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ABSTRACT: The most common liver disease in developing countries is non-alcoholic fatty liver disease (NAFLD). 

This involves the abnormal accumulation of lipids in the liver, the pathogenesis of the disease being related to 
dyslipidemia, obesity, insulin resistance and type 2 diabetes. Most often, the diagnosis of NAFLD is incidental, when 
performing routine blood tests or when performing a transabdominal ultrasound. The NAFLD spectrum ranges from 
simple forms of hepatic steatosis to the most advanced form of the disease, steatohepatitis (NASH), which in 
evolution can cause inflammation, fibrosis, cirrhosis of the liver and even liver cancer. For the evaluation of the 
prognosis and the clinical evolution, the most important parameter to define is the degree of liver fibrosis. Currently, 
the gold standard remains the liver biopsy, the differentiation between NAFLD and NASH being made only on the 
basis of histological analysis. However, liver biopsy is an invasive procedure, with numerous risks such as bleeding, 
lesions of the other organs and complications related to anesthesia, which significantly reduces its widespread use. 
Moreover, the risk of a false negative result and the increased costs of the procedure further limits its use in current 
practice. For this reason, non-invasive methods of evaluating the degree of liver fibrosis have gained ground in recent 
years. Imaging techniques such as elastography have shown promising results in evaluating and staging NAFLD. 
The aim of this article is to review the current status of the non-invasive tests for the assessment of NAFLD with a 
focus on the ultrasound-based elastography techniques. 
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Introduction 

Hepatic steatosis is defined as the 

accumulation of fat in hepatocytes, comprising 

more than 5% of the total weight of the liver [1]. 

As the global incidence of obesity is 

increasing, the incidence of liver steatosis has 

also increased, representing the most common 

cause of liver disease in Western countries [2]. 

In addition to obesity, this liver disease is 

closely linked to a wide range of metabolic 

comorbidities such as type 2 diabetes, 

dyslipidemia, high blood pressure. 

At the same time, hepatic steatosis is also a 

common etiology for advanced liver diseases 

such as liver cirrhosis and hepatocellular 

carcinoma [3]. 

Depending on the risk factors, hepatic 

steatosis can be classified as: alcoholic fatty 

liver disease (AFLD) related to alcohol 

consumption and non-alcoholic fatty liver 

disease (NAFLD) related to obesity and 

metabolic syndrome [4]. 

NAFLD can be divided according to the 

histological appearance into 2 simplified 

subcategories: simple steatosis (presence of 

excess fat, no inflammation or cell damage) and 

steatohepatitis (NASH-presence of inflammation 

and cell damage, with or without fibrosis) [5]. 

NAFLD is an important cause of chronic 

liver injury with a prevalence of 20-50% 

worldwide [5]. 

As it affects approximately 30% of the 

population, accounting for almost 100 million 

people [6], it is important to estimate the degree 

of liver steatosis and fibrosis in order to 

determine the optimal treatment, as well as 

prognosis and surveillance of the disease. 

At this moment, liver biopsy is still the only 

reliable „gold standard” for staging the severity 

of liver fibrosis. 

However, this method has great costs, it is 

invasive and associated with possible risks and 

complications. 

In addition, liver biopsy limitations include 

sampling error, as well as intra-observer and 

inter-observer variability [7]. 

These limitations have driven attention on the 

non-invasive imaging methods for the diagnose 

and staging of NAFLD. 

Non-invasive alternatives include serum 

biomarkers, conventional ultrasound, ultrasound 

elastography, magnetic resonance elastography, 

and magnetic resonance-based fat quantitation 

techniques [8]. 

The first imaging modality used for the 

screening of suspected NAFLD and which can 

evaluate fatty liver is conventional ultrasound. 

But in order to characterize liver stiffness, 

ultrasound elastography seems a promising  

non-invasive tool. 

