300 kPa, Path: CDI 

           

Fig. 9.5.5: Solid lesion of 1.6 cm, pre-pectoral layer B-3, ES=3, E Max=113 kPa 

Path: CDI tumoral relapse after total mastectomy  
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Fig. 9.5.6:  Solid lesion B-4a diameter of 9.1 mm, ES=3, E Max=194.5 kPa, Path: CDI 

 

       
  

Fig. 9.5.7: Intraductal solid lesion, 5 mm diameter, B-4a, ES=1, E MAX = 6.5 kPa,  

Path: intraductal papyloma 

 

It is recommended to define threshold values for differently sized tumors (<1, 1-4, >4 

cm) (79).  

The use of very small ROIs, intratumorally or in immediate peritumoral position, aiming 

to the stiffest part of the lesion, (according to the colour code) reduces the impact of the 

tumor size on the result of the elastography (65). When the tumour size is larger than the size 

of the FOV, the elastography cannot be performed or used (Fig 9.5.8) (25).  

 

 

Fig. 9.5.8: Solid lesion, 5 cm in diameter, B-4a, covering the entire FOV   

Path: Hamartoma 
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The depth of the lesions is important, since the conventional ultrasound probes, with 

frequencies between 5 and 15 MHz, allow for a penetration of the shear wave up to 4 cm in 

depth (Fig. 9.5.9) (9). The evaluation of deeply positioned tumors (more than 4 cm deep) is 

therefore limited.  

 

   

Fig. 9.5.9: Correct penetration to  3.5 cm, Path: Hamartoma 

 

Similarly, very superficial lesions, situated in the first 3 mm, cannot be correctly evaluated by 

means of elastography (Fig 9.5.10 and 9.5.11) (25). 

                   

    Fig. 9.5.10: Superficial solid lesion B2, ES=3       Fig. 9.5.11: Solid lesion B-3. ES=3  

    Path: lipoma      Path: Fibroadenoma  

     

 

The proximity of a stiff plane can alter the elastographic evaluation due to an apparent 

increase of the stiffness surrounding the bone plane generating falsely increased stiffness of 

the lesion situated in the proximity of thoraco-costal plane. Fig. 9.5.12 presents a prepectoral 

glandular lesion generating increased stiffness. 
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Fig. 9.5.12:  Solid circumscribed B-3 lesion, prepectoral position, ES =3, E Max = 55.4 kPa 

Path:  fibroadenoma 

 

A high grade histological type, the degree of invasion, vascular invasion, the lymph 

node involvement, and the type of tumour associate with increased stiffness (77). Fibrosis 

areas, collagenous matrix proliferation, and necrotic areas inversely correlate with 

attenuation (80). 

 

SWE can also generate false negative results. As mentioned before, there are some 

cancers not visible in elastography because of the lack of transmission of the shear wave 

echoes, due to increased stiffness (9,76). The so-called blue cancers (Fig 9.5.13 and 9.5.14) generate 

false black or blue color code on 2D SWE.  

                

Fig. 9.5.13: Intense hypoechoic lesion. ES=0       Fig. 9.5.14: Markedly hypoechoic solid lesion ES=1 

Desmoplastic peritumoral reaction ES =4,        Desmoplastic peritumoral reaction ES=3 

E Max = 120 kPa, Path CDI         E Max = 134 kPa, Path: CDI 

 

There also really soft cancers, usually small, low grade invasion cancers, mucinous, 
papillary metaplastic or tubular cancers, with high elasticity compared to the invasive ones, 
either ductal or lobar variants (73,80,81) (Fig. 9.5.15 and 9.5.16). 
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Fig. 9.5.15:  Solid lesion B3, ES=1,     Fig. 9.5.16: Solid lesion B5 ES=1, 

Path: CDIS      Path: Mucinous cancer 

 

False positive results are more frequent, such as fibrosis, tumoral necrosis or cheloid 

scars (82), which are some of the intraglandular entities that can falsely induce increased 

stiffness. Sclerosant adenosis (83) is stiffer than healthy glandular tissue, but softer than most 

breast cancers (73,84). There are no significant differences among benign disease entities, 

such as fibrocystic mastosis, adenosis, fibroadenoma, intraglandular papilloma or 

inflammation (84). Mastitis and fat necrosis also generate false positive results (9). The same 

is observed in radial sclerosant scars that can associate increase rigidity (9,85). 

 

          

 Fig. 9.5.17: B-4c, ES=4, E Max = 176 kPa     Fig 9.5.18: B-4a, ES=5, E Max = 249.7 kPa 

Path: Steatonecrosis   Path: Sclerosant scar tissue 

 

Foreign body granuloma, respectively intraglandular cheloid scars can also mimic 

malignancy, due to increased stiffness (Fig. 9.5.19) 
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     Fig. 9.5.19 Architectural distortion, retractile effect B-4, ES=4, EMax = 116/5 kPa. 

          Path: foreign body granuloma 

 

Calcification, that can frequently induce distortion both in gray scale and strain 

elastography (42–44), alter the 2D – SWE measurements less (70) (86). Calcification can be 

seen both in benign and malignant lesions, but shear wave elastography can differentiate 

between these, with benign calcification defined by values of elasticity EMax 62.8 ± 64.7 kPa, 

respectively malignant calcification identified by elasticity values of  114.6 ± 70.0 kPa, for in 

situ carcinoma respectively  of EMax 171.9 ± 59.0 kPa (Fig 9.5.2- - 9.5.23) for invasive variants 

(70). 

 

            

Fig. 9.5.20: Eggshell calcification ES=1           Fig. 9.5.21: Non mass microcalcification ES=1 

EMax = 24.5 kPa, Path: calcified fibroadenoma          EMax = 13.9 kPa Path: sclerosant adenosis  
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Fig. 9.5.22. Intranodular calcifications ES=4          Fig. 9.5.23. Non-mass macrocalcification ES= 4 

EMax = 182.3 kPa Path: CDI             EMax = 107.5 kPa, Path: CLI 

 

We should mention that there is an overlap between the stiffness of clustered benign 

calcifications and the punctiform microcalcifications characteristic for in situ carcinoma, so 

caution is recommended in the integration of 2D SWE elastographic evaluations. 

 

9.6. IntegraWon of Elastography in the MulWparametric Diagnosis of  

Breast Pathology 

It is generally accepted that elastographic information adds value to the gray scale 

ultrasound evaluation in the diagnosis of breast masses (2,3,9,12,13), by means of 

complementary data (25). Strain elastography offers greater sensitivity, whereas 2D-SWE 

offers greater in the differential diagnosis of benign versus malignant pathology (67,87). In an 

ideal situation, both elastography methods can be offered, since the two techniques are 

complementary (9). There are already vendors that offer this concomitant elastography 

technique.  

From the perspective of integrating elastographic information in the BIRADS system, 

the WFUMB proposes the following arguments, valid for each elastographic technique (25): 

● BIRADS 2:  Tsukuba 1, E/B < 1, SR < 2.8, E Max < 20 kPa or SWV < 2.6 m/s 

● BIRADS 3:  Tsukuba 2, E/B =1, SR = 2.9 – 4.5, E Max 20-60 kPa or SWV = 2.6 – 4.5m/s 

● BIRADS 4:  Tsukuba 3, E/B > 1, SR > 4.5, E Max > 60 kPa or SWV > 4.5 – 5.2 m/s 

● BIRADS 5:  Tsukuba 4 or 5, E/B > 1, SR > 4.5, E Max > 80 kPa or SWV > 5.2 m/s 

 

The ideal proposed scenario, with concomitant stepwise elastography evaluation, 

with referral to core biopsy if there is concordance of stiffness in both strain and shear wave 

elastography, regardless of the BIRADS category. False results are expected in mastitis, fat 

necrosis and some old calcified fibroadenoma.  
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When both elastography images are concordant to benignity, risk downgrade from B 4a 

category is recommended, to B 3, and ultrasound follow-up instead of core biopsy.  False 

negative results are expected in lymphoma, which are always soft. B-4b, B-4c and B-5 

categories are never to be downgraded, regardless of elastographic characteristics. 

In case of discordance in elastography, strain versus shear wave, shear wave elastography 

upgrades strain elastography (9).  

Currently, most diagnostic centres only offer one elastographic technique, SE or SWE. Most 

international guidelines recommend elastography as additional evaluation besides 

conventional gray scale ultrasound evaluation, to increase confidence in the diagnosis, and 

risk reassignment according to the lesion elasticity (1,20,25). 

Risk downgrade, with routine follow-up, is recommended in soft B-3 lesions (Fig 9.6.1 

a, b) (20,25) defined by TSUKUBA 1 color code (SE) dark blue color code (2D-SWE), respectively 

a value of EMax lower than 20 kPa (11). 

    

Fig. 9.6.1.a: B-3. TSUKUBA 1     Fig. 9.6.1.b. B-3. ES=1, EMax = 10,3 kPa 

Path: Fibroadenoma      Path: Simple hyperplasia 

 

Risk downgrade of B4a to B3 category, with active follow-up after three months 

instead of core biopsy, is recommended for entirely soft lesions (Fig. 9.6.2.a-b) (20,25). Soft is 

defined as Tsukuba category 1 and 2, for SE, respectively dark or light blue for 2D-SWE, 

respectively a value of EMax lower than 80 kPa (11). The previously described threshold for EMax 

lower than 20 kPa generates a 0% rate of false negative results. 
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Fig 9.7.2.a: Downgrade B-4a to B-3, TSUKUBA 2          b: Downgrade B-4a B-3 ES=2, EMax =38,7 kPa 

 

The identification of stiffness imposes the risk upgrade for B-3 to B-4a, with immediate 

referral to core biopsy (20,25). Stiffness is considered for Tsukuba 3 or 4 (SE) category, 

yellow/red colour code for 2D-SWE or for a EMAX value higher than 160 kPa (2D-SWE) (Fig. 

9.7.3.a-b). 

  
Fig. 9.7.3.a: Upgrade B-3 to B-4a, TSUKUBA 4 b: Upgrade B-3 to B-4a,ES=2, EMax=152.6  kPa 

 

BIRADS 4b and 5 categories are never to be downgraded (Fig. 9.7.4.a-b), but 

additional stiffness re-emphasizes the urgent need for core biopsy (11,20,25) (Fig. 9.7.5 a-b). 

              

     Fig. 9.7.4.a. B- 5 regardless TSUKUBA 2            b. B-5 regardless ES=2, EMax = 61.1 kPa 
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      Fig. 9.7.4.a: B - 5, TSUKUBA 4       b: BIRADS 4b, B – 5, ES-4, EMax=196 kPa 

 

Additionally, current guidelines suggest, as possible clinical applications of 

elastography, the reconfirmation of benignity in soft B-3 cases (20), the reconfirmation of fluid 

content in mixed lesions, as well as the study of the ductal impact of any solid mass (25). 

Benefits are greater for equivocal nodules, where elastography adds clarifying information. In 

clear cases, very low risk cystic B-2 cases, or high and very high-risk B-4b, 4c, 5 cases, 

elastography adds no additional diagnostic value, even if it re-emphasizes the risk category. 

Finally, there are data in the literature suggesting the role of 2D SWE in the prediction 

of the tumoral response to neoadjuvant chemotherapy (74). The reason behind this 

phenomenon is defined by the predictive role of gene expression in the breast stromal 

structures in the response to treatment, the tumor stiffness being dependent of the 

characteristics/content of the stroma compartment (88). In breast cancers, the elasticity of 

naïve tumor cells is predictive for the cell involution under neoadjuvant treatment (81). The 

decrease of tumoral stiffness under treatment is a good predictor of the response to 

treatment, (88–90), and there are descriptions of discriminative threshold values of such 

variation (89), of at least 36%, differentiating responders from non-responders. 

The place of elastography as part of the morphological diagnostic of breast pathology 

is well defined. There is consensus in respect to the use of elastography, regardless of the 

technique, in the following aspects: 

1. Elastography can be used only in the presence of a mass able to be visualised in grey scale 
mode. 

2. B-3 and 4a lesions can be downgraded in the presence of complete elasticity of the nodule. 

3. It confirms the fluid content in transonic or apparent intense hypoechoic lesions. 

4. It identifies B-3 lesions that are suspect in the presence of stiffness, with risk upgrade. 

5. It indicates risk re-assignment anytime stiffness appears.   

6. Additionally, the shear-wave technique allows for active follow-up of breast cancer 
lesions, with a predictive role in the response to neoadjuvant treatment. 

7. The degree of tumoral stiffness is an evolution predictor. 
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Elastography can be considered an extension of clinical examinaoon, specifically 

palpaoon. It is viewed as a virtual palpaoon, with the ability to assess circumscribed nodular 

lesions beyond the strict evaluaoon of palpable ones.  

Elastography techniques applied in breast nodular pathology (Chapter 9.1) are also 

used in the evaluaoon of thyroid pathology: strain elastography (SE) and shear-wave 

elastography (SWE), as real-ome shear-wave elastography, two-dimensional shear-wave 

elastography (2D-SWE), as well as point shear-wave elastography (pSWE). 

The need to implement elastography in the rouone ultrasound evaluaoon of the 

thyroid arises from several reasons. In the case of diffuse thyroid pathology, by extrapolaong 

findings from hepatology, where elastography is a method for assessing liver fibrosis, with a 

diagnosoc and predicove role for the progression of chronic liver disease (1), efforts are being 

made to incorporate elastography into the acove diagnosis of autoimmune thyroid disease. In 

the case of nodular thyroid pathology, its significant prevalence in the general populaoon (2), 

coupled with a relaovely low incidence of thyroid cancer in the subgroup of nodular goiter, 

about 7-15% (3), with extremes ranging from 1 to 35% (4,5),  to 38% in thyroidectomy series, 

requires the most accurate post-ultrasound cases evaluaoon. 

The premises for the use of elastography in the diagnosis of circumscribed thyroid 

lesions are jusofied by previous findings (6,7) regarding significant differences between the 

elasoc modulus of healthy thyroid ossue and the ossue affected by autoimmune thyroid 

disease (8), thyroid adenomas, and malignant pathology (9), with disoncoons between 

follicular and papillary tumors. As menooned in the chapter dedicated to breast pathology, in 

the case of nodules, elastography is not a screening technique; it requires the pre-existence of 

a circumscribed lesion, detected and evaluated through grayscale ultrasound, whose soffness 

is directly assessed and compared with that of an adjacent healthy region, either thyroid or 

muscular structure. The thyroid applicaoon of elastography has been available since 2005 for 

the strain technique (9) and since 2010 for the SWE technique (10). 

The guidelines of thyroid socieoes, such as the American Thyroid Associaoon (ATA) (11) 

and the American Associaoon of Clinical Endocrinologists (AACE) (12), include elastography in 

the evaluaoon algorithm for thyroid nodules, considering it among addioonal ultrasound 

criteria. They consider the soffness of a nodule as a high-risk factor, comparable to the 

presence of suspicious lateral cervical adenopathies, with valuable roles including the 

subgroup of nodules with indeterminate cytology on fine-needle aspiraoon, classified as 

BETHESDA III and IV (13–19). Addioonally, the guidelines of the European Federaoon of 

Socieoes for Ultrasound in Medicine and Biology, (EFSUMB) (20) and the World Federaoon for 

Ultrasound in Medicine and Biology (WFUMB) (21) recommend the use of elastography as an 

addioonal criterion for monitoring the dynamic evoluoon of thyroid nodules. 
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10.1. The Technique of Thyroid Elastography ExaminaWon 

Elastographic evaluaoon, either by SE or SWE, is performed using linear, mulo-

frequency transducers. Correct evaluaoon requires the adherence to the general rules of the 

elastographic technique. The depth of the lesion dictates the choice of the transducer 

frequency. Superficial lesions require the selecoon of high frequencies, ranging from 12-16 

MHz, while deeper lesions necessitate the use of lower frequencies, around 10 MHz. However, 

the range offered by most vendors, from 5 to18 MHz, is sufficient for a saosfactory 

elastographic examinaoon (Fig. 10.1.1). The presence of deep lesions, either by profound 

locaoon of the lesion per se or secondary to a well-represented subcutaneous adipose layer, 

requires the choice of a lower frequency transducer to ensure deeper penetraoon (Fig. 10.1.2). 

 

 

Fig. 10.1.1. Superficial thyroid nodule (1-2 cm);  

Linear mulW-frequency probe 10-15 MHz 

 

  

Fig. 10.1.2. Deep thyroid nodule (2.5-4 cm);  

Linear mulW-frequency probe 3-10 MHz

The posioon of the transducer should be perpendicular to the region being examined, 

as illustrated in Fig. 10.1.3 (21). Choosing an oblique plane of the transducer relaove to the 

underlying layers is incorrect (Fig. 10.1.4). 
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Fig.10.1.3. Correct transducer posiWon 

perpendicular to the examined region 
Fig.10.1.4. Incorrect transducer posiWon oblique 

to the underlying layers 

 

The pressure applied varies across different types of elastography. Each ultrasound 

device presents a pressure scale, with an opomal range recommended for each vendor. Real-

ome verificaoon of the pressure quality is achieved by staying within the permissible variaoon 

range (Fig 10.1.5) or by maintaining a stable pressure indicator, shown as the green bar in Fig. 

10.1.6. 

 
Fig. 10.1.5. Correct Pressure - Hitachi Preirus 

device 

 
Fig. 10.1.6. Correct Pressure - Philips Epique 10 

device 

 

Applying pressures that are too low generates a false-negaove image, while high 

pressures generate false-posiove images of increased soffness (9), as shown in Fig. 10.1.7 and 

Fig. 10.1.8. 
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Fig. 10.1.7. Normal Pressure - Correct elastographic 

score 1   

  

  
Fig. 10.1.8: Intense External Pressure - False posiWve 

score 3 

For SWE techniques, applying external pressure is not recommended; rather, the touch 

should be gentle, without compression. Applying external compression will alter the image, 

causing verocal arofacts, which will affect the quality of the elastogram (Fig. 10.1.9 a–c). 

 

   
  a       b            c 

Fig. 10.1.9: 2D SWE Elastography:       a) Insufficient pressure – incomplete elastogram   

         b) Sufficient pressure – complete elastogram   

c) Excessive pressure – elastogram with arWfacts 

 

Alongside the elastographic image, some systems measure,  the technical quality of the 

procedure in terms of external pressure stability, facilitaong the correct selecoon of image 

sequences for an elastogram evaluaoon, as do systems offered by Mindray. Thus, a score of 1-

3 stars indicates unstable pressure, resulong in an unusable elastogram, as shown in Fig. 

10.1.10, while a score of 4-5 stars confirms the stability of the applied pressure, resulong in a 

reliable elastographic outcome, as shown in Fig. 10.1.11. 
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Fig. 10.1.10. Stable Pressure (5 stars)   

 
Fig. 10.1.11. Unstable Pressure (2 stars) 

  

Some ultrasound systems ensure the quality of the elastogram by real-ome image 

quality checks, known as the reliability quality map (RLM), where a minimum index of 90% is 

desired to confirm the quality and accuracy of the elastogram (22). 

The movement of the transducer varies with the type of elastography, adhering to 

vendor recommendaoons. In SWE, no precompression is recommended (1). In strain 

elastography, external pressure is applied axially with fine, Parkinsonian-type movements (23), 

used for Hitachi devices. Some vendors recommend avoiding external pressure, uolizing 

regional pulsaoons generated physiologically by the carood artery (18, 24), reducing the 

variability caused by different levels of external pressure (24, 25). The goal is to maintain a 

constant displacement rate (26). 

Choosing the field of view (FOV) involves posiooning the nodule in the center of the 

image, with sufficient adjacent non-nodular thyroid ossue visible for soffness raoo calculaoon. 

Rectangular areas are commonly used, rarely ellipocal (27) (Fig. 10.1.12). The neck should be 

in hyperextension to obtain thinner overlying layers, aiming for superficial secoons, as close to 

the dermis as possible (21). 

 
Fig. 10.1.12. Rectangular FOV. Thyroid nodule posiWoned in the centre of the FOV 

 

As with breast elastography, the SWE technique in thyroid evaluaoon requires 

addioonal image opWmizaWon. The SWE intensity should be adjusted to the maximum value 

that does not introduce addioonal noise arofacts, visible as random hard points in the FOV 

(Fig. 10.1.13 and 10.1.14). 
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Fig. 10.1.13. Good intensity, complete image 

without artifacts/noise   

Amplification 80%   

  

 
Fig. 10.1.14. Increased intensity, complete image 

but with visible additional pixels   

Amplification 100% 

Adjusong the resoluoon/penetraoon raoo compared to the standard device seqngs is 

necessary when enhancing the resoluoon for small lesions or adapong the penetraoon for 

deep lesions. Addioonally, the soffness scale can be adjusted. Typically, the soffness scale is 

automaocally calibrated to a maximum of 100 kPa (Fig. 10.1.15.a), but the upper limit can be 

adjusted up to a maximum of 300 kPa. Adjusong the scale is necessary for a superior 

visualizaoon of usually hard images (Fig. 10.1.15 c). 

  
  
a) Score 5, Emean = 251.1 kPa;      b) Score 4, Emean = 280.3 kPa;      c) Score 3, Emean = 254.8 kPa   

Fig. 10.1.15: Thyroid nodule TIRADS 5. High sWffness     a) Maximum pressure scale 100 kPa   

  b) Maximum pressure scale 200 kPa   

  c) Maximum pressure scale 300 kPa 

 

The paWent’s posiWon is a standard one, supine with the neck in hyperextension, 

holding their breath during the examinaoon (28) and without swallowing during the 

examinaoon. 
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10.2. Strain Elastography  

Strain elastography, also known as real-ome elastography or free hand elastography, 

evaluates the deformaoon of structures exposed to a perpendicular displacement force, 

comparing the deformaoon of various ossues (21), without directly measuring the soffness 

(21). These differences are depicted in the elastographic image alongside real-ome B-mode 

images, allowing for a qualitaove or semi-quanotaove evaluaoon (29). 

 

Qualita<ve repor<ng presents a map of different ossue deformability (30), resulong in 

an elastogram in various colours. Typically, red indicates very sou structures with maximum 

displacement (27), and blue indicates very hard structures with minimal or no deformaoon. 

With the increasing number of vendors offering strain elastography equipment, the color 

codes have become varied. 

  

Fig. 10.2.1. Hitachi device color code    Fig. 10.2.2. Philips device color code   

blue (elastic) – red (hard)     red (elastic) – blue (hard)   

 

In qualitaove thyroid SE quanoficaoon, two classificaoon scales are generally accepted: 

the Asteria system (31), similar to the breast classificaoon system proposed by Itoh (32), which 

categorizes nodules into: score 1 – completely sou (Fig. 10.2.3), score 2, predominantly sou 

nodule (Fig. 10.2.4), score 3 predominantly rigid (Fig. 10.2.5), and score 4 when the nodule is 

enorely rigid, as in Fig. 10.2.6. Rubaltelli (33) modifies this score, defining subcategories 3a 

with hard periphery and 3b with a hard centre (Fig. 10.2.7 and 10.2.8).  

Scores 1 and 2 are considered suggesove of benignity, while scores 3 and 4 are 

suggesove of malignancy (31). Considering category 3 as suggesove of benignity increases the 

method’s specificity at the expense of diagnosoc sensiovity (27). 
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Fig. 10.2.3. ASTERIA 1 - completely soft, 

HP: Follicular adenoma   

 

 
Fig. 10.2.4. ASTERIA 2 - heterogeneous soft,  

HP: Colloid nodule

Fig. 10.2.5. ASTERIA 3 central soft,  

HP: Hurthle Cell Adenoma   

 

Fig. 10.2.7. ASTERIA 3a central hardness,  

HP: Nodular autoimmune thyroiditis   

 
Fig. 10.2.6. ASTERIA 4 completely hard,  

HP: Papillary thyroid carcinoma (PTC) 

 

Fig. 10.2.8. ASTERIA 3b,  

HP: Follicular neoplasia of uncertain potential 

The second classificaoon system, known as the Rago score (34), is an extension of the 

UENO model used in breast elastography. It classifies nodules into five categories: score 1 for 

completely sou nodules (Fig. 10.2.9), score 2 when elasocity is present in most of the nodule 

(Fig. 10.2.10), score 3 for elasocity restricted to the nodule periphery (Fig. 10.2.11), score 4 for 

enorely rigid nodules (Fig. 10.2.12), and score 5 when rigidity extends beyond the nodule as 

seen in 2B mode (Fig. 10.2.13). Scores 1, 2, and 3 typically indicate benignity, while scores 4 

and 5 suggest malignancy (19, 34). 
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Fig. 10.2.9. RAGO 1 completely som,   Fig. 10.2.10. RAGO 2 predominantly som,  

HP: Follicular adenoma     HP: Follicular adenoma   

 

  
Fig. 10.2.11. RAGO 3 central hard,    Fig. 10.2.12. RAGO 4 completely hard,  

HP: PTC       HP: PTC   

 

 

Fig. 10.2.13. RAGO 5, 

HP: PTC 

 

In mixed lesions, the elastographic evaluaoon focuses strictly on the solid component 

(Fig. 10.2.14 and 10.2.15) (35). 
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Fig. 10.2.14. Measurement of nodular elasticity in 

the solid part of the mixed nodule - Score 3,  

HP: Cystic variant of PTC 

  
Fig. 10.2.15. Measurement of nodular elasticity in 

the solid part of the mixed nodule - Score 1,  

HP: Colloid cystic goiter 

 

There are no differences between elastographic classificaoon systems regarding 

diagnosoc quality (28,36,37). Literature data validate elastography as an addioonal technique 

to classical ultrasound. Recent meta-analyses (35,36,38) consider that the soffness score 

surpasses standard ultrasound parameters in terms of sensiovity and specificity, with a 

sensiovity of about 78% and specificity of 78-80%, superior to hypoechogenicity (78% and 

55%), irregular margins (66 and 81%), tall shape (46 and 77%), and even the presence of 

intranodular microcalcificaoons (50 and 80%). The posiove predicove value of higher soffness 

scores, 3 and 4, is 13.6%, comparable to the presence of microcalcificaoons, 16.9%, while the 

negaove predicove value, 97.2%, is superior to any classical ultrasound criterion (35). 

There is consensus regarding the diagnosoc value of elastography in differenoaong 

benign/malignant nodular pathology (26,29), it being performed as a unique ultrasound 

evaluaoon in a cohort of over 13,000 paoents (39), with the strain technique showing a 

cumulaove sensiovity of 84%, a cumulaove specificity of 81%, and an accuracy of 87.1%.  

The rainbow or blue-green-red (BGR) arofact, specific to fluids, is also observed in 

thyroid fluid lesions (40–42), whether simple cysoc lesions (Fig. 10.2.16) or colloidal ones (Fig. 

10.2.17). 

  

Fig. 10.2.16. BGR artifact,     Fig. 10.2.17. BGR artifact,  

HP: Cystic lesion      HP: Colloid lesion (granular colloid) 
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It should be noted that a null elastographic result, observed in large or deep cysoc 

lesions due to the absence of displacement wave transmission (Fig. 10.2.18), is a useful result. 

 
Fig. 10.2.18. Absence of intralesional elastographic image, 

 HP: Simple cysWc lesion 

 

Semi-quan<ta<ve evalua<on compares the soffness of the nodule to that of the chosen 

standard, in the case of the thyroid, the adjacent thyroid parenchyma, preferably located at 

similar depths to the nodule, with a maximum depth difference of 10 mm, as displacement 

decreases with depth/distance from the plane of the applied external force (28). It is worth 

menooning that SE does not directly measure Young’s modulus but only evaluates 

deformability differences between the compared structures (43). Some authors recommend 

performing three measurements and using their average in the final report (Fig. 10.2.19) 

(44,45). 

 
Fig. 10.2.19. Comparable ROI sizes/depths nodule vs. adjacent thyroid parenchyma, 

HP: PTC 

 

There are controversies in the literature regarding the size and posioon of the ROI, as 

to which are the correct size and posioon. Some authors recommend that the ROI includes the 

enore nodule and up to 5 mm of perinodular ossue (43,46), but avoiding bone, vascular, or 

non-thyroid inclusions (21,43). There is no defined single threshold value to discriminate 

between benign and malignant, with most values falling between 2 and 4 (47), with a wide 

range between 1 and 5 (21). The soffness raoo value correlates with the probability of thyroid 
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cancer, all studies describing significant differences between the mean values of benign tumors 

and thyroid cancers. If there is no healthy perinodular thyroid parenchyma, an alternaove is to 

use the ipsilateral prethyroid muscle raoo (47). 

Although the semi-quanotaove technique is more accurate than the qualitaove 

technique (38), its universal use is hindered by the absence of a single threshold value (20). As 

with breast elastography, there is no single threshold value described (20,21) for differenoaong 

between benign and malignant. Literature arocles use threshold values ranging from 2.32 (48) 

to 2.69 (22), to 4.0 (49) and to 5.03 (50), generally the most widely described range being 1.5 

to 5 (21), with different results regarding the method’s accuracy for each study. The diagnosoc 

performance of the semi-quanotaove technique ranges from 83-96% for sensiovity, 71-85% 

for specificity (38), with overall diagnosoc quality assessed by AUROC at 93%. 

Performance data for the semi-quanotaove technique vary, some of them 

demonstraong superiority over qualitaove techniques (38,39) with AUROC = 92.9% vs. 89%. 

However, these data are challenged by other meta-analyses, which either describe similar 

performance (51) or even inferior performance of the displacement raoo compared to the 

qualitaove elastographic risk score (47). Regardless of the threshold value used, for each 

vendor and research group, the concept of risk upgrade is also described for the displacement 

raoo value, SR, considering that each unit added to its value doubles the risk of malignancy 

(48). 

 

There are a few studies evaluaong an alternaove technique of strain ultrasound, also 

called quasistaoc, where carood pulsaoons are used as the only displacement source. These 

studies describe encouraging results, with differences between the mean hardness of benign 

versus malignant lesions (52), including nodules under 1 cm in diameter (52). However, most 

studies describe carood-generated displacement as a factor that alters elastogram quality (21). 

Numerical indices, such as the Thyroid Soffness index or the systolic thyroid strain index (TSI), 

and the elasocity contrast index (ECI) are described. For TSI, the carood and the nodular lesion 

are placed in the same examinaoon window, implicitly using the transverse secoon, with the 

calculaoon of the raoo between carood elasocity and maximum intranodular elasocity (43,53). 

ECI is a parameter measured by Samsung devices, using quasistaoc elastography (28), and it 

compares, similarly to the SR semi-quanotaove method, the elasocity raoo between the 

nodule and the adjacent thyroid parenchyma (54). The dependency of carood pulsaoons on 

age, cardiac pump funcoon, and changes described in cases of pulmonary hypertension, 

tachyarrhythmias, arteriosclerosis, and pregnancy have limited the widespread use of this 

alternaove technique (21,28). 
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10.3. LimitaWons of Strain Elastography 

Pracocing strain elastography requires an understanding of the technique's limitaoons. 

These limitaoons originate from the specific characterisocs of nodular lesions, such as size, 

posioon, and the amount of liquid componence, as well as from technical issues like mooon 

arofacts and the proximity of solid planes. Addioonally, certain condioons can lead to false-

posiove and false-negaove results. 

It is widely accepted that strain elastography is operator-dependent (21,27,39). This 

dependence necessitates an experienced operator skilled in the technique of fine compressive 

vibraoons, which can vary between vendors. Variaoons in pre-compression contribute to intra- 

and inter-observer variability (19,55,56). Repeaong compression cycles and selecong similar 

images is recommended to reduce this limitaoon. The definioon of an expert technician is also 

debatable, with one study suggesong that a minimum of 7 paoents is required for experose, 

compared to a minimum of 50 paoents for experose in hepaoc elastography (57). 

CaroWd pulsaWon affects elastographic image stability, especially in tachycardic 

paoents. Transverse secoon elastograms are more suscepoble to this influence than 

longitudinal secoons (21). Moreover, the presence of arrhythmias, atherosclerooc changes, or 

hypertension can affect the displacement of adjacent ossues (56,58). 

The morphological characterisWcs of the nodular lesion can influence elastography 

results. The depth of the nodule affects the elastogram quality due to both the penetraoon 

limits of the displacement wave and the decrease in displacement wave amplitude with depth 

(59). Depths greater than 2.5 cm are considered potenoally problemaoc (59,60) (Fig. 10.3.1). 

Large nodules that exceed the field of view (FOV) cannot be evaluated 

elastographically, as seen in Fig. 10.3.2. This is also true for nodules larger than 3 cm or those 

occupying an enore thyroid lobe (27), prevenong the comparison with the adjacent thyroid 

ossue (21). Some studies consider 3.5 cm as the size limit (61,62). 

 

 

Fig. 10.3.1. Solid nodule, apparently spongiform.  

Inferior pole at about 3.5 cm in depth. Incomplete 

elastogram   

 

 

Fig. 10.3.2. Predominantly cysWc nodule.   Dmax > 4 

cm. Intranodular vegetaWon. Incomplete elastogram 
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Regarding the opomal minimum nodular size, some studies suggest that elastographic 

examinaoon is suitable for nodules larger than 1 cm (63,64), while others show diagnosoc 

accuracy for elastography in nodules between 3 and 10 mm (65). 

Nodules with a significant cys<c component will also generate incomplete and 

unsaosfactory images (Fig. 10.3.3 and 10.3.4) (21). 

  
Fig. 10.3.3. Predominantly cysWc lesion. Solid 

vegetaWon Score 1. Hyperplasia   

  
Fig. 10.3.4. Mixed lesion, BGR effect in the fluid   

porWon. Solid vegetaWon Score 3. CysWc PTC

 

Another limitaoon in the elastography interpretaoon is observed in coalescent nodules 

(66), where such evaluaoon is not recommended (Fig. 10.3.5). 

 
Fig. 10.3.5. Longitudinal secWon of LTD with 3 adjacent nodular lesions, apparent ES = 4 

MulWfocal PTC (lateral nodules) + FTC (inferomedial nodule) 

 

CalcificaWons are part of the classical ultrasound risk criteria (12,67), but not all 

calcificaoons are highly suspicious. Marginal, complete shell, or intraparenchymal 

calcificaoons are not considered specific for malignancy. Unfortunately, strain elastography 

does not discriminate between different types of calcificaoons, all of which generate soffness. 

Thus, high-risk calcificaoons (68), such as intraparenchymal "salt and pepper" type (47) (Fig. 

10.3.6) or disseminated microcalcificaoons (Fig. 10.3.7), interrupted shell calcificaoons (Fig. 

10.3.8), and rough intranodular calcificaoons (Fig. 10.3.9), all show increased soffness similar 

to isolated intraparenchymal calcificaoons (Fig. 10.3.10) or complete shell calcificaoons (Fig. 

10.3.11), both typically benign (69). 
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Fig. 10.3.6. "Salt and pepper" microcalcifications. 

Rago 4. HP: Sclerosing PTC   

 
Fig. 10.3.7. Intraparenchymal calcificaWons  RAGO 

3 HP: Classic PTC 

 

 
Fig. 10.3.8. ParWal shell calcificaWon. Rago 4   

HP: Follicular variant of PTC   

 

 
Fig. 10.3.9. Rough calcificaWons. Rago 4   

HP: Classic PTC 

 

Fig. 10.3.10. Marginal calcificaWon, Rago 3   

HP: Granulomatous thyroidiWs   

Fig. 10.3.11. Complete shell calcification.   

HP: Follicular adenoma 

Fibrosis is another potenoal phenomenon in the thyroid that alters thyroid elasocity 

(27). The most common situaoon where fibrosis is observed is in chronic autoimmune 

thyroidios (70) (Fig. 10.3.12 and 10.3.13), but fibrosis can accompany both benign and 

malignant nodular lesions (58). The impact of diffuse fibrosis is noteworthy in cases with 

nodules on a background of autoimmune thyroidios, where the displacement raoo is falsely 

lower (71) due to a modified elasocity of the non-nodular parenchyma. 
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Fig. 10.3.12. TIRADS 4 nodule. RAGO 4   

HP: Autoimmune thyroidiWs 

Fig. 10.3.13. Architectural distorWon TIRADS 5.  