Ultrasound elastrography includes transient 

elastography and imaging-based elastography 

techniques. 
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Transient elastography (FibroScan) was the 

first ultrasound tool introduced to measure liver 

stiffness, mainly for chronic liver disease but 

recent studies have demonstrated increasing 

liver stiffness with advanced fibrosis for patients 

with NAFLD [9,10,11]. 

However, present limitations of transient 

elastography include ascites, whilst it is 

associated with unreliable results in obese 

patients as fat can attenuate elastic waves [12]. 

We summarize the non-imaging and 

ultrasound-based imaging methods for the  

non-invasive assessment of NAFLD. 

Non-Invasive Tests 

Serum markers 
Routine biochemical tests 

Serum transaminases, AST and ALT, are the 

most commonly used biomarkers as indicators 

of nonspecific hepatocellular injury [13]. 

Moderately elevated levels of ALT were 

identified in patients hospitalized with NASH, 

but not exceeding four times the normal value 

[14,15]. 

Regarding AST, it is considered that values 

twice as high as normal are an indicator of 

severity of liver fibrosis [16]. 

However, there is also a percentage of 

approximately 10% of patients with NASH with 

normal levels of AST and ALT [17]. 

Predictors of elevated ALT levels were 

identified as male gender, young age, increased 

abdominal circumference, alcohol consumption, 

and serum ALT levels and were positively 

correlated with triglycerides, fasting blood 

sugar, BMI, suggesting that there is a positive 

association with the signs and symptoms of the 

metabolic syndrome [18,19]. 

Also, the AST/ALT ratio is commonly used 

by clinicians to distinguish alcoholic hepatitis 

from NAFLD and to predict hepatic fibrosis. 

It is considered that an AST/ALT ratio 

greater than 2 is suggestive for alcoholic 

hepatitis, while ALT levels above AST levels 

could be an indicator for NASH in the absence 

of cirrhosis [20]. 

The literature data on the link between 

NAFLD and the modified values of 

transaminases, in particular ALT, are 

contrasting. 

Some studies find that ALT values cannot be 

used for the prediction or diagnosis of 

steatosis/fibrosis, as there is no clear link 

between ALT dynamics and histological 

changes (steatosis, inflammation, fibrosis) 

[21,22]. 

Several studies evaluated the percentage of 

patients with NAFLD who had normal 

transaminase values, the data being shown in 

Figure 1 [23-26]. 

On the other hand, there are studies that 

support the link between the presence of 

steatohepatitis and the increased levels of ALT, 

whilst others suggest that this marker may 

independently predict liver fibrosis [27,28]. 

Studies in patients with type 2 diabetes or in 

obese patients have shown that elevated ALT 

values correlate with the risk of developing 

NAFLD, being the only variable that is 

independently associated with steatohepatitis 

[26,29,30]. 
 

 

Figure 1. Studies that evaluated  
the percentage of patients with NAFLD 

with normal transaminase values. 

Gamma-glutamyl transferase (GGT) may 

also have moderately elevated values 

simultaneously with increased serum 

transaminases. 

A study of 193 non-diabetic patients with 

metabolic syndrome identified increased levels 

of GGT, alongside with increased levels of 

transaminases and triglycerides in patients 

identified with NAFLD [31]. 

Another study in a cohort of 90 patients with 

NAFLD proven by liver biopsy, found that a 

GGT value of over 96.5U/l is predictive for 

advanced fibrosis, with a sensitivity of 83% and 

a specificity of 69% [32]. 

Although the diagnosis of NAFLD/NASH 

cannot be formulated based solely on serum 

alkaline phosphatase (ALP) levels, it may be 

another biomarker associated with changes in 

steatohepatitis. 

A study including 135 patients with liver 

biopsy proven NAFLD indicated that elevated 

ALP serum levels, associated with other risk 
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factors for hepatic steatosis, could be an 

indicator of steatohepatitis [33]. 

Furthermore, a study in patients with type 

2 diabetes suggested that increased levels of 

ALP are a risk factor for the development of 

liver fibrosis in patients with NASH [34]. 

Inflammatory markers 
It is known that thrombocytopenia is 

common in advanced stages of chronic liver 

disease, most often in the stage equivalent to 

cirrhosis. 

Fibrosis is also found in patients with 

advanced-stage NAFLD, a study from Japan that 

included 9 hepatology centers, showed that 

platelet values decrease as fibrosis lesions 

progress [35]. 

Moreover, they proposed as an optimum 

value, validated in multiple trials, 192 000 for 

stage 3 fibrosis with a sensitivity of 62.7% and a 

specificity of 76.3% and 153 000 for cirrhotic 

stage, with a sensitivity of 80.5% and a 

specificity of 88.8%. [35]. 

C-reactive protein (CRP) is an acute-phase 

reactant widely used for the diagnosis and 

evaluation of numerous pathologies. 

This biomarker is mainly synthesized in the 

liver, but it also appears to occur in adipose 

tissue, a fact supported by the increased levels of 

CRP that are associated with obesity, 

particularly central type obesity, metabolic 

syndrome and diabetes [36]. 

In recent years, highly sensitive CRP 

(hs-CRP) has been evaluated in numerous 

studies as a diagnostic tool for the differentiation 

of NAFLD from NASH but also for the severity 

of liver fibrosis in patients with NASH [37,38]. 

Thus, several studies have demonstrated 

consistent increased hs-CRP levels in patients 

with NASH compared to those with simple 

steatosis [37,39,40]. 

Other authors also showed that patients with 

more severe NASH (Grade 2 and 3) have higher 

concentrations of hs-CRP than those with mild 

and moderate grades [41]. 

Regarding this marker, however, there is 

contradictory data in the literature, the 

hypothesis being contradicted by some authors 

who argue that hs-CRP is not useful in 

predicting histological changes in NAFLD or in 

clearly differentiating steatosis changes from 

steatohepatitis [42-44]. 

Although data on this biomarker is promising 

for steatohepatitis screening [41], it also has 

some drawbacks: a cut-off value for NAFLD has 

not been established and serum levels may be 

influenced by a number of factors such as age, 

sex, race, smoking and alcohol use [45,46]. 

Another biomarker that has been studied in 

an attempt to develop non-invasive diagnostic 

methods for NAFLD/NASH is serum ferritin. 

It was observed that in patients with NAFLD, 

serum ferritin had elevated values in 20-50% of 

patients and transferrin in 5-10% of the cases 

[14]. 

One study evaluated 628 patients with 

NAFLD confirmed by liver biopsy and 

determined that any increase in serum ferritin 

above 300ng/mL in women and over 450ng/mL 

in men was associated with more severe 

histological changes in NAFLD and may 

represent an independent predictor for advanced 

fibrosis [47]. 

The results of the study thus indicate that 

serum ferritin is useful in identifying patients 

with NAFLD who are at risk for disease 

progression [47]. 

In another study, elevated serum ferritin 

levels have been found in patients with NAFLD, 

considering it a predictor of fibrosis, but with 

moderate specificity and sensitivity of 60% and 

65%, respectively [48]. 

A study from Korea that included 25,597 

participants, based on fatty liver score (NLFD) 

and hepatic steatosis index (HSI), attempted to 

identify the usefulness of serum ferritin in 

identifying patients with NAFLD. [49]. 

One of the findings of the study is that any 

increase in serum ferritin by 10ng/mL may 

increase the risk of developing NAFLD by up to 

10% [49]. 

Data from the aforementioned studies is also 

supported by a recent meta-analysis that 

indicated that NAFLD is associated with 

increased levels of serum ferritin, which are 

higher in NASH as compared with simple 

steatosis [50]. 

A number of markers produced by adipose 

tissue have been studied for their potential 

correlation with NAFLD/NASH due to their role 

in inflammation and obesity. 

These include adipocytokines, adiponectin 

and leptin. 

Adipocytokines play a role in regulating 

inflammation, with some authors considering 

that they may influence the development of 

NAFLD [51], thus being considered as a 

potential index for advanced stages of NAFLD 

[52]. 