HP: Autoimmune thyroidiWs   

 

Certain enooes are controversial regarding their elastographic appearance. False 

posiWves are described in granulomatous thyroidios (Fig. 10.3.14), Riedel's thyroidios (Fig. 

10.3.15), or subacute thyroidios (Fig. 10.3.16) in the inioal phase of silencing (43). Addioonally, 

many nodular forms of autoimmune thyroidios can mimic thyroid cancer in both classical 

ultrasound and elastography (72) (Fig. 10.3.17). 

 

 
Fig. 10.3.14. TIRADS 4. Rago 3.   

HP: Granulomatous thyroidiWs   

Fig. 10.3.15. TIRADS 5. RAGO 4   

HP: Riedel's thyroidiWs 

 

 
Fig. 10.3.16. TIRADS 4. Rago 3.   

HP: Subacute thyroidiWs   

Fig. 10.3.17. TIRADS 5. RAGO 4   

HP: Chronic autoimmune Hashimoto thyroidiWs 
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The presence of autoimmune thyroidios can also alter the strain raoo (73) (Fig. 

10.3.18), similar to the phenomenon described in liver pathology, although there is no 

consensus in the literature (74). An alternaove, though less standardized, is using the soffness 

raoo between the thyroid nodule and the prethyroid muscle (SR2), preferably in longitudinal 

secoon, specifically the ipsilateral sternocleidomastoid muscle (SCLM) (73) (Fig. 10.3.19). 

 

Fig. 10.3.18. TIRADS 4 nodule on an AITD 

background. Perinodular stiffness exceeds nodular 

stiffness. HP: AITD  

Fig. 10.3.19. TIRADS 4 nodule on an AITD 

background. SR2 calculaWon (nodule/SCLM) 

 

Among circumscribed benign nodular lesions, follicular adenomas ouen exhibit 

soffness (75,76), contribuong to false posioves. Follicular lesions are generally a diagnosoc 

pi�all (13) and the most common category of false negaWves described in the literature (77). 

 

 
Fig. 10.3.20. TIRADS 4. Rago 4.   

HP: Follicular adenoma   

 
Fig. 10.3.21. TIRADS 3. Rago 1   

HP: Follicular adenoma 

 

Hurthle cell neoplasms, another variant of follicular neoplasms, fall into the same 

category (Fig. 10.3.22 and 10.3.23). 
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Fig. 10.3.22. TIRADS 4. Rago 4.   

HP: Hurthle cell adenoma   

Fig. 10.3.23. TIRADS 4. RAGO 1   

HP: Follicular neoplasm of uncertain potenWal 

 

The uncertainty of elastographic images in follicular neoplasms extends to the 

subgroup of follicular cancers. While papillary thyroid carcinoma, represenong over 80% of 

thyroid cancers worldwide (67) and regionally (78), is associated with increased soffness, the 

data on follicular or medullary cancers are controversial (21,29). Follicular carcinomas are 

described as potenoally elasoc and sou (27,28,47), generaong the most frequent errors in 

strain elastography (56), and thus being the most commonly undiagnosed cancers (77) (Fig. 

10.3.24). 

 
Fig. 10.3.24. Lateral nodule TIRADS 4, Rago 1. Central nodule TIRADS 5, RAGO 4. 

HP: MulWfocal FTC 

 

Microcarcinomas are enooes with diameters up to 1 cm, present either as isolated 

nodules or part of a macronodule. Some studies suggest that strain elastography can be 

beneficial in diagnosing malignancy even in subcenometer nodules (79,80) (Fig. 10.3.25). 

However, the limitaoons of this method become evident when there are disseminated 

microPTC foci within macronodules (21) (Fig. 10.3.26). 

 



301  

 
Fig. 10.3.25. Isolated subcenWmeter nodule   

TIRADS 3, Rago 4   

HP: Classic variant of microPTC   

 

 
Fig. 10.3.26. Isolated 2cm nodule   

TIRADS 3, Rago 1   

HP: MicroPTC in an adenomatous nodule 

For medullary or anaplasoc cancers, their elastographic appearances can also vary 

(21,29). However, literature data are limited due to the small number of such carcinomas. 

Studies dedicated exclusively to cases of medullary thyroid carcinoma (MTC) (81) describe the 

predominant elastographic appearance as Rago 2, with 60% of MTCs mimicking benignity.  

Intra- and inter-observer variability is low, with a minimum of four to seven paoent 

evaluaoons considered sufficient for learning (21). Qualitaove interpretaoon is more 

challenging than quanotaove interpretaoon (47,82). 

 

10.4. Shear Wave Elastography 

The principle of shear wave elastography is idenocal to the one used in breast 

evaluaoon (subchapter 9.4). As with other applicaoons, vendors offer either the single-plane 

variant pSWE, or the muloplane two-dimensional variant 2D-SWE (8). Measuring the 

transverse atenuaoon component (83) allows for the evaluaoon of shear wave velocity, which 

is closely linked to Young's modulus; thus, the numerical data provided by SWE are direct 

indicators of the elasocity of the underlying ossues (26). The point technique offers strictly a 

quanotaove evaluaoon without a color code. The measured value is the shear wave velocity 

(SWV), expressed in m/sec (84) (Fig. 10.4.1). 

 

Fig. 10.4.1. pSWE technique – Isolated nodule, TIRADS 3, HP: Follicular adenoma 
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Normal thyroid texture, with a follicular structure, has a low cellular density, resulong 

in low SWV values, with an average value of up to 1.55 m/s. Autoimmune thyroid disease, 

associated with fibrosis, generates higher velocioes, over 2.55 m/s. Thyroid adenomas, with 

rich cellularity, have higher velocioes than healthy parenchyma but lower than those in 

autoimmune thyroidios, around 1.72 m/s. Papillary cancers, which associate solid cells, 

fibrosis, and adipose ossue, generate velocioes higher than approximately 2.66 m/s (85). The 

point technique is recommended as an addioonal method to convenoonal ultrasound (21), 

including in cases with nodules smaller than 1 cm in diameter (86). 

Fig. 10.4.2. Normal thyroid parenchyma   Fig. 10.4.3. Autoimmune thyroid disease 

 

The muloplane technique offers either real-ome examinaoon or the one-shot variant. 

This technique allows for the propagaoon velocioes to be measured at several points around 

the lesion, with an acquisioon window of up to 700 milliseconds (8). This technique, offered 

by Toshiba, generates both qualitaove and quanotaove reports. 

The real-ome technique involves exposing ossues to mulople ultrarapid muloplane 

ultrasound waves, 2D-SWE. It generates both qualitaove and quanotaove reports. Recently, a 

three-dimensional elastography variant has been offered, using a volumetric probe with the 

addioon of a frontal image acquisioon plane. 

The 2D-SWE raoo provides both qualitaove and quanotaove informaoon. The 

qualitaove evaluaoon offers a real-ome color elastogram, which reveals differences in the 

shear wave propagaoon velocity through ossues located beneath the transducer in the 

transverse plane (8). The color scale typically ranges from dark blue (very sou lesions), through 

green and yellow (intermediate lesions), to red (very hard lesions) (87) (Fig. 10.4.4). 
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Fig. 10.4.4. SWE color scale from blue (som Wssue) to red (sWff Wssue) 

 

Color classificaoon is not as well-standardized as in strain elastography, with some 

authors proposing a variant extrapolated from breast evaluaoon (88). The color esomaoon is 

proposed on a standard thyroid evaluaoon scale, with a maximum of 100 kPa. From a 

qualitaove perspecove, several parameters can be defined for evaluaoon (89), beyond the 

classical evaluaoon used in breast elastography: the predominant color in the nodule (Fig. 

10.4.5 a – d), the maximum intranodular s<ffness (Fig. 10.4.6 a – d), the appearance of the 

nodular margin (the soffest part, the perinodular transioon zone) (Fig. 10.4.7 a-b), the 

intranodular homogeneity (defining homogeneity as the presence of a single color and 

heterogeneity when displaying at least two colours), and lastly, the perinodular parenchymal 

homogeneity (Fig. 10.4.8). 

Fig. 10.4.5.a: Homogeneous Blue  

HP: Follicular adenoma   

Fig. 10.4.5.b: Homogeneous Green   

HP: Granulomatous thyroidiWs 
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Fig. 10.4.5.c: Homogeneous Orange           Fig. 10.4.5.d: Homogeneous Red   

HP: Micro papillary carcinoma (MicroPTC)           HP: PTC pT2   

 

 

Figures 10.4.6 a–d display the qualitaove quanoficaoon of maximum nodular soffness. 

  
Fig. 10.4.6.a: Maximum intranodular blue  

HP: Follicular adenoma 

 
Fig. 10.4.6.b: Maximum intranodular green   

HP: Autoimmune thyroidiWs 

  
Fig. 10.4.6.c: Maximum intranodular orange   

HP: CysWc PTC   

  
Fig. 10.4.6.d: Maximum intranodular red   

HP: Follicular thyroid carcinoma (FTC) 

 

Figures 10.4.7 a and b show homogeneous and heterogeneous intranodular aspects, 

respecovely. 
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Fig. 10.4.7.a: Intranodular homogeneity   

HP: Classical variant of PTC   

 
Fig. 10.4.7.b: Intranodular heterogeneity   

HP: Sclerosing variant of PTC 

 

Figures 10.4.8 a and b show homogeneous and heterogeneous perinodular aspects, 

respecovely. 

       
Fig. 10.4.8.a: Perinodular homogeneity   Fig. 10.4.8.b: Perinodular heterogeneity   

HP: Granulomatous thyroidiWs focus    HP: FTC on AITD background   

   

Intranodular and perinodular heterogeneity, and the predominance of green 

intranodular color, with the hardest area at least orange coloured, characterize malignancy 

(Fig. 10.4.9). On the other hand, homogeneity, the absence of perinodular soffness, and the 

predominance of blue intranodular color, with the hardest area also blue, characterize benign 

lesions (Fig. 10.4.10) (89). 

 
Fig. 10.4.9. Som nodule (predominantly som); 

Maximum sWffness area = som, homogeneous intra and perinodular  
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Fig. 10.4.10. Hard nodule (predominantly orange);  

Maximum sWffness area = hard, heterogeneous intra and perinodular 

 

Some authors only use the perinodular margin aspect as a single qualitaove criterion 

(Fig. 10.4.11) (90), describing perinodular anelasocity as highly predicove for malignancy, even 

in subcenometer nodules (Fig. 10.4.12). 

 
Fig. 10.4.11. Solid nodule TIRADS 3   

Intranodular sWffness 1   

ElasWc nodular margin   

HP: Follicular adenoma   

Fig. 10.4.12. Solid nodule TIRADS 4   

Intranodular sWffness 2   

SWff nodular margin   

HP: Hobnail variant of PTC 

 

Other authors propose a simpler scale (91), with four color categories, similar to the 

Tozaki scale (92): Type 1 homogeneous, elasoc (completely blue), Type 2 blue with verocal 

lines of green soffness, Type 3 eccentric soffness, and Type 4 central soffness and 

heterogeneity (Fig. 10.4.13 a-d). 
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Fig. 10.4.13.a: Score 1: completely blue   Fig. 10.4.13.b: Score 2: sWffness lines (green)   

 

  
Fig. 10.4.13.c: Score 3: eccentric sWffness   Fig. 10.4.13.d: Score 4: sWffness + heterogeneity 

 

Despite this, the advantage of 2D-SWE lies in the mulotude of quanotaove parameters 

measured. Thus, 2D-SWE directly measures ultrasound propagaoon speed, directly esomaong 

soffness through minimum elasocity (EMin), mean elasocity (EMean), maximum elasocity (EMax), 

and standard deviaoon, expressed either in m/s or kPa (Fig. 10.4.14 and 10.4.15). It is 

recommended to perform three consecuove measurements (93). 

 

Fig. 10.4.14: Elastographic parameters (kPa)   
 

Fig. 10.4.15: Elastographic parameters (m/s) 
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There is no consensus on the opomal parameter to use; some studies use EMax as the 

opomal diagnosoc parameter, with threshold values ranging between 36-49-65-95 kPa (8,94–

96), while others use the mean value, ranging between 38-62-85 kPa (87,97). Some authors 

recommend EMax as the most effecove parameter (90,93,98), while others support the 

superiority of EMean (99). 

 

The performance of EMax is also considered dependent on nodule size (96), with the 

discriminaove threshold increasing with nodule size (93,96,100): 33.7 kPa (for sizes smaller 

than 1 cm), 37.7 kPa (for nodules between 1 and 2 cm), and 55.1 kPa (for nodules larger than 

2 cm) (96). It is considered that 2D-SWE has low sensiovity for nodules smaller than 1 cm and 

low specificity for nodules larger than 2 cm (101). Other authors have not nooced an impact 

of nodule size on the diagnosoc performance of 2D-SWE (102,103). 

Studies evaluaong the impact of size on SWE performance used a ROI encompassing 

the enore nodule (Fig. 10.4.17). Discrepancies in the discriminaove threshold values of 

elasocity indices can be explained by different sample sizes, nodule sizes, chosen ROI 

size/technique, and cancer prevalence in the study group (21). 

In general, the literature describes good diagnosoc performance of elastography, 

whether evaluated alone (85,88,94,104,105) or incorporated into various TIRADS models 

(96,106,107). The advantages of 2D-SWE are evident in improving the diagnosoc quality of 

TIRADS models, considering soffness as an addioonal risk factor, increasing accuracy from 

85.5% to 92.6% (106) for TIRADS 4a category, and from 78.4% to 84% for TIRADS 4b category 

(108). There are meta-analyses that also verify the diagnosoc performance of different 

vendors, expressed through the area under the receiver operaong characterisoc curve 

(AUROC) (109), with the following results: 0.84 for Toshiba, 0.85 for Siemens VFI, and 0.61 and 

0.88 for Aixplorer, indicaong diagnosoc value independently of the type of device used. 

However, there are also negaove studies, such as a recent meta-analysis (110) comprising over 

2,500 nodules and describing a sensiovity of only 66% and a specificity of 85%, considering the 

diagnosoc performance as mediocre. 

 

In quanotaove evaluaoon, a qualitaove elasocity raoo (ER) can also be calculated, 

automaocally performed by the ultrasound machine, with direct comparison between the ROI 

in the nodule and a similarly sized ROI in the adjacent non-nodular thyroid parenchyma, 

preferably at the same depth (43) (Fig. 10.4.16). The lack of ROI standardizaoon (111) impacts 

the diagnosoc accuracy of ER. Generally, ER is considered to have superior diagnosoc 

sensiovity compared to other quanotaove parameters but with lower specificity (112), with 

diagnosoc performance inferior to the preferred parameter, EMax, with values ranging between 

77.03 - 86.71%, averaging 81.85%, compared to 84.27 - 92.09%, averaging 78.19%. The 

threshold value of ER is not standardized, with values ranging between 1.35 (112) - 3.7 (113) - 

3.9 (99). 



309  

 
Fig. 10.4.16. Quantitative Evaluation of Elastographic Indices 

 

10.5. LimitaWons of Shear Wave Elastography 

The size of the ROI is not standardized in thyroid evaluaoon guidelines, with 

recommendaoons varying from minimal regions of 1-3 mm (8, 51, 114) to the use of a window 

covering the enore nodular lesion (107, 115). The placement of the ROI should correspond to 

the hardest intranodular area (105) (Fig. 10.5.1), avoiding heterogeneous zones (56, 74). 

Several studies directly compare the diagnosoc performance of different ROI sizes, showing 

the superiority of small ROIs (Figs. 10.5.2 and 10.5.3) for the parameters EMax and EMin (116), 

with no performance differences in EMean (111). Other authors recommend choosing an ROI 

that encompasses the enore nodule (21). 

 

 

Fig. 10.5.1. TIRADS 4 Nodular Lesion, ROI 4 mm 

 

Fig. 10.5.2. TIRADS 4 Nodular Lesion, ROI 3 mm
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Fig. 10.5.3. TIRADS 1 Nodular Lesion, ROI 1 mm,  

HP: Follicular Adenoma 

 
Fig. 10.5.4. TIRADS 4 Nodular Lesion, ROI 11 mm,  

HP: Hurthle Cell Adenoma 

 

Nodule Depth. Generally, nodular lesions deeper than 3 cm do not allow for a complete 

elastogram, with images ouen being incomplete (116) because the penetraoon limit of shear 

waves is around 3 cm (117) (Fig. 10.5.5). For very deep nodules, a lower frequency probe, up 

to 10 MHz, can be used in elastographic mode, but even under these condioons, the 

elastogram is ouen incomplete, as shown in Fig. 10.5.6. 

 

      
Fig. 10.5.5. Solid TIRADS 4a Lesion,    Fig. 10.5.6. Solid TIRADS 5 Lesion, 

Depth 4 cm, Incomplete Elastogram    Depth 3.5 cm, Incomplete Elastogram 

 

In overweight paoents, ultrasound atenuaoon due to adipose ossue can further alter 

the elastogram quality (Figs. 10.5.7 and 10.5.8). 
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Fig. 10.5.7. Nodular Lesion at 1.9 cm Depth,   Fig. 10.5.8. Nodular Lesion at 3.0 cm Depth, 

Complete Elastogram     Incomplete Elastogram 

 

 

Nodule size has an impact on the quality and reliability of the elastography evaluaoon, 

as it was already described. Large nodular lesions affect the elastography performance, with 

different diagnosoc outcomes for various nodule sizes (Fig. 10.5.9). However, the impact of the 

nodule size on elastography eligibility is unclear (21). 

 

 

Fig. 10.5.9. Solid TIRADS 3 Lesion, Maximum Diameter 4.2 cm, Exceeding Elastographic FOV Size 

 

Pretracheal nodule posiWon limits the use of shear wave elastography due to the 

proximity of the tracheal carolage, which can cause falsely increased soffness (Figs. 10.5.10 

and 10.5.11). 
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Fig. 10.5.10. Isthmic Nodular Lesion, False Increased 

Intranodular SWffness,  

HP: Follicular Adenoma 

Fig. 10.5.11. Isthmic Nodular Lesion, Apparent False 

Increased Intranodular SWffness,  

HP: Sclerosing Variant of PTC 

 

Nodule composiWon influences elastographic results due to inhomogeneity from cysoc 

inclusions, calcificaoons, or heterogeneity. Calcificaoons increase shear wave speed (118), with 

a threshold value of 66 kPA for the elasoc index in disonguishing benign from malignant 

calcificaoons (119). Microcalcificaoons and macrocalcificaoons within nodules show different 

velocioes (118). Some authors report decreased diagnosoc capability due to calcificaoons (21, 

118-120), but there is no literature consensus(121). Macrocalcificaoons, both intranodular 

(Fig. 10.5.12) and egg-shell (Fig. 10.5.13), can cause increased soffness and false-posiove 

results (122), though this effect is not universally observed (121). 

Fig. 10.5.12. Intraparenchymal MacrocalcificaWon, 

Score 3 

HP: PTC 

Fig. 10.5.13. Intraparenchymal Macrocalcification, 

Score 1 

HP: Colloid Goiter 
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Fig. 10.5.14. Egg-shell MacrocalcificaWon,   Fig. 10.5.15. Egg-shell MacrocalcificaWon, 

Incomplete. ES = 2. HP: MicroPTC    Complete. ES = 1. HP: Follicular Adenoma 

 

Only rough or diffuse salt-and-pepper calcificaoons affect elasocity (93) (Figs. 10.5.16 

and 10.5.17). 

 

  
Fig. 10.5.16. Rough CalcificaWons, Score 4, HP: PTC 

 
Fig. 10.5.17. Punctate CalcificaWons, Score 3, HP: PTC 

 

Nodule heterogeneity complicates elastographic evaluaoon (21), with cysoc 

components being parocularly disrupove (Figs. 10.5.18 and 10.5.19). Using a small ROI 

decreases the negaove impact of intranodular heterogeneity (111). 
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Fig. 10.5.18. Mixed nodule, dispersion phenomenon, 

falsely hard and incomplete elastogram 

Fig. 10.5.19. Mixed nodule, heterogeneous and 

incomplete elastogram 

 

The impact of diffuse heterogeneity on benign/malignant diagnosoc capacity is also 

discussed (112, 123), with chronic autoimmune thyroidios increasing diffuse elasocity indices 

(72), altering the absolute elasocity raoo but not affecong the diagnosoc capability of 2D-SWE 

(123). 

 

Apart from technique-related limitaoons (transducer posioon, FOV size, ROI size, 

pressure intensity), and nodule characterisocs (posioon, depth, size, structure), shear wave 

elastography also associates a range of false-posiove and false-negaove results due to 

overlapping elasocity values of various pathologies. Results are explicable by differences in 

intranodular fibrosis quanoficaoon: papillary cancer elasocity correlates with fibrosis degree 

(19), and follicular neoplasia is more elasoc than nodular hyperplasia (124). 

 

Follicular neoplasia includes benign lesions, precancerous enooes like NIFTP, and 

cancers. Convenoonal ultrasound and strain elastography do not offer accurate morphological 

diagnoses. SWE data indicate that follicular neoplasia, both benign and malignant, shows 

lower elasocity indices than those measured in chronic autoimmune thyroidios or papillary 

cancers (125) (Figs. 10.5.20 and 10.5.21). Thus, the predicove value for follicular cancer is low 

(Fig. 10.5.22), even though malignant follicular neoplasia has a mean value above 22.3 kPa 

(Figs. 10.5.23 and 10.5.24). Follicular neoplasia is one of the most frequent causes of both 

false-posiove and false-negaove results. 
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Fig. 10.5.20. TIRADS 4a, Elastographic Score 2,    Fig. 10.5.21. TIRADS 3, Elastographic Score 4,  

HP: Follicular Adenoma       HP: NIFTP 

 

     
Fig. 10.5.22. TIRADS 4, Score 1,       Fig. 10.5.23. TIRADS 4, Score 3, 

HP: Classic FTC         HP: CysWc Variant FTC 

 

Regarding fibrosis distribuoon, follicular neoplasia shows soffness at the nodule 

margin, while simple nodular hyperplasia has uniform soffness distribuoon (124, 126). 

 

Despite classical theories that most medullary thyroid cancers (MTC) are sou due to 

their high amyloid content and to the absence of fibrosis, SE results do not fully extrapolate to 

SWE. MTCs present higher elasocity indices than healthy thyroid parenchyma, with a mean of 

85.9 kPa (127), but significantly lower compared to papillary cancers, which average over 100 

kPa (125). Figs. 10.5.24 and 10.5.25 show cases diagnosed with MTC, with increased and 

reduced elasocity, respecovely. 
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Fig. 10.5.24. TIRADS 5, ES 4, HP: Isolated MTC Fig. 10.5.25. TIRADS 3, Elastographic Score 2, HP: Isolated 

MTC      HP: Isolated MTC 

 

Papillary microcarcinomas can exist isolated in the thyroid parenchyma or within 

macronodules. Several studies on papillary microcarcinomas describe small benign/malignant 

differenoaoon threshold values under 36 kPa (128, 129) for EMean, the most diagnosocally 

accurate qualitaove parameter. 

Excessive fibrosis presence, as in nodular autoimmune thyroid disease (123) (Fig. 

10.5.26), granulomatous thyroidios (Fig. 10.5.27), or non-autoimmune contexts like post-

regional radiotherapy (21, 125), generates frequent false-posiWve situaWons. Riedel's 

thyroidios (Fig. 10.5.29), part of the thyroidios group, fibroblasoc infiltraoon, as seen in 

subacute thyroidios during the sideraoon phase, mimic thyroid cancer by generaong the 

highest soffness values encountered in thyroid elastography (72, 125). Healing allows for a 

return to normal. Fig. 10.5.30 shows the inioal aspect of subacute thyroidios during the 

sideraoon phase, and Fig. 10.5.31 shows the ultrasound evoluoon in the same paoent as the 

fibroblasoc infiltrate disappears during the healing process. 

 
Fig. 10.5.26. TIRADS 4, Elastographic Score 2,  

HP: BTA, Pseudonodular Form 

 
Fig. 10.5.27. Elastographic Score 2,  

HP: Granulomatous Thyroiditis 
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Fig. 10.5.28. TIRADS 4a Nodule, Score 2,  

HP: Post-RadiaWon ThyroidiWs 

 
Fig. 10.5.29. TIRADS 4c Nodule, Score 4,  

HP: Riedel's ThyroidiWs 

 

 
Fig. 10.5.30. TIRADS 5 Nodule, Score 4, HP: 

Subacute Thyroiditis (attack 01.2023) 

 
Fig. 10.5.31. TIRADS 4c Nodule, Score 4, HP: 

Subacute ThyroidiWs (recovery 03.2023) 

 

Unlike strain elastography, the learning curve for 2D-SWE is steeper (43, 131), with a 

small intra- and inter-observer variability (21, 22) and a concordance of 0.97 (119). 
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10.6. The Use of Elastography in Nodular Pathology 

 

Many current guidelines (12, 20, 21, 67) recommend integraong elastographic 

informaoon into the muloparametric thyroid evaluaoon. Integraong nodular elasocity as an 

addioonal evaluaoon factor enhances diagnosoc performance (77, 133–135), including in 

improving TIRADS predicoon models (39), where Asteria color score 3 and 4, and Rago 4 and 

5, are considered addioonal risk factors by increasing specificity and negaove predicove value 

(49, 136, 137) (Figs. 10.6.1 – 10.6.4). 

 

 
Fig. 10.6.1. TIRADS 2 Nodule, RAGO 3, Reclassified 

as TIRADS 4, HP: CysWc PTC 

Fig. 10.6.2. TIRADS 3 Nodule, RAGO 3, Reclassified 

as TIRADS 4, HP: NIFTP 

 
Fig. 10.6.3. TIRADS 3, RAGO 3, Reclassified as 

TIRADS 4, HP: Granulomatous ThyroidiWs 

 
Fig. 10.6.4. TIRADS 4 Nodule, RAGO 4, Reclassified 

as TIRADS 5, HP: FTC 

 

The same principle applies to 2D-SWE, where soffness requires a risk reclassificaoon 

(8, 11, 28, 88, 112, 125, 138) (Figs. 10.6.5 and 10.6.6). 
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Fig. 10.6.5. TIRADS 3, Elastographic Score 3, 

Reclassified as TIRADS 4, HP: PTC 

Fig. 10.6.6. TIRADS 4a Nodule, Elastographic Score 4, 

Reclassified as TIRADS 5, HP: PTC 

 

In the case of mulonodular goiters, reclassifying to a higher risk class facilitates 

choosing the nodule for biopsy. Figs. 10.6.7 and 10.6.8 show the same paoent with 

mulonodular involvement, where the soffness of the caudal nodule was decisive in its 

selecoon for biopsy (76). 

 

 
Fig. 10.6.7. MulWnodular Goiter, Choosing the 

Caudal Nodule (Rago 3) for Biopsy 

Fig. 10.6.8. MulWnodular Goiter, Choosing the 

Caudal Nodule (Score 3) for Biopsy 

 

Studies indicate a role for elastography even in heterogeneous nodules, where biopsy 

orientaoon is facilitated by elastography towards hard areas (139), as demonstrated by the 

ventro-apical posioon of the nodule in the leu thyroid lobe, with consistent soffness in SE (Fig. 

10.6.9) and SWE (Fig. 10.6.10). 
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Fig. 10.6.9. SE EvaluaWon Fig. 10.6.10. SWE EvaluaWon 

 

Risk downgrading is not recommended (29, 47). However, we can hypothesize that a 

sou TIRADS 3 nodule should not be referred for biopsy, with elastography reaffirming the 

nodule's benignity (137), having a diagnosoc failure rate of 0.03%. Elastography's malignancy 

exclusion probability is higher than that of B-mode ultrasound (38). Figures 10.6.11 and 

10.6.12 show the same solid nodule, evaluated by strain and 2D-SWE techniques, where 

elasocity reiterates the minimal malignancy probability. Thus, increased diagnosoc accuracy 

through elastography, regardless of type, allows for reducing invasive exploraoons by up to 

33% (137). 

 

 
Fig. 10.6.11. TIRADS 3, RAGO 1,  

HP: Autonomous Follicular Adenoma 

Fig. 10.6.12. TIRADS 3, Score 1,  

HP: Autonomous Follicular Adenoma 

 

Regardless of classical ultrasound criteria, the presence of soffness in solid nodular 

lesions requires a risk upgrade with fine-needle aspiraoon (FNA) indicaoon (141). The 

following figures display the same solid nodule evaluated by strain (Fig. 10.6.13) and 2D-SWE 

(Fig. 10.6.14) techniques, soff and referred for FNA at about 8 mm size, confirming the 

diagnosis of papillary microcarcinoma with secondary lymph node metastases. 
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Fig. 10.6.13. TIRADS 3, RAGO 4, Reclassified as 

TIRADS 4, Micro PTC 

Fig. 10.6.14. TIRADS 3, Elastographic Score 4, 

Reclassified as TIRADS 4, Micro PTC 

 

A special category of nodules includes those with indeterminate results on FNA, which 

represent up to 25% of biopsied nodules (12). There are no universal recommendaoons for 

this situaoon, with individual risk, whether clinical, anamnesoc, or molecular, usually 

necessitaong total thyroidectomy (12, 67). Posiove studies indicate that rigidity, either 

qualitaovely defined (142) or semi-quanotaovely assessed (14), increases thyroid cancer 

diagnosoc predicoon with a sensiovity of about 96-98% and a specificity of over 90%, though 

not universally demonstrated (15). Our working group considers nodule rigidity as an 

individual risk addioon (75), especially as recent meta-analyses confirm this (39, 77). Similar 

results are described for the 2D-SWE technique (16, 17, 143), though there is no consensus on 

the discriminaove parameters to use (EMean or EMax), noong a sensiovity of 79.2% and specificity 

of 84.5%. Figures 10.6.15 and 10.6.16 present the same case with indeterminate cytology on 

FNA, upgraded in risk category and referred for surgical cure due to increased soffness 

evaluated by strain and 2D-SWE techniques. 

 

 
Fig. 10.6.15. BETHESDA III, RAGO 3, HP: PTC Fig. 10.6.16. BETHESDA III, Elastographic Score 3, 

HP: NIFTP 

Most literature data provide a comparison between SE and SWE in different study 

populaoons. A meta-analysis including 80 studies with a total of 16,624 subjects shows 
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superior diagnosoc quality overall for SE compared to SWE in differenoaong malignant and 

benign thyroid nodules (144). Significant is the proporoon of SE studies included compared to 

SWE and the lack of uniformity and standardizaoon in ultrasound evaluaoon, elastographic 

techniques, and cancer thresholds. Some smaller studies comparing both methods in the same 

populaoons using different ultrasound machines for measurements generally favoured SE, 

though SWE had comparable value (specificity of 68.4% vs. 79.0%, sensiovity of 86.7% vs. 

84.4%, and accuracy of 81.3% vs. 78.1%) (145). There are also studies showing superior values 

for SWE, with no significant staosocal differences in terms of AUROC: 0.912 for mean EI and 

0.905 for SR (p=0.0952) (146). Nodule-to-parenchyma or nodule-to-muscle SR was shown to 

be a beter predictor than qualitaove SE assessment, providing a numerical, quanotaove 

evaluaoon for SE (147). A considerable advantage of SWE refers to evaluaong nodules 

coexisong with autoimmune thyroid disease, while SE is described as less feasible in this 

context (144, 148). 

 

Operator experience is crucial, especially in the case of strain elastography (149). SWE 

generally shows beter reproducibility. However, certain factors, such as external compression 

on the transducer, can interfere with measurements. The most common type of error in SWE 

evaluaoon relates to operator-dependent arofacts. Therefore, although SWE is perceived as 

an easier technique to learn, both elastographic techniques should invariably be performed by 

trained, experienced examiners. Interobserver variability has been assessed in several recent 

studies, indicaong excellent agreement among observers (149). 

 

Our team has described that nodules near the trachea, parocularly those located on 

the isthmus, can be associated with more arofacts in SWE evaluaoon. For this locaoon, SE 

seems to have more reliable results (146). Fig. 10.6.17 and 10.6.18 present a case with an 

isthmic nodule, where SE shows elasocity, while SWE shows false soffness. 

Fig. 10.6.17. Isthmic nodule evaluated with SE, 

TIRADS 3. RAGO  2 

 
Fig. 10.6.18. Isthmic nodule evaluated with SWE, 

TIRADS 3. SWffness score 4 
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Follicular carcinomas can appear elasoc in SE, with a false-negaove rate of 44%, but 

most are soff when evaluated using 2D-SWE. Follicular adenomas also appear soff in SE, but, 

in most cases, they do not exhibit soffness in SWE. Medullary and metastaoc carcinomas can 

also present false-negaove results in SE (150, 151). 

Some studies have reported lower diagnosoc performance for nodules exceeding 3 cm 

or very small lesions. Addioonally, the idea of validaong different elastographic thresholds in 

SWE evaluaoon has been proposed, depending on the size of the nodule being analyzed, with 

thresholds increasing as the size of the nodules grows (152). 

In obese paoents, as well as in deeply situated lesions, which can generate false images 

or be unevaluable by elastography regardless of the method used, elastographic evaluaoon is 

limited, especially for SWE (153, 154). Other limitaoons of elastography, regardless of the 

technique, include peripheral calcificaoons, which increase rigidity and can generate a 

posterior shadow. Intranodular macrocalcificaoons always produce soff images in SWE without 

significantly influencing the elastographic map in SE (155). 

Large cys<c components do not allow for the passage of shear waves in SWE, leading 

to arofacts that can confirm the presence of a cysoc component. Since shear waves do not 

travel well through fluid-filled areas, these regions will appear without a shear wave signal on 

elastographic images; the characterisoc RGB aspect confirms the cysoc nature in strain 

elastography (156). In mixed lesions with a cysoc component, strain elastography can be useful 

in detecong thyroid cancer by idenofying a high SR value in the solid component (157).  

Necrosis areas are ouen present in the centre of differenoated thyroid carcinomas and 

can induce sou elastographic images, especially in SWE (158).  

Strain elastography has limitaoons in nodules smaller than 5 mm, although no lower 

size limit for its use has been established. For subcenometer nodules, SWE provides more 

accurate diagnosoc elastographic informaoon compared to SE (150). 
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10.7. The Role of Elastography in Diffuse Thyroid Pathology 

The introducoon of elastography in evaluaong diffuse thyroid pathology originates 

from its diagnosoc and prognosoc role in hepaoc pathology regarding chronic disease 

progression.  

There are several studies defining normal values in thyroid elastography. Since strain 

elastography does not provide direct quanotaove measurement, normal thyroid elasocity is 

defined by shear wave elastography, parocularly 2D-SWE, with values of 9.0 ± 11.3 kPa (159), 

13.5 ± 3.3 kPa (160), 13.34 ± 3.2 kPa (161), and 10.97 ± 3.1 kPa (162). Normaove values are 

also described for the point technique, with corresponding SWV values of 1.60 ± 0.18 m/s 

(163) and an average of 1.98 m/s (163) (74). The measurement is considered accurate, with 

minimal inter-observer variability of 0.97-0.98 (164) and intra-observer reproducibility of 0.78-

0.85 (165). It is recommended to perform three determinaoons per lobe, using the median 

values (166). 

Elastography is useful in diagnosing autoimmune thyroid disease in both adult (159, 

160, 163, 165, 167-172) and pediatric populaoons (170, 172-176). In the pediatric populaoon, 

no correlaoon is observed between the degree of fibrosis and age, weight, or pubertal stage 

(70, 164). Other authors describe a posiove correlaoon between elasocity indices and age in 

the adolescent populaoon (176). 