Adiponectin is a protein with anti-

inflammatory properties [53], whose high values 

are associated with hepatic steatosis, while lower 
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values have been identified in patients with 

steatohepatitis [54,55]. 

Leptin is another protein secreted by 

adipocytes that is thought to be associated with 

NAFLD. 

Several studies have shown that increased 

levels of leptin can be found in patients with 

steatosis and steatohepatitis but are not 

associated with advanced lesions like fibrosis 

[56], whereas the data were contrasting in other 

studies that found no association between the 

two. [30,57]. 

Structural markers 
In the pathogenesis of NAFLD, it is 

considered that hepatic cell apoptosis occurs in 

advanced stages, leading to the activation of 

some enzymes, including caspases, which in 

turn cleave different structures within the cell, 

cytokeratin-18 (CK18) being one of these [58]. 

CK18 and its fragments have been 

intensively studied and evaluated in recent years 

for the possible value they may have in 

screening patients with NAFLD and indirect 

prediction of NASH. 

A multicenter study, which included 

139 patients with biopsy-proven NAFLD, 

showed that cytokeratin-18 can be used in 

clinical practice as an indicator of NASH, with a 

specificity of over 90% or to exclude the 

presence NASH with a sensitivity of 

approximately 80% [59]. 

The data was supported by other studies that 

have shown an increased accuracy in 

differentiating patients with NASH from those 

with simple steatosis [60-62]. 

Although a biomarker validated in multiple 

studies, CK18 also has some limitations related 

to availability in clinical practice (it is not a 

routine laboratory test) and the cut-off values are 

not clearly established [63-65]. 

Another possible indicator of the histological 

lesions in patients with NAFLD is hyaluronic 

acid, a component of the extracellular matrix. 

Studies investigating its role and correlation 

with NAFLD have focused on the serum 

hyaluronic acid levels in patients with 

steatohepatitis and fibrosis. 

A recent study, which evaluated several 

potentially useful biomarkers in NASH 

prediction, identified hyaluronic acid as the most 

useful in predicting fibrosis, especially for 

advanced fibrosis (AUROC 0.77) [66]. 

The data was similar in other studies, 

hyaluronic acid being useful for estimating 

severe fibrosis with an AUROC of 0.90 [67] and 

0.885 [68], respectively. 

Ultrasound based imaging methods 
Conventional ultrasound is the most 

commonly used imaging method for screening 

and initial assessment of NAFLD because it is 

accessible, inexpensive and noninvasive [69]. 

For the vast majority of patients with 

persistently high levels of serum transaminases, 

ultrasonography has an increased sensitivity for 

the diagnosis of hepatic steatosis if it is found in 

>30% of hepatocytes (moderate to severe 

steatosis) [70,71]. 

Some authors consider that the presence of 

over 33% liver fat is the optimal level for the 

ultrasonographic diagnosis of steatosis [72]. 

According to a meta-analysis from 2011, the 

sensitivity and specificity of ultrasonography for 

NAFLD detection is between 73.3-90.5%and 

69.5-85.2%, respectively [73], having lower 

values in patients with morbid obesity, 49% and 

75% respectively [74]. 

Although sensitivity and specificity increase 

with the degree of steatosis, ultrasonography 

cannot differentiate steatosis from more 

advanced steatohepatitis lesions [75]. 

Although a normal image cannot rule out the 

diagnosis of hepatic steatosis, there are some 

suggestive ultrasonographic changes for the 

diagnosis of NAFLD: increased liver volume in 

varying degrees, diffuse hyperechoic ("bright 

liver") structure, echogenicity greater than that 

of the kidney, posterior attenuation [76,77] 

(Figures 2,3). 

A group of 235 patients with NAFLD have 

been evaluated showing that the sensitivity, 

specificity, positive predictive value and 

negative predictive value for the diffuse 

hyperechoic structure were 91%, 93%, 89% and 

94% respectively. 

Also, when the aspect of "bright liver" and 

posterior attenuation were associated, the 

sensitivity, the specificity, the positive predictive 

value and the negative predictive value were 

89.7%, 100%, 100% and 92.3% values 

respectively [71]. 

 



Current Health Sciences Journal Vol. 46, No. 3, 2020 July-September 

10.12865/CHSJ.46.03.07 259 

 

Figure 2. Posterior attenuation of the liver. 

 

Figure 3. Liver echogenicity greater than that of the kidney. 

 

However, ultrasonography has certain 

limitations that cannot be ignored: [1] it is an 

operator-dependent procedure with considerable 

intra-and interobserver variability; [2] it cannot 

diagnose mild and moderate hepatic steatosis; 

[3] it cannot differentiate simple steatosis from 

steatohepatitis; [4] it cannot quantify steatosis; 

[5] it may have low sensitivity in patients with 

morbid obesity [72,78,79]. 
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Quantitative and semiquantitative 
ultrasound assessment 

As ultrasonographic diagnosis of NAFLD 

associates significant intra-and interobserver 

variability, an objective tool to quantify hepatic 

steatosis has been developed, with the aim of 

being operator-independent-hepato-renal index 

(HRI) [80]. 

This was calculated based on the relationship 

between the hepatic and the renal cortex using 

ultrasound histograms. IHR has proven useful in 

diagnosing mild steatosis as well, which could 

be omitted by ultrasonography. Thus, for the 

prediction of steatosis of more than 5%, HRI 

presented a sensitivity of 100% and a specificity 

of 91% as for more than 25% steatosis had a 

sensitivity and specificity of over 90% [80]. 

The validity of this index was also studied by 

other authors who confirmed its usefulness for 

the detection of patients with steatosis in a 

precise and easy way, whilst HRI has the 

potential to save 34% of patients to perform a 

useless liver biopsy [81-83]. 

One of the most studied techniques for liver 

fat quantification is controlled attenuation 

parameter (CAP), available on a vibration-

controlled TE device (FibroScan, Echosens, 

Paris, France). CAP can estimate the attenuation 

of the ultrasound beam that crosses the liver 

tissues, reporting the results in units of decibel 

per meter (dB/m), values ranging from 100 to 

400dB/m [84]. 

Several studies have evaluated the accuracy 

of this method to diagnose and distinguish 

hepatic steatosis grades, the cut-off values 

having no significant differences between 

different populations [85-87]. 

A recent prospective study identified 

steatosis as the only histopathological factor to 

influence CAP, with higher accuracy (over 80%) 

for steatosis grade 2 and 3 [87]. 

Studies that used liver biopsy to validate 

CAP have shown quite good accuracy for 

detecting any of the 3 grades of steatosis  

(S1 mild, S2 moderate, S3 severe). 

One study included 261 patients with biopsy-

proven NAFLD and established that a cut-off 

value of 310dB/m had a relatively good 

sensibility and specificity for S2, 79% and 71% 

respectively [88]. 

Another multicenter study which included 

183 patients found similar accuracy in biopsy-

proven NAFLD patients, with cut-off values of 

247, 280 and 300dB/m for S1, S2 and S3 [85]. 

Regarding the probe used, studies found that 

there is similar accuracy for both XL and M 

probe, and thus, similar cut-off values can be 

used [89,90]. 

When compared to MRI imaging, CAP was 

inferior in detecting and grading steatosis, with 

higher AUROC values for MRI to identify 

S2 and S3 [91-93]. 

A recent meta-analysis which included 

1297 patients with biopsy-proven NAFLD 

patients investigated the role of CAP as a 

substitute for liver biopsy. 

The sensibility was over 80% for S1 and S2 

with a specificity of 91% and 75% respectively, 

while severe steatosis had lower values, of 76% 

and 58% respectively, in contrast with earlier 

studies. [94]. 

The method is, however, dependent on the 

underlying disease, diabetes and BMI that may 

influence the results, thus limiting its clinical 

utility [95]. 