Both strain elastography (170, 175), monoplane ARFI, and 2D-SWE techniques have 

been studied by various groups, all revealing that, regardless of the disease stage, autoimmune 

thyroid disease associates with increased elasocity indices (72, 74, 159-165, 172, 176) 

compared to the non-thyroid populaoon. The diagnosoc value is certain, predicong 

autoimmune thyroid disease with a sensiovity of up to 96.9% and specificity of 100% (174).  

There are also various threshold values indicaove of autoimmune thyroid disease 

presence, but no consensus exists on the discriminaove values of elasocity indices (21). Data 

related to the predicove value of elastography regarding disease progression, especially 

towards hypothyroidism, are controversial. Some studies reveal higher elasocity indices due 

to fibrosis progression in cases requiring thyroid hormone replacement therapy (123, 170), but 

this finding is not universally demonstrated (169, 175). 

The subtypes of autoimmune thyroid disease, including asymptomaoc, hypothyroid, or 

hyperthyroid phases, are difficult to differenoate strictly based on elastography, essenoally 

showing differences between autoimmune and non-autoimmune types, with minimal, non-

significant differences between Hashimoto's and Graves' disease variants (168). Addioonally, 

there are controversies regarding the correlaoon between elastographic parameters and 

anothyroid anobody oters, which are pathognomonic for the posiove diagnosis of thyroid 

autoimmunity (173). 
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Elastographic evaluaoon of diffuse pathology should be integrated into the 

muloparametric thyroid model in stages: 2B ultrasound idenofies cases with diffuse thyroid 

pathology, power Doppler evaluaoon idenofies hyperfuncoonal cases, elastography 

differenoates autoimmune from non-autoimmune substrates, and subacute thyroid 

destrucoon from non-subacute to correctly idenofy treatment categories: replacement 

therapy, ano-inflammatory, or anothyroid treatment (167). 

 

In conclusion, elastography finds a well-deserved place in the muloparametric 

ultrasound evaluaoon of thyroid pathology. It contributes to discriminaong most solid thyroid 

nodular lesions, as rigid thyroid cancers, predominantly papillary ones, are idenofied. 

Detecong a rigid intranodular area implies referral for FNA, facilitates biopsy guidance, or 

nodule selecoon for the procedure. Rigidity can be considered an addioonal risk factor in 

nodules with indeterminate cytology, alongside anamnesoc, clinical, or molecular factors. 

Lastly, elastographic evaluaoon of diffuse thyroid pathology helps classify paoents into 

subcategories: healthy, autoimmune thyroidios with hypothyroidism, hyperthyroidism due to 

aggression, or hyperproducoon. 
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10.8. Role of Elastography in Parathyroid Gland EvaluaWon 

Medical advances have improved diagnosoc methods, therefore increasing the 

incidence of various endocrine disorders (177, 178). Hyperparathyroidism is a common 

endocrine disorder, ouen referred to as primary hyperparathyroidism. In terms of incidence, 

it is the third most common endocrinopathy auer type 2 diabetes and thyroid diseases (179). 

The most common cause of primary hyperparathyroidism is a parathyroid adenoma, followed 

by parathyroid hyperplasia and parathyroid carcinoma (180-182). Secondary 

hyperparathyroidism is a frequent complicaoon of chronic kidney disease, with a high 

prevalence in paoents undergoing renal replacement therapy, dialysis (183, 184). Currently, 

primary hyperparathyroidism is diagnosed in asymptomaoc forms, especially in 

premenopausal women, through acove screening with high serum parathyroid hormone (PTH) 

levels and consequently high serum calcium levels (177, 185-187). Secondary 

hyperparathyroidism is common in the chronic kidney disease populaoon and is caused by 

calcium-phosphorus metabolism disorders. The reported prevalence in the literature is high 

among dialysis paoents, about 54% in the United States and Europe, up to 43.8% in France, 

46.8% in Russia, and 42.9% in the United Kingdom (183). 

 

The pathophysiological mechanism of primary hyperparathyroidism (PHPT) shows a 

loss of homeostaoc control in the synthesis and secreoon pathway of parathyroid hormone, 

resulong in increased PTH secreoon and/or marked proliferaoon of cells with normal PTH 

levels. Single adenomas are of monoclonal origin, suggesong tumors that originate from a 

single abnormal cell (188), while hyperplasoc parathyroid tumors are usually geneocally 

polyclonal (177). On the other hand, secondary hyperparathyroidism (sHPT) has a 

mulofactorial and complex mechanism caused by hypocalcemia, vitamin D deficiency, 

hyperphosphatemia, and high levels of fibroblast growth factor (FGF23). In this case, sHPT 

could be modified by treaong the underlying disease, chronic renal failure, or vitamin D 

deficiency. However, chronic somulaoon of the parathyroid glands can become autonomous, 

resulong in persistent teroary hyperparathyroidism (180, 189-191). 

Regardless of hyperparathyroidism eoology, surgery is a legiomate, validated, and 

correcove treatment for both primary and secondary hyperparathyroidism. Minimally invasive 

parathyroidectomy (MIP) is considered the preferred approach and is currently recommended; 

therefore, correctly idenofying the number and locaoon of affected parathyroid glands in 

preoperaove evaluaoon is necessary, with ultrasound being the most cost-effecove method 

(192). Given the posiove characterisocs of ultrasound, such as its non-invasive nature, real-

ome high resoluoon, reproducibility, ease of manipulaoon, safety for children and pregnant 

women, and the absence of X-ray exposure or contrast agent administraoon, it is the most 

accessible, reliable, and cost-effecove imaging technique for idenofying pathological 

parathyroid glands (193, 194). 
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Ultrasound visualizaoon of the parathyroid glands includes both normal parathyroids 

(Fig. 10.8.1) and hypertrophied parathyroids, such as parathyroid adenomas (Fig. 10.8.2). The 

localizaoon of hypertrophied or hyperplasoc parathyroids is necessary only in cases of 

hyperparathyroidism (primary, secondary, or teroary) that require surgical intervenoon. 

 

Fig. 10.8.1. Physiologic Parathyroid 

 

Fig. 10.8.2. Parathyroid Adenoma 

 

Elastography is a validated and complementary method, referred to as "palpaoon 

imaging," which provides qualitaove and quanotaove informaoon about the examined ossue, 

such as anatomical architecture and changes in ossue elasocity (193, 195-197). It is recognized 

as a marker of pathological condioons in many clinical fields, contribuong to posiove 

idenoficaoon, differenoal diagnosis, and therapeuoc management. Its role is established in 

endocrinology for the evaluaoon of the thyroid and parathyroids (187, 189, 198), 

hepatogastroenterology (199-201), senology (202, 203), urology (204), and 

otorhinolaryngology (205). 
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Elastography has been used in the evaluaoon of primary and secondary 

hyperparathyroidism, demonstraong its clinical importance (187, 189, 206, 207). It can 

accurately differenoate parathyroid ossue from thyroid or muscle ossue. However, the 

technique is not useful for evaluaong physiologic parathyroids. 

US is a highly accessible imaging technique in endocrinology, the golden standard for 

evaluaong the thyroid and parathyroids (208-210). Ultrasound evaluaoon requires precise 

observaoon and idenoficaoon of anatomical structures in both longitudinal and transverse 

views (211, 212). Addioonal techniques, such as head rotaoon or swallowing, can improve the 

idenoficaoon of anatomical structures and ectopic parathyroid glands (211). The sensiovity of 

ultrasound idenoficaoon of parathyroid tumors varies from 70-80% (213), with a higher 

posiove idenoficaoon rate for parathyroid hyperplasia ranging from 30-90% (214). However, 

the accuracy depends on the tumour’s locaoon and size (215), the paoent's body habitus and 

gland morphology, as well as the operator's experience (212). The common false-posiove 

ultrasound results are due to structures that mimic parathyroid adenomas, such as thyroid 

nodules, lymph nodes, thymus, muscles, vessels, and the oesophagus (216).  

Parathyroid adenomas typically have a peripheral vascular margin and an abnormally 

increased blood flow compared to that of the thyroid (217). Therefore, adding the color 

Doppler mode to the ultrasound evaluaoon can increase the accuracy and sensiovity of 

ultrasound by 54% (218) (Fig. 10.8.3). 

 

Fig. 10.8.3. IdenWficaWon of peripheral flow using Color Doppler mode, complementary to 2B mode 

ultrasound. 

 

Elastography can provide addioonal informaoon on ossue soffness, useful in evaluaong 

parathyroid disease. Neoplasoc, fibrous, or atherosclerooc ossue changes are reflected in 

ossue soffness in elastographic evaluaoon. The development of neoplasoc ossue can be 

idenofied at an early stage because, physiopathologically, there may be an increased 

producoon of connecove ossue, changes in cellular density, and increased blood flow, all of 

which lead to changes in the ossue matrix and, consequently, ossue elasocity. Elastography 

can idenofy differences between benign and malignant ossues at the beginning of the disease 
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development, offering high sensiovity and resoluoon for deep structures (197, 220, 221). 

Elastography is performed auer a 2B ultrasound of the parathyroid glands. It can be performed 

on all paoents, is cost-effecove, and adds valuable informaoon. The elastography module is 

available on several ultrasound machines, such as the Aixplorer Mach 30 (SuperSonic Imagine, 

France), Philips, Fujifilm, and Hitachi Preirus (Hitachi Medical Corporaoon, Tokyo, Japan) (219). 

Parathyroid elastography is performed with a high-resoluoon linear transducer of 15-4 

or 18-5 MHz, chosen based on image clarity; deep parathyroid glands are evaluated with the 

15-4 probe, which provides beter images. The paoent is examined in a supine posioon with 

neck extension, maintaining regular shallow breathing. The following parathyroid parameters 

are evaluated: locaoon, shape, dimensions, and total gland volume. 

 

As in thyroid pathology, SE requires the applicaoon of external pressure to induce 

ossue deformaoon, which is subsequently quanofied by the device's souware. An 

elastographic map is superimposed on the grayscale 2B image, displayed as a color map (red 

for fluid, green for sou ossue, blue for hard ossue), allowing the examiner to obtain qualitaove 

informaoon about ossue soffness for the examined area (219). Semi-quanotaove values are 

obtained by comparing ossue soffness in the ROI of the target ossue with adjacent ossue, 

calculaong a soffness raoo, or strain raoo, as shown in Fig. 10.8. 

 
Fig. 10.8.4. SE Elastogram. Lem inferior parathyroid adenoma, som, strain raWo = 0.57  

 

In the case of SWE, the examiner must maintain precise adherence of the probe to the 

examined area for at least 6 seconds, avoiding compression, allowing the transducer to induce 

acousoc vibraoons in the parathyroid ossue. Auer the image stabilizes, a real-ome elastogram 

with a color map is superimposed on the B-mode image. Once the image is stabilized, 

quanotaove measurements can be performed on a staoc image. 

Quanotaove informaoon, described as the elasocity index, is obtained from the staoc 

elastogram image using a quanoficaoon area Q-box placed in the ROI. Auer calculaoon by the 

souware, elasocity parameters are displayed EMean, EMin, EMax, and standard deviaoon (SD). All 
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measurements are numerically expressed in kPa. Since there is no recommended scale seqng 

for parathyroid examinaoon, we recommend using a thyroid scale (0-100 kPa) (Fig. 10.8.5). 

 
Fig. 10.8.5. Elastogram in shear wave elastography displaying incomplete colormap  

in a profound parathyroid lesion. 

 

Experience with strain elastography in parathyroid disease has mainly focused on 

parathyroid adenomas, as parathyroid hyperplasia is more challenging to evaluate with this 

form of elastography (189). The classificaoon scale used for evaluaong parathyroid lesions is 

represented by the Rago criteria, ouen used for thyroid pathology. The Rago criteria (222), 

described for thyroid pathology, especially for nodular goiter, have been used for the 

qualitaove assessment of strain elastography as follows: a score of 1 means that the elasocity 

in the enore lesion is sou ossue, a score of 2 means that the ossue is mostly sou, a score of 3 

is defined by sou ossue in the peripheral part of the lesion, a score of 4 means that the 

examined lesion is completely rigid, and a score of 5 means that the rigidity extends beyond 

the lesion margins and infiltrates the surrounding ossues. The main disadvantage of this 

qualitaove technique is the depth of the evaluated ossue or lesion, which leads to an 

incomplete, unusable, and uninterpretable color map at greater depths. Most parathyroid 

adenomas evaluated by our group in previously published work had a score of 1 according to 

the Rago criteria (Fig. 10.8.6) (223). 

 

Fig. 10.8.6. Parathyroid adenoma evaluated according to the Rago criteria, score 1. 
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In the first study conducted by our group on the uolity of strain elastography in primary 

hyperparathyroidism, we evaluated the qualitaove and semi-quanotaove elastographic values 

of idenofied parathyroid adenomas in 20 consecuove paoents diagnosed with primary 

hyperparathyroidism. Of the 20 cases, two parathyroid adenomas could not be evaluated, and 

the rest had a score of 1 according to the Rago criteria (223). The size and locaoon of the 

parathyroid adenomas were also quanofied, with the average size of the parathyroid adenoma 

on ultrasound being 0.776 ± 0.50 cm, with a maximum size of 2.46 cm and a minimum size of 

0.34 cm. Most parathyroid adenomas were found near the right superior lobe (nine 

adenomas), three near the right inferior lobe, three near the leu superior lobe, and five near 

the leu inferior lobe. In terms of ultrasound appearance, 13 parathyroid adenomas had a cysoc 

appearance (65%), five had a solid homogeneous and hypoechoic appearance (25%), and two 

adenomas had a mixed appearance (10%) - mostly cysoc, with one having an elongated shape. 

Semi-quanotaove informaoon was obtained by comparing the ossue strain of the parathyroid 

adenoma parenchyma with thyroid or muscle ossue. No significant differences were found 

between the strain raoo determined by calculaong the mean elasocity raoo (ER) between the 

parathyroid adenoma and thyroid ossue (nine cases out of twenty) with a mean ER of 1.465 ± 

1.458, and the soffness raoo of the parathyroid adenoma compared to the soffness raoo of 

thyroid ossue with autoimmune disease (11 cases out of 20) with a mean ER = 1.656 ± 1.746, 

p = 0.481 (223). 

 

Our working group also studied 2D-SWE elastography in parathyroid pathology. We 

conducted several prospecove studies on primary and secondary hyperparathyroidism, 

comparing elastographic results from parathyroid ossue to evaluate differences between the 

two clinical enooes, as the pathophysiological mechanism is quite different. The first study 

(223) evaluated shear wave elastography values in primary hyperparathyroidism. Twenty 

paoents with primary hyperparathyroidism and a solitary adenoma were included. Parathyroid 

ossue was compared with thyroid and muscle ossue, as normal parathyroid adenomas cannot 

be evaluated by ultrasound. The best parameter idenofied for evaluaong parathyroid 

adenomas was the EMean elastographic index, with the highest specificity, sensiovity, and 

accuracy. The results are presented in Table 10 (223). 
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Table 10.1. SensiWvity, specificity, ROC curve for mean elastographic index measured ER for primary and 

secondary hyperparathyroidism (223). 

 

ER Mean 

Parathyroid 

Adenoma/Thyro

id Tissue 

ER Mean 

Parathyroid 

Adenoma/Musc

le Tissue 

ER Mean 

Parathyroid 

Hyperplasia/Thyro

id Tissue 

ER Mean 

Parathyroid 

Hyperplasia/Musc

le Tissue 

AUC 

value 
0.950 0.997 0.940 0.949 

Specificit

y 
90.0% 95.0% 90.7% 90.7% 

Sensitivit

y 
95.0% 100.0% 94.8% 93.8% 

PPV 90.5% 95.2% 91.1% 91.0% 

NPV 94.7% 100.0% 94.6% 93.6% 

Accuracy 92.5% 97.5% 92.26% 91.75% 

p-value <0.001 <0.001 <0.001 <0.001 

Cut-off 

value  
<7.28 kPa <10.47 kPa <9.74 kPa <9.98 kPa 

PPV: Posiove Predicove Value, NPV: Negaove Predicove Value 

 

Staosocal analysis showed a significant difference between parathyroid elasocity (kPa) 

and thyroid and muscle elasocity (p <0.001). A second study (224), previously published, was 

conducted on paoents undergoing renal replacement therapy with secondary 

hyperparathyroidism. A cohort of 120 paoents was evaluated, of which 59 were found to have 

secondary parathyroid hyperplasia. Ninety-seven hyperplasoc parathyroid glands were 

evaluated, comparing normal thyroid and muscle ossue with hyperplasoc parathyroid ossue. 

Staosocal differences were found in this cohort, and the best parameter for evaluaong 

parathyroid ossue elasocity and cut-off values were idenofied (Table 1) (224). Auer analysing 

the two cohorts, a natural quesoon arose - are there differences between primary and 

secondary hyperparathyroidism in elastographic evaluaoon? In a third study our group 

addressed this quesoon by evaluaong 68 paoents: 27 with primary hyperparathyroidism (Fig. 

10.8.7.b) and 41 with secondary hyperparathyroidism (Fig. 10.8.7.a). The results are presented 

in Table 10.II (225). Staosocally significant differences in sex distribuoon were found between 

the groups (p <0.001, Fisher's exact test). Given the different pathophysiological pathways, 

diagnosoc tests were performed to evaluate elastographic differences between primary and 

secondary hyperparathyroidism (225).  
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Fig. 10.8.7.a: Primary hyperparathyroidism;                  b: Secondary hyperparathyroidism 

 

Table 10.2. SWE results of the study comparing primary and secondary hyperparathyroidism (225). 

 pHPT  sHPT p-value 

EMean parathyroid 4.86 [3.42 – 5.84] 6.96 [6.09 – 8.44] <0.001 

ER parathyroid/thyroid 

tissue 
0.4040 [0.324 – 0.486] 0.520 [0.420 – 0.660] <0.001 

ER parathyroid/thyroid  0.2960 [0.226 – 0.372] 0.452 [0.348 – 0.667] <0.001 

pHPT – primary hyperparathyroidism; sHPT – secondary hyperparathyroidism 

Note: Specific values for these parameters were not provided in the text; they would 

be filled in based on the study results. PPV: Posiove Predicove Value, NPV: Negaove Predicove 

Value. 

There is no "when and how" in the current literature, i.e., applied studies for 

convenoonal parathyroid ultrasound examinaoon and ultrasound elastography in cases of 

secondary renal hyperparathyroidism. The prevalence of this endocrine disease and the 

necessity of discriminatory diagnosis, idenoficaoon, and localizaoon before definiove 

treatment is mandatory (225). This study confirms significant differences in elasocity between 

parathyroid, thyroid, and muscle ossues, both in parathyroid adenomas and hyperplasia, with 

parathyroid ossue exhibiong significantly lower elasocity than the other two ossues studied. 

Comparing the two groups of paoents with primary and secondary renal 

hyperparathyroidism, we can confirm that, regardless of eoology, using elastography as a 

complementary technique to ultrasound, we can differenoate parathyroid ossue, as it will 

present a lower elasocity index than thyroid or muscle ossue (225). 

Parathyroid adenoma has a lower elasocity index than parathyroid hyperplasia in 

secondary renal hyperparathyroidism, likely due to the high cell occupancy rate resulong from 

renal disease. However, the EI will be lower than the thyroid EI and significantly lower than the 

muscle ossue elasocity index in both cases. 
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There are clinical implicaoons for using elastography in the localizaoon and treatment 

decisions in paoents with primary and secondary hyperparathyroidism. It is a simple, operator-

independent, repeatable, and reproducible method that can be used in addioon to 

convenoonal ultrasound to accurately differenoate between thyroid and muscle ossue. 

Elastography could provide important informaoon about parathyroid elasocity and be valuable 

in the localizaoon and study of hyperparathyroidism. 

When comparing the two types of hyperparathyroidism using the ROC curve, the best 

cut-off value for parathyroid adenoma is a mean SWE value of less than 5.96 kPa, highlighong 

the differences between primary and secondary hyperparathyroidism in cases of doubt. Given 

these significant differences, even when adjusong PTH values by age, the difference between 

serum PTH levels remains substanoal, indicaong that age has no effect on parathyroid 

hormone levels. 

Elastography can be a useful qualitaove and quanotaove tool and can provide beter 

differenoaoon of ossue elasocity in diagnosing parathyroid disease. Using 2D shear wave 

elastography, an elastographic value of less than 7 kPa is highly suggesove of parathyroid 

adenoma, and a value of less than 9.98 kPa is highly suggesove of parathyroid ossue in paoents 

with secondary renal hyperparathyroidism. 

In the field of primary hyperparathyroidism, different authors have reported various 

thresholds for parathyroid adenoma depending on the elastographic technique used. Using 

shear wave elastography, higher values were found for parathyroid adenoma (2.16 ± 0.33 m/s) 

compared to parathyroid hyperplasia (1.75 ± 0.28 m/s), idenofying a threshold value for 

parathyroid adenoma greater than 1.92 m/s (210). Another study that compared elastographic 

results between thyroid and parathyroid ossue, using the same elastographic method as the 

previous one, concluded that the elastographic index of parathyroid adenomas is lower than 

that of thyroid ossue, with a shear wave velocity of 2.01 m/s and 2.77 m/s, respecovely (226). 

Another representaove study conducted an analysis using the 2D-SWE technique, comparing 

parathyroid adenomas with benign and malignant thyroid pathology. They found that 

parathyroid adenomas had a higher elasocity index than benign thyroid pathology (3.09 ± 0.75 

m/s compared to 2.20 ± 0.39 m/s) and even higher elasocity than malignant thyroid lesions, 

with a mean SWV of 3.59 ± 0.43 m/s (227). 

In 2D-SWE elastography, a study of parathyroid adenomas and benign thyroid nodules 

found that parathyroid adenomas had a significantly lower elasocity index than benign thyroid 

nodules (mean SWE 5.2 ± 7.2 kPa and 24.3 ± 33.8 kPa, respecovely) (209). The results are 

similar to our conclusion when using the same elastographic method. 

Some elastographic studies on parathyroid hyperplasia have been published, but they 

have not focused on paoents with chronic kidney disease and haemodialysis. Currently, there 

are no other cut-off values for secondary hyperparathyroidism than those presented (207, 

224). 
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LimitaWons and False-PosiWves 

There are certain limitaoons of elastography in evaluaong parathyroid glands, the most 

important being the difficulty in assessing ectopic and supernumerary parathyroid glands, 

especially when located in the thymus or posterior mediasonum. When using elastography, a 

low value close to zero might indicate the presence of a fluid lesion or a deep lesion 

inaccessible to the linear probe. It is very important to check the signal intensity to disonguish 

between fluid and deep lesions and to choose a linear probe with lower frequencies if 

available. Another limitaoon to consider is that tracheal or carood artery movements can 

cause arofacts, in which case elastographic noise can be reduced by increasing the gain. One 

of the most important aspects of elastography is the external pressure applied to the probe, 

which can cause false-posiove results. This is a limitaoon because it is operator-dependent and 

is less present in shear wave elastography than in strain elastography. Another aspect to 

consider is the choice of the elastography scale; since there is no recommendaoon for 

evaluaong parathyroids, in our studies, we used a scale between 0 and 100 kPa. 

The clinical importance of elastography in evaluaong primary or secondary 

hyperparathyroidism is undeniable. As an adjunct to convenoonal ultrasound, elastography is 

a simple, non-invasive, repeatable, and reproducible method that can improve the diagnosis 

and preoperaove evaluaoon of paoents with primary or secondary hyperparathyroidism. 

Although there are certain limitaoons of the technique, such as operator experience, and some 

techniques are more operator-dependent than others, we must keep in mind that it is a 

complementary technique that is non-invasive, highly reproducible, easy to handle, offers high 

real-ome resoluoon, is safe for children and pregnant women, and does not require exposure 

to X-rays or contrast agents, making it a very accessible and cost-effecove imaging technique 

for the complementary evaluaoon of the parathyroid disease. 

We found significant differences between primary and secondary hyperparathyroidism 

and idenofied a cut-off elastographic value for parathyroid adenomas below 5.96 kPa (223). 

One of the main quesoons of the studies was answered, and the next quesoon was to 

determine a general cut-off value for parathyroid ossue. Therefore, we included both 

parathyroid adenoma and hyperplasia values in the analysis, allowing us to establish an 

average SWE cut-off value for parathyroid ossue below 9.58 kPa (207). Further studies may 

help determine elastographic differences between pathological parathyroid ossue and thyroid 

nodules. Recent studies in the literature have shown that there is a significant difference 

between malignant and benign thyroid nodules, with the former being soffer than the later. 

Addioonally, benign thyroid nodules have a higher elasocity index than normal thyroid ossue. 

We can imagine that if parathyroid ossue were compared with benign or malignant thyroid 

ossue, a significant difference in elasocity would be found. 

Elastography is a proven and validated method in many clinical fields and is recognized 

by current guidelines, including for thyroid diseases (228, 229). It undoubtedly plays an 

important role in locaong parathyroid disease, being a useful tool for the qualitaove and 

parocularly for the quanotaove assessment of the parathyroid ossue. Significant elastographic 
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differences were found between parathyroid adenoma and hyperplasia, but, in both cases, 

parathyroid ossue is significantly less elasoc than healthy thyroid and surrounding muscle 

ossue. 
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11.1. IntroducWon 

 The major salivary glands (parotid, submandibular, and sublingual) along with the 

minor glands (situated in the submucosa of the oral cavity) produce saliva, aiding in the 

formation of the food bolus and facilitating swallowing. The most common conditions 

affecting the salivary glands include inflammatory diseases (whether local or systemic, 

infectious, or obstructive) and tumoral pathology. 

 The location of the parotid and submandibular glands, at the preauricular level and in 

the submandibular area, respectively, makes them accessible to ultrasound evaluation. 

Currently, ultrasound is the first line investigation for the routine assessment of the major 

salivary glands after the physical examination. The main advantages of ultrasound include its 

ability to provide real-time results, its non-invasive nature, easy reproducibility, widespread 

use, and low costs. The limitations of ultrasound in the evaluation of the major salivary glands 

are due to the difficulty to visualize deep parts (especially in the parotid gland) or to character 

tumors extending into the retropharyngeal, parapharyngeal spaces, or under the mandibular 

ramus. In such cases, additional investigations using magnetic resonance imaging (MRI) or 

computed tomography (CT) are required. 

  

11.2. Grey Scale and Doppler Mode Ultrasound of the Salivary Glands - 

Normal Aspect 

 The grey scale ultrasound aspect of the normal salivary glands is homogeneous, with 

an echogenicity similar to the thyroid gland (or more hyperechoic when compared to the 

surrounding muscles), regular contour, and visible posterior margin. The global 

hyperechogenicity is related to the infiltration of fatty tissue within the glandular parenchyma, 

causing significant attenuation that often makes it difficult to appreciate the deep glandular 

parenchyma and delineate the posterior margin. Inside the glandular parenchyma, lymph 

nodes can be present, especially in the superficial part of the parotid gland. In a cross-sectional 

view of the parotid gland, the retromandibular vein is observed dividing the gland into a 

superficial and a deep lobe. The mylohyoid muscle divides the submandibular gland into two 

lobes, which is best identified in the longitudinal section (2) (Fig. 11.1a, b). The vascularization 

of the parotid glands is supplied by the transverse facial artery and the superficial temporal 

artery, both branches of the external carotid artery. In the submandibular glands, 

vascularization is derived from branches of the facial and lingual arteries (Fig. 11.1c, d). 

Increased vascularization of the parenchyma occurs during acute or chronic inflammatory 
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processes. No significant ultrasonographic differences have been identified between the sexes 

or among different age categories (3). 

 

 

Fig. 11.1: The normal grey scale appearance of (a) the parotid gland in the transverse section and (b) the 

submandibular gland in the longitudinal section. In both images, the glandular parenchyma is isoechoic and 

homogeneous, with a regular contour and visible posterior margins. In the parotid gland, the retromandibular 

vein can be identified, dividing the gland into a superficial and a deep lobe. Normal vascularization in the (c) 

parotid gland and (d) submandibular gland. 

 

In the pathology of the major salivary glands, grey scale ultrasonography is used to 

differentiate between inflammatory processes (infections, primary Sjogren's syndrome, 

sarcoidosis, IgG4-related disease, obstructive pathology, etc.) and non-inflammatory 

processes (sialoses), as well as benign tumors (Warthin tumor, pleomorphic adenoma, cysts) 

from malignant tumors (carcinomas, lymphomas, etc.). To achieve the highest diagnostic 

accuracy, the elastography technique is increasingly used to complement grey scale 

examination. 
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11.3. Sonoelastography of Normal Salivary Glands 

 The utility of elastography for salivary glands assessment is a relatively recent 

development and is not yet sufficiently standardized for routine clinical use. The difficulties 

arise from the variability of elastographic techniques used, the multiple values of the elasticity 

index across different ultrasound devices, and possible differences even between two versions 

of the same device. The initial studies on salivary glands focused on the use of strain 

elastography (SE), but more recently, there has been an increasing interest in the use of shear 

wave elastography (SWE). 

 For both elastographic techniques, the patient is placed in supine position with the 

head turned contralaterally for examining the parotid glands and with the head in slight 

hyperextension for evaluating the submandibular glands. The patient is instructed to breathe 

normally and to refrain from swallowing during image acquisition. A sufficient amount of gel 

is used to ensure good contact between the transducer and the area being examined. The 

parotid and submandibular glands are examined in both transverse and longitudinal sections. 

Once the highest quality grey scale image is obtained, the elastography button on the 

ultrasound machine (either SE or SWE) is activated to assess the elasticity of the glandular 

parenchyma. 

 

Strain Elastography 

 SE is used to assess the degree of deformation of the glandular parenchyma under the 

pressure applied with the transducer. After activating the SE button, successive gentle 

compressions are applied, and once the desired image is obtained, the freeze button is 

pressed. In normal glandular parenchyma, the resulting images will display color-coded maps 

with a predominantly homogeneous distribution, featuring intermediate stiffness areas in 

green interspersed with soft areas coded in blue or red, depending on the color scale of the 

ultrasound device used, indicating relatively soft tissue elasticity (4) (Fig. 10.2a). Abnormal 

stiffness areas or heterogeneous patterns, which may indicate underlying pathology, are 

monitored. Using a region of interest (ROI) with a predefined diameter of 1-3 mm, the 

glandular parenchyma can be compared with surrounding tissues to obtain a strain ratio (SR) 

(Fig. 11.2b). 
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Fig. 11.2: Strain elastography of the parotid gland in the transverse section (a and b) showing predominantly 

blue and green shades corresponding to relatively soft tissue elasticity. In image (b), the method of obtaining 

the strain ratio is demonstrated by comparing the elasticity of the parotid gland tissue with that of the 

masseter muscle. 

 

 In studies measuring the elasticity of glandular tissue compared to an underlying area 

(the masseter muscle or subcutaneous tissue) in healthy subjects, SR values of 1.95 for the 

parotid glands and 1.75 for the submandibular glands were identified (4). Normal SR values 

(glandular tissue compared to subcutaneous tissue) have also been published for children for 

the parotid gland (1.24 ± 0.67), with no differences observed between sexes, body mass index, 

or age (5). 
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Shear Wave Elastography 

 The increased availability of SWE software on new ultrasound machines, as well as its 

advantage as an operator-independent method, have made SWE often preferred in the 

evaluation of both parotid and submandibular glands. Recently, Ferraioli et al. (6) have 

proposed several recommendations for using SWE in various organs, including salivary glands. 

Accordingly, it is recommended to use transducers with frequencies between 7-12 MHz, to 

place the ROI at a distance of 1-2 cm from the anterior glandular margin, in an area devoid of 

blood vessels, cysts, or fibrotic zones. To calculate the median elasticity index, between 3 and 

10 measurements should be acquired (Fig. 10.3). 

 

 

Fig. 10.3 Shear wave elastography of (a) normal parotid glands and (b) submandibular glands. The upper part 

highlights the elastographic image (homogeneous color box), while the lower part shows the corresponding 

grey scale image. On the right side, the average and median values of the elasticity index are displayed after 

performing 3 consecutive measurements. The values obtained are similar for both salivary glands. 

 

 Several values for the median elasticity index of normal glandular parenchyma have 

been determined between 5.46±1.57 kPa and 19.09±5.65 kPa depending on the ultrasound 

device used (3, 7). In children and adolescents, elasticity index values of 8.37±2.09 kPa and 

8.33±2.04 kPa have been identified for both parotid glands (8). Using Acoustic Radiation Force 

Impulse Imaging (ARFI) technique, Badea et al. identified shear wave velocity (SWV) of 

1.54±0.6 m/s in the parotid glands (9). The new techniques Viscosity PLUS and two-

dimensional PLUS elastography appear to be effective in the functional assessment of major 

salivary glands (10). 

 Following the elastographic assessment of normal parenchyma in the parotid and 

submandibular glands, multiple studies have demonstrated its utility in diagnosing the 

primary conditions affecting salivary glands, as detailed in the subsequent paragraphs. 
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11.4. Elastography in the non-inflammatory Pathology of Salivary Glands 

 One of the non-inflammatory conditions is represented by sialosis or sialadenosis, 

where the replacement of glandular tissue with fibrosis or fatty tissue leads to painless 

progressive swelling of the salivary glands, most commonly affecting the parotids (11). Sialosis 

is found in patients with systemic diseases such as diabetes mellitus (DM), obesity, chronic 

alcoholism, and hyperlipidemia (12). The overall grey scale appearance highlights enlarged 

glands that are hyperechoic and homogeneous, with a posterior margin that is difficult to 

discern. 

 In the ultrasound assessment of the parotid and submandibular glands in patients with 

DM and obesity, differences compared to healthy subjects were observed only in grey scale 

imaging, while the elasticity index measured using SWE remained unchanged (3) (Fig. 11.4). 

 

 

Fig. 11.4: Shear wave elastography appearance in an obese patient with sialosis in both (a) parotid gland and 

(b) submandibular gland. 
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11.5. Elastography in the Inflammatory Pathology of Salivary Glands 

 Acute inflammation can be caused by duct obstruction, viral or bacterial infections, or 

a combination of both. In cases of sialolithiasis, the parenchyma undergoes restructuring and 

becomes stiffer compared to the parenchyma of the contralateral gland (SWV of 2.66±0.89 in 

the healthy submandibular gland vs 2.98±0.4 m/s in the submandibular gland with stones) 

(13). Another study evaluating SWV before and after surgery observed a decrease in velocity 

in the affected gland following sialoendoscopy. This suggests that elastographic evaluation 

could serve as an objective method for monitoring treatment response (14). 

 Chronic inflammation of the salivary glands is largely attributed to systemic diseases 

such as primary Sjögren's syndrome (pSS), sarcoidosis, or IgG4-related disease. Over time, 

most studies have focused on elastographic evaluation of patients with pSS, a rare 

autoimmune disease characterized by lymphocytic infiltration of the salivary gland 

parenchyma leading to significant xerostomia. Based on the heterogeneous grey scale 

appearance of the parenchyma due to multiple hypoechoic areas, an OMERACT staging 

system was developed (15), and more recently, efforts have been made to identify the role of 

elastography. 

 Multiple studies have highlighted the diagnostic role of both SE and SWE in patients 

with pSS, where the glandular parenchyma is stiffer compared to healthy subjects. A recent 

meta-analysis of 15 articles reported a diagnostic sensitivity (Se) of elastography of 80% and 

specificity (Sp) of 87%, with no significant differences between SE and SWE (16). The highest 

diagnostic Sp (96%) is achieved when both parotid and submandibular glands are examined 

together because pSS affects all salivary glands (Fig. 11.5). 

 

 

Fig. 11.5: Shear wave elastography of (a) parotid glands and (b) submandibular glands in a patient with primary 

Sjögren's syndrome. Similar median values of the elasticity index are observed between the two glands after 

3 consecutive measurements. 
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 In Table 11.I, several cutoff values for various elastographic indices used in studies for 

diagnosing pSS are presented (16). Elastography has also proven useful in distinguishing 

patients with pSS from those with sicca syndrome, showing increased stiffness of the salivary 

glands in pSS patients (17). 