Another approach for objective quantification 

of hepatic steatosis is the use of convolutional 

neural networks (CNNs) for conventional 

ultrasonography imaging. 

A recent study analyzing 550 images from 

55 obese patients who were to undergo bariatric 

surgery, allowed extraction of features 

compatible with steatosis and then classified the 

images using deep learning. 

All images were referenced by liver biopsy. 

The results of the study showed that the 

approach using CNN is efficient and operator-

independent, superior to other methods of 

ultrasound quantification (HRI, gray level  

co-occurrence matrix) [96]. 

Another study further evaluated the 

effectiveness of this method, validating its 

usefulness, thus obtaining a 90.6% accuracy for 

detecting liver steatosis [97]. 

Imaging elastography 
Several techniques have been developed 

currently for the assessment of tissue elasticity, 

leading to an estimate of the stiffness degree, 

qualitatively or quantitatively. 

Sonoelastographic techniques used for 

noninvasive evaluation of liver fibrosis have 

developed over the past 20 years, having a large 

spectrum of applications in numerous chronic 

liver diseases, including NAFLD. 

There are two types of sonelastographic 

techniques: techniques based on tissue 

compression and deformation by internal or 

external compression-strain elastography (SE) 

and techniques based on measuring the 

propagation of a shear wave emitted by the 

ultrasonography probe-transient elastography 

(TE (Fibroscan®)), point shear wave (pSWE) 
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elastography and 2D shear wave elastography 

(2D-SWE) [98]. 

Transient elastography (Fibroscan® 
Echosens, Paris, France) is the first and 

most widely used technique for the non-invasive 

liver fibrosis assessment in many chronic liver 

diseases but also in NAFLD [99]. 

The principle for quantifying liver fibrosis is 

as follows: the probe contains both an ultrasound 

transducer and a mechanical vibrating device. 

TE has been successfully used to identify 

fibrosis in patients with chronic hepatitis B and 

C [100-102], having a good sensitivity and 

specificity for the detection of advanced fibrosis, 

especially for cirrhosis [103]. 

Due to the possibility of differentiating early 

and advanced fibrosis, the method has been used 

for other chronic diseases as well, to evaluate the 

prognosis in autoimmune liver disease but also 

in NAFLD, to differentiate simple steatosis from 

steatohepatitis [104]. 

Several studies have also evaluated the 

accuracy of the method in NAFLD. In a study 

that included 67 patients with NAFLD, the  

cut-off value for F3 was 8kPa with a negative 

predictive value of 95.6%, whilst for F4 the 

negative predictive value increased to 100% for 

a cut-off value of 17 kPa [105]. 

In another study with 246 patients with 

NAFLD, the sensitivity and specificity for a cut-

off value of 7.9 kPa for F3 were 91%, and 75%, 

respectively, and the negative predictive value to 

exclude F3 was up to 97% [11]. 

Two meta-analyzes validated the value of TE 

for advanced fibrosis detection in NAFLD. First 

one included 1047 patients from 9 studies, 

obtaining a very good accuracy for grade 3 and 

4 fibrosis diagnosis, with sensitivity and 

specificity increasing with advanced fibrosis up 

to 92%, but with moderate accuracy for F2 with 

a sensitivity of 79% and a specificity of 75% 

[106]. 

Another recent meta-analysis that included 

2697 patients from 14 studies showed that the 

cut-off value for advanced fibrosis ranged from 

7.6 to 9kPa with a sensitivity of 83-89% and a 

specificity of 77-78% [107]. 

According to the results of these studies, the 

European Society of Ultrasonography in 

Medicine and Biology (EFSUMB), 

recommends, in the updated guideline on the 

clinical utility of liver elastography, that TE 

should be used in patients with NAFLD only to 

exclude cirrhosis [108]. 

Although it is an objective, easy and fast 

method, which can be performed at the bedside 

and in primary care, TE has some limitations, 

mainly related to obesity. An increased BMI and 

abdominal circumference could lead to 

impossibility of measurements or to results that 

cannot be interpreted. In this regard, standard M 

probes have been replaced with XL probes that 

offer lower cut-off values of 1.5-2kPa, with a 

sensitivity and specificity of over 70% [109]. 

Other limitations of the method include 

extrahepatic cholestasis, limited operator 

experience and presence of ascites [11,109]. 

Point shear wave elastography 
(pSWE), a newer method for the non-invasive 

evaluation of liver fibrosis, uses acoustic 

radiation force impulse imaging (ARFI) to 

induce tissue dislocation. 

Compared to strain elastography, pSWE does 

not measure tissue dislocation, but the velocity 

of shear waves perpendicular to the excitation 

plane that resulted from the conversion of 

longitudinal waves generated by ARFI [110]. 

Devices that incorporated pSWE include 

Virtual TouchTM Tissue Quantification (Siemens 

Healthcare, Erlangen, Germany) or ElastPQTM 

(EPIQ7 ultrasound system, Philips Healthcare, 

Bothell, WA, USA). 

Several studies have evaluated the utility of 

pSWE in the estimation of fibrosis in patients 

with NAFLD/NASH, the results being 

promising, with an accuracy comparable to that 

of Fibroscan [111] (Figure 4). 

An initial study tested the accuracy of pSWE 

in 54 patients with NAFLD, the sensitivity and 

specificity being 100% and 91% respectively for 

a cut-off of 1.77m/s for stage 3 fibrosis [112]. 

Similarly, other authors demonstrated in a 

group of 135 patients with NAFLD that pSWE 

was able to distinguish high-grade and  

low-grade fibrosis with a sensitivity of 90% and 

specificity of 90% [113]. 

However, a systematic review indicated a 

moderate accuracy of pSWE in detecting 

advanced fibrosis in patients with NAFLD, with 

80% sensitivity [114], while a recent meta-

analysis demonstrated similar accuracy between 

pSWE and Fibroscan for advanced fibrosis and 

cirrhosis [115]. 

Due to the low accuracy to identify lower 

levels of fibrosis, this method is not useful for 

the follow-up of patients with NAFLD [116], the 

World Society of Ultrasonography in Medicine 

and Biology (WFUMB) recommending the use 

of pSWE only to exclude advanced fibrosis in 

patients with NAFLD and for the selection of 

patients requiring further evaluation [117]. 
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In accordance with these recommendations 

we assessed 40 patients with NAFLD using 

elastrography on a Siemens Acuson S3000 

machine. 
 

 

Figure 4. pSWE elastography. The pSWE value is 1.13m/s, suggesting no significant fibrosis. 

 

The values obtained were consistent with 

steatosis, excluding advanced fibrosis, ranging 

from 1.8 to 3.7kPa. 

The patients were prior diagnosed with 

NAFLD using B-mode ultrasound combined 

with serum markers. 

All patients signed a consent to participate, 

and the study was approved by the Ethical 

Comitee of U.M.F. of Craiova. 

The advantage of this method over Fibroscan 

is that a conventional ultrasonography probe can 

be used and the operator can select the area to be 

examined and is less influenced by obesity or 

ascites as it is using shear waves located inside 

the liver [118,119]. 

2D shear wave elastography (2D-SWE) is 

the newest sonelastographic method that uses 

shear waves, but with the advantage over pSWE 

that it quickly interrogates multiple focal areas 

with the possibility of real-time viewing of 

2D shear waves with a color elastogram 

[108,119]. 

The technology was first developed by 

Supersonic Imagine (France) and included in the 

Aixplorer system, and subsequently other 

companies have adopted similar techniques 

(Shear Wave Elastography, LOGIQ E9, GE 

Healthcare, WI, USA; ElastQ, Phillips 

Healthcare, Netherlands; Aplio 500 i-series, 

Canon Medical Systems, Japan). 

To date, data from the literature has 

confirmed the value of this method for 

evaluating the degree of fibrosis in patients with 

viral chronic liver disease [120,121]. 