 

Table 11.I: Cutoff values of elastographic indices used for the diagnosis of pSS, adapted from Dai et al. (16) 

Elastographic 

method 
Index used 

Minimum-maximum cutoff range 

(across various studies) 

SWE Young’s modulus 6.45 kPa-18.5 kPa 

ARFI SWV 1.93 m/s-2.4 m/s 

SE VGS (grade 1-16) 7 

SI Strain ratio 1.1-2.45 

pSS – primary Sjögren syndrome, SWE - shear wave elastography, ARFI - Acoustic Radiation Force 

Impulse, SE – strain elastography, SI - strain imaging, SWV - shear wave velocity, VGS – visual grading 

scale 

 Furthermore, ongoing research explores the potenoal of elastography as a prognosoc 

tool in paoents with pSS, providing insights into the risk of complicaoons that may guide 

treatment strategies. Changes in glandular elasocity could correlate with the severity of 

inflammaoon or fibrosis, thus predicong overall prognosis (18). In another study, a strong 

correlaoon was found between SWV and grey scale ultrasound score, glandular and systemic 

acovity assessed by unsomulated whole salivary flow (UWSF), EULAR Sjogren’s Syndrome 

Disease Acovity Index (ESSDAI), complement C4 levels, and certain pro-inflammatory 

chemokines in saliva (19). However, the same authors failed to establish a link between SWV 

and the degree of fibrosis, concluding that increased SWV may rather indicate chronic 

inflammaoon (19). Regarding the uolity of elastography in quanofying changes in early or late 

stages of the disease, current studies remain contradictory (20, 21). 

 Differenoaong between various pathologies causing chronic inflammaoon (such as 

chronic parooos, pSS, or chronic sialolithiasis) using elastography is challenging, whether using 

SE or SWV (4). In chronic parooos, Zengel et al. demonstrated that SWV is higher in the 

affected gland compared to the healthy contralateral gland (3.25±1.73 m/s vs 2.19±0.60 m/s) 

and decreases to 2.49±0.34 m/s with effecove treatment (22).  
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11.6. Elastography in salivary gland tumor pathology 

 Salivary gland tumors encompass a variety of lesions, each with disonct clinical, 

histological, and prognosoc characterisocs. These tumors can arise in any minor or major 

salivary gland, although the parood gland is most affected. Among the most common benign 

tumors are pleomorphic adenoma and Warthin tumor, while malignant tumors include 

mucoepidermoid carcinoma, acinic cell carcinoma, and lymphomas. Disonguishing between 

benign and malignant lesions using grey scale ultrasound imaging is ouen challenging because 

these formaoons lack characterisoc features, frequently necessitaong biopsy for definiove 

diagnosis (23, 24). 

 The uolity of elastographic evaluaoon for disonguishing between benign and 

malignant tumors in salivary glands remains controversial. Most studies indicate that 

malignant tumors have higher soffness compared to benign ones, with pleomorphic adenoma 

being soffer than Warthin tumor (25). However, there is soll insufficient data to draw a 

definiove conclusion, as demonstrated by two meta-analyses showing low diagnosoc Se and 

Sp (26, 27). The greatest challenge lies in disonguishing pleomorphic adenoma from malignant 

tumors, as both can exhibit increased elasocity values (25). To improve diagnosoc accuracy, 

Canosani et al. demonstrated that using contrast-enhanced elastography increases diagnosoc 

accuracy to 90.5% (28). Recently, it has been suggested that using SWE to guide biopsy site 

selecoon reduces the incidence of false-negaove results (29). 

 Another benign tumor commonly found in the parood glands is the parood cyst, which 

appears hypoechoic on grey scale ultrasound, well-defined, and exhibits strong posterior 

enhancement. On SE evaluaoon, cysts produce a heterogeneous patern characterized by 

varying levels of soffness, ouen arranged in three layers of color, known as the "BGR sign" 

(blue/green/red) (30) (Fig.10.6). 

Fig. 11.6: Strain elastography of a paroWd cyst demonstraWng the presence of the BGR (blue/green/red) 

arWfact. 



360 

 In paoents with pSS, periodic monitoring includes assessing the risk of parood 

lymphoma, the most common complicaoon in these paoents. The predominant histological 

type is mucosa-associated lymphoid ossue (MALT) lymphoma, and suspicion arises when 

there are changes in clinical, biological, and/or ultrasound parameters. On grey scale 

ultrasound, it appears as a large hypoechoic mass with fine hyperechoic bands inside (31). On 

elastographic evaluaoon, these formaoons exhibit higher elasocity compared to the 

surrounding glandular ossue or the contralateral gland (32). Compared to other parood 

tumors, parood lymphoma shows an intermediate elastographic score (23) (Fig.11.7). In 

paoents with pSS, combining grey scale ultrasound parameters with elasocity index can enable 

a diagnosoc Se of 92.3% and Sp of 100% (32). 

 

Fig.11.7: Shear wave elastography (top) and corresponding grey scale ultrasound image (bo`om) of the paroWd 

gland showing a hypoechoic, heterogeneous tumor mass. The image displays the mean and median values 

amer 5 consecuWve measurements taken at the site of the tumor mass, indicaWng increased sWffness in a 

paWent with primary Sjögren's syndrome complicated by paroWd non-Hodgkin lymphoma. 
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11.7. Elastography EvaluaWon Following Head and Neck Radiotherapy 

 Radiotherapy, although effective in treating head and neck cancers, often induces 

changes in the parenchyma of salivary glands such as fatty infiltration and/or fibrosis, 

frequently leading to xerostomia and affecting patients' quality of life. In grey scale imaging, 

acute phase changes reveal enlarged and hypoechoic salivary glands, while in the chronic 

phase, glandular volume decreases and echogenicity increases (33). Elastographic evaluation 

can provide benefits in quantifying the extent of fibrosis and identifying potentially reversible 

changes after irradiation of the head and neck region. Whether employing ARFI or SWE 

techniques, increased elasticity of the parenchyma post-irradiation compared to healthy 

control groups has been observed (9, 34, 35). Long-term monitoring after irradiation and oral 

administration of salivary products have shown a decrease in glandular parenchymal stiffness, 

suggesting a potential role for elastography in monitoring and guiding therapy for these 

patients (36). 

 

11.8. Conclusions 

 The elastographic evaluation of salivary glands is useful as an extension of the grey 

scale assessment and, in some cases, it can enhance diagnostic accuracy. Although many 

studies have shown its usefulness, especially in chronic inflammatory conditions and tumors, 

widespread use continues to have difficulties in standardizing techniques and interpreting 

results. Ongoing research efforts are focused on refining elastographic methods, establishing 

protocols, and validating findings across various salivary gland conditions. These efforts aim 

to improve the reliability and reproducibility of elastography in diagnostic establishment, 

prognosis, and guiding treatment strategies. 
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Chapter 12.Chapter 12.Chapter 12.Chapter 12.    Renal Elastography Renal Elastography Renal Elastography Renal Elastography     

Flaviu Bob 

 

The use of imaging techniques in the assessment of the kidneys is of a certain 

importance, and therefore, kidneys ultrasound is a significant partof the activity of 

nephrologists, urologists and other connected specialties, as well. Despite this, imagistic 

methods are not the first line investigation in patients with chronic kidney disease (CKD), a 

potentially progressive disease associated with increased mortality, morbidity and an 

increasing incidence over the last years. For the diagnosis of CKD, according to the current 

definition, biochemical markers are used, such as glomerular filtration rate (estimated using a 

formula that contains serum creatinine as a biological variable) and urinary albumin creatinine 

ratio. (1). There is a constant search for the validation of additional biomarkers, both for 

diagnosis, as well as progression of CKD. On the other hand, for the assessment of CKD, 

besides the biological elements already mentioned, histology can be used, that is data 

obtained from renal biopsy specimens, this being the golden standard in the assessment of 

renal fibrosis (2). 

As mentioned above, the use of imagistic non-invasive methods in the early diagnosis, 

or the assessment of progression of CKD, is extremely limited, especially in terms of the need 

for quantifiable methods. Conventional ultrasound is useful in the diagnosis of cystic renal 

diseases, but they represent only a small proportion of CKD causes. With regard to the main 

causes and risk factors of CKD (diabetes mellitus, arterial hypertension, glomerular disease or 

chronic tubulo-interstitial nephropathy), information provided by standard ultrasound are 

strictly indicative. We can quantify the size of the kidneys and the thickness of the renal 

parenchyma, both decreased in advanced stages of CKD. In these stages the decrease of the 

size of the kidneys is associated with an increase of the echogenicity of the cortex, due to the 

progression of fibrosis. (3). However, this increase of the echogenicity, observed by the 

investigator, is not quantifiable using conventional ultrasound, being therefore a subjective 

observation. Elastography represents an ultrasound-based method, that has proven its utility 

in the assessment of different organs, such as liver with diffuse or focal lesions (4), spleen, 

thyroid or prostate (5). Elastography determines the rigidity of the tissues, offering 

quantifiable results, thus it seems to be the right imagistic method to be added for a complete 

assessment of the kidney, even in CKD. 
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12.1. The Elastographic Assessment of the Kidneys - Techniques 

12.1.1. Particularities of the Renal Tissue 

In contrast to the situation of other tissues, elastographic assessment of the kidneys is 

confronted with some difficulties, that are due to the specific structure of the organ. Thus, 

renal architecture is complex, the kidneys being composed of cortex, medullary, adipous 

tissue at the central level, rich vasculature, collective system, surrounded by a renal capsule 

(6).   The complexity of this structure leads to an increased degree of anisotropy, especially at 

the level of the medulla, composed of tubules that are aligned perpendicularly to the renal 

capsule (6). But even at the level of the cortex there is a degree of anisotropy, due to the 

spherical shape of the glomeruli, on one hand, and the convoluted aspect of the proximal and 

distal tubules, on the other hand (7). 

The anisotropic structure of the renal structure has direct consequences on and 

influences the measurement of renal stiffness, irrespective of the elastographic method used 

(8). Thus, the obtained results will be influenced by the relationship between the ultrasound 

main axis and the axis of the renal pyramids. If measurements are performed in the 

parenchyma at mid-renal level the two axes are parallel, while if performed at the level of the 

renal poles (inferior or superior), the two axes are perpendicular, and the obtained result will 

be different (9).  Therefore, in order to have a standardized approach, and also because the 

assessment at the level of the renal poles is sometimes difficult, renal elastographic 

measurements will be performed in the mid-renal parenchyma. 

There is also the theory that renal tissue anisotropy can be used as a diagnostic aid, 

thus showing some benefits. An anisotropic ratio can be obtained, that shows variation of 

renal stiffness and can be used as a diagnostic element or marker for monitoring chronic 

kidney disease progression (10). 

As already known, most elastographic methods use the so-called regions of interest 

(ROI), and it is at this level that the device performs the measurements. Another particularity 

regarding renal elastography is represented especially by these regions of interest, whose size 

is sometimes larger compared to the size of the measured region. It is well known that cortical 

stiffness is higher compared to medullary stiffness (11). We have mentioned above that 

measurements should ideally be performed at the level of the cortex, but the size of the 

cortex, especially in patients with CKD, can be smaller compared to the standard dimension 

of the ROI. Thus, in these situations, the measurement will contain not only cortex, but also 

medulla, and we can conclude that the measurement is performed at the level of the renal 

parenchyma (that contains both cortex and medulla). 

Another problem that arises from the limited dimension of the renal parenchyma 

(compared to the liver), even in a normal-size kidney, is represented by the necessity of 

positioning the ROI near the renal capsule. This vicinity leads to the appearance of artifacts 

known as reverberation artifacts. This type of artifacts, known from standard ultrasound, 

represent the reverberation of acoustic waves between two strong reflectors.  In 
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elastography, these artifacts lead to more increased values, and therefore it is recommended 

in the assessment of the liver to perform measurements 1.5-2 cm below the renal capsule. 

This recommendation cannot be respected in renal elastography (12). 

All the mentioned difficulties lead to the necessity of standardization of renal 

elastography, and the use of a standardized method, even if it does not remove the difficulty 

of assessment, will lead to comparable intra- and interobserver results. 

 

12.1.2. Elastographic Methods  

As we know, there are many methods and techniques that can be used for the 

elastography of the tissues. 

Strain elastography (SE) is a qualitative method, strain images being obtained by 

means of the displacement of tissues, through transducer pressure. The applicability at the 

renal level is reduced. Despite this, there is data in the literature, especially from experimental 

studies, using this method, particularly in transplanted kidneys, that are more superficial and 

can be assessed through this approach (13). Another difficulty of using this system is that in 

different studies there are different elastographic indices used (strain ratio between 

parenchyma and calices, mean tissue elasticity) (14, 15). 

Shear Wave Elastography (SWE)  

This is a quantitative method, which, unlike the one described above (SE), does not use 

transducer pressure, but is based on the generation of ultrasound pulses of high intensity, that 

produce shear waves in different tissues. The speed of these shear waves is expressed in m/s 

and is correlated with tissue stiffness, expressed by means of Young’s modulus (kPa). By using 

this method, it has been observed that, in stiffer tissues, the obtained shear wave speed is 

higher. There are many elastography methods that use the measurement of shear wave 

speed. 

 a) Vibration Controlled Transient Elastography (VCTE) or Fibroscan is known for the 

assessment of hepatic stiffness. Shear waves are generated by a controlled external vibration, 

but the fact that the obtained image is not superposed on the elastography image makes the 

use of this method extremely difficult for the assessment of the kidneys. The results obtained 

using Fibroscan in the kidneys are influenced by the above-mentioned factors, especially the 

heterogeneity of the organ, responsible for the anisotropic aspect. Published studies using 

this type of approach induce the conclusion that the method cannot be used efficiently in 

practice, for the assessment of renal tissue stiffness (16, 17, 18). 

b) Acoustic Radiation Force Impulse (ARFI) has the big advantage, in contrast to 

Fibroscan, of using the same transducer for the generation of shear waves and for capturing 

the image of their propagation. The system is integrated in an ultrasound device, and the 

ultrasound image is used in order to guide the exact location of the performance of 

elastographic measurements. Through this method, shear waves are generated inside the 
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organ due to strong impulses. Once generated, shear waves are propagated through the tissue 

with a certain speed and are attenuated through absorption in the soft tissue (19). There are 

two distinct ARFI methods available, that differ through the modality of generating and 

reporting information.  

 “Point shear wave elastography” (pSWE).  The result obtained is the mean value of 

shear wave speed inside the region of interest (ROI). The types of systems that use this method 

are: Virtual Touch Quantification (VTQ) (Siemens S2000, S3000) (Fig. 12.1), Elastography Point 

Quantification (ElastPQ) (Phillips Affiniti) (Fig. 12.2). 

 

Figure 12.1. Shear wave speed (expressed in m/s) measured using the pSWE method: Virtual TouchTM Tissue 

Quantification (VTQ), software version 2.0, on an ultrasound system Siemens Acuson S2000TM (Siemens AG, 

Erlangen, Germany) with 4CI transducer. 

                           

Figure 12.2: Shear wave speed (expressed in m/s) measured with pSWE method: Elastography Point 

Quantification system (ElastPQ) on a Phillips Affiniti system with 4CI transducer. 
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- Shear wave speed imaging- 2D-SWE. Instead of using a mean value inside the region 

of interest, this method uses a color coded map with different colors for different stiffness 

degrees, and the measurement is performed where the aspect has the highest homogenicity. 

Systems that use this method are:  2D SWE.SSI (Aixplorer) (Fig. 12.3), 2D SWE.GE (General 

Electric) (Fig. 12.4) or 2D-SWE PLUS (Aixplorer Hologic Mach30) (Fig. 12.7). 

                           

Figure 12.3: Renal stiffness (expressed in kPa) measured with the 2D-SWE.SSI method on a SuperSonic 

Imagine Aixplorer® ShearWave™ with a SuperCurved™ SC6-1 transducer. 

                           

Figure 12.4: Shear wave speed measured with a 2D SWE.GE system on a Logiq E9 - General Electric 

ultrasound machine 
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The characteristics of the different elastographic systems, especially the fact that, for 

ARFI methods, elastography is integrated into the ultrasound machine and uses the same 

transducer, lead to the conclusion that, in practice, just the two methods based on ARFI can 

be used for the assessment of the kidneys. Therefore, we will refer strictly to these methods 

when we describe the method as well as the normal values corresponding to renal 

elastography. 

 

12.1.3. Procedure of the Elastographic Assessment of the Kidney 

As mentioned above, the two methods (pSWE and 2D-SWE) are ultrasound-based, 

being integrated into the ultrasound device. Therefore, in order toobtain a valid elastographic 

result, it is necessary to gain a good ultrasound image. The preparation of the patient before 

the investigation is similar to the one before ultrasound, the position being lateral, right or left 

decubitus, with the indication of breath holding during measurement (Fig. 12.5). 

The correct ultrasound assessment of the kidney will always precede elastography. 

After this is obtained, the examiner can switch to the elastography mode. In this mode, the 

region of interest (ROI) will be superposed on the ultrasound image. In the ROI, shear wave 

speed will be obtained either as a mean value (in pSWE) or as a value in a selected 

homogenous area (in 2D-SWE). In both situations, the result will be displayed on the screen 

and can be expressed in m/s or in kPa. 

Because the results are quantifiable and because, as mentioned before, the renal 

tissue is characterized by anisotropy, the standardization of the method is very important, and 

thus the ROI will always be positioned in the same way in all subjects, in the renal parenchyma 

in the mid-portion of the kidney. 

In practice and taking into consideration the results of most published studies, 

although there is data that three valid measurements are sufficient, we consider that the value 

of renal shear wave speed should be reported as the median value of five valid measurements 

(20). 

Data from the literature mention that a correct standardization leads to a good inter- 

and intraobserver reproducibility of the method, thus opening the path for the use of 

elastography in clinical practice (21,22). 
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Figure 12.5: For the elastographic assessment of the kidney, the patient should be examined in lateral 

decubitus, in order to obtain the best ultrasound image. 

 

12.1.4. Normal Values for Renal Elastography  

Regarding normal values of renal stiffness, we must take into account that there are 

different systems available, aspect that has been mentioned above. The values obtained using 

different types of elastography are different, they cannot be compared and there are no 

correlation tables ready to use in order to compare the results obtained with different systems 

from different providers. 

For pSWE systems, normal values range between 2.15 and 2.54 m/s (for the VTQ 

system) and between 1.23 and 1.54 m/s (for the ElastPQ system) (5). For 2DSWE-GE, normal 

values are between 1.71 and 1.79 m/s. (23), while for 2D SWE PLUS, a normal value is 

considered 31.88+- 2.89 kPa. (24)  

Renal stiffness and the values obtained using elastography are influenced by several 

factors. It has been shown that renal stiffness decreases with age, and there are significantly 

lower values in men compared to female subjects (25, 26). 

Another factor that can influence the results is the measurement depth. Shear wave 

speed decreases with the increase of measurement depth (25, 27, 28). Moreover, it has to be 

mentioned that extreme depth makes the measurement impossible, because the maximum 

depth of the ROI is 8 cm. 

Difficulties can occur in very superficial kidneys, because the results can be influenced 

by the degree of compression with the transducer, thus being operator dependent. A study 
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published by Correas et al. has shown that cortical stiffness increases with the increase of 

transducer compression (11). Thus, this could lead to different elastographic values in very 

superficial kidneys, such as in renal grafts. Therefore, the inter- and intraobserver 

reproducibility of renal transplant elastography is lower compared to the examination of the 

native kidney (29, 30). 

The increase of urinary pressure, due to urinary obstruction, can also influence renal 

stiffness. There are published studies, particularly in pediatrics, that have assessed the 

influence of obstruction on elastography, although with contradictory results. In a study 

performed in 51 children with different degrees of hydronephrosis, compared to normal 

subjects, an increase of stiffness due to hydronephrosis has been observed (31). In another 

study performed in 88 children with vesico-uretheral reflux, the stiffness decreased with the 

increase of reflux (32), while in a smaller study (37 children), elastography could not 

differentiate between obstructive and non-obstructive hydronephrosis (33). Therefore, in 

order to avoid a potential influence of urinary pressure on the obtained results, it is routinely 

recommended to perform renal elastography after voiding. 

 

12.1.5. Elastography in Renal Pathology 

The main purpose of the use of renal elastography by the nephrologist is to assess 

diffuse renal lesions, and chronic kidney disease. Thus, the expected result from this type of 

investigation could be helpful in the early diagnosis, on one hand, and for the quantification 

of progression of CKD, on the other hand. That is why we need to assess renal stiffness in CKD. 

There are published studies showing that shear wave speed is significantly increased 

in patients with chronic kidney disease compared to subjects without renal disease, 

underlining, as expected, that kidneys become more stiffer due to chronic disease (34-38). 

Despite this, such model of evolution is not confirmed by all published studies. There are 

studies showing a significantly lower value in patients with CKD (21, 39, 40). Some studies have 

shown a statistically significant relationship between shear wave speed and the renal function, 

expressed through estimated glomerular filtration rate (eGFR), showing that decreased renal 

stiffness was associated to a decrease in eGFR (41-43). 

Despite the linear relationship between the decrease of shear wave speed and the 

decrease of renal function, mentioned in some studies, a differentiation between different 

stages of CKD was not possible, because no statistically significant difference was found 

between mean renal stiffness values in different CKD stages (21, 44). 

In order to implement the use of elastography in clinical practice, for the diagnosis of 

CKD, it is important to find “cut-off” values. The attempts to establish such cut-off values that 

have been published until now mainly referto the diagnosis of advanced CKD and cannot be 

utilized in the early diagnosis. 
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Thus, the presence of diabetic kidney disease with an eGFR below 60 ml/min could be 

predicted using VTQ (pSWE) with a sensitivity of 67.4% and a specificity of 67.8%, if the value 

of shear wave speed was below 2.32 m/s (45). A better diagnostic predictive value (sensitivity 

- 89.2% and specificity - 76.9%) has been obtained using the 2D SWE- GE system.  By this 

system, the presence of CKD has been predicted if shear wave speed was below 1.47 m/s (23). 

In a meta-analysis comprising eleven studies, that included a total number of 1,241 

patients with CKD and 781 subjects without renal disease, it has been shown that renal shear 

wave speed is decreased in patients with CKD. There is however the problem of the increased 

heterogeneity (Q= 531.13, p<0.0001), which means that results are extremely different in the 

included studies (46). Therefore, the question raises as to which factors influence the results 

obtained by means of elastography. 

  

12.1.6. Fibrosis and Elastography 

It is known from liver elastography studies that fibrosis, that appears due to the 

progression of liver disease, has as a consequence on the increased stiffness of the liver. The 

histological substrate of chronic kidney disease is renal fibrosis, particularly tubulo-interstitial 

fibrosis, thus we can raise the hypothesis that similar changes will occur at the renal level, with 

the progression of CKD leading to an increased renal stiffness. However, as shown in the 

previous chapter, studies published until now have revealed that elastography in patients with 

CKD shows sometimes higher values compared to normal subjects. 

Therefore, it would be important to analyze those studies that also take into account, 

besides elastography, histological changes obtained through the assessment of renal biopsy 

specimens, in order to observe how histological changes influence renal stiffness. Thus it could 

be revealed whether fibrosis is the main factor that influences renal stiffness, and the question 

can be answered why in some cases renal stiffness is lower in advanced stages of CKD. 

Chronologically, the first studies that compared elastography with histological 

parameters have been performed in renal transplant recipients. These studies used transient 

elastography and showed a positive correlation between stiffness and fibrosis (16-18, 47), 

however, as shown above, the use of Fibroscan for renal assessment is unsuitable, due to the 

special structure of the kidney, and to the fact that the image is not superposed on the 

ultrasound image. In more recent studies using pSWE or 2D-SWE on renal transplant patients, 

there was no correlation between fibrosis and renal stiffness (30, 48-50). 

Assessments performed at the level of native kidneys show contradictory results. 

Some studies performed using different systems (VTQ, ElastPQ) have shown, as expected, that 

severe histological changes, at glomerular, as well as tubulo-interstitial level, are associated 

as expected, with a significant increase of kidney shear wave speed (34, 51). Moreover, a study 

performed using 2D-SWE-SSI has shown not only that the degree of glomerulosclerosis and 

tubulo-interstitial fibrosis is associated with higher levels of kidney shear wave speed, but 

there was also a correlation between decreased renal stiffness and the good response to 
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corticotherapy (52). This last observation could be explained by the fact that a high degree of 

fibrosis leads to a decreased response to treatment. 

Despite this, again, not all studies are concordant with the mentioned results, in terms 

of the relationship between elastography and histology. In contrast to previous data,a study 

performed in 82 patients has shown that there is no correlation between histology and 

elastography, but subjects who did not respond to pathogenic treatment had significantly 

higher renal stiffness. This could be explained by the fact that patients with lower stiffness 

showed more severe inflammation, and therefore had a better response to treatment (53). 

Similarly, to the previous situation, there is sometimes no correlation between 

histological changes and renal stiffness, as it has been shown in a small study performed in 45 

patients with CKD (54). Similarly, there has been no correlation between stiffness and 

histology, neither in a study performed on donor kidneys for renal transplantation (27). 

Even more surprising are the results of studies that show an association of fibrosis, not 

with the increase, but with the decrease of renal stiffness (42, 55). 

Combining elastography with elements of conventional ultrasound (renal length, 

parenchyma thickness, resistivity index) can improve the predictive value and can offer a 

superior diagnostic performance in the assessment of pathological changes in CKD, as shown 

by a study performed in patients with IgA nephropathy, in whom stiffness has been 

significantly lower in more advanced disease (56). 

An explanation of the different pattern of results, and for the non-linear and 

contradictory relationship shown in different studies between renal stiffness and elastography 

is that renal histological changes are heterogenous, with non-uniform involvement of 

different compartments (glomerular, vascular or tubulo-interstitial). Moreover, it is possible 

that, besides histological changes, there are other factors involved in influencing renal 

stiffness, such as vascularization. 

 

12.2. The Vascular Hypothesis 

Another important factor besides renal structure that could influence renal stiffness is 

renal blood flow, because the kidney is a very well vascularized organ, and thus every change 

in the blood flow could influence renal stiffness (57, 58). 

The relationship between renal blood flow and elastography has first been shown in 

experimental studies. Such a study, that used ex-vivo animal kidneys perfused with increasing 

pressure of saline, has proven that stiffness (measured using 2D-SWE Aixplorer) increases with 

the increasing perfusion pressure (59). Similarly, in another study, renal elastography 

performed in an in-vivo animal kidney, showed that the ligation of the renal artery leads to a 

decrease in stiffness, while a ligation of the renal vein leads to increased stiffness (60,61).  

These observations have been confirmed in men, initially in a case report of a patient 

with renal vein thrombosis, that was associated to increased stiffness values in the 
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thrombosed kidney, compared to the contralateral one (62). But there are also clinical studies 

available that sustain this vascular hypothesis. Asano et al. have shown, in over 300 patients 

with CKD, that an increase of arterial stiffness, measured using pulse wave velocity (PWV), is 

associated to a decrease of renal stiffness (57). These results have been confirmed in another 

study performed in patients with diabetic kidney disease, that has shown a statistically 

negative significant correlation between renal stiffness and PWV, but also with the aortic 

augmentation index (63). This data could suggest that in patients with increased 

arteriosclerosis in large vessels (increase of PWV and of the aortic augmentation index), a 

decrease of renal blood flow occurs, consequently associated to a decrease of renal stiffness. 

There is also indirect proof of the validity of this hypothesis of the relationship between 

renal blood flow and renal stiffness. In patients with gestational hypertension, characterized 

by renal hypoperfusion, it has been shown that increased blood pressure values are associated 

to a decreased stiffness (64). 

A study performed in renal transplant patients has shown that interstitial fibrosis and 

tubular atrophies do not influence renal stiffness, but adaptive glomerular hyperfiltration 

leads to an increase of shear wave speed. These observations are also in favor of the 

hypothesis that renal hemodynamics influences renal stiffness (49). 

Considering the suggested relationship between renal blood flow and elastographic 

changes, it has even been proposed to use elastography before renal biopsy in order to predict 

the risk of post biopsy bleeding, however, although the specificity of the method was good, 

the sensitivity was low (65). 

In a study performed in 20 renal transplant patients it has been found that renal 

stiffness is higher in a functional renal graft, compared to a non-functional one, this change 

being associated to a reduction of cortical microvascular blood flow (66). 

A new experimental elastographic method that could explain the above-mentioned 

results could be the bi-dimensional ultrasound time-harmonic elastography. When using this 

method, the patient should be put on a special vibration bed, and the 2D-SWE elastogram 

obtained covers the whole kidney and is not limited to a special region (67). Using this type of 

elastography, Grossman et al. have shown that renal stiffness decreases significantly in CKD 

stage G1 in the glomerulonephritis patients studied, compared to the control group. 

Moreover, negative correlations have been found with the resistive index, which underlines 

that renal blood flow influences renal stiffness (68). 

The decrease of renal blood flow may have a more important influence on renal 

stiffness compared to fibrosis, leading to a decrease of shear wave speed. The progression of 

fibrosis, especially at the interstitial level, that should lead to an increase of stiffness, leads to 

a decrease of intrarenal blood flow, counterbalancing the previously mentioned effect. This 

mechanism could explain why fibrosis is not always associated with an increase of renal 

stiffness (42, 55, 56). 
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Figure 12.6: Factors that influence the use of elastography in the assessment of chronic kidney disease 

 

12.3. Tissue viscosity 

Alongside the elastic attribute of the tissues, viscosity also plays an important role in 

the propagation of shear waves. If a tissue were perfectly elastic, then shear wave speed 

would be constant, irrespective of the shear wave frequency. But the human tissues are 

viscoelastic, thus shear wave speed varies depending on the shear wave frequency. 

Consequently, the dispersion of shear waves can be utilized for the estimation of the change 

of tissue viscosity, which is useful for the assessment of the degree of necroinflammation (69). 

Necroinflammation is described as a slope of autoamplification, stimulated by necrosis 

(cellular death that implies the rupture of cellular membranes) and inflammation (defined as 

the release of cytokines, the increase of vascular permeability and the recruiting of immune 

cells). This process is present in acute tubular necrosis, urosepsis, rapidly progressive 

glomerulonephritis or thrombotic microangiopathy (70). 

In a study performed in children with glomerulonephritis, a significant increase of the 

dispersion slope has been observed, meaning a significantly higher viscoelasticity compared 

to normal subjects (13.5+-1.39 (m/s)/kHz vs. 12.4+-1.40 (m/s)/kHz, p<0.001). (71) Moreover, 

the level of viscosity is significantly higher in the transplanted kidney compared to the native 

kidney (72). 
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Figure 12.7 Viscoelasticity of tissue, expressed in Pa.s, obtained using the Hologic Aixplorer Mach 30 

ultrasound system 

 

12.4. Perspectives of Renal Elastography 

Shear wave elastography could be the ideal imagistic procedure for the assessment of 

CKD, because it combines the already known advantages of ultrasound examination, such as 

its non-invasive nature, the real-time assessment and the low costs, with the fact that 

elastography yields quantifiable results. Nevertheless, the complexity of the renal architecture 

and the characteristics of the renal tissue may lead to sometimes contradictory results. 

Therefore, the use in clinical trials is difficult (73). 

There are some aspects that can improve the use of renal elastography. The analysis 

of raw data originally generated by the system and an analysis by means of different 

processing algorithms lead to the final result displayed on the screen, which has underlined 

the importance of adapting such algorithms for the use in the kidneys. Such analysis, published 

by Richard Barr, has led to the conclusion that, by improving processing algorithms, we may 

obtain more accurate data regarding the assessment of renal stiffness. The use of systems 

with algorithms adapted for the renal assessment may render renal elastography more 

feasible (6, 74).  

Therefore, the use of such a system with improved algorithms, as the Hologic Aixplorer 

Mach 30 system, leads to the increase of diagnostic accuracy. In a study performed on 40 

patients, the presence of renal interstitial fibrosis could be predicted for a cut-off value of 

<20.77 kPa, AUC=0.860, p < 0.001, with a sensitivity of 88.89% and specificity of 75% (75). 

Another improvement method of the diagnostic performances of renal elastography 

is the combination of the obtained results with other parameters, such as standard ultrasound 

or Color Doppler parameters. The resulting combined indices increase the prognostic value, 
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and thus the use of multiparametric ultrasound imaging represents a step forward for renal 

assessment as well.  

Combining elastography with clinical parameters, such as albuminuria or the duration 

of diabetes mellitus, and the use of a logistic regression model, lead to an increased diagnostic 

accuracy, even in early stages, compared to the independent use of every parameter (76). 

Moreover, the use of artificial intelligence in the processing of elastographic data may 

improve the diagnostic performance of the method. In a study performed in 208 patients with 

CKD, machine learning techniques have been used in order to combine the multiple 

characteristics obtained with elastography, Doppler and standard ultrasound. The result was 

an improvement of diagnostic performances of elastography, with an increased capacity to 

predict the degree of tubulo-interstitial fibrosis, and the ability to explain the lack of linear 

correlation between stiffness and CKD stages (77). 

Considering all the presented aspects, there is not sufficient data yet to recommend 

the use of elastography in the diagnosis of chronic kidney disease (5). However, there are 

hopes that renal elastography will potentially be used as a screening method that draws 

attention to those subjects who might need further investigations. Therefore, new and more 

extensive studies are needed to establish the exact role and indication of renal elastography 

in practice. 
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Chapter Chapter Chapter Chapter 13131313. Elastography of the Prostate. Elastography of the Prostate. Elastography of the Prostate. Elastography of the Prostate    

Sorin M. Dudea, Carolina Solomon, Anca Ciurea 

 

The sonoelastographic difference between normal and tumoral prostate tissue has 

been described since 1998 [1]. The description of the clinical use of elastography for the 

diagnosis of adenocarcinoma of the prostate (ADKP) dates back to 2000 [2]. Preliminary 

studies published as far back as 2002 have demonstrated that elastography can detect more 

cases of ADKP than other ultrasound techniques [3]. The principle of ADKP detection by 

elastography is based on the fact that the tumor tissue has a greater stiffness than the 

surrounding normal prostate. Based on this premise, the method is expected to compensate 

for the lack of sensitivity of the other ultrasonographic techniques in diagnosing ADKP. 

 

13.1. Elastographic ExaminaWon Techniques of the Prostate 

Almost all known elastographic techniques are used to evaluate the prostate. 

a) Strain elastography (SE) uses a relative colorimetric scale on the image. The most 

frequently used is the colorimetric scale in which blue designates stiff tissue, red is assigned 

to elastic, soft components and green denotes intermediate hardness. To induce tissue 

dislocation, external mechanical force (vibration of the transducer) or acoustic force (impulse 

wave emitted by the transducer) are used. Stiffness quantification is carried out semi-

quantitatively using one of the two classic methods: 

- The colorimetric score or 

- The strain ratio (SR), in which the relative displacement of two neighboring structures 

on the same image is compared. 

b) Shear wave elastography (SWE). In this method, transverse shear waves (SW) 

appear after the tissue is exposed to a focused ultrasound pulse (US). The machine detects 

the SW and measures its propagation speed. Based on the measured SW speed, tissue 

stiffness can be calculated and expressed in specific units of measure – kilopascal (kPa). There 

are several measurement options: 

- Elastography with unifocal or "punctiform" detection of the shear wave (pSWE - point 

shear wave elastography), also named ARFI (Acoustic Radiation Force Impulse) by a 

manufacturer, measures the SW velocity in a single sample of the image; it only provides 

numerical information. 

- Two-dimensional shear wave elastography produces instantaneous information 

about the shear waves in multiple samples in an examination plane on a single image. 
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• The two-dimensional shear wave elastography technique (2DSWE) produces a 

sequence of images with color representation of tissue stiffness and the possibility of 

measuring the hardness in kPa or the SW speed at any point of the image. 