Regarding NAFLD, there are no guideline 

recommendations to use this method, as studies 

were limited, but interest has increased over the 

last 3 years. 

A recent comparative study including 

291 patients with liver biopsy-proven NAFLD, 

compared TE and 2D-SWE, demonstrating that 

cut-off values for fibrosis prediction did not vary 

significantly, with sensitivity exceeding 90% for 

F2-F4 stages [122]. 

A more recent study comparing the efficacy 

of TE, 2D-SWE and elasto-RM found similar 

efficacy for all 3 techniques in diagnosing 

advanced fibrosis and slightly lower for 

significant fibrosis (F2) [123]. 

A 2018 meta-analysis evaluated the accuracy 

of the method for staging liver fibrosis, 

demonstrating a good accuracy for the 

prediction of cirrhosis and advanced fibrosis 

(F3-F4). 

Thus, the cutoff values for F2-F4 fibrosis in 

the literature ranged from 6 to 18.1kPa, with a 
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probability of diagnosing F2, F3 and F4 of 

80.1%, 85.7% and 91.8%, respectively [124]. 

The results are similar to another meta-

analysis that proposed a cutoff value of>7.1kPa 

for significant fibrosis (F≥2) [121]. 

Contrast enhanced ultrasound (CEUS) 

CEUS use for patients with NAFLD is 

limited, with just a few studies investigating its 

role, mostly evaluating fibrosis by taking into 

consideration the changes in the intrahepatic 

blood flow. 

A study proposed that CEUS can be used to 

differentiate none or mild from severe fibrosis in 

patients with biopsy proven NAFLD. 

The parameters taken into consideration to 

indicate fibrosis were hepatic vein arrival time 

(HV), difference between the hepatic and portal 

vein(ΔHV-PV) which were shorter for severe 

fibrosis and the difference in arrival time 

between the portal vein and hepatic artery 

(ΔPV-HA) which was longer in more advanced 

fibrosis [125]. 

Another study combined transient 

elastography and CEUS in order to stage 

NAFLD, evaluating the percentage of maximal 

contrast activity, time to peak, regional blood 

volume, regional blood flow and mean transit 

time while Fibroscan was performed 

24-48 hours after CEUS [126]. 

The data from the study was similar with 

other studies that analyzed liver blood flow with 

CEUS in patients with cirrhosis, with a reduced 

vascular compliance in the liver which appears 

before the onset of fibrosis [127,128]. 

The increased intrahepatic resistance (hepatic 

vascular resistance to portal blood flow) before 

the onset of inflammation and fibrosis was 

demonstrated in previous studies as well 

[129,130]. 

The study concluded that CEUS could be a 

useful instrument to quantify the functional 

vascular liver changes before the fibrotic stage 

[126]. 

However, the studies included a small 

number of patients, further studies are needed to 

confirm the value of CEUS for the evaluation 

and staging of NAFLD. 

In our experience, the only clinical 

application seems to be the clear 

diagnosis/differentiation of focal sparing in a 

fatty liver or a fatty focal change in a normal 

liver, as in both situations the uptake of contrast 

is similar between the “focal lesion” and the 

surrounding parenchyma (Figures 5, 6). 

CEUS is as sensitive as contrast enhanced 

computed tomography, with over 90% in one 

study, providing even more information on the 

vasculature and enhancement pattern [131]. 

 

 

Figure 5. In the arterial phase, the CEUS appearance  
of focal fatty sparing shows iso-enhancement with the surrounding liver. 
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Figure 6. The CEUS appearance of the focal fatty sparing  
is iso-enhancement as well in the portal venous phase. 

 

Conclusion 

NAFLD is a major health issue, with an 

increasing prevalence worldwide. 

Consequently, the non-invasive assessment 

of hepatic steatosis and especially fibrosis has 

encountered a significant growth during the past 

decade. 

Quantitative ultrasound-based methods, 

especially shear wave elastography (SWE), are 

indeed promising for a correct diagnosis and 

precise evaluation of severity of NAFLD and 

accompanying fibrosis. 
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