• The three-dimensional shear wave elastography technique (3DSWE) associates the 

2DSWE technique with 3D volumetric acquisition with a dedicated transducer. It results in a 

volume where tissue consistency is represented in color and average hardness values of a 

volume can be measured. 

The peculiarity of prostate elastography resides in the fact that an endorectal 

examination is necessary. Initially, manufacturers only developed SE for endocavitary 

transducers, with SWE becoming available on this type of transducer later and from a limited 

number of manufacturers. As such, initially, prostate elastography meant almost exclusively 

SE and knowledge about SWE has accumulated over the last decade. 

 

13.2. Appearance and Normal Values that Define Prostate SWffness 

SE 

Quite often, at the periphery of the prostate, a red border of elastic periprostatic 

adipose tissue is observed, producing the appearance of a "soft border" (figure 13. 1) [4, 5]. 

The appearance of the normal prostate depends on the patient's age and the gland 

size. The normal prostate in young men has a homogeneous consistency, the entire gland 

being uniformly colored in green (figure 13.1) [4]. 

 

 

Figure 13.1. SE – normal prostate. The som border 

(red) is visible on the periphery of the gland; the 

parenchyma of the gland has intermediate 

hardness (green); the apparent sWffness in the 

vicinity of the transducer (blue) is due to the axial 

compression exerted by the transducer. 

 

 

 

 

The zonal structure of the prostate translates into different stiffnesses on the SE image. 

The transitional zone and the periurethral fibromuscular stroma surrounding the 

sphincter may appear stiffer than the rest of the gland, inducing a central blue core (figure 

13.2) [4, 5]. 
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Figure 13.2. SE – normal prostate. The periurethral fibromuscular stroma produces a stiff core (blue) 

 in the center of the prostate. 

 

The appearance of the central area varies. The posterior portion is almost always 

elastic, while the lateral and basal portions are often harder [5]. 

The peripheral area is homogeneous, with intermediate hardness, with small focal 

areas that are harder in patients over forty [5]. 

Prostates larger than 45 ccs, usually with benign prostatic hyperplasia, may have a 

heterogeneous, symmetrical mosaic appearance or a striated pattern consisting of a mixture 

of green and blue (figure 13.3) [5]. The larger the prostate and the greater the distance from 

the transducer, the more pronounced the heterogeneity. The prostate's lack of elastographic 

signal (and color) denotes a complete lack of dislocation, induced either by too great a 

distance or by excessive stiffness. 

 

 

Figure 13.3. SE – hypertrophied prostate. The enWre texture of the base of the gland has a mosaic 

appearance. 
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ARFI 

An initial study, in vitro, demonstrated the ability of the ARFI technique, performed 

with experimental devices, to define prostate hardness on prostatectomy specimens [6]. 

Later, the method was applied transabdominally to analyze the variation of prostate 

consistency with age [7]. It was found that, with age, the SW speed increases as an expression 

of the increased hardness of the gland (Table 13.I). 

 

Table 13.I. Average SW velocities in the normal prostate, measured by the ARFI technique [7] 

Age group Average SW speed in the 

internal prostate (m/s) 

Average SW speed in the 

external prostate (m/s) 

Young (< 30 years) 0.86 ± 0.21 0.85 ± 0.32 

Adult (30-60 years) 1.17 ± 0.42 1.15 ± 0.49 

Elderly (> 60 years) 1.82 ± 0.61 1.87 ± 0.75 

 

There are no differences between the internal and external prostate, regardless of the 

age group. Prostate hardness is significantly higher in older people compared to the other two 

age groups [7]. Unfortunately, the method had no further applications, as the ARFI technique 

was not implemented on endocavitary transducers. 

 

2DSWE 

The method defines stiffness by colors similarly to SE. Its main advantage is the 

possibility of quantifying Young's modulus numerically. 

The first studies evaluating the utility of SWE in the diagnosis of prostatic pathology 

defined normal prostate tissue as having a mean stiffness value of 33 kPa [8], with a threshold 

(cut-off) value of 35 kPa to differentiate benign from malignant prostatic sextants [ 9]. On the 

other hand, the usefulness of hardness, measured by SWE, as a criterion for distinguishing 

between benign and cancerous prostate tissue is challenged in studies published in the same 

period [10, 11]. A recent meta-analysis defines the mean hardness threshold value of 38kPa 

as the criterion for differentiating between benign and malignant [12]. 

Another criterion for evaluating normal prostate tissue is the ratio between the 

average hardness of a sector and the lowest value of the average hardness measured in a 

sector of the prostate. Typically, this ratio is 3.1 ± 2.1 [8]. 

It is noteworthy that cancerous tissue is harder than the benign peripheral area. All 

anatomic compartments and prostatic tissue classes appear harder on sagittal scans com-

pared to the transverse plane. The transitional zone is harder than the peripheral prostate. 

The median peripheral prostate is harder than the lateral segments of the same area [13]. 
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13.3. Elastography in the Diagnosis of Prostate Cancer 

13.3.1. DiagnosWc criteria 

The use of elastography in the diagnosis of prostate cancer is based on the assumption 

that carcinoma is stiffer than the surrounding tissue. 

 

SE 

The original diagnostic criteria proposed [14] were: 

– stiff lesion 

– reproducible appearance after tilting the transducer 

– diameter of the lesion of at least 5 mm. 

These criteria were later refined [15] and another classification system, also in three 

steps, was proposed (table 13.II). 

 

Table 13. II. Sonoelastographic three-score system for the diagnosis of prostate cancer [15]. 

Score Description 
% patients 

with cancer 

1 Uniform stiffness (green) 2.3 - 11.9 

2 In homogeneously increased stiffness, a mixture of blue and green 
areas, each blue area with a diameter less than 5mm, reproducible 
appearance after transducer tilting (indeterminate).  

26.4 - 28.8 

3 Focal increase of stiffness, an asymmetric stiff (blue) area almost 
homogenous, diameter larger than 5mm, reproducible appearance 
after transducer tilting (suspicious).  

68 - 82.4 

 

Inspired by the scores used for the elastographic evaluation of breast or thyroid lesions 

(the so-called Tsukuba scores), a subjective evaluation system was proposed that takes into 

account both the grayscale appearance and the stiffness displayed by elastography [16] (table 

13.III) (figure 13.4). The key point in this scale is the relationship between a hypoechoic lesion 

and a stiff prostate focus. Lesions with a score of 3 or higher are highly suggestive of 

malignancy. 
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Table 13.III. Sonoelastographic five score system for the diagnosis of prostate cancer - Kamoi [16]. 

Score Description Significance  

1 Homogenous texture: the whole gland is colored in green normal 

2 Symmetric heterogeneous texture, symmetric blue-green 
mosaic pattern  

probably normal 

3 Asymmetric focal stiff (blue) lesion, unrelated to any 
hypoechoic change in the parenchyma  

undetermined 

4 Hypoechoic lesion with stiff (blue) core and more elastic 
(green) periphery  

probably carcinoma 

5 Hypoechoic stiff (blue) lesion, occasionally associated with 
stiffness extension farther than the visible lesion borders 

definitely carcinoma 

 

Figure 13.4. Sonoelastographic five score 

system [16]: a) score 1 – normal – 

homogeneous hardness, the entire gland 

has shades of green; b) score 2 – probably 

normal – inhomogeneous, symmetrical 

hardness, the gland appears as a 

symmetric green-blue mosaic; c) score 3 - 

undetermined - hard asymmetric focal 

lesion not associated with a hypoechoic 

nodule; the hard focal area is located in 

the left lobe; d) score 4 - probably 

carcinoma – hypoechoic lesion (deforms 

the contour of the left lobe, arrowheads) 

with hard core of the lesion and softer 

periphery; the peripheral area of the 

lesion is green and the central area, blue; 

e) score 5 - definitely carcinoma – 

hardness in the entire hypoechoic lesion in 

the right lobe and in the surrounding 

tissues, the entire lesion is blue. (Image 

reproduced from [4] with permission of 

the rightful holders). 

 

 

 

 

 

 

 

 

 



389 

Extracapsular spread of malignancy is suggested by the disruption of the periprostatic 

soft border (Fig. 7), while increased vesicular rigidity indicates seminal vesicle involvement 

[17] (Fig. 13.5). 

 

Figure 13.5. SE. Periprostatic tumor spread: the 

extension of the hardness in the periprostatic 

tissues on the anterior part of the gland is obvious. 

 

 

 

 

 

Another approach of classifying SE images into five scores was proposed more recently 

[18] (table 13. IV). 

 

Table 13.IV. Sonoelastographic scoring system in five stages for the diagnosis of prostate cancer - Xu [18]. 

Score Description 

1 No blue areas or stellate appearance of the peripheral zone  

2 Mosaic pattern or symmetrical blue areas with a diameter of less than 5 mm in the 

peripheral zones  

3 Small, symmetric blue area in the peripheral prostate bilaterally, diameter > 5mm 

4 Asymmetric blue area in the peripheral prostate, diameter > 5mm 

5 Asymmetric blue area in the peripheral prostate, covering > 50% of the peripheral zone of 

a lobe 

 

In this scoring system, lesions with a score of 3 or higher also indicate malignancy. 

 

SR 

A study that measured SR by the ratio between a hard peripheral lesion and the 

neighboring intact peripheral prostate established the value of 5.97 as a threshold capable of 

indicating clinically relevant cancer - see also Table 13.V [19]. 

A recent publication analyzed the role of SR, calculated between the lesion in the 

peripheral prostate and the levator anal muscle, used as a reference structure, in the diagnosis 

of prostate cancer [20]. The SR value ≥ 4.6 enables the positive cancer diagnosis in lesions 

classified PIRADS 3 on magnetic resonance examination. The SR value ≥ 6.8 enables the 

diagnosis of clinically significant prostate cancer [20]. 
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ARFI 

An experimental device study in vivo, coupling ARFI information with two-dimensional 

images in a three-dimensional acquired volume, demonstrated the ability of the technique to 

highlight cancer as being harder than the neighboring prostate. At the same time, benign 

hyperplasia was observed as an area of consistency heterogeneity; the ejaculatory ducts and 

verumontanum appeared softer than the rest of the prostate and a rigid demarcation zone 

was observed between the transitional and peripheral zones [21]. The method has not been 

translated into commercially available devices. 

 

2DSWE 

In a meta-analysis of published works, cut-off values of the mean hardness of the lesion 

between 28.5 and 52 kPa are mentioned for the diagnosis of prostate cancer [22]. Another 

study established the diagnostic cut-off of mean hardness as 62.27 kPa [23]. Several studies 

have indicated close values, greater than 33 – 38 kPa to diagnose the presence of cancer [8, 

9, 12] (figure 13.6). A summary of the threshold values, their diagnostic utility and the 

particularities of application is presented in Table 13.VI. 

 

Figure 13.6. 2DSWE – malignant prostatic 

nodule. The color scale identifies the 

position of the lesion, and the 

measurement reveals very high hardness 

values for the lesion (86.3 kPa). 

 

 

 

 

 

 

 

 

3DSWE 

A comparative analysis between 3DSWE, magnetic resonance imaging (MRI) and 

prostate biopsy results have defined the average threshold value of 41kPa to diagnose the 

presence of clinically significant cancer [24]. 
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13.3.2. DiagnosWc value 

SE 

A number of studies have evaluated the value of SE in the diagnosis of ADKP, using 

either prostate needle biopsy or radical prostatectomy as the reference standard. The results 

of these studies are summarized in Table 13.V. 

 

Table 13.V. The diagnostic value of SE 

Author SE % SP % PPV 

% 

NPV 

% 

AUC Remarks Reference 

standard 

[25] 80     Preliminary experience Needle biopsy 
[16] 68 81    For score 3 of 5 Needle biopsy 

78     If power Doppler is 
associated 

Needle biopsy 

[17] 88     Pilot study Needle biopsy 

86 72    For the whole gland Needle biopsy 
79 85-

93 
   For the peripheral gland, 

the greatest at the apex 
Needle biopsy 

[26] 75.4 76.6 87.8 59   Radical 
prostatectomy 

[27] 72.6      Needle biopsy 

89.5     When combining SE with a 
greyscale image 

Needle biopsy 

[28] 51 75 64 64  Analysis per patient Needle biopsy 
36 93 72 74  Analysis per core Needle biopsy 

66 78 77 67  Analysis per core from the 
peripheral gland 

Needle biopsy 

[29] 89.8 78.5    Identify the existence of a 
tumor 

Radical 
prostatectomy 

60.5 78.3    Identify the presence of a 
tumor in a specific 
quadrant 

Radical 
prostatectomy 

[30] 71.9 85.9    Manual vibration Needle biopsy 
85.8 97.7    Automated balloon 

vibration 
Needle biopsy 

[31] 70.6 67.9 57 79  Pilot study Needle biopsy 

82.3     Associating grey scale or 
Doppler 

Needle biopsy 

88.2     Associating grey scale and 
Doppler 

Needle biopsy 

[32] 67.85 62.16 57.57 71.85   Needle biopsy 
[33] 52 73 78 46   Radical 

prostatectomy 

[19] 87,5 85,5   0,95 For SR ≥ 5,97 Needle biopsy 
[34] 76 62   0.7417 Metanalysis per patient Needle biopsy 

51 88   0.9246 Meta-analysis per biopsy 
core 

Needle biopsy 

SE=sensitivity, SP=specificity, PPV=positive predictive value, NPV=negative predictive value, AUC=area under 

the receiver operating characteristic (ROC) curve 
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All studies published to date find that SE increases the sensitivity and, depending on 

the study design, the specificity of ultrasound imaging diagnosis of prostate cancer. 

 

2DSWE 

Studies that evaluated the value of 2DSWE in diagnosing ADKP, using either prostate 

needle biopsy or radical prostatectomy as the reference standard, have their results 

summarized in Table 13.VI. 

 

Table 13.VI. Diagnostic value of 2DSWE 

Author SE % SP % PPV % NPV % AUC Remarks Reference standard 

[35] 84.4 86   0,91 Meta-analysis   Needle biopsy / 
Radical 
prostatectomy 

[36] 77.88 85.33 83.02 77.06 0.855 For Emax = 128.48 
kPa 

Needle biopsy 

81.42 74.51 77.97 78.35 0.842 For Emed = 62.27 
kPa 

Needle biopsy 

60.18 63.73 64.15 58.72 0.588 For Emin = 20.03 
kPa 

Needle biopsy 

[37] 86 89   0.94 Meta-analysis Needle biopsy / 
Radical 
prostatectomy 

[9] 96 85 48 99 0.95 For Emed = 35 kPa, 
sextant assessment 

Needle biopsy 

[38] 86 85   0.91 Meta-analysis, 
analysis per core 

Needle biopsy 

87 69   0.89 Meta-analysis, 
analysis per patient 

Needle biopsy 

71 74   0.78 Meta-analysis, 
analysis per patient 

Radical 
prostatectomy 

82 79    Meta-analysis, 
analysis per core for 
detecting clinically 
significant cancer  

Needle biopsy 

77 84    Meta-analysis, 
analysis per patient 
for detecting 
clinically significant 
cancer  

Radical 
prostatectomy 

[39] 81 82 69 89 0.84 Using 3DSWE, 
experimental 
device, for SW 
velocity 5,5 m/s, 
Emed = 94,1 kPa 

Radical 
prostatectomy 
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[40] 61.6 91.6   0.88 Artificial 
intelligence using 
logistic regression 

Needle biopsy 

84.9 43   0.78 Artificial 
intelligence using 
decision tree 
classifier 

Needle biopsy 

87 85.5   0.94 Artificial 
intelligence using 
dense neural 
network 

Needle biopsy 

[41] 70.6 100   0.84 For Emed = 41,3 
kPa, per patient, for 
detecting any type 
of cancer  

Needle biopsy 

84.6 92   0.865 For Emax = 52,4 
kPa, per patient, for 
detecting clinically 
significant cancer 

Needle biopsy 

43.6 87.6   0.71 For Emed = 41,1 
kPa, per sector, for 
detecting any type 
of cancer 

Needle biopsy 

50 92.4   0.77 For Emed = 47 kPa, 
per sector, for 
detecting clinically 
significant cancer 

Needle biopsy 

[42] 96,8 67.8   0.976 For 82,6 kPa in 
differentiating 
benign–malignant, 
applied to index 
lesions 

Radical 
prostatectomy 

88.6 97.3 86.3 97.3  To detect clinically 
significant cancer 

Radical 
prostatectomy 

SE = sensitivity, SP = specificity, PPV = positive predictive value, NPV = negative predictive value, AUC = area 

under the receiver operating characteristic (ROC) curve, Emax = maximum value of hardness in the measured 

sample, Emed = mean value of hardness in the measured sample, Emin = the minimum hardness value in the 

measured sample. 

 

All studies published to date find that 2DSWE alone increases the sensitivity and 

specificity of ultrasound imaging diagnosis of prostate cancer and performs better than other 

ultrasound diagnostic techniques. 
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13.3.3. ArWfacts, false results and limitaWons 

SE 

Artifacts and false results, both positive and negative, may occur during SE screening 

for prostate cancer, with considerable influence on sensitivity and specificity [4, 43]. 

Transducer Alt. The main artifact in prostate elastography, although mentioned more 

as a technical prerequisite, is related to the tilt of the transducer. 

Since most transducers used for prostate scanning are end-fire microconvex, the 

applied pressure is uneven. Most of it is oriented along the transducer's axis, towards the 

central part of the prostate, while the sides of the gland only receive a derivative of the motion 

vector. This results in less movement to the sides of the image and, consequently, less 

distortion and a stiffer appearance with more blue areas. This scanning peculiarity explains 

why a rigid lesion must be reproducible after changing the tilt of the transducer [4] (figure 

13.7). 

 

Figure 13.7. SE. Effect of 

transducer tilt. The apparent 

hard focal lesion indicated by 

the arrow in image a) 

disappears after tilting the 

transducer (image b)). A hard 

area appears in this image 

(arrowheads), which is not 

apparent in image a). (Image 

reproduced from [4] with 

permission of the rightful 

holders). 

 

 

 

Slippage from the plane of examinaAon is encountered in up to 32% of cases during 

manually induced vibration but only in 1% of cases when using automatic balloon inflation 

[44] 

A prostate volume larger than 80 cm3 or a large transition zone places part of the 

prostate outside the optimal range of SE exploration (Figure 13.8). 
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Figure 13.8. SE of a bulky prostate. At the base, 

the entire area away from the transducer is 

blue (apparently rigid) due to the considerable 

distance and low displacement. An area of 

signal loss (arrow) appears in the center of this 

zone. 

 

 

 

 

 

 

 

 

Bulky calcificaAons in the peripheral gland secondary to prostatitis or focal sAffness 

changes secondary to transurethral resecAon induce hard areas in the parenchyma. 

MulAfocal tumors with the diameter of individual foci less than 3-5 mm are difficult to 

identify and describe. 

Extensive tumors involving the entire gland do not produce rigid focal areas. 

The exam is challenging for patients who cannot relax the pelvic floor. 

On the other hand, positive elastography with negative biopsy has been reported in 

patients with benign hypertrophy [27]. 

Well-differenAated adenocarcinoma resembles normal parenchyma, and SE cannot 

exclude its presence (figure 13.9). 
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Figure 13.9. SE. Cancerous nodules visible on the 

grayscale image but without elastographic 

expression: a) small nodule, diameter 6 mm 

(arrows); b) large nodule (arrowheads). In both 

cases, the Gleason score was 6. (Image reproduced 

from [4] with permission). 

 

 

 

 

 

 

Chronic prostaAAs and BPH, due to their inherent rigidity, can mimic carcinoma on SE 

examination. Hardness artifacts may also appear in BPH in the lateral parts of the gland. 

Repeating the examination after changing the tilt of the transducer can cancel lateral artifacts, 

but distance artifacts remain and ultimately alter the diagnostic value of the method [17]. 

Most false-positive results are associated with chronic inflammation and atrophy in 

the basal area of the gland [45]. 

Some of the causes of false results in SE examination of prostate cancer are 

summarized in Table 13.VII. 

 

Table 13.VII. Causes of false results in prostate SE examination [4, 46] 

False-positive False-negative 

Prostatitis “Soft” cancer – predominantly Gleason 3 or 3 + 4  

Fibrosis / calcification Small cancer 

Atrophy Very large, diffuse tumor 

Adenomyosis Transducer tilt 

Distance Distance to the tumor 

Attenuation  

Hard nodule in BPH  

Periurethral central zone  

Transducer tilt  

Striate base in elderly patients  
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The main limitations of the method are related to the variability induced by the 

manual operation of the transducer and the examiner's experience. The effect of these 

limitations can be reduced by using automatic balloon pulsation and checking the accuracy of 

vibrations on the quality scale available on the ultrasound machine [17]. 

The learning curve effect of SE cannot be underestimated [25, 31]. At least 30 

supervised examinations are needed to reach acceptable quality standards [46]. 

 

SWE 

The causes of artifacts and false results presented for SE also apply to 2DSWE to 

varying degrees. 

In the case of SWE, methodologically, in phantom studies, intraobserver variaAons 

were found to be lower for 2DSWE compared to ARFI. With both methods, interobserver 

variaAons are small. In the case of 2DSWE, the relaAve sAffness of the environment around 

the explored target influences the measurement result in the target. If the surrounding 

environment has lower stiffness than the target, the target hardness is underestimated. If the 

environment has greater stiffness than the target, the stiffness of the target is overestimated 

[47]. 

The measurement with the lowest degree of error is obtained if an ROI smaller than 

the surface of the target is used and the ROI is placed inside the target, at least 3 mm from 

its edge [47]. 

Specifically, in the case of endorectal transducers, a very good inter- and intraobserver 

correlation was found [48]. The results of the measurements depend on the target size (the 

larger the target, the lower the variability), the distance between the transducer and the 

target (variability increases with distance), and the device used. Machines from different 

manufacturers produce measurements with different values (kPa) of the same object, 

especially if it is soft tissue with hardness < 50-60 kPa. For objects with stiffness > 100 kPa, the 

measurement differences among devices are minor. Also, the variability between 

measurements of the same object on the same device differs among manufacturers [48]. 

 

13.3.4. Gland volume, intraprostaWc tumor volume, tumor locaWon, and Gleason 

score 

For both SE and 2DSWE, it is necessary to consider some essential factors that 

influence the examination result: gland volume, intraprostatic tumor volume, tumor location 

and Gleason score. 
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SE 

Several studies have shown that the intraprostaAc locaAon of the tumor influences 

the detection rate by SE [17, 26, 44, 49]. For tumors located at the apex of the gland, 

sensitivities range from 79 to 89%, while at the base and the posterior parts of the gland, 

reported sensitivities range from 60 to 76%. Whether or not automatic balloon inflation is 

used, anterior tumors are detected to a greater extent than posterior ones. The specificity for 

detecting apical tumors varies between 68 and 93%. 

Tumor volume. Small tumors with less than 1 ml volume are detected in 72.7% of the 

cases, while 100% of tumors larger than 5 ml are identified with SE [50]. Increasing tumor 

diameter and volume is linearly associated with increasing detection rate. Most tumors with 

diameter > 20 mm and volume > 0.5 cm3 are detected [46, 51]. For tumors with a volume > 

0.2 cm3, the detection rate is not influenced by the total volume of the prostate or the 

intraglandular location [51]. 

There is also a linear relationship between the detection rate by SE and the Gleason 

score [50]. About 74% of tumors with a Gleason score of 9–10 are detected by SE, while for 

scores of 5–6, the detection rate drops to 60% [44]. One study detected 74% of tumors with 

Gleason < 7, 78% of those with Gleason 7 and 93% with Gleason > 7 [26]. For tumors with a 

volume > 0.2 cm3, the only cause of a false negative detection result is the predominance of 

Gleason score 3 (3+3, 3+4)[51]. 

Studies by our group showed a higher sensitivity of SE in patients with PSA > 10 ng/ml, 

patients aged over 70 years and patients with fewer fragments (6 versus 10-12 biopsy 

fragments) [31, 32]. 

 

2DSWE 

Gland volume and tumor locaAon in the prostate also affect the performance of 

2DSWE in the same way as SE. 

The tumor size determines the detection sensitivity of the method: 30.9% for tumors 

< 5 mm, 68.5% for tumors with sizes of 5-10 mm and 92.4 % for tumors > 10 mm [42]. 

The increase in the Gleason score is associated with the increase in tumor hardness, 

expressed by the median values of the Emed indicator, in kPa: 58.3 for non-tumor prostate 

tissue, 91.6 for Gleason score 6, 102.3 for Gleason score 7 and 131.8 for Gleason ≥ 8 [42] 

(figure 13.10). 
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Figure 13.10. 2DSWE. The tumor highlighted 

in red has a hardness of 140 kPa. On biopsy, 

the Gleason score was 9. 

 

 

 

 

 

 

 

 

13.3.5. Guide to biopsy 

The main advantage of SE appears to be the improved results of biopsy guidance. 

While systematic biopsy detected 76.9% of cancers, SE-guided biopsy detected 88.8%, 91% or 

even 93% of cancers in preliminary studies [15, 52]. Puncture guidance with SE improves the 

detection of prostate cancer, as it has a detection rate of 2.9 to 4.7 times higher than 

systematic biopsy [17, 53, 54]. Elastography can reduce the number of biopsy fragments 

required to diagnose carcinoma because it detects more cancer foci than systematic biopsy, 

with less than half the number of fragments [17, 53]. 

SE-guided biopsy detects more cancers than grayscale US-guided biopsy or the power 

Doppler method [52]. Furthermore, the detection rate of SE-guided biopsy combined with 

power Doppler is higher than that of SE-guided biopsy alone or power Doppler alone [16]. 

Although guided biopsy (grayscale US, power Doppler, SE) is more likely to yield positive 

fragments, more than 50% of cancer-positive sites (on sextant biopsy) have no associated 

sonographically detectable changes [55]. 

Combining SE with systematic biopsy results in detecting of up to 18% more clinically 

significant cancers [26]. It is considered that positive SE is an independent marker for the 

detection of a clinically significant cancer and negative SE advocates against this diagnosis 

[56]. 

Using SR ≥ 5.97 to guide the puncture improves the detection of clinically significant 

cancer by 10%, resulting in the detection of most tumors with a Gleason score ≥ 7 [19]. 

A recently published meta-analysis shows that, at the patient level, SE guided biopsy 

does not perform better than systematic biopsy. However, biopsy fragment-level analysis 

indicates that SE-guided biopsy produces 2.1 times more positive fragments than systematic 

biopsy and combining the two leads to increased cancer detection rates [57]. 
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The larger the volume of the prostate, the lower the sensitivity of tumor detection by 

SE-guided puncture. For prostates with volume < 30 cm3, guided SE puncture is more sensitive 

than systematic biopsy puncture (91.7% vs. 62.5%) [58]. In all patient groups, the addition of 

guided SE puncture leads to increased cancer detection rates [58]. 

2DSWE-guided biopsy can improve the cancer detection rate using a threshold value 

of 47 kPa [59]. 

The 2DSWE method has higher sensitivity than conventional US or MRI examination in 

detecting potentially malignant focal lesions, produces fewer false-negative biopsy results, 

and has very good interoperator reproducibility [60]. 

Patients with suggestive focal changes on 2DSWE examination have a 6.4 times higher 

risk of clinically significant prostate cancer. The detection rate per fragment is not significantly 

higher in 2DSWE-guided punctures [61]. 

The best practice guidelines of the European Federation of Societies of Ultrasound in 

Medicine and Biology (EFSUMB) recommend using elastographic techniques during prostate 

biopsy to increase the detection rate [62]. 

 

13.3.6. Comparison with magneWc resonance imaging (MRI) evaluaWon of the 

prostate. 

The sensitivity and specificity of SE are higher than T2-weighted images at 1.5T 

magnetic field for detecting morphological changes associated with carcinoma [63]. When 

using automatic balloon pulsation, SE and SP associated with SE examination are higher than 

those of T2-weighted and dynamic contrast-enhanced MRI sequences [30]. Another study 

found an equal diagnostic value for SE examination and 3T field MRI imaging of the prostate, 

with obviously higher costs and times associated with MRI [29]. SE better detects tumors 

located in the apical and middle areas of the prostate, while multiparametric MRI (MP-MRI) is 

more useful for tumors located in the base and transitional zone. Also, MRI-MP better detects 

tumors in large glands with a volume > 40 cm3 [46]. The association of SE information may 

contribute to downgrading the PIRADS score established by MRI-MP [64]. 

Although hardness measured by 2DSWE on the one hand and PIRADS score on the 

other hand correlate with Gleason score, and hardness > 100 kPa and high PIRADS scores 

detect most high-risk prostate cancers, a direct correlation between hardness measured by 

2DSWE and the PIRADS score could not be established [65]. 

Recent studies have shown that 2DSWE has similar sensitivity and specificity to MRI-

MP in prostate cancer detection and that 3DSWE further improves the identification of target 

lesions for biopsy, with performance criteria similar or superior to MRI-MP [66]. 

The best practice guidelines developed by the World Federation of Societies of 

Ultrasound in Medicine and Biology (WFUMB) recommend always performing 2DSWE 

alongside routine biopsy [67]. There are still no randomized trials comparing 2DSWE with MRI-
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MP on the same groups of patients in view of possible recommendations to change the 

strategy of the imaging approach to prostate cancer. 

There are no differences in sensitivity between 2DSWE and MRI in cancer diagnosis, 

but for clinically significant cancer, the sensitivity of 2DSWE is somewhat higher [68]. A recent 

study found that 2DSWE can detect 66% of clinically significant and MRI-negative cancers [69]. 

The 2DSWE examination takes much less time at a diagnostic sensitivity similar to that of MRI. 

The costs associated with 2DSWE recommend it as a competitive method for MRI [70]. 

 

13.3.7. Other applicaWons of prostaWc elastography 

Analysis of collagen composiAon in the prostate. A study performed with SE 

demonstrated that stiff areas were associated with type I collagen, while type III collagen did 

not influence the hardness of the gland [71]. 

In the tumor tissue, the gene expression of collagen type Col1A1 is increased, and the 

orientation of the fibers is modified; these two characteristics present a linear correlation with 

the Gleason score and the hardness measured by 2DSWE. It appears that not only increased 

cell density, but also abnormal collagen content induces stiffness in prostate tumors [72]. The 

linear increase, with hardness measured by 2DSWE and Gleason score, of the proportion of 

fibroblasts associated with prostate cancer has also been proven [73]. 

PredicAon of extracapsular extension and seminal vesicle invasion. On SE 

examination, extracapsular extension is suggested by the disruption of the periprostatic soft 

border and invasion of the seminal vesicles by the extension into the vesicles of the 

intraprostatic hardness [4, 17]. 

When performing 2DSWE, threshold values of the Emax stiffness indicator were 

identified that can signal extracapsular extension (60.45 kPa) or seminal vesicle invasion 

(81.55 kPa), and the association of 2DSWE information with MRI-MP data led to a substantial 

increase in diagnostic accuracy [74]. 

The predicAon of biochemical recurrence after radical prostatectomy is possible for 

the threshold value of 144.85 kPa, measured with the 2DSWE method, with moderate 

sensitivity and specificity (77.4% and 61%) [75]. 

Guiding the intervenAon of radical prostatectomy is another proposed application for 

SE, considering that the method offers a way of intraoperative instrumental "palpation" that 

is more sensitive than manual or visual-instrumental classical palpation (SE=84%, SP=74% in 

tumor detection) [76]. 

IdenAficaAon of HIFU lesions. Elastography has been used to highlight HIFU-induced 

lesions in the prostate as soft areas, with SE being useful in both localizing lesions and 

monitoring therapy effectiveness [77]. 
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DeterminaAon of the severity of benign prostaAc hypertrophy (BPH). By 

transabdominal application, the ARFI method was used to study the central prostate. BPH 

patients were found to have greater central gland stiffness than normal subjects, and severe 

BPH patients have greater stiffness than moderate BPH patients [78]. 

 

13.3.8. Remarks 

Sonoelastography improves prostate cancer detection. 

International best practice guidelines recommend the use of elastographic techniques 

during prostate biopsies, even if image fusion is used. 

The prostate size, tumor size, location and cellularity influence the sonoelastographic 

appearance and detection rate. 

Elastography is burdened by the dependence of the result on manually induced 

vibrations by the operator, the transducer tilt, and the different approaches manufacturers 

use to achieve elasticity imaging. It is impossible to state the superiority of one of the two 

methods: SE or 2DSWE. 

There are positive correlations between tumor hardness and Gleason grade, an aspect 

that influences the diagnostic capacity of elastography. The method helps detect clinically 

significant cancer. 

The reference standard used is, by itself, debatable, as needle biopsy of the prostate 

does not detect all tumors or tumor foci. 

The association of elastographic techniques with grayscale ultrasound, Power Doppler, 

contrast ultrasound and microultrasonography, in what is called mulAparametric 

ultrasonographic exploraAon of the prostate, greatly improves the diagnostic value of the 

method. 

The method is validated for clinical use. Sonoelastography represents a valuable 

addition to the arsenal of imaging diagnostic methods for the prostate, reviving the 

ultrasonography of this organ and opening the competition with MRI for the benefit of the 

patient. 
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Chapter Chapter Chapter Chapter 14. Testicular Elastography14. Testicular Elastography14. Testicular Elastography14. Testicular Elastography    

Sorin M. Dudea, Vasile Simon 

 

The evaluation of the testicular parenchyma is one of the clinically relevant 

applications of elastography and is recognized as such in international guidelines [1]. Some 

recently published papers provide a synthetic overview of the main current applications of 

elastosonography in testicular pathology [2,3]. 

 

14.1. TesWcular Elastographic ExaminaWon Techniques 

All known elastographic techniques can be used to evaluate the testes and scrotal 

contents. 

a) Strain elastography (SE) uses the relative colorimetric scale on the image, colors 

representing stiffer or more elastic structures depending on the equipment manufacturer. 

External mechanical force (vibration of the transducer), internal force (vascular pulsations), or 

acoustic force (impulse wave emitted by the transducer) can be used to induce tissue 

dislocation. Stiffness is quantified in a semi-quantitative way, using one of two already classic 

methods: 

- The colorimetric score usually fits into a variant of the Tsukuba scale, described 

initially for breast pathology or 

- The strain raAo (SR), where the relative dislocation of two neighboring structures is 

compared on the same image. 

b) Shear wave elastography (SWE) is the method in which, following the exposure of 

tissues to a focused pulse of ultrasound (US), transverse shear waves (SW) appear. The device 

detects these waves and measures their propagation speed. Based on the measured speed, 

tissue stiffness can be calculated and expressed in specific units of measure – kilopascal (kPa). 

All existing techniques use the standard two-dimensional US image for orientation, however, 

there are several measurement variants: 

- Point shear wave elastography (pSWE), also named ARFI (Acoustic Radiation Force 

Impulse) by one manufacturer, measures the SW velocity and, respectively, the stiffness in a 

single image sample, and only provides numerical information. 

- Two-dimensional shear wave elastography yields instantaneous information about 

SW in multiple samples of an examination plane. 

• One manufacturer's VTIQ (virtual touch Assue imaging and quanAficaAon) 

technique provides a single two-dimensional image where stiffness is represented in color and 

where multiple SW velocity measurements can be performed at any examiner-chosen point; 
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• The 2DSWE technique (two-dimensional shear wave elastography) produces a 

sequence of up to 6 images / second, with the color representation of tissue stiffness and the 

possibility of measuring the hardness in kPa or the SW speed at any point of the image; 

• The 3DSWE technique (three-dimensional shear wave elastography) associates the 

2DSWE technique with 3D volumetric acquisition with a dedicated transducer. It results in a 

volume where tissue consistency is represented in color, and average hardness values of a 

volume can be measured; 

• Viscoelastography is based on shear wave dispersion, produces viscosity information 

in color and allows for the measurement of tissue viscosity in specific units: Pa.s 

 

14.2. Appearance and Normal Values of the Measurements that Define the 

TesWcles Consistency 

SE 

On strain elastography, the parenchyma of normal testes is homogeneous and appears 

in intermediate shades of hardness, usually green. The apparent hardness can be higher at the 

periphery and the poles due to the tunica albuginea's proximity (figure 14.1.a). The triple ring 

appearance can be identified [4]: the center has colors corresponding to an intermediate 

stiffness, while the periphery, under the albuginea, appears stiffer, and the peritesticular 

tissues of the scrotum appear very elastic (figure 14.1.b). The testicles have identical 

consistency, left-right; the SR has a unit value. 

 

Figure 14.1. Normal testis: a) 

acoustic force displacement 

elastography. Homogeneous 

testicular parenchyma appears 

harder (red) than neighboring 

structures; b) strain elastography 

with external mechanical force. The 

center of the testicle shows 

intermediate hardness (yellow-

green), the periphery appears hard 

(red), and the peritesticular tissues 

appear soft (blue) – triple ring 

appearance. 
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pSWE 

The measurement is made in the center of the testicle (figure 14.2). The published 

studies have determined, for the normal testicle, average values of the SW speed between 

0.62 and 1.01 m/s [5]. Most studies indicate that the normal SW velocity value is between 

0.76 and 0.81 m/s [6-8]. A significant association was found between speed, subject age and 

testicular volume [5]. The speeds measured in normal subjects are statistically significantly 

lower than in patients with pathological changes such as microlithiasis or tumors [6]. 

 

Figure 14.2. ARFI examination 

(pSWE) of the normal testis. 

 

 

 

 

 

 

VTIQ 

Measured by this method, the average velocity of the SW in the normal testis is 
between 1.07 and 1.17 m/s [8,9]. 

If VTIQ is used, significantly higher SW velocity values are obtained compared to ARFI 
for the same testis. Although the same machine is used, differences are of 0.22 – 0.29 m/sec 
higher for VTIQ [8]. 

 

2D SWE 

a) The average velocity of the SW measured in several segments of the normal testis 
has values between 1.05 – 1.1 m/s, without differences between the segments [7,10]. 

The results obtained with two devices and two methods from different manufacturers 
agree almost perfectly. Moreover, the mean velocity measured by 2DSWE is higher than the 
mean velocity determined by ARFI in the same subjects [7]. 

In another study, mean SW velocity values were similar for the superior and inferior 
testicular poles (1.15 m/s) and lower for the center of the testis (0.9 m/s). The measured 
values are independent of age. Simultaneously with the increase in volume, significantly less 
stiffness is observed in the upper pole compared to the rest of the testicle [11]. 

b) Rigidity. The central region of the testis, measured in sections on the longitudinal 
axis, has the lowest stiffness values (3.14 ± 0.35 kPa), followed by the upper and lower poles 
(3.94 ± 0.97 kPa) [12]. The measurement at the poles included the testicular capsules, thus 
explaining the increased stiffness. Central stiffness is significantly higher if measured in 
sections on the transverse axis of the testis (3.47 ± 0.32 kPa) [12] (figure 14.3) 
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Including fibrous peritesticular tissue in the measurement sample is irrelevant to the 
state of the testicular parenchyma, however, it expectedly leads to an increase in the 
measured stiffness. 

 

Figure 14.3. 2DSWE examination of the normal testis: a) cross section; b) longitudinal section through the 

same testis. The mean stiffness value is higher on the cross-section. 

 

3D SWE 

At 3DSWE, the average velocity in the normal adult testis is 1.12 m/sec, with no 

differences between regions [10]. 

Testicular stiffness values were negatively correlated with age and weight in a pediatric 

population of boys aged 1 to 92 months [13]. 

 

Viscoelastography 

There are no published values for normal testicular viscosity. 

Table 14. I summarizes the values that characterize the normal testicle. 
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Table 14. I. Normal values of testicular stiffness parameters 

Year Author No. 

subjects 

Method Normal 

values 

Unit Remarks 

2011 [5] 23 ARFI 0.62-1.02 m/s  

2016 [7] 58 ARFI 0.8 m/s  

2016 [8] 20 ARFI 0.81 m/s  

2017 [6] 300 ARFI 0.76 m/s  

2014 [9] 20 VTIQ 1.17 m/s  

2016 [8] 20 VTIQ 1.07 m/s  

2016 [10] 32 2DSWE 1.05 m/s  

2016 [7] 58 2DSWE 1.1 m/s  

2016 [11] 66 2DSWE 1.15 m/s In testicular poles 

2016 [11] 66 2DSWE 0.9 m/s In the center of the testis 

2021 [12] 110 2DSWE 3.14 ± 0.35  kPa Longitudinal, in the 
center of the testis 

2021 [12] 110 2DSWE 3.47 ± 0.32 kPa Transverse, in the center 
of the testis 

2021 [12] 110 2DSWE 3.94 ± 0.97 kPa longitudinal, in the poles 

2016 [10] 32 3DSWE 1.12 m/s  
 

 

Conclusions 

There are few studies describing normal testicular stiffness. 

The SW velocity value measured by the ARFI method in the normal adult testis is 
between 0.6 and 0.8 m/s. The SW velocity in the normal adult testis, measured by VTIQ, is 
1.07 – 1.17 m/s. When examining with 2DSWE or 3DSWE, the SW velocity is 1-1.15 m/s. 

To measure testicular stiffness reproducibly, it is necessary to consistently use the 
same method and the same scanning plane (longitudinal or transverse) in all patients. The 
stiffness of the testicle measured in its center has typical values between 3.1 and 3.5 kPa. 

It is not advisable to assess testicular consistency by measuring velocity or stiffness at 
the poles or periphery of the organ, as higher and inconstant values may be obtained. 
Testicular stiffness in the pediatric population decreases with increasing age and weight. 
There are no studies on the age dependence of testicular stiffness in the adult population. 

Methodological variations and those associated with the differences between 
machines and transducers must be considered in the elastographic evaluation of the testicles 
[14]. 
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14.3. Elastography in TesWcular Pathology 

The published use of testicular elastography is summarized in Figure 14.4. 

 

 

Figure 14.4. Known uses of tesWcular elastography (inspired from [14]). 

 

14.3.1. Cryptorchidism 

SE 

SE may be used as a complement for gray-scale ultrasonography to confirm the 

presence of undescended testes located in the abdominal cavity or inguinal canal, to establish 

the persistence of areas of increased stiffness after orchidopexy, in post-traumatic regressive 

changes or ischemic foci after testicular torsion [14]. Using SR between the subcutaneous 

tissue and the undescended testicle, no signs of testicular fibrosis were observed in children 

under five years of age [16]. 

 

pSWE 

pSWE was used to determine the SW velocity in the testes of pediatric patients after 

orchidopexy, with the operated testes significantly stiffer than the unaffected ones (table 14. 

II) [17]. 

 

2D SWE 

A study of 29 patients with a mean age of 7.5 years observed a significant difference 

in stiffness values between undescended and contralateral descended testes, with the former 

being stiffer (Table 14. II) but with no difference in volume [18]. 

In a retrospective study in a pediatric population under 60 months of age, stiffness 

values expressed in kPa in the cryptorchidism group had a positive correlation with patient age 

and a negative correlation with testicular volume. The opposite was described in the group of 
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normal testes [19]. Another study found high stiffness and velocity values not only in cases of 

undescended testes but also for retractile testes compared to normal ones (table 14. II) [20]. 

 

Table 14. II. Values of testicular stiffness parameters in studies of pediatric patients with cryptorchidism. 

Year Author No.  Metoda Values  Meas. 

unit 

Remarks 

2016 [17] 47 pSWE 0.75 – 2.8 
(median 
1.1) 

m/s Operated testes, 
orchidopexy 

2016 [17] 27 pSWE 0.62 – 1,2  
(median 
0.84) 

m/s Testes contralateral to 
the operated ones 

2016 [17] 60 pSWE 0,65 – 1  
(median 
0.82) 

m/s Testes control group 

2017 [18] 29 2DSWE 9.6 ± 3.15  kPa Patients, undescended 
testes 

2017 [18] 29 2DSWE 4.76 ± 1.5 kPa Patients, descended 
testes 

2019 [20] 37 2DSWE 13.80 ± 4.14 
2.14 ± 0.29   

kPa 
m/s 

Undescended testes 

2019 [20] 15 2DSWE 9.64 ± 3.71 
1.75 ± 0.35   

kPa 
m/s 

Retractile testes 

2019 [20] 56 2DSWE 7.44 ± 2.11 
1.57 ± 0.21   

kPa 
m/s 

Normal testes 

 

Conclusions 

Current studies do not use RTE to evaluate cryptorchidism except as a complementary 

tool to two-dimensional ultrasonography. 

Both pSWE and 2DSWE may be used to assess the elasticity of cryptorchid testes 

before and after surgery. 2DSWE has demonstrated the ability to differentiate between an 

orthotopic and a retractile testis independent of the examination time. Undescended, 

retractile and orchidopexy testicles are harder than orthotopic ones. 

 

14.3.2. Torsion of the spermaWc cord 

SE and pSWE 

To the best of our knowledge, there are no published papers on the use of pSWE and 

SE to assess spermatic cord torsion. 
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2D SWE 

In a study with a limited number of patients, a clear statistically significant difference 

was found between the SWE values in testicular torsion and normal testicles, with the twisted 

testicles being harder, especially at the periphery [21] (Table 14. III). 

Correctly differentiating between testicular torsion and acute orchitis has always been 

a clinical challenge in urological practice. Another study with limited patients reported higher 

SWE values for the testicular capsule and the twisted spermatic segment in the torsion group 

compared to the orchitis group. On the two-dimensional SWE image, the signs of the "hard 

ring", representing the periphery of the testicle affected by torsion, and that of the "hard 

knot", representing the area of torsion at the level of the funicle, were described. No 

statistically significant differences were observed between torsion and orchitis for the 

stiffness of the middle parenchyma of the testis [22] (table 14. III). 

 

Table 14. III. Values of testicular stiffness parameters in studies for testicular torsion 

Year Author No.  Method Values  Meas. unit Remarks* 

2015 [21] 15 2DSWE 78.07 ± 9.01 kPa Emed torsion 

2015 [21] 15 2DSWE 22.0 ± 5.10 kPa Emed normal 

2015 [21] 15 2DSWE 94.07 ± 6.53 kPa Emax torsion 

2015 [21] 15 2DSWE 27.87 ± 5.78 kPa Emax normal 

2015 [21] 15 2DSWE 60.73 ± 7.84 kPa Emin torsion 

2015 [21] 15 2DSWE 18.90 ± 4.39 kPa Emin normal 

2020 [22] 14 2DSWE 138.76 ± 58.27 kPa Emax torsion testicular capsule 

2020 [22] 16 2DSWE 16.40 ± 4.71 kPa Emax orchitis testicular capsule 

2020 [22] 14 2DSWE 166.61 ± 60.07 kPa Emax torsion spermatic cord 

2020 [22] 16 2DSWE 14.14 ± 4.93 kPa Emax orchitis spermatic cord  

 

* Emed, Emax and Emin represent the mean, maximum and minimum stiffness values in the SWE 

sample 

 

An inhomogeneous, Doppler avascular, stiff nodular mass on SE indicates torsion of 

the testicular appendix [23]. 

 

Conclusion 

2DSWE elastography may be used to differentiate between testicular torsion, acute 

orchitis and normal testis. 

Accessibility and time spent getting to an ultrasound machine and an examiner capable 

of adequately performing testicular elastography should be considered in testicular torsion, 

as delays in surgical exploration and detorsion of the spermatic cord may lead to testicular 

necrosis, atrophy or loss of the function [14]. 
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14.3.3. TesWcular microlithiasis 

pSWE 

Very few papers address the use of sonoelastography in evaluating testicular 

microlithiasis (MLT). A preliminary study on 12 patients found no difference between pSWE 

values in normal and microlithiasis testes [24]. In a subsequent study with more patients, the 

same researcher found a slight but statistically significant difference in SW velocity in men 

with MLT compared to normal testes, with higher velocities in the MLT group [25]. 

Another study described higher mean SW velocities when examining pSWE in the 

pediatric population in a small group of patients with MLT compared to a healthy control 

group of the same size and mean age [26]. 

When assembling this chapter, we found no published studies regarding the role of 

2DSWE or RTE in evaluating testicular microlithiasis. 

 

Conclusion 

MLT-carrying testes are stiffer than normal, especially in the pediatric population. Due 

to the small number of published studies and the small number of examined patients, further 

exploration of the utility of pSWE in the assessment of MLT is needed. 

 

14.3.4. Varicocele 

SE 

Strain elastography can be used to evaluate the varicocele-bearing testicle. 

When comparing the varicocele-bearing testicle with the contralateral testicle, strain 

ratios with values above unity were obtained, indicating that testicular stiffness increases in 

patients affected by varicocele [27-29]. Significant inverse correlations were observed 

between strain elastography (SR and elasticity scores) and spermogram parameters such as 

total motile sperm count, sperm concentration and normal sperm morphology. Some groups 

have identified correlations between varicocele grade, SR and elasticity scores [28,29]. 

 

pSWE 

A study using pSWE (ARFI) in infertile patients with varicocele revealed significantly 

different SW velocities between normal and varicocele carriers, with lower velocity in the 

varicocele group (Table 14. IV). A negative correlation was observed between FSH values and 

testicular elasticity. A negative correlation between the degree of varicocele and elasticity has 

also been described. The main limitation of this study was the enrollment of patients with only 

mild oligospermia and no patients with oligoasthenospermia or azoospermia [30]. 



418 

2D SWE 

A study on a small group of adolescents found a progressive increase in testicular 

hardness with the degree of varicocele without reaching significant differences (table 14. IV). 

The difference in SWE values between grade III varicocele and the contralateral testis was 

significant only if the difference in testicular volume was >20% [31]. 

Another study, in a large group of adults, observed that varicocele-bearing testicles 

were softer than normal testicles without statistical significance [32]. Two recent papers found 

no differences in mean SWE values between testes with varicocele, contralateral ones, or 

those of healthy subjects [33,34]. Even if, at rest, there are no differences between the mean 

stiffness values between the groups with different degrees of varicocele, during the Valsalva 

maneuver, testicular stiffness increases significantly for varicocele of degree II and III (table 

14. IV) [35]. It should be noted that the groups of patients in this study were very small. 

Monitoring patients with varicocele before and after surgery allowed for establishing 

the cut-off value of 4.5 kPa to predict postoperative improvement of spermogram parameters. 

SWE showed a significant negative correlation between SWE stiffness index and sperm count 

(millions/ml) and total motility but no statistically significant correlation between SWE 

stiffness values and the percentage of normal-shaped spermatozoa [36]. 

SWE was used to evaluate patients with left varicocele and compare mean stiffness 

values in subjects with normal spermogram parameters and those with oligospermia. 

Varicocele patients with oligospermia had values of SWE stiffness higher than 

normozoospermic patients. All patients with varicocele showed higher SWE values than the 

healthy control group, but no differences existed between the testes contralateral to the 

varicocele and those of healthy subjects [37]. Another study confirmed the observation of 

higher stiffness values and SW velocities in the varicocele-bearing testis compared to the 

contralateral testis and control groups. This study found no correlation between testicular 

volume and SWE values [38]. 

 

Table 14. IV. Values of testicular stiffness parameters in studies for varicocele 

Year Author No.  Method Values  Meas. 

unit 

Remarks 

2016 [30] 30 pSWE 0.82 ± 0.08 m/s Patients with varicocele 

2016 [30] 30 pSWE 0.87 ± 0.09 m/s Normal subjects 

2019 [31] 30 2DSWE 2.5 ± 0.49 kPa Varicocele grade I 

2019 [31] 30 2DSWE 2.59 ± 0.81 kPa Varicocele grade II 

2019 [31] 30 2DSWE 2.80 ± 0.72 kPa Varicocele grade III 

2019 [31] 30 2DSWE 2.39 – 2.42 kPa Contralateral testes 

2017 [32] 132 2DSWE 2.2 (1,8–2.6) kPa Testes with varicocele 

2017 [32] 108 2DSWE 2.4 (2–2.9) kPa Normal testes 

2022 [35] 27 2DSWE 2.7 ± 0.6 
2.7 ± 0.6 

kPa Normal at rest 
Normal + Valsalva 
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2022 [35] 6 2DSWE 2.8 ± 0.5 
2.8 ± 0.5 

kPa Varicocele gr. I at rest 
Varicocele gr. I +Valsalva 

2022 [35] 8 2DSWE 2.5 ± 0.3 
2.9 ± 0.9 

kPa Varicocele gr. II at rest  
Varicocel gr. II + Valsalva 

2022 [35] 13 2DSWE 3.0 ± 1.0 
3.8 ± 1.4 

kPa Varicocele gr. III at rest 
Varicocel gr. III + Valsalva 

2020 [37] 29 2DSWE 4.77 ± 1.16 
 
3.52 ± 0.41 

kPa Normospermic left testis with 
varicocele 
Contralateral testis  

2020 [37] 29 2DSWE 6.15 ± 1.96 
 
3.81 ± 0.71 

kPa Oligospermic left testis with 
varicocele 
Contralateral testis 

2020 [37] 58 2DSWE 3.79 ± 0.94 kPa Normal subjects 

 

Conclusions 

Studies with a broader variety of spermogram parameters are needed to confirm the 

utility of pSWE in evaluating varicocele. 

The varicocele-bearing testicle is stiffer than the unaffected or normal contralateral 

testicle. There are negative correlations between testicular stiffness and sperm parameters. 

The Valsalva maneuver electively increases the stiffness of high-grade varicocele-bearing 

testes. 

2DSWE appears to perform better when there is a significant difference in testicular 

volume and the high-grade varicocele is examined. Stiffness values at 2DSWE correlate 

negatively with sperm count. In certain situations, the method seems promising as an 

alternative to the spermogram. 2DSWE has the potential to predict postoperative 

improvement in spermogram parameters after the surgical cure of varicocele. 

  

14.3.5. Segmental tesWcular infarcWon (STI) 

Due to the rarity of this pathology, there are only two case reports on elastography of 

segmental testicular infarction and a small series reporting six patients [39–41]. 

 

SE (SR) and 2DSWE 

Both SE, including SR, and 2DSWE revealed, in the acute phase, lower hardness of the 

infarcted area compared to the adjacent normal testis. In evolution, the hardness of the 

infarcted area increases, equaling the testicle, so that, after two weeks, it becomes stiffer than 

the rest of the parenchyma, associated with the fibrous transformation. 

We found no studies using pSWE in segmental testicular infarction. 

Figure 14.5. shows different stiffness values in the same testis with STI. 
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Figure 14.5. ITS, 2DSWE 

examination. The gray-scale image 

(bottom) shows the hypotrophic, 

inhomogeneous testis with slightly 

reduced echogenicity in the lower 

half. 2DSWE (top) reveals increased 

inhomogeneity and stiffness in the 

infarcted area compared with the 

normal upper pole. Contrast-

enhanced Doppler and MRI 

examinations confirmed chronic STI. 

 

 

 

 

 

 

 

 

Conclusion 

Due to the rapidly evolving nature of this pathological entity, serial examinations are 

necessary to document the changes properly. The rarity of such cases makes extensive studies 

difficult to conduct. 

 

14.3.6. InferWlity 

SE 

When using strain elastography to assess infertility in patients and applying the SR 

between the testicular parenchyma and the hypodermic tissue of the scrotal wall, statistically 

significant differences were found between men with normal sperm analysis and those with 

abnormal analysis, the latter having a higher SR. Although FSH levels were statistically 

different in the two studied groups, there was no correlation between FSH and SR values [29]. 

When applying elastographic scores and SR to a large group of patients, it was found 

that patients with nonobstructive azoospermia have lower testicular consistency compared 

to those with obstructive azoospermia and compared to normal subjects [42]. 

 

VTIQ 

Using the VTIQ technique to measure the SW velocity, cut-off values were obtained 

that allow for the separation between normal and azoospermia (1.465 m/s) or 
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oligozoospermia (1.328 m/s) as well as the differentiation of oligozoospermia from 

azoospermia (1.528 m/s). Unfortunately, the specificity and sensitivity of these values, located 

between 60 and 75%, do not allow the use of the method for diagnostic purposes. Significant 

negative correlations were described between patients' average testicular SW velocities and 

sperm count [43]. 

 

2DSWE 

2DSWE has been used to analyze the correlation of various parameters in infertile 

men. The absolute values of testicular stiffness, as measured by 2DSWE, varied according to 

the cause of infertility, the total sperm count and the machine used to perform the 

examination. 

An initial study reported no clear differences in SWE values between patients with 

varicocele, oligoasthenoteratozoospermia (OAT), obstructive azoospermia, non-Klinefelter 

nonobstructive azoospermia, or Klinefelter nonobstructive azoospermia due to a substantial 

overlap of value ranges [32]. In men with OAT, a higher mean stiffness value was observed in 

both testes compared to men with normal sperm parameters (table 14. V). The same study 

showed negative correlations between testicular stiffness and total sperm count, 

concentration and progressive motility [44]. 

In patients with azoospermia, the cut-off value of 1.55 kPa could discriminate between 

the groups with normal spermatogenesis and hypospermatogenesis versus those with the 

arrest of spermatogenesis and Sertoli-only cells syndrome [45]. 

The mean values of SW velocity and testicular stiffness, measured by 2DSWE, are 

significantly higher in infertile men compared to the control group (Table 14. V). Positive 

correlations were found between testicular volume and SWE values in the infertile men group 

[46]. 

  

Table 14.V. Values of testicular stiffness parameters in infertility studies 

Year Author No.  Method Values  Meas. unit Remarks 

2021 [44] 50 2DSWE 21.4 ± 5.4 kPa OAT patients, left testicle 

2021 [44] 50 2DSWE 9.9 ± 1.6 kPa Subjects, left testicle 

2021 [44] 50 2DSWE 22.9 ± 4.8 kPa OAT patients, right testicle 

2021 [44] 50 2DSWE 9.5 ± 1.6 kPa Subjects, right testicle 

2020 [46] 50 2DSWE 12.82 ± 5.19 
1.85 ± 0.31 

kPa 
m/s 

Infertile patients 

2020 [46] 50 2DSWE 8.01 ± 3.02 
1.53 ± 0.25 

kPa 
m/s 

Normal subjects 

2021 [47] 8 2DSWE 3.65 ± 1.24 kPa Positive TESE retrieval 

2021 [47] 42 2DSWE 9.59 ± 6.68 kPa Negative TESE retrieval 
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In a group of 50 patients with nonobstructive azoospermia, significant differences in 

stiffness values measured by 2DSWE were observed between patients with successful sperm 

retrieval and those with negative retrieval using testicular sperm extraction (TESE) (Table 14. 

V). The cut-off value of ≤ 4.125 kPa can predict successful sperm retrieval with 84% accuracy 

[47]. 

A recently published study on a large number of patients managed to propose cut-off 

values for the differentiation between obstructive and nonobstructive azoospermia (Emax = 

3.525) as well as for the differentiation between nonobstructive azoospermia grouped with 

severe oligozoospermia from normal and other groups with spermatogenesis problems 

((Emax= 3.275), with good sensitivity and specificity (>80%) [48]. 

 

Conclusions 

RTE can differentiate between patients with normal and abnormal sperm counts. In 

addition, it may play a role in the selection of patients who would benefit from deobstructive 

surgery or sperm retrieval procedures. 

Due to its low specificity and sensitivity, pSWE cannot be considered as an alternative 

to semen analysis. The method could be helpful as a screening and follow-up tool in men with 

infertility. 

2DSWE can be used to predict infertility but cannot differentiate between its causes 

due to overlapping values. Patients with infertility, OAT or azoospermia have significantly 

stiffer testes compared to normal subjects. 2DSWE can also predict successful sperm retrieval 

using TESE in men with nonobstructive azoospermia. 

 

14.3.7. TesWcular tumors 

RTE and 2DSWE 

The use of elastography in the differential diagnosis of testicular masses shows 

promising results in differentiating benign from malignant testicular masses, with similar 

results for RTE and 2D SWE. Benign lesions (tumorous or not) are more elastic compared to 

malignant tumors (fig. 14.6.) [4]. 
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Figure 14.6. 2DSWE elastography of testicular tumors: a) Leydig cell tumor – discretely higher stiffness than 

the testicular parenchyma; b) seminoma - greater rigidity than the neighboring testicle. 

 

A meta-analysis showed that malignant lesions were "stiffer" with both methods. 

However, overlapping results in these pathologies were reported. The main causes of 

overlapping results were the presence of calcifications in benign lesions and 

necrosis/liquefaction in advanced malignant testicular masses (49). 

In large testicular tumors, areas with varied stiffnesses can be observed, an aspect 

illustrated by Figure 14.7. 

Figure 14.7. 2DSWE elastography. 

Voluminous testicular seminoma. Significant 

variations in the hardness of the tumor are 

evident, translated by the alternation of 

colors between red and blue. 
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Several authors have attempted to differentiate seminomatous from 

nonseminomatous tumors using elastography. Preliminary results indicate that 

nonseminomatous tumors are significantly stiffer than seminomas (figure 14.8). Still, there is 

heterogeneity between results, and the studies have been performed in small series of 

patients, so that no clear conclusions can be drawn [50,51]. 

 

Figure 14.8. 2DSWE elastography. Malignant testicular tumors: a) testicular seminoma; b) teratocarcinoma. 

 

It was proven that there is an inverse correlation between SR and the tumor 

vascularization index, measured immunohistochemically[52]. 

In evaluating the nature of a focal testicular lesion, elastography is only a 

complementary imaging element to the classic ultrasound diagnostic criteria: morphological, 

Doppler and clinical-evolutionary aspects. A possible approach to the main intratesticular 

hypoechoic focal lesions by multiparametric clinical-sonographic exploration is presented in 

Table 14. VI [4,49,50,53]. 

 

Table 14. VI. "First aid kit" in the multiparametric clinical-sonographic approach to the main intratesticular 

hypoechoic focal lesions. 

Diagnosis 
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Focal orchitis Celsian signs ++ ++ ++ ++ + decrease 
Hematoma  Trauma history ++ +/- - - + decrease 

Focal infarction Pain, no celsian signs ++ ++ - - + increase 

Benign tumor (Leydig) Asymptomatic / mass ++ ++ +/- ++ +/- unchanged 

Seminoma Asymptomatic / mass +++ + +++ ++ ++ unchanged 

Malignant nonseminomatous tumor Asymptomatic / mass +++ - ++ ++ +++ unchanged 
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ParWcular types of tumors 

Non-palpable and small tesAcular tumors (< 1.5 cm) benefit from SE by semi-

quantitative scoring. A system of three colorimetric scores was defined: 1= uniformly soft, 

elastic lesion (green); 2 = lesion with mixed consistency (mixture of green and blue areas); and 

3 = lesion with nodular hardness (blue) regardless of the surface occupied by the hardness 

compared to the 2D surface of the nodule. A score of 3 is associated with malignancy, while 

scores of 1 and 2 predict the benignity of a lesion, regardless of whether it is a tumor or a focal 

non-tumoral change. SR did not improve the quality of diagnosis by scores in these patients 

[54,55]. 

Regressive tumors (burned-out) appear at 2DSWE as nodules with greater stiffness 

than the neighboring parenchyma without correlations with the pathological substrate, 

vasculature or degree of regression. Differentiating from a nonregressive tumor by using 

elastography alone is impossible [56]. 

Although benign, an adenomatoid tumor appears very rigid on SE, regardless of 

whether it is classically located in the epididymis or intratesocularly, where it mimics 

seminoma [57,58 ]. 

On SE, the Leydig cell tumor may appear either elastic, similar to the testicular 

parenchyma (see figure 14.6.a), or stiff, similar to malignant tumors. As such, SE is not practical 

for differentiation [59]. 

2SWE, on the other hand, can discriminate between Leydig cell tumors and malignant 

ones and against non-tumorous lesions, as Leydig tumors appear softer (mean stiffness 6kPa, 

range 4-10 kPa) [60,61]. 

Capillary hemangioma appears in SE as an elastic lesion with intermediate hardness 

but is delimited by a more rigid border than the rest of the testicle [62]. 

We observed a similar stiff shell of the tumor in the epidermoid cyst. However, 

epidermoid cysts may also appear uniformly stiff (Figure 14.9). 
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Figure 14.9. 2DSWE 

elastography. Epidermoid cyst in 

the testis. A stiff shell is visible 

at the periphery of the lesion.  

 

 

 

 

 

 

 

 

 

 

 

Testicular involvement in hematological malignancies (leukemias, lymphomas) results 

in the appearance of focal lesions or diffuse damage, both with greater stiffness than normal 

ipsi- or contralateral testicular parenchyma [63]. 

 

Conclusions 

Elastography may play a role in differentiating tumoral from non-tumorous focal 

testicular lesions. 

In the evaluation of testicular tumor pathology by elastography, technical problems 

induce the variability of studies and results: how to achieve compression at SE, qualitative 

evaluation based on non-standardized color codes, localization of regions of interest, choice 

of reference for comparison, how SWE was implemented in the machine etc. [64]. 

Although the published information is promising, there are still no definite criteria to 

differentiate, by elastography, between benign and malignant tumors or between seminomas 

and nonseminomatous tumors. In-depth studies are needed using the anatomopathological 

appearance, T stage, and tumor size stratification [14]. 

 

 

 



427 

14.3.8. Other Pathological EnWWes and ApplicaWons 

COVID 19 infecWon 

In unvaccinated SARS-CoV 2-infected patients, VTIQ demonstrated significantly higher 

testicular SW velocities than normal subjects [65]. The same method also observed greater 

testicular stiffness in patients with COVID-19 infection during recovery [66]. 

 

Tuberculous orchiWs 

Testicular tuberculosis appears as a hypoechoic mass, hard on SE, located 

intratesticularly [67]. 

 

Chronic hemodialysis 

2DSWE observed greater hardness of the testes in patients with chronic hemodialysis 

compared to normal subjects. The appearance was attributed to fibrosis [68]. 

 

Inguinal hernia surgery 

When examined by 2DSWE, testes on the operated side for inguinal hernia had 

significantly greater stiffness compared to the contralateral ones or normal subjects. A 

positive correlation was observed between stiffness and the severity and duration of the 

hernia before surgery [69]. 

 

EsWmaWon of the postmortem interval 

A cadaveric 2DSWE study found that, unlike the liver, although testicular stiffness is 

significantly greater than in live subjects, the method does not help determine the 

postmortem interval more than 24 hours after death [70]. 

 

Complex cases 

As a defining biological parameter, tissue stiffness evaluation can contribute to the 

diagnosis in complex cases. We illustrate with the case of a 38-year-old patient, clinically 

presenting with acute scrotal pain syndrome, in which gray-scale ultrasound showed an 

enlarged, hypoechoic, inhomogeneous testicle without a focal tumor mass; the absence of 

intratesticular vascular signal was found during the Doppler examination, thus establishing 

the diagnosis of acute testicular torsion. Surprisingly, abdominal ultrasound revealed bulky 

retroperitoneal adenopathic masses. 2DSWE evaluation of the twisted testis revealed very 

high hardness of the upper half, raising the suspicion of torsion of a tumor-bearing testis. The 

diagnosis was confirmed at surgery (figure 14.10). 
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Figure 14.10. a) color Doppler examination: 

hypoechoic testicle, discretely inhomogeneous, 

without focal mass, without vascular signal; b) 

2DSWE - high stiffness of the upper half of the 

twisted testicle. Pathology – testicular torsion and 

embryonal cell carcinoma in the upper half of the 

testicle. 

 

 

 

 

 

 

 

 

 

 

 

14.3.9. Remarks 

In evaluating the results of elastography, especially in the case of SWE techniques, it 

must be taken into account that, due to differences in the technical way of implementing the 

method and the production of transducers, different results can be obtained on the same type 

of pathology. One study demonstrated statistically significant differences between three 

devices used to measure SWE stiffness values on the same phantom device [71]. 

The observed differences between the hardness of the testis in normal subjects, 

noticeable even in the content of this chapter, are explained by the use of devices from 

different manufacturers. Standard values for the hardness of normal testes, measured with 

Aixplorer (Supersonic) devices, are lower than those measured with Canon (Toshiba) devices. 

No published studies use two types of machines to study the same set of normal subjects and 

to allow them to compare the results directly. 

Although extremely promising and applicable in varied pathologies and domains, 

elastography alone is not a "panacea." The observations and results of the method must 

always be integrated into the patient's broad clinical and ultrasound context. Elastography is 

only one of the components of multiparametric ultrasonography. 
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Elastography has emerged as a valuable complement to traditional imaging modalities 

in the evaluation of musculoskeletal pathology. By providing information about tissue 

elasticity, elastography offers clinicians a non-invasive means of assessing various structures 

of the musculoskeletal system. This technique is based on the principle that abnormal tissues 

often exhibit altered mechanical properties compared to healthy tissues. In the context of 

musculoskeletal imaging, elastography allows for characterization of soft tissue lesions, 

assessment of tendon and ligament integrity, evaluation of muscle stiffness, and detection of 

joint pathology. Furthermore, elastography complements existing imaging modalities such as 

ultrasound and magnetic resonance imaging (MRI), providing additional information that 

enhances diagnostic accuracy and guides therapeutic decisions. As we delve deeper into the 

applications and nuances of elastography in musculoskeletal imaging, it becomes evident that 

this technique promises to advance our understanding and management of various 

musculoskeletal disorders. 

 

15.1. Musculoskeletal Elastography ExaminaWon Techniques 

15.1.1. Normal Gray Scale Appearance 

Muscles 

For a better understanding of the elastographic appearance of muscles, it is essential to 

first know their gray scale appearance. The ultrasound examination is initially performed at 

rest, keeping the transducer perpendicular to the muscle fibers to avoid anisotropy. 

Longitudinal and transverse scans are made, and the transducer is moved over the entire 

surface of the muscle being examined. Afterward, ultrasound examination can be performed 

during isometric contraction. For paired muscles, examining the contralateral muscle can be 

useful for interpreting changes (1). 

The gray scale ultrasound appearance of muscles is closely related to their anatomical 

structure, starting from muscle fibers encased in endomysium, which are grouped into 

fascicles surrounded by perimysium. These fascicles collectively form the muscle body, which 

is encased in epimysium. During ultrasound examination, muscle fascicles appear as 

hypoechoic areas, while the perimysium appears as hyperechoic lines that separate them. In 

a longitudinal scan, the muscle displays an alternating pattern of linear hypoechoic areas and 

parallel hyperechoic lines, creating a “comb” or “leaf” like appearance (Fig.15.1a). In a 

transverse plane, the muscle appears as a hypoechoic background with multiple hyperechoic 

dots and lines, creating a “starry sky” appearance (Fig 15.1b). Examination of the muscle 

during isometric contraction (Fig.15.1c,d) reveals an increase in the thickness of the muscle 
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fascicles and, consequently, the entire muscle. This is accompanied by a decrease in overall 

echogenicity and an accentuation of the obliquity of the fibers (1,2). 

 

Fig.15.1. The gray scale ultrasound appearance of muscles at rest or in a relaxed state (a) in a longitudinal 

plane has a “comb” appearance due to the alternation of hypoechoic linear zones corresponding to muscle 

fascicles and parallel hyperechoic lines, and (b) in a transverse plane, it has a “starry” appearance due to 

multiple hyperechoic dots and lines on a hypoechoic background. The ultrasound appearance of muscles 

during isometric contraction (c) in a longitudinal plane (d) in a transverse plane, an increase in muscle size can 

be observed, a decrease in overall echogenicity, and an accentuation of the obliquity of muscle fibers 

 

Tendons 

Tendons are composed of connective fibrous tissue primarily made up of water, 

proteoglycans, and collagen fibers arranged in parallel bundles. This unique composition 

provides tendons with the ability to resist tension, absorb energy, and facilitate movement 

(3,4). Their function is to form a mechanical “bridge” between muscles and bones, while some 

tendons connect two muscle bodies (4). 

Ultrasonography has become one of the most important techniques for evaluating 

tendons due to its high spatial resolution, the ability to perform multiplanar scanning, and the 

advantage of both static and dynamic examinations (5). The gray scale appearance of normal 

and pathological tendons is fundamental for understanding and identifying elastographic 

changes. In a longitudinal scan, tendons exhibit an echogenic, fibrillar pattern reflecting the 

parallel arrangement of collagen fibers. In a transverse view, tendons typically appear as 

round or oval structures with an alternating pattern of hyperechoic and hypoechoic dots 

(Fig.15.2) resulting from the arrangement of collagen bundles and surrounding connective 
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tissue (5,6). Anisotropy is a sonographic artifact where tendons show variations in 

echogenicity depending on the insonation angle. When the ultrasound beam is perpendicular 

to the tendon fibers, it receives all the emitted echoes, and the structure appears hyperechoic. 

If the insonation angle is changed, only a portion of the echoes are reflected to the transducer, 

causing the structure to appear hypoechoic (7,8). Correction of this artifact can be achieved 

by simply angling the transducer or tensioning the tendon, but recognizing anisotropy is 

essential for accurate examination in both gray scale imaging and elastography image 

acquisition. 

 

Fig.15.2. The normal gray scale appearance of the Achilles tendon (a) in a longitudinal plane (b) in a 

transverse plane. 

Understanding the normal ultrasound appearance is fundamental in distinguishing 

healthy tissues from pathological ones and forms the basis for interpreting elastographic 

changes.  

15.1.2. Normal Elastography Appearance 

Muscles 

Elastography uses innovative principles to assess the elastic properties in 

musculoskeletal imaging, offering a unique perspective on the pathological state of various 

structures. Its use in muscle evaluation has significantly expanded in recent years, and there 

is now a wide range of elastographic characteristics of both normal and pathological muscles 

documented in the literature, however, well-established reference values are still lacking (9). 

For paired muscles, examining the contralateral muscle and making left-right comparisons is 

always useful in interpreting images and values obtained (9). The main elastographic 

techniques used for muscle evaluation are strain elastography (SE) and shear-wave 

elastography (SWE). 

For applying elastographic techniques to muscle, the patient is positioned similarly to a 

gray scale examination, comfortably, and with the muscle of interest relaxed (10). Linear 

transducers with a high frequency of at least 12 MHz, or adaptable frequency transducers 

ranging from 3 to 12 MHz for deeper structures are used for muscle examinations (11), taking 

into account that spatial resolution decreases and ultrasound attenuation increases as the 



437 

transducer frequency rises (10). The transducer is placed on the skin along the muscle fibers 

(9,12), and strictly perpendicular to them to avoid anisotropy (9,12-15). A sufficient amount 

of gel is used to ensure full contact between the transducer and the skin, but excessive gel 

should be avoided as it can affect measurements when included in the elastogram (13,14,16). 

First, a high-quality gray scale image is obtained, as this influences the elastogram’s quality 

(10,16,17), and then the button for the desired elastography technique is activated. 

 

Strain elastography 

Strain elastography, also known as compression elastography, evaluates deformation 

changes in muscle during the application of a controlled external force, typically through 

manual compression with the transducer (16). This manually applied compression does not 

easily transmit to deeper structures (18), however, for most superficial structures, including 

muscles and tendons, this method is very useful. Strain elastography allows for the evaluation 

of muscle structures and their lesions, as well as monitoring their progression over time.  

After activating the SE button, the size and position of the elastography box is set to 

encompass the muscle structure of interest and enough adjacent normal or reference tissue 

(since SE displays the relative elasticity of tissues) (16). Afterwards, gradual, uniform, 

repetitive compression at a low frequency is applied with the transducer on the examined 

muscle, keeping the transducer as perpendicular as possible to avoid lateral movement on the 

skin surface (outside the plane perpendicular to the muscle). This generates the elastogram 

(a color-coded map of elasticity distribution – the color scale may vary by manufacturer or can 

be selected by the user, as indicated by the color bar attached to the elastogram) 

superimposed on the gray scale image (9,13,14,16,19,20). The “Freeze” button is then 

activated, and to ensure a good quality and reproducibility of the elastographic image, the 

temporarily stored cineloop frames are analyzed. Consistent elastographic images across 

multiple consecutive frames indicate good reliability (16) and can therefore be interpreted. 

 Compression along the longitudinal axis of the structure of interest has proven optimal 

because the primary tissue deformation occurs longitudinally (20). Transverse compression 

can generate artifacts at the medial and lateral edges of the muscle, and moving the 

transducer out of the perpendicular plane can also create similar artifacts (21). Because the 

applied force is unknown, quantitative measurements cannot be made. Only qualitative 

assessments or semi-quantitative evaluations can be performed by calculating the ratio 

between the region of interest and an adjacent structure, such as subcutaneous fat tissue (21). 

In SE, a normal resting muscle exhibits a heterogenous appearance, often described as 

a mosaic of colors. This heterogeneity is characterized by regions of intermediate stiffness, 

usually represented by shades of green and yellow, interspersed with areas of higher stiffness, 

which may appear blue or red depending on the color scale used (Fig.15.3a). Notably, the 

periphery of the muscle may show more pronounced variability in stiffness, with both low and 

high stiffness areas being more dispersed (12,13,22). 
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Fig.15.3. (a) Strain elastogram of the lateral gastrocnemius muscle at rest, in a longitudinal plane, showing a 

mosaic of colors characterized by regions of intermediate stiffness (shades of green and yellow), interspersed 

with areas of increased stiffness (red) and reduced stiffness (blue). (b) Strain elastogram of the lateral 

gastrocnemius muscle during isometric contraction with zones of intermediate stiffness (green) interspersed 

with areas of increased stiffness (red) or a predominance of increased stiffness areas; quality indicators in 

green signal demonstrating adequate compression with the transducer. 

 

The heterogeneity observed in muscle elastograms is a phenomenon that has not been 

fully elucidated, with specific causes remaining unknown. Although elastography has clinical 

applications in evaluating muscle pathology and guiding interventions, the correlation 

between the color-coded patterns in muscle elastograms and underlying histopathological 

changes has not been established through comparative studies. The absence of such studies 

leaves a gap in understanding the precise histopathological basis for the observed patterns. 

Current knowledge is based on the assumption that tissue injuries and structural 

abnormalities lead to changes in physical properties, including elasticity, which should be 
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reflected in the elastographic image. Nonetheless, without direct histopathological 

comparisons, the exact causes of heterogeneity in muscle elastograms remain speculative and 

require further investigation (22). 

 

Shear-Wave Elastography 

Shear-Wave elastography uses acoustic waves to evaluate the propagation speed of 

shear waves through muscle. This method provides both a qualitative color-coded elastogram 

and a quantitative measurement of tissue stiffness by calculating Young’s modulus (in kPa) or 

the shear wave propagation speed (in cm/s), and is used in the evaluation of muscle pathology 

and other musculoskeletal conditions (9,14,18). By integrating these elastographic techniques 

into the musculoskeletal imaging arsenal, we can achieve a more comprehensive and accurate 

assessment of muscle tissue. There are, however, concerns about using this method for very 

superficial structures, as shear waves require ultrasound to travel a certain depth to be 

generated effectively (14). 

After activating the SWE button, the size and position of the SWE box are set over the 

region of interest, which results in a color-coded map (elastogram) that is obtained by 

calculating the shear-wave propagation speed for each pixel. Since shear wave reflection at 

the interfaces between structures can generate artifacts, it is useful to exclude the edges of 

visible structures in B-mode from the measurement region (18). For SWE evaluation of 

musculoskeletal structures, it is recommended to apply minimal and constant compression 

with the transducer, similar to that used for breast tissues (<1% or <0.3 mm in a 3 cm thick 

breast). Although minimal compression can help improve measurement reproducibility, it is 

important to avoid applying excessive compression to ensure an accurate assessment of 

muscle elasticity. This is based on the observation that increased transducer compression 

during measurements correlates with an increase in shear wave propagation speed (11,18) 

(Fig.15.4). After setting the elastography box, the transducer is held stable in the same 

position for a few seconds (approximately 5 seconds) to allow the color map to stabilize and 

homogenize (10), then the Freeze button is pressed. Subsequently, measurements can be 

performed by placing one or more regions of interest (ROI), usually small circles (9-11), within 

the elastography box in an area with the most homogenous color on the elastogram. This 

should be where shear wave propagation is parallel on the shear wave propagation map 

and/or where the shear wave quality is highest on the color-coded confidence/quality map, if 

available. The elasticity values generated within the ROI include the minimum, maximum, and 

mean of all measurements taken inside it. Reporting the elasticity is preferred using the mean 

value of the measurements (10). The size of the ROI is chosen on the dimensions of the 

structure or lesion being examined and does not influence the mean elasticity values (10,12). 

Similar to other organs where a minimum of 3, 5 or 10 measurements is recommended 

(11,23), multiple measurements should also be performed within the region of interest in the 

musculoskeletal system. However, there are currently no clear recommendations regarding 

the exact number of measurements needed for accuracy in this context. 
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Fig.15.4. SWE of the relaxed medial gastrocnemius muscle, in a longitudinal plane (a) during minimal and 

constant compression with the transducer and (b) during exaggerated compression with the transducer, which 

increases the shear wave propagation speed compared to the correctly performed initial image; the left side 

of the images represent color-coded confidence/quality maps, with maximum quality coded in white. 

SWE provides a color-coded elastogram recorded alongside the standard gray-scale 

image, offering anatomical specificity and allowing detailed spatial evaluation of absolute 

muscle stiffness. Normal muscle shows characteristic shear wave propagation patterns, with 

waves traveling slower through relaxed (“softer”) tissue (Fig.15.5a) and faster through 

contracted (stiffer) tissue (Fig.15.5b), along the long axis of the muscle fibers (9,12,15). 

Aponeuroses and muscle fascia exhibit an intermediate speed of shear wave propagation (12). 

Anisotropy is crucial for accurately interpreting SWE images. Due to varying architecture of 
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muscles (unipennate, bipennate, multipennate), aligning the transducer along all individual 

muscle fibers is challenging, sometimes impossible (24). The orientation of muscle fibers 

relative to the ultrasound transducer, and the refraction effect that attenuates shear wave, 

can significantly impact the accuracy of elasticity measurements (11,15).  

In clinical practice, SWE can be used to establish reference values for muscle stiffness, 

which can then be compared to pathological states or used to monitor changes over time, 

such as during the rehabilitation process or after interventions (15). Several studies have 

reported normal and abnormal SWE value ranges for different muscle groups, however, 

reference values for SWE in muscles have not yet been established (12). 

 

Fig.15.5. SWE performed on the medial gastrocnemius muscle in a longitudinal plane (a) at rest or relaxed with 

lower shear wave speeds and (b) during isometric contraction with higher shear wave speeds; the left side of 

the images represents color-coded confidence/quality maps, with maximum quality coded in white. 
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Tendons 

Although conventional ultrasound is essential for tendon evaluation, its limitations in 

detecting only morphological changes have led to the adoption of new techniques like 

elastography. Elastography can detect microstructural changes and evaluate mechanical 

properties, which are critical indicators of early stages of tendinopathies. In tendon 

pathologies, collagen degeneration is a major factor, resulting over time in decreased 

elasticity (25,26). During the healing process, the inflammatory response can lead to 

development of regions of pathological fibrosis, thereby increasing elasticity values (27). 

Elastography is essential for detecting these changes, providing dynamic information about 

the mechanical properties of tendons during both degenerative and healing phases. 

In the evaluation of tendons, most applications have focused on degenerative and 

traumatic tendinopathies, as well as monitoring their healing process. In recent years, both 

strain and shear wave elastography have been the subject of numerous studies, highlighting 

their importance and interest in this field (13,28). 

 

Strain Elastography 

Strain elastography uses manual compression applied to the tendon via the transducer 

to measure its degree of deformation. This technique illustrates how tissues with varying 

degrees of stiffness respond differently to the same applied force. Superficial tendons are 

most accessible to this technique as they allow efficient application of manual compression. 

Relevant examples include the Achilles tendon, patellar tendon, and the common extensor 

tendon of the elbow. 

For optimal examination, the patient should be positioned to allow easy access to the 

evaluated tendon, similar to standard gray scale ultrasound practices for the examined 

regions. Ensuring the tendon is properly relaxed during the examination is essential for 

accurately assessing its response to applied pressure, as muscle tension can significantly alter 

the results. High-frequency linear transducers, ideally with a wider footprint, should be used 

to encompass the entire tendon or as much of it as possible. A mandatory condition for 

elastographic examination is obtaining a high-quality gray scale image. This step ensures clear 

visualization of the examined structure and surrounding tissues, facilitating precise 

application and accurate interpretation of elastographic data. The elastography map should 

be adjusted to a size large enough to include both the tendon and the surrounding reference 

tissue, usually adipose tissue (16). A sufficient amount of gel should be used to ensure proper 

contact with the skin, and the pressure applied with the transducer should be constant and 

gentle, enough to induce tissue deformation without causing excessive compression. The 

purpose is to create a subtle and measurable tension in the tendon to allow optimal evaluation 

of its elasticity, with the optimal pressure varying depending on the specific characteristics of 

the tendon and the patient (16,29). The transducer should be positioned so that the 

ultrasound beam aligns with the longitudinal axis of the tendon fibers to avoid anisotropy, as 
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this artifact negatively impacts the elastograms (12). It is recommended to record at least 

three cycles of compression-relaxation using the device’s cineloop function and to verify the 

quality of compressions using the specific quality indicator for each device (12,29). This semi-

quantitative technique involves comparing the elasticity of the examined tissue with that of a 

reference tissue. 

Under normal conditions, the Achilles tendon evaluated by SE shows a predominantly 

uniform “hard” pattern, or and intermediate-“hard” mosaic (30-32). The patellar tendon 

exhibits a predominantly “hard” elasticity pattern (Fig.15.6). This specific elastography profile 

has been attributed to the anatomical characteristics of the tendon, which acts as a bridge 

between two bony structures, in contrast to other tendons that connect tissue and bone 

(33,34). 

 

Fig.15.6. Strain elastography of the normal patellar tendon in the middle portion, demonstrating an elasticity 

pattern with an intermediate to “hard” appearance. 

 

Shear-Wave Elastography 

Although SE is a useful and accessible technique, it has certain limitations, particularly 

regarding objectivity and reproducibility. SWE addresses these constraints by providing a 

more objective and reproducible measurement of tissue elasticity, leveraging the quantifiable 

nature of shear waves to offer precise and reliable assessments of tissue stiffness. Despite the 

increasing attention and numerous publications on SWE in recent years, uncertainties remain 

about the optimal approach for tendon examination. Currently, the lack of standardization is 

the main obstacle to the uniform application of this method. 

For the examination, general recommendations for performing elastography should be 

followed, but specific considerations for tendons must also be considered. The patient should 

be positioned similarly to SE, ensuring easy access to the tendon, followed by a relaxation of 
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at least 10 minutes to ensure complete muscle relaxation. Preferably, a high-frequency linear 

transducer with a footprint suitable for the examined tendon should be used. The transducer 

should be placed on the patient’s skin with a sufficient amount of gel and minimal pressure 

should be applied. The elastography map should be adjusted to an appropriate size to fully 

encompass the tendon and surrounding tissue, and the ROI can be set to a variable size, 

provided it does not exceed the tendon’s boundaries, as its size does not appear to influence 

the examination (35). Similar to SE, obtaining a gray scale image is an essential preliminary 

step, preferably in the longitudinal section of the tendon (Fig.15.7-9). This orientation is 

preferred due to the more efficient transmission of shear waves along its long axis (12,15). 

Anisotropy in this case is also an artifact that can significantly affect the quality of the obtained 

elastography map, therefore, the transducer positioning should be adjusted to minimize the 

occurrence of this artifact (12). It is recommended to perform at least three acquisitions to 

ensure the reliability of the results, however, the exact number is variable, and ideally, 

acquisitions should be repeated until a homogenous elastography map is obtained (15). Some 

equipment offers the ability to evaluate acquisition quality by overlaying a qualitative map on 

the gray scale image. Measurements taken near highly reflective structures, such as bones, 

should be interpreted with caution, as these regions are susceptible to the “bone proximity” 

artifact, recognized as a potential source of measurement errors (36). 

 

Fig.15.7. The normal SWE appearance of the patellar tendon at its proximal insertion, using a standardized 

distance from the patella. 
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Fig.15.8. The normal SWE appearance of the patellar tendon in its middle third portion. 

 

Fig.15.9. Evaluation of the normal Achilles tendon at its distal insertion using SWE, with measurements taken 

at a standardized distance from the calcaneus. 
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Although SWE does not have many of the limitations of SE and is considered to be more 

reliable, inconsistencies have been reported in the literature, especially for lower limb 

tendons (37). Additionally, establishing normal tendon elasticity values is challenging due to 

significant variability between studies, resulting from differences in equipment and 

methodologies. Due to their deformable nature, tendons show considerable variability in 

elasticity values, influenced by joint position and the degree of muscle contraction (35,38,39).  

 

15.1.3. Reliability, Limitations and Artifacts 

Strain Elastography 

The reliability and reproducibility of SE are challenging due to the use of manual 

compression, which can influence tissue deformation based on the level of applied 

compression, the depth of different tissues, correct perpendicular alignment of the transducer 

with the structure of interest, and its movement outside the perpendicular plane. This results 

in a considerable operator dependency for this method. For the Achilles tendon, the 

reproducibility and validity of this method have been evaluated as moderate, the 

effectiveness of the procedure being influenced by the operator’s experience, showing 

increased reliability in the hands of more experienced examiners (40). 

Uneven, too gentle (Fig.15.10a), or too strong (Fig.15.10b) compression can distort 

elastograms, leading to incorrect elasticity calculations since tissue elasticity changes are 

nonlinear. Most manufacturers provide a visual compression indicator on the screen, offering 

real-time feedback on the compression level. This indicator must be maintained above a 

certain value (e.g. a “quality factor”> 60) or in a specific color (e.g. green) to ensure accurate 

measurements (9,13,14,16). Another issue with using SE in the musculoskeletal system is the 

presence of bony surfaces near the structures of interest or protuberant masses on the skin, 

which make compression with the transducer difficult or uneven (13,14). 
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Fig.15.10. Strain elastograms of the relaxed lateral gastrocnemius muscle, in a longitudinal plane, showing 

altered appearances due to transducer compression that is (a) too gentle or (b) too strong. Quality indicators 

in red or yellow signal inadequate compression. 

 

When comparing elastograms, the size of the elastogram and the tissues included must 

be considered. An elastogram is a relative image where the elasticity of each tissue is displayed 

in comparison to the average elasticity of all tissues in the examination. In musculoskeletal 

imaging, where tissues with different elasticities (bones, tendons, muscles, fat) are included 

in the same image, there is a greater variation in recorded elasticity values (13,14).  

In some cases, musculoskeletal structures are positioned superficially, and certain 

ultrasound equipment requires a minimum distance, typically around 1-1.2 mm, between the 

transducer and the elastogram. To achieve this distance, gel pads or transducer adaptors can 

be used to increase the space between the transducer and the skin. In conventional musculo-

skeletal ultrasound, a large amount of gel is commonly used. However, in elastography, special 



448 

care is needed because including a layer of gel in the elastogram can distort the results, and 

structures may appear much stiffer compared to the gel layer (Fig.15.11), potentially masking 

subtle changes in the elasticity of the structure of interest (12-14,17). 

 

Fig.15.11. Strain elastogram of the relaxed lateral gastrocnemius muscle, in a longitudinal plane, showing (a) 

an altered appearance due to excessive ultrasound gel, with the gel included in the elastogram, resulting in 

the muscle appearance predominantly red and much stiffer compared to the included gel vs (b) a strain 

elastogram without the gel layer included, showing a normal muscle appearance. Green quality indicators 

signal adequate compression with the transducer. 

There are several artifacts to consider when interpreting SE images in the 

musculoskeletal system: fluctuating values at the edges of elastograms or the medial and 

lateral margins of structures (Fig.15.12a,b), values indicating reduced rigidity (corresponding 

to a “soft” structure) around calcifications, bone structures (Fig.15.12c), the superficial edge 

of homogenous structures (e.g. lipomas), and at tissue interfaces (e.g. between adjacent 

muscles – Fig.15.12a). Other characteristic artifacts include those found in cystic masses, 

where a mosaic of colors corresponding to all levels of stiffness is created (often appearing as 

the BRG sign – Fig.15.12d – three layers of color: blue/green/red – or the “bull’s eye” artifact), 
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while artifacts can also occur in structures adjacent to large vessels, whose pulsations can 

influence elasticity measurements (12-14,16). When examining a rigid lesion within soft 

tissue, the soft tissue located above the rigid lesion will appear stiffer than the rest of the 

tissue adjacent to the lesion (16). 

 

Fig.15.12. Artifacts in SE: (a) strain elastogram of the dorsal forearm in a longitudinal plane with areas of 

reduced stiffness (blue) at the interfaces between the two extensor muscles; (b) strain elastogram of the dorsal 

forearm in a transverse plane with areas of reduced stiffness (blue) at the medial and lateral edges of the 

extensor muscles; (c) strain elastogram of the dorsal forearm in a transverse plane with areas of reduced 

stiffness (blue) around the radius located on the left sides of the image; (d) strain elastogram reveals the BRG 

artifact at a superficial vein in transverse plane. 

 

Shear-Wave Elastography 

SWE operates under the assumption that tissues are elastic, incompressible, 

homogenous, and isotropic. However, soft tissues are generally viscoelastic, inhomogeneous, 

and anisotropic, possessing both elastic solid properties and viscous fluid properties, which 

can affect elasticity measurements. In reality, the elasticity of soft tissues is nonlinear and 

influenced by factors such as tissue density, deformation magnitude, and excitation 

frequency, a phenomenon known as dispersion (18,41).  

When calculating Young’s modulus to obtain elasticity measurements in kPa, it is 

assumed that the tissue density is constant (which is true for tissues such as the liver or 

thyroid). However, in the musculoskeletal system, tissues are heterogeneous and anisotropic, 

therefore, it is more accurate to report SWE measurements as the shear wave propagation 

speed in cm/s rather than Young’s modulus in kPa (9,24). Ignoring the assumption of tissue 

homogeneity in the region of interest can generate artifacts and erroneous estimates of shear 

wave speed. These artifacts stem from wave reflections at the interfaces between structures, 

often resulting in a “soft center” artifact within very stiff lesions (18). 
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In addition to the heterogeneity of musculoskeletal tissues, the tissue of interest is often 

located above a bone structure, which poses another challenge for obtaining SWE 

measurements due to the artifacts produced by wave reflection at the bone interface (24), 

which some authors refer to as "bone proximity" artifacts (36). These artifacts appear as an 

inhomogeneity in SWE measurements on the elastogram within the same structure, with the 

alternating arrangement of linear zones of colors, almost parallel to each other, indicating low 

and high elasticity values. Moreover, areas indicating high rigidity are located above convex 

bony prominences, which some authors call "reflective corridors" (24). Since measurements can 

be influenced even in the areas between these "corridors", it is ideally preferred to change the 

patient's and/or the transducer’s position as much as possible to minimize these artifacts (24). 

In SWE, there is a trade-off between precision and spatial resolution in estimating shear 

wave propagation speed, such that using larger propagation distances ensures greater 

precision and accuracy but reduces spatial resolution. The reported resolution for SWE 

systems is 1-2 mm (18). This trade-off can impact the use of SWE in the musculoskeletal 

system, especially for superficial structures. While shorter distances may provide better 

spatial resolution for detecting changes in superficial musculoskeletal tissues, this can increase 

the variance in estimates at each pixel, affecting the precision of measurements. Moreover, 

when larger propagation distances are used for greater precision, the spatial resolution can 

be reduced, which may be insufficient for detecting subtle changes in deeper musculoskeletal 

structures (18). Studies have shown that variance within the ROI increases with depth, making 

measurements unreliable at depths of at least 4 cm (especially in structures comparable to 

contracted muscles and medium-sized tendons, and less so in structures comparable to 

relaxed muscles) (24) (Fig.15.13). Therefore, it is important to consider this balance and adapt 

the SWE technique according to the specific needs of each patient. 

 

Fig.15.13. SWE of the relaxed medial gastrocnemius muscle in a longitudinal plane, with the elastography box 

positioned between 2 and 5 cm from the transducer surface. The elastogram shows a heterogeneous 

appearance and the absence of color with the box starting at approximately 4 cm depth. Additionally, the 

lower confidence/quality map (left side of the image) displays shades of red in the lower half, indicating 

reduced confidence of the elastographic measurements. 
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Like SE, artifacts can also occur in SWE. The “signal void area” artifact appears on the 

elastogram as a region where no elasticity measurements are recorded, and it appears black. 

Causes of this artifact include incorrect gray scale and SWE acquisition settings, the presence 

of fluid (which prevents shear wave propagation), a lesion that is too rigid (where propagation 

speed is too high to be measured), acoustic shadowing artifact, excessive depth of the 

structure being analyzed, or too low echogenicity (pseudo-cystic lesion) (10). 

SWE is a reliable tool for assessing muscle stiffness, provided that the muscle examined 

in a relaxed state, and the force applied with the transducer is constant and minimal to avoid 

compromising the repeatability of measurements (18,42). Unlike SE, this method appears to 

be less operator-dependent and more dependent on the equipment used (43), in this case, 

reproducibility being ensured by using a standardized protocol and the same equipment for 

conducting measurements. The reproducibility and objectivity of SWE measurements make it 

a valuable tool for longitudinal studies and comparing muscle properties between different 

populations or within the same individual over time. As SWE technology becomes more widely 

available and integrated into clinical ultrasound system, its role in evaluating and managing 

muscle disorders is expected to grow, providing clinicians with a powerful tool to improve 

patient management (15,42). 

 

15.2. Elastography in Musculoskeletal Diseases 

15.2.1. Muscles 

Muscle elasticity is influenced by a range of physiological factors (age, gender, muscle 

contraction, fatigue, physical exercise) and pathological factors (trauma, degenerative 

diseases, inflammatory conditions or neuromuscular disorders) (12). 

Elastography detects even the smallest variations in elasticity from the onset of muscle 

contraction. Muscles in a relaxed/resting state show the lowest elasticity parameter values, 

with stiffness increasing as the degree of contraction increases (44) (Fig.15.3b). The 

elastogram during muscle contraction shows a heterogeneous pattern of colors, as the 

contraction of motor units is not synchronous. A similar effect of increased stiffness is also 

observed with passive stretching and twisting of the muscle (44). Muscle stiffness increases 

immediately after exertion, likely due to increased blood flow and capillary permeability 

(21,45), however, prolonged and intense exercise can lead to a reduction in muscle elasticity 

48 hours post-exertion, most likely due to the onset of an inflammatory process and swelling 

within the muscle (41,46).  

There is no consensus in the literature regarding the influence of age, gender, or 

sarcopenia on muscle elasticity, with studies providing contradictory results (9,47,48). This 

inconsistency may be partly due to the lack of standardization in examination techniques. 

Examination of inflamed muscles (Fig.15.14) revealed a reduction in elasticity 

parameters in the presence of fatty infiltration (“softer” muscles) and an increase in these 
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parameters in the presence of fibrosis (“stiffer” muscles) (12,19,22,49). The existence of a 

positive correlation between quantitative elasticity parameters and the degree of 

histopathological changes, along with an association with serum muscle enzymes, 

demonstrates the utility of elastography in evaluating and monitoring the progression of 

inflammatory myopathies (12,19,49). The utility of elastography has also been suggested for 

guiding muscle biopsies (19). The heterogeneity of elastographic results in the literature, the 

variability of protocols used, the limited number of studies, and the lack of standardized 

examination make it impossible to draw a clear conclusion about the use of elastography as a 

measurement tool in inflammatory myopathies (50). 

 

Fig.15.14. Strain elastogram of the relaxed rectus femoris muscle in a longitudinal plane, in a 21-year-old 

patient with dermatomyositis, demonstrates an altered mosaic appearance with extensive areas of increased 

stiffness (red) and areas of reduced stiffness (blue). 

 

Muscle tears involve areas of hemorrhage within the examined muscle, which appear 

as very “soft”, homogeneous zones on SE. Over time, as healing occurs and fibrosis develops, 

these areas appear as rigid zones on SE (51). 

The elastographic appearance of muscles has also been studied in neuromuscular 

diseases. Changes in muscle elasticity have been reported in congenital myopathies, for 

example, increased stiffness in Duchenne muscular dystrophy and reduced stiffness in GNE 

myopathy (44,52). The stiffness of spastic muscles in post-stroke patients, with multiple 

sclerosis, spinal cord injuries or cerebral palsy (neurological conditions causing contractures) 

is significantly higher than that of normal muscles, suggesting the utility of elastography in 

diagnosing, monitoring disease progression, and selecting appropriate therapies (e.g. 

choosing injection sites for botulinum toxin) (9,13,14,21,52,53). Increased muscle stiffness has 

also been detected in Parkinson’s disease compared to control groups (52). 
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15.2.2. Tendons 

Tendon pathology alters their normal, fibrillar appearance and induces changes in their 

mechanical properties, resulting in variations of elasticity. Tendon pathology can arise from 

repetitive overuse or acute events where mechanical forces exceed the tendons’ resistance 

to deformation (54). 

In Achilles tendinopathy, the normal SE pattern is altered, with the appearance of 

“soft” areas (Fig.15.15) corresponding to degenerated regions visible on gray scale imaging 

(55-57). Elastography adds value by identifying “soft” areas in symptomatic patients, before 

these areas become visible on gray scale ultrasound. The strain ratio analysis using the pre-

Achilles fat pad as reference has been proposed as a method for estimating the likelihood of 

tendinopathy in patients, even in the absence of detectable changes of gray scale ultrasound. 

A strain ratio value greater than 1, in an appropriate clinical context, suggests a higher 

probability of the presence of tendinopathy (58). However, it is not recommended to use this 

ratio as an absolute measure of deformation, but rather as a comparative index (40). The 

strain ratio values do not account for changes in pre-Achilles fat that can occur in patients with 

tendinopathy, a factor that can significantly influence the accuracy of this estimation (59). 

 

Fig.15.15. Strain elastography in a patient with mid-portion Achilles tendinopathy. The gray scale image 

reveals tendon thickening and the appearance of focal hypoechoic areas. The elastogram corresponds to these 

changes, highlighting focal “soft” areas. 

 

The SE technique has also been used to monitor the healing process after surgical repair 

of Achilles tendon ruptures, but the benefits in this regard remain uncertain. It has been found 

that, in the initial phase after surgical repair, the tendon shows reduced elasticity; however, 

over time, it becomes stiffer compared to the contralateral side (60-62). Although SE allows 

for tracking changes in elasticity during the healing process, it has been observed that these 

changes do not correlate with the clinical evaluation scores of these patients (63). 
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In the evaluation of Achilles tendon pathologies, the combined use of SWE and gray 

scale ultrasonography has demonstrated a significant improvement in diagnostic accuracy 

(64,65). In the case of this technique, a reduction in shear wave propagation speed has been 

demonstrated in symptomatic tendons or those affected by tendinosis (65,66). Various 

studies have shown that tendon ruptures accompanied by hematomas or fluid collections lead 

to absence of signal on the elastography map, due to rapid dissipation of shear wave energy 

in the liquid medium (64,67,68). This makes evaluation using the SWE technique difficult, if 

not impossible. In a study by Coombes et al (65) on patients with tendinosis showed an 

increase in Achilles tendon thickness in the mid-portion compared to the insertion region (mid 

portion tendinopathy). Despite these morphological differences, the elasticity values 

measured by SWE in the mid-portion were comparable to those in the control group. In 

contrast, the insertion region showed a reduction in shear wave propagation speeds. These 

observations highlight the capability of this technique to identify patients at an early stage, 

who are at increased risk of tendon pathology. 

Studies on the applicability of SE in patients with patellar tendinopathy have revealed 

that the tendon exhibits reduced stiffness. This elastographic aspect correlates better with the 

clinical evaluation scores of patients compared to identifying hypoechoic areas in gray scale 

ultrasound images (69,70). However, data regarding changes in this region are conflicting, as 

other authors have reported increased stiffness in studies using SWE elastography (65,71,72). 

Evaluation of patients with patellar tendinopathy using SWE has yielded conflicting results. 

Three studies demonstrated increased tendon stiffness, particularly in the proximal region, 

correlating with both clinical scores and gray scale changes, and reported high reproducibility 

(65,71,72). Another study using the same technique reported a decrease in stiffness in 

symptomatic patients (66). The origin of these discrepancies remains unclear, but 

methodological differences between studies might offer an explanation. It has been 

demonstrated that elasticity values are influenced by numerous factors, one of the most 

significant being the degree of flexion (35). 

In the evaluation of epicondylitis, SE has been successfully used. The main pathogenic 

mechanism behind its development is repetitive microtrauma, which over time leads to the 

progressive degeneration of the tendon (73). Although gray scale ultrasound can identify 

changes as focal hypoechoic areas, these changes are not always detectable with this method 

(68). SE can detect affected areas by highlighting “soft” regions on the elastography map and 

decreasing strain ratio values, even when changes are not visible on gray scale ultrasound  

(28,56,74-76). Combining SE with traditional ultrasound significantly improves diagnostic 

accuracy (68,77). SWE has proven effective in evaluating both lateral and medial epicondylitis, 

offering a high sensitivity and specificity in diagnosing these conditions. Studies have shown a 

reduction in elasticity values in affected tendons compared to asymptomatic tendons or 

control groups, and the method has demonstrated good to excellent reproducibility 

(66,78,79). 
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Among the rotator cuff tendons, the supraspinatus tendon has garnered the most 

interest for elastographic evaluation, and the observed changes appear to correlate well with 

those obtained through MRI (80-82). The changes observed in SE for tendinopathies and 

ruptures in the supraspinatus tendon are similar to those in other regions discussed. These 

changes are manifested on the elastogram as a globally heterogeneous profile, characterized 

by the presence of focal “soft” areas (81-83). This technique has also been proposed for 

preoperative screening, aiding in patient selection, assessing the necessity of surgical 

intervention, and evaluating the degree of fatty infiltration and muscle atrophy, these factors 

being crucial in predicting postoperative outcomes (68). Lastly, elastography has been 

successfully used in patients with calcific tendinitis to predict symptomatic improvement after 

aspiration treatment (84). For the evaluation of the shoulder using SWE, a study (85) revealed 

that elasticity values did not significantly correlate with the symptoms of patients affected by 

rotator cuff tendon degeneration. However, the same study found a connection between 

decreased elasticity of the deltoid muscle and the severity of tendinopathy as seen on gray 

scale imaging. Studies on patients with idiopathic adhesive capsulitis have shown an increase 

in the elasticity of the rotator cuff tendons compared to the unaffected side and healthy 

subjects (86,87). In these studies, it was proposed that measuring elasticity could be useful 

not only for diagnostic purposes but also for predicting the development of this pathology. 

 

In summary, advancements in elastography for evaluating muscles and tendons are 

significant, but notable limitations persist. SWE is more quantifiable, reproducible, and 

objective compared to SE, yet it suffers from a lack of standardization and an unclear role in 

diagnosing musculoskeletal conditions. Effective integration into clinical practice requires 

focused research efforts to develop standardized protocols, which would significantly 

enhance the applicability of the musculoskeletal system. 
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Nuran Seneviratne, Cheng Fang, Paul S. Sidhu 

 

Introduction 

Magnetic resonance elastography (MRE) was first described by Muthupillai et. al. in 

gel materials in 19951, it has undergone various technical refinements into a clinically 

applicable modality which provides a robust, large field-of-view elastography method which 

has been used to assess liver stiffness (Liver Stiffness Measurement – LSM). We will discuss 

the physics underpinning the technique, the practical element of performing the liver MRE 

examination, how to interpret MRE study including its performance and its clinical utility.  

Ultrasound based quantitative elastography is an established method for assessing the degree 

of liver fibrosis in patients with chronic liver disease. Therefore, comparisons with ultrasound-

based techniques are frequently commented on in this chapter.   

 

Physics 

Elastography is fundamentally the study of the ability of a material to return to its 

original shape after an external force is transiently applied. In essence, it is an extension of 

clinical palpation, which determines how ‘stiff’ a tissue by the subjective feedback felt by the 

clinician after application of force from their hand. Stiffness is one of the characteristics used 

to differentiate normal and pathological tissue. However, this material property cannot be 

measured directly in vivo, and therefore shear wave velocity are measured as a surrogate 

marker of stiffness. Shear waves oscillate perpendicular to the direction of the applied force 

(i.e. side to side), in contrast to the parallel movement of pressure waves (i.e. back and 

forward). Pressure waves travel significantly faster than shear waves (approximately 1500m/s 

compared to 1-10m/s respectively). Shear wave velocities are higher in stiffer tissues, and this 

relationship underpins modern elastography techniques.   

Several parameters can be determined, including shear wave speed (in m/s), the 

complex shear modulus, G* (in kilopascals) and Young elastic modulus, E (in kilopascals, also 

referred to as ‘elasticity’).  Complex shear modulus depicts the tissue behaviour when under 

shear (side to side) stress, whereas Young modulus describes behaviour in relation to the 

longitudinal pressure wave. Biological tissue is viscoelastic, in that it not only stores energy to 

returns to its original shape (like a spring), but also absorbs energy and may even irreversibly 

deform (like honey or wax), termed viscosity. Therefore, G* is a function of the elastic 

component, the storage modulus, G’, and the viscous component, the loss modulus, G’’. 

Therefore, in combination with another derived parameters, namely the damping ratio ζ, 

which corresponds to the viscosity to elasticity ratio, viscosity assessment can be undertaken. 

This has potential clinical utility as a way of discriminating raised tissue stiffness due to 

irreversible fibrosis, from more dynamic processes such as inflammation and haemodynamic 
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changes in tissue (such as portal and hepatic venous hypertension), however this remains a 

pre-clinical tool currently2. 

 Ultrasound elastography measures shear wave velocity or E by tracking the motion of 

shear waves from an insonated region of interest, however MR techniques generally report 

the magnitude of G*, termed shear stiffness. Young modulus is approximately three times the 

shear modulus, assuming incompressibility3,4. This difference in measured parameters means 

ultrasound and MRE derived stiffness measurements are not interchangeable.  

Whichever modality is used, the fundamental sequence of elastography is as follows; 

imaging of areas of interest, produce shear waves, track shear waves and measure the tissue 

response from external forces. 

 

Imaging area of interest  

 In MRE, raw data is obtained by magnitude and phase images commonly using a two-

dimensional gradient recalled-echo MR elastography sequence (2D GRE MRE), however spin-

echo echo-planar imaging-based MRE (SE- EPI-MRE) is also commonly used, which is less 

sensitive to liver iron content and may have shorted acquisition times 5. Anatomical 

information is provided by the magnitude images, with phase images producing information 

on shear wave motion. Conventionally, four slices of 5-10mm thick are placed in the widest 

part of the liver to obtain four elastograms (Figure 1).  

 

ProducWon of Shear Waves 

Shear wave production in MRE requires applying a continuous mechanical force to 

tissue, which is unique to this modality. Transient elastography (e.g. Fibroscan™, Echosens, 

Paris) also uses an external mechanical force, however, is transient (a short ‘thump’). 

Ultrasound based elastography focuses ultrasonic waves on an area of interest (acoustic 

radiation force impulse, ARFI) on a single small region of interest (point shear wave 

elastography), or a limited area of interest (shear wave imaging, or two-dimensional shear 

wave elastography), again in a temporary fashion. Oscillations of the external mechanical 

force produces a pressure wave which passes rapidly through the tissue and dissipates energy, 

some of which is released in the form of shear waves. The fixed external oscillation frequency 

allows the produced shear wave frequency to be more accurately controlled. This is important, 

as stiffness measurements are frequency dependant, with higher frequencies giving higher 

readings6. Field strength does not impact stiffness measurements, therefore 1.5T and 3T 

systems can produce interchangeable results7. In MRE, there is a requirement for continuous 

vibration as shear wave spacial encoding is undertaken over multiple wave cycles, so MR 

cannot measure transient shear waves unlike ultrasound (echo-return of echo sequence). 

Practically, several methods can be used to produce this external continuous 

mechanical force. Pneumatic actuators are used in commercial MRE systems, where an active 
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driver (Figure 2) outside of the scan room produces generates waves like a ‘sub-woofer’ and 

transmits this compression wave via tubing to a MR compatible passive actuator which is 

secured on the patient’s body8 (Figure 3). An electromechanical device outside of the field of 

view can oscillate based on the alternating current that can be produced by the B0 field, the 

static magnetic field (conventionally 1.5 or 3T) and was used by the prototypical MRE system 

generating waves in agar gel1. As in ultrasound wave generation, a piezoelectric actuator 

oscillates when current is applied, and is used in animal model research.  

The frequency of the shear waves in commercial MRE systems is 60 Hz, which gives 

sufficient penetration whilst still producing measurable shear waves, however 20-100 Hz 

systems are available9. Transient elastography uses 50 Hz, and ARFI uses higher frequencies 

(50-100 Hz). Whilst an exclusively elastic material will have the same shear waves at different 

frequencies, a viscoelastic biological tissues shows different wave speeds at different 

frequencies, therefore changes of the complex shear modulus at various frequencies can yield 

novel biomarkers3. Therefore, multi-frequency actuation with a broadband motion sensitive 

MRE techniques are being investigated, including in improving differentiation of normal and 

fibrotic livers10.   

 

Tracking Shear Waves 

To perceive the micron level tissue displacement (wave amplitude), the external driver 

frequency, and a phase contrast pulse sequence with motion encoding gradients (MEGs) are 

synchronised using a trigger pulse. Continuous driver motion allows tissues to reach a steady 

state. A single acquisition in the z-axis encodes wave motion in the axial (x-y direction) is 

required for two dimensional MRE, common in commercial systems, however successive x, y 

and z axis motion encoding gradient application can allow three dimensional wave 

displacement data to be obtained, currently in the experimental stage, but allows the 

derivation of the viscous and elastic components of complex shear modulus, as potential 

biomarkers for clinical use3,11. Both a positive and negative motion encoding gradient is 

required to produce phase difference images of a displacement.  Multiple acquisitions with 

varied time (phase) offsets between mechanical excitation and motion-sensitizing gradients 

are performed. Each acquisition is at a different time in the wave cycle. A Fourier transform is 

then applied over time to isolate the motion at the external driver frequency, resulting in a 

complex number for each pixel that represents the amplitude and phase of the harmonic 

motion in a specific direction3. From this, a magnitude image and a phase image are produced.  

 

Measure Parameters of Interest 

Firstly, the phase maps are converted into a wave image showing propagation through 

tissue. Compression and shear waves are separated by a mathematical function, and 

additional phase offsets are interpolated from the measured offsets to produce a cinematic 
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loop of multiple wave images (Figure 4). These are colorized with red and blue being opposite 

directions, and the intensity of the colour representing amplitude.  

Further post-processing of wave images creates maps of the complex shear modulus 

magnitude, termed elastogram, in greyscale and colour (Figure 5). Wave propagation is 

inherently three-dimensional. Transforming shear-wave displacement images into parametric 

maps involves solving an inverse problem to deduce the stiffness distribution or related 

parameters that account for the observed wave patterns. Two-dimensional inversion 

algorithms analyse wave components in only two directions within a slice, whereas three-

dimensional inversion algorithms enable a comprehensive analysis of the entire wave motion. 

These algorithms rely on the assumptions that tissues have a uniform density of 1 g/cm³ and 

exhibit pure viscoelasticity with uniform, isotropic (i.e. direction independent), and linear 

mechanical properties4. On top of these elastograms, a 95% confidence map (Figure 6) can be 

applied to depict areas where the data is considered reliable, and unreliable areas are masked 

by a cross-hatch pattern12.  

A scale of 0-8kPa is frequently used, or for more stiff tissues, a 0-20 kPa scale. The 

colour elastograms allow the heterogeneity of stiffness to be appreciated by ‘eye-balling’ the 

map, with greyscale maps traditionally used for quantitative measurement, however 

measurements  can also be done on colour maps.  

 

Technique 

MRE is available from several vendors, including Siemens (Erlangen, Germany, Table 

1),  General Electric (GE, Waukesha, Wisconson, USA, Table 2, called MR Touch .) and Philips 

(Best, Netherlands, Table 3).  MRE is available on new machines but can also be an add on to 

older machines as a hardware and software package. The vendor engineers set up the active 

driver in the equipment room, to prevent imaging artefacts and due to additional noise 

produced by the driver, which is attached by tubing to a passive driver on the patient’s body. 

A passive driver is a flat pad that transmits the vibrations generated by the active driver onto 

the patients abdomen, and can be rigid or flexible. It is secured to the patient by an adjustable 

belt.  

 

PaWent PreparaWon 

The patient is required to fast for 4 to 6 hours before the study, as the post prandial 

state increases liver stiffness both in ultrasound and MRI elastography. The increase in 

splanchnic blood flow to the liver following a meal is thought to have negligible impact on 

MRE-derived liver stiffness measurements in healthy individuals, despite the rise in superior 

mesenteric venous flow13. However, in F3 and F4 fibrosis, approximately 20% and 28% 

increases in stiffness are observed14. Therefore, for meaningful longitudinal comparisons, 

follow up scans should also be in a fasted state.  
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Driver Placement 

The passive driver is placed on the right upper quadrant of the patient, using 

anatomical landmarks to approximate maximal coverage of the right lobe of liver.  The right 

lobe is the preferred placed for ultrasound elastography, where readings are more accurate15 

(higher values are found in the left lobe) and have higher technical success rate16. This is 

thought to be due to cardiac pulsations, and pressure effects from stomach. This convention 

continues in MRE, with magnetic resonance artefacts being seen from cardiac pulsations.  

The craniocaudal positioning is determined by placement in the axial plane at the 

xiphoid process. The medial-lateral positioning is determined by the mid-axillary line. If there 

is colon or lung interposed between driver and liver, positioning in the mid-clavicular line can 

be used instead, and if the liver is not in the expected position, placement of the driver should 

be as close as possible to the liver (e.g. surgical resections, abnormal situs).  

Ideally, a flexible driver should wrap around from anterior to posterior, to maximise 

coverage of the right lobe. Flexible drivers have been found be more comfortable to patients 

than rigid drivers, produce more parallel waves, and have fewer wave interferences, which 

have the potential to artificially ‘hot spots’ of raised liver stiffness17, however no significant 

difference is stiffness measurements is found18.  

 

Breathing requirements 

Four breath holds, each lasting approximately 15s, is required for typical MRE 

sequences with few seconds of free breathing in between.  

The passive driver is secured using a belt, the tightness of which must allow constant 

contact with the abdomen for wave generation throughout the respiratory cycle. For larger 

patients, contact may be lost during end expiration19, which is problematic as this is the 

optimum time for a breath hold for image. Inspiratory phase imaging increases liver stiffness 

values in MRE18, again this effect is more pronounced in higher fibrosis grades20. Breath 

holding at end expiration is recommended as it has shown it allows more reproducible liver 

position21,. The scout and localiser images should also be undertaken in end expiration. 

Certain patient population, including children, are unable to maintain these breath-

holds, therefore, respiratory triggering in the free breathing patient has been investigated for 

MRE and found to have similar performance to the breath hold method, as free breathing 

without triggering shows poor performance22. Advanced signal processing methods are also 

being investigated to reduce breath hold times, such as compressed sensitivity encoding (C-

SENSE) allows image reconstruction from less sampled data, and show early promise23.  Being 

a phase-based technique even small changes in the protons position alters the local magnetic 

field experiences by them, thus alters the phase of the signal they emit.   
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Pulse Sequence Parameters 

Liver MRE can be obtained in less than two minutes, and can be undertaken before or 

any time after gadolinium-based contrast agent administration including hepatobiliary 

specific agents, with no impact on liver stiffness measurements24,25. If undertaken 

beforehand, it allows for repetition if the sequence fail, and the technologist can post process 

the images whilst awaiting post contrast images. If undertaken afterwards, there is an increase 

in returned signal intensity which may allow a greater areas of high confidence for liver 

stiffness measurements7.  Field strength does not impact stiffness values26. 

Various sequences can be used, with the most established being Gradient-Recalled 

Echo MR Elastography (GRE MRE). This sequence is prone to artefacts from paramagnetic 

substances, in particular iron, giving a short T2* relaxation time, particularly at high field 

strengths (3.0 T). This is a common cause of failure, as whilst shear waves continue to 

propagate in livers with iron overloaded, signal to noise ratio is poor, so far as to lead to 

uninterpretable elastograms19. This is most pronounced at longer time to echo (TE) and 

therefore an alternative low TE sequence, SE- EPI-MRE, is being more commonly used and 

shows an improved technical success rate (98% vs 94.2%)5. This also has the benefit of having 

shorter acquisition times while achieving similar accuracy to the conventional GRE MRE5. 

However, lower agreement and reproducibility has been shown 27. Therefore, SE-EPI-MRE can 

be used for 3T systems to mitigate T2* effects.  

Exact parameters for each sequence depend on the manufacturer and field strength, 

and can be found on the Radiological Society of North America (RSNA), Quantitative Imaging 

Biomarkers Alliance (QIBA) Profile on MRE12. This document recommends a TE that is in-phase, 

to reduce the impact of signal loss due to hepatic steatosis7, which may not be the default 

protocol TE. However, the motion-encoding gradient (MEG) and MEG direction, the number 

of phase offsets, and the fractional encoding should be kept constant.  

 

Passive Driver Frequency and Amplitude 

For evaluating liver, a low frequency mechanical waves vibration, typically at of 60 Hz 

is used and the vibrations generated are well tolerated by the patient. Established cut-offs are 

reported at 60Hz, and for comparisons of MRE at different time points, this frequency should 

be kept constant6 as the shear wave speed is inversely related to frequency.  

Passive driver amplitude determines the intensity of the passive driver waves delivered 

to the abdomen, and must be set to reflect the body habitus, size of patient and diver used 

(rigid or flexible) while maintaining the same driver frequency. Higher amplitudes are needed 

in larger patients, to penetrate a greater skin-to-capsule distance containing adipose tissue. If 

the amplitude is too high, it will lead to excessive liver motion, particularly near the driver, can 

lead to a poor-quality exam and areas of artefactually high stiffness7. This may also lead to 

patient discomfort. If the amplitude is too low, the propagation of shear waves is poor leading 

to suboptimal examination. A standard 50% setting using a large flexible driver is suitable for 
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patients with BMI of 20 to 25, however 40% may be used in BMI less than 20 and 70% in high 

BMI patients. Lower amplitudes are needed for smaller flexible and rigid drivers. These can be 

adjusted approximately 10% higher or lower if needed 19, and lower amplitudes are used in 

paediatric patients28. 

 

Imaging analysis and interpretation 

Quality Control 

Firstly, a review of the magnitude images is needed to ensure there is a signal void 

underlying the passive driver (Figure 7), to ensure there is delivery of waves. If not present, 

then the active and passive driver function must be checked, including ensuring the 

connections between them are working19. The belt securing the passive driver to the abdomen 

should maintain contact throughout the breathing cycle, in particular end expiration, as 

mentioned above.  

If there is a flow void in the abdominal wall, wave propagation into the liver is 

confirmed by reviewing the phase images. Here, wave propagation is demonstrated by 

alternating layers paralleling the right liver edge. A disorganised pattern of black and white 

suggest lack of wave propagation, and a non-diagnostic study. 

Then, the wave images are reviewed to appreciate areas of poor wave propagation, 

low wave amplitude or wave distortion. Good quality waves should pass undisturbed through 

the liver, although in less stiff livers one expects their amplitude to reduce as they pass 

centrally due to attenuation by soft parenchyma, in contrast with stiff livers where the waves 

are thicker and penetrate deeper (Figure 8). Poor wave propagation is represented by lack of 

parallel orientation and therefore areas of low signal. Low amplitude waves will also show low 

signal, leading to low stiffness measurements7. Wave distortion (Figure 9), caused by 

reflecting waves passing in different directions than the intended waves, can lead to 

interfering waves, either constructively or destructively, and therefore can increase or 

decrease the wave amplitude and can artefactually increase or decrease stiffness 

measurements7. These are expected at the liver edge, fissures, and large blood vessels12.  

Finally, a review of the elastograms with 95% confidence maps is required to assess 

the proportion of liver that is not masked by the confidence map and therefore can be used 

for region of interest (ROI) placement. In order to draw an appropriate sized ROI, 500 pixels 

per slice should be uncovered by the confidence map12, however 2000 is used as a minimum 

at our centre, therefore a poor quality elastograms will have a greater proportion of liver 

uncovered by the confidence map (Figure 10). 

 It is important to note that less stiff livers have intrinsically lower wave propagation 

depths, so may have smaller areas uncovered by the confidence map, however other technical 

and biological factors may impact elastograms quality. Technical issues include incorrect 

driver amplitude and incorrect placement. Implanted paramagnetic materials, such as 
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embolization coils, surgical clips and portosystemic shunt stent-grafts can interfere with signal 

acquisition. Liver parenchymal issues include iron overload, and significant steatosis without 

an in-phase TE, and are discussed in the Technique section.  

 

Liver SWffness Measurement 

An overall assessment of a good quality study allows a qualitative assessment of 

whether the study appears normal or of high stiffness. Normal studies have waves that 

attenuate as they pass centrally, are thinner and exhibit colours representing low stiffness on 

the colour scale (blue/purple)7. The confidence map may only uncover a small area of liver, at 

the periphery and towards the passive driver. In contrast, a stiff liver will propagate waves 

much better than a soft one, leading to larger areas uncovered by the confidence map without 

central liver wave attenuation, and will show colours representing higher stiffness on the 

colour scale (orange/red) (Figure 11). 

For quantitative assessment, a ROI is drawn over the right lobe of liver for each of the 

individual slices.  This can be automated or manually obtained. The specific sequence of the 

freehand drawing of ROIs depends on the PACS system and workflow. The largest geographic 

area of liver is drawn which fulfils the following criteria ; i)  it is uncovered by the elastograms 

with confidence map and avoids areas of focal high liver stiffness (so-called ‘hot spots’, Figure 

12), ii) on anatomical magnitude images, it is 1cm from the liver edge, its borders ideally 

parallel the liver edge, avoids fissures and large vessels, iii) on wave images, it is in an area of 

good wave propagation. This is repeated for the 4 slices giving 4 mean liver stiffness 

measurements and 4 areas. The liver stiffness measurements and areas are used to calculate 

a weighted mean, where the LSM is multiplied by the ROI area, summed, and divided by the 

total ROI area19.  

Due to the mean stiffness being used, then ‘hot spots’ can be increasing the reported 

liver stiffness value. They are not always excluded on the 95% confidence map, and so should 

be actively searched for, by visual assessment of colour maps. This effect is more significant 

in less stiff livers, as stiffer livers propagate waves more effectively and have a higher 

background stiffness value. Focal liver lesions may show areas of high stiffness, and so should 

be looked for on magnitude images (or other imaging if available) when a hot spot is identified 

(Figure 13). Excess vibrations near the passive driver may produce a ‘hot spot’ in the anterior 

liver, and, due to the shape of the liver, the dome may also show an area of raised stiffness7.  

 

Confounders of liver sWffness measurement 

MRE is a useful tool for assessing liver fibrosis in chronic liver disease. LSM tends to 

increase with fibrosis but can also be affected by inflammation (see physics for detailed 

explanation), which is common in early chronic liver disease. This inflammation effect is most 

pronounced at lower stages of fibrosis29. However, certain conditions, like acute hepatitis, 
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biliary obstruction, and venous congestion, can also raise liver stiffness and should be 

considered when interpreting results, as is the case with ultrasound elastography. Diffuse liver 

diseases such as amyloidosis or Gaucher’s disease can also increase liver stiffness and should 

be distinguished from fibrosis19. Liver fat content, generally, does not impact LSM 

significantly7,30.  

Changes in liver stiffness observed over time can reflect treatment responses, with 

inflammation improving faster than fibrosis. A change of over 19% in LSM is considered 

significant according to QIBA guidelines12. 

 

Diagnostic performance and Clinical Applications 

MRE has a high technical success rate of 94.4% at 1.5T, with the leading cause of failure 

being increased hepatic iron (3% of all examinations)29. Failure rates are higher at 3T using 

GRE MRE sequences, at 15.3%31, however this is reduced to 2% when SE-EPI sequences are 

used, as recommended for 3T field strengths32. Failure rates are increased in patients with 

massive ascites31, however small volumes still exhibit good performance19. The effect of BMI 

is likely small, with some studies showing no impact on failure rates29 and others showing a 

small increase in likelihood of failure (Odds Ratio 1.09)31. It has a low failure rate in children 

(4%).33 This failure rate is lower than ultrasound based methods34. 

MRE shows excellent interobserver reliability (ICC 0.96)35. Its repeatability using the 

same examination settings is excellent in multiple vendors and field strengths (ICC 0.77-0.94), 

however there is some variability across vendors and field strengths (ICC 0.68)27, suggesting 

care should be taken comparing LSMs obtained in different examination conditions.  

With histology from liver biopsy as the reference standard, MRE correlates strongly 

with fibrosis stage36. In classifying fibrosis, a good performance has been found in detecting 

any fibrosis (F>0, AUROC 0.84) and significant fibrosis (F>1, AUROC 0.88) and excellent 

performance at detecting advanced fibrosis (F>2, AUROC 0.92)  at an individual patient data 

meta-analysis, with high a sensitivity and specificity (both being 85%) of advanced fibrosis37.  

Good to excellent performance for significant fibrosis and excellent performance for advanced 

fibrosis seen in multiple other studies21, which is superior to ultrasound based techniques34,38. 

This performance is more impressive given the traditional reference standard for fibrosis is 

histology from liver biopsies, which suffers sampling error assessing only a tiny proportion of 

whole liver parenchyma, and interobserver reproducibility of pathologists is a factor (κ 0.4-

0.9)39. However, liver biopsy remains an essential clinical tool in assessing for the various non 

fibrotic causes of increased liver stiffness measurement.  

Novel MR based techniques for assessing liver fibrosis have been investigated, such as 

diffusion weighted imaging (DWI), which relies on fibrosis leading to reduced diffusion of 

water and therefore a negative correlation between with apparent diffusion coefficients (ADC) 

and fibrosis grades40. However, performance is inferior with DWI in fibrosis assessment with 
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AUROC of 0.86 and 0.83 in significant and advanced fibrosis compared to greater than 0.95 in 

both GRE MRE and SE-EPI-MRE in the same tasks41. 

Normal liver parenchyma has a MRE LSM of less than 2.5kPa7, with LSMs greater than 

3.0 kPa highly sensitive and specific for fibrosis36. Cut-offs are variable in the literature; 

however Pepin et al.19 recommend the following simplified interpretation of values (METAVIR 

fibrosis scale used).  Less than 2.5kPa is considered normal. As the stiffness increases, it 

suggests the presence of liver inflammation or early-stage fibrosis between 2.5 to 3.0 kPa. A 

measurement between 3.0 to 3.5 kPa is associated with Stage 2 to 3 fibrosis, signifying 

moderate liver fibrosis. Readings in the 3.5 to 4.0 kPa range, suggest Stage 3 to 4 fibrosis. 

Severe liver conditions, such as Stage 4 fibrosis or cirrhosis is seen with stiffness value ranging 

from 4.0 to 5.0 kP, while readings above 5.0 kPa are strongly indicative of cirrhosis. 

  

Diffuse Liver Disease 

MR proton-derived fat fraction, the current imaging modality of choice for fat 

quantification, demonstrates high reproducibility, high diagnostic accuracy for all stages of 

steatosis, with good sensitivity and specificity42,43. Therefore, MRE is combination with MR 

PDFF allows for comprehensive steatosis and fibrosis assessment. In MASLD (Metabolic 

Dysfunction Associated Steatotic Liver Disease), MRE shows superior performance and a lower 

rate of failure than ultrasound based methods44,45. MRE shows high reproducibility in MASLD 

patients46. An individual patient data meta-analysis recommended the follow cut offs: greater 

than 3.14 kPa for significant steatosis, greater than 3.53 kPa for advanced steatosis, and 

showed inflammation (steatohepatitis grade) increased LSMs at low fibrosis grades 47.   

The inflammation caused by viral hepatitis, and the response to antiviral treatment are 

potential co-founders in interpreting stiffness measurements. The advent of three 

dimensional MRE allows the derivation of viscous components of the complex shear modulus, 

such as loss modulus and damping ratio, which are currently being investigated for its use in 

discriminating inflammation from fibrosis both in viral hepatitis11,48 and MASLD49.  

 

Predictor of negaWve outcomes 

Higher LSMs in MASLD patients have, expectedly, been found to correlate with the risk 

of decompensation, hepatic encephalopathy, variceal bleeding and death, with a cut-off of 

6.48 kPa (AUROC 0.71) associated with decompensation50. This correlation of LSMs with 

negative outcomes is also seen in viral hepatitis, where raised LSM predicted progression from 

Childs Pugh A to B in hepatitis C51. A LSM of 4.8kPa or more was associated with 

decompensation in viral hepatitis52, and in primary sclerosing cholangitis, a LSM of greater 

than 6kPa was high risk for decompensation53. Patients with chronic liver disease (CLD) have 

a significantly increased risk of developing hepatocellular carcinoma (HCC).  LSM through MRE 

serves as an independent predictor for HCC in these patients. Studies have identified various 
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LSM thresholds associated with higher HCC risk, ranging from >3.75 kPa to >5.5 kPa54–56 and 

even recurrence after HCC treatment57. Increased MRE LSM are associated with portal 

hypertension and resultant gastroesophageal varices58. 

 

Conclusion 

 MRE) has demonstrated substantial clinical utility as a non-invasive technique to 

measure liver stiffness, reliably indicating the presence and stage of fibrosis, as well as 

predicting adverse outcomes in liver diseases.  

The quantitative nature of MRE allows for the detection of changes in liver stiffness 

over time, aiding in the assessment of disease progression or regression in response to 

therapeutic interventions. Liver pathologies like inflammation, congestion, and biliary 

obstruction can confound measurements, so LSM must be interpreted within the clinical 

context. In assessing the whole liver, the heterogeneity of fibrosis is observed, and overcomes 

the potential sampling error of ultrasound based elastography methods and liver biopsy. 

Whilst limited by cost and availability, MRE outperforms ultrasound in technical success rates 

and diagnostic performance. 

Emerging advancements in MRE technology, such as three-dimensional wave 

displacement data and multi-frequency elastography, are promising in refining the 

assessment of liver stiffness and in differentiating fibrotic changes from inflammatory 

processes. Furthermore, MRE, in conjunction with MR proton-derived fat fraction (PDFF) 

imaging, offers a comprehensive evaluation of liver disease, notably in conditions like MASLD. 

In the context of chronic liver diseases, MRE has proven to be a predictor of negative clinical 

outcomes such as decompensation and risk assessment for hepatocellular carcinoma. 

MRE offers a combination of diagnostic precision, non-invasiveness, and prognostic 

ability. As MRE technology develops, its integration into routine clinical practice is likely to 

escalate, potentially reducing the need for invasive procedures and allow accurate 

information to be gathered, upon which clinical decision making will rely.  

Table 1 – Siemens MRE protocols, taken from QIBA 202212 

  Siemens 1.5T  Siemens 3T 

Scanners and 

Sequences 

Scanner 

MAGNETOM 
Tim 3G or Tim 
4G 

  
MAGNETOM Tim 3G or 
Tim 4G 

Software 

versions 
N4 VE11C SP01 and above N4 VE11C SP01 and above 

Pulse 

sequence 
greMRE 

epseMRE 
(WIP) 

greMRE epseMRE 

Mode 2D 

Coil   Torso 
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Imaging 

Parameters 

Imaging 

Plane 
Axial 

No. of slices 4 

Slice 

thickness 

(mm)/dist. 

Factor 

10 mm / 0% 
(0) 

8 mm / 
25% (2mm) 

10 mm / 
0% (0) 

8 mm / 25% 
(2mm) 

Matrix (Base 

× Phase) 
256 × 25% (64) 

98 × 100% 
(128) 

256 × 
25%(64) 

98 × 
100%(128) 

TE (msec) 

min (about 
~20 with flow 
comp off) 

min (about 
40 with 
flow comp 
on) 

min (about 
20 with 
flow comp 
off) 

min (about 
40 with flow 
comp on) 

TR (msec) 50 1000 50 1000 

No. of 

breath holds 

4 (each 17sec) 
(note 2) 

1 (each 11 
sec) 

4 (each 
~17sec)  

1 (each ~11 
sec) 

scan time 4 × 17 sec 11 sec 4 × 17 sec 11 sec 

Driver 

Parameters 

(Generic)  

Driver 

Power (%) 
50 (default)  

Driver 

frequency 

(Hz) 

60 (default)  60 60 

Motion 

Encoding 

Gradients 

(Generic)  

MEG 

fractional 

encoding 

85% 80%     

MEG 

frequency 

(Hz) 

60 Hz (Hard Coded)     

MEG 

Amplitude 
(Hard coded) 

30 mT/m 
(Hard 
coded) 

    

Axis of MEG 
Slice (Hard 
Coded) 

Slice     

Number of 

phase 
4 (Hard coded) 3     
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Table 2 – GE MRE Protocols, taken from QIBA MRE 202212 

 

GE 1.5T  GE 3T  

Scanners 

and 

Sequences 

Scanner 
Artist, Creator, Explorer, HDx, Optima 
MR450w, Voyager 

Architect, Discovery MR750w, PET/MR, 
Pioneer, Premier 

Software 

versions 

HD16 and 
≥DV22.1 

HD16 and 
≥DV22.1 

≥DV22.1 
HD16 and 
≥DV22.1 

HD16 and 
≥DV22.1 

≥DV22.1 

Pulse 

sequence 

fgremre 
(Resoundant-
GE) 

epimre 
(Resoundant-
GE) 

MR-Touch 
(GRE) 

fgremre 
(Resoundant-
GE) 

epimre 
(Resoundant-
GE) 

MR-Touch 
(EPI) 

Coil    Torso 

Imaging 

Parameters 

Imaging 

Plane 
Axial 

No. of 

slices 
4 

Slice 

thickness 

(mm)/gap 

10 mm / 0 
mm 

8 mm / 2 mm 
10 mm / 0 
mm 

10 mm / 0 
mm 

8 mm / 2 mm 
8 mm / 2 
mm 

FOV (mm) 

/ Phase 

FOV 

(100%) 

420(required)x420(or less) 

Matrix 256 × 64 80 × 80 256 × 64 256 × 64 96 x 96 96 x 96 

TE (msec) in-phase TE min full  min TE  

min full 
(around 15.9, 
this is close to 
in-phase TE) 

min full 
(around 55.4)  

min full 
(around 
55.4)  

TR (msec) 50 1000 50 50 1000 1000 

No. of 

breath 

holds 

4 1 4 4 1 1 

Scan time 55 s  11 s 55 s about 55 s  about 11 sec 
about 16 
sec 

Driver 

Parameters  

Driver 

Power (%) 
50   50 50 

Driver 

frequency 

(Hz) 

60 

Driver 

cycles/ 

trigger 

(Duration) 

3 (auto-
calculated) 

Auto-
calculated 

Auto-
calculated 

3 (auto-
calculated) 

Auto-
calculated 

Auto-
calculated 
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Motion 

Encoding 

Gradients  

MEG 

frequency 

(Hz) (or 

Period 

Mismatch) 

75 Hz (0.8) 80 75 80 Hz (0.75) 80 80 

MENC 

(1/motion 

sensitivity) 

~30 µm / (π radian) 

Axis of 

MEG 
4 (Z) 

 

Table 3 – Philips MRE Protocols, taken from QIBA MRE 202212 

  Philips 1.5T  Philips 3T  

Scanners and 

Sequences 

Scanner Achieva, Ambition, Ingenia Achieva, Elition, Ingenia 

Software 

versions 
MR R5.1.7 SP2 (or later) MR R5.1.7 SP2 

Pulse 

sequence 
FFE MRE SE-EPI MRE FFE MRE SE-EPI MRE 

Coil   Torso 

Imaging 

Parameters 

Imaging 

Plane 
Transverse 

No. of slices 4 

Slice 

thickness 

(mm)/gap 

10 mm / 1 mm 

FOV (mm) / 

Phase FOV 

(mm) 

450(required) 
x403(or less) 

400(required) 
x400(or less) 

450(required) 
x403(or less) 

400(required) 
x400 (or 

Matrix 300 × 86 100 x 100 300 × 86 100 x 100 

TE (msec) 20 58 20 “shortest” 58 “shortest” 

TR (msec) 50 1000 50 1000 

No. of breath 

holds 
4 1 4 1 

Scan time 
71 s (~17 s 
breathholds)  

~13 s 
71 s (~17 s 
breathholds)  

9 sec 

Driver 

Parameters 

Driver Power Moderate (50%) Low (25%)  Moderate (50%) Low (25%)  

Driver 

frequency 

(Hz) 

60 

Motion 

Encoding 

Gradients 

MEG 

frequency 

(Hz)  

60 Hz  

Axis of MEG FH FH   
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Figure 1 - Four slices (yellow lines) on a coronal localiser used for two- dimensional elastography 

measurements, including large cross sections of the liver and avoiding the dome and inferior liver. 

 

 

Figure 2 – Active Driver, by Resoundant (Rochester, MN, USA), which is placed outside of the scanning room, 

which produces waves by pneumatic action 
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Figure 3 – Passive driver and tubing, by Resoundant (Rochester, MN, USA),  which is secured to the patient 

by a belt to transmit vibrations to the abdomen 

 

 

Figure 4 – Wave images which can be combined into a cine loop to represent wave propagation into the right 

liver. In this normal examination with good propagation, waves run parallel to the liver surface and there is 

expected attenuation of waves centrally due to the soft liver it passes through 
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Figure 5 – Colour Elastogram showing Stage 1-2 fibrosis, with the liver parenchyma showing colours in the 

middle of the colour scale (blue/green/yellow). 
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Figure 6 – Colour elastograms with overlying 95% confidence map, with unhatched regions deemed 

unreliable for selection. Liver stiffness measures are normal (low stiffness colours predominate, 

purple/blue).  A freehand region of interest is present, with 2,359 pixels covered. 
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Figure 7 – Magnitude images showing the passive driver signal void (red arrow) in the subcutaneous tissue 

underlying the passive driver 

 

 

Figure 8 – Wave image (left) showing thick waves penetrating into the central liver in this stiff liver (6.9 kPa). 

Corresponding phase image (right) shows widespread wave propogation throughout the whole liver 
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Figure 9 – Relatively low quality wave image with wave distortion where the normal parallel arrangement of 

waves is lost 
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Figure 10 – Relatively small uncovered area in the colour elastograms with 95% confidence map, the 

background liver stiffness is low and therefore smaller uncovered areas as expected compared to stiffer 

livers 
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Figure 11 – Stiff liver (6.9kPa) showing large area of uncovered liver on this colour elastograms with 95% 

confidence map and higher colours on the scale present 
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Figure 12 – Focal hot spot on colour elastogram (red arrow), which remains uncovered by the 95% 

confidence map. These should be excluded as when the mean is calculated, it can artificially increase 

stiffness values 

 

 

Figure 13 –Coronal T2 MRI region of the area of raised stiffness in Figure 12, showing no focal lesion, as this is 

sometimes a cause of elastogram ‘hot spots’ 
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