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Introduction

Chronic liver diseases with different etiologies [viral 
chronic hepatitis (B or C), excessive alcohol consump-
tion (alcoholic steatohepatitis), non alcoholic steatohepa-
titis (NASH), autoimmune and cholestatic liver disease] 
are quite frequent in daily medical activity. The propor-
tion of patients affected by chronic liver diseases in dif-
ferent geographical areas can differ, in connection with 
the incidence of B and C hepatitis virus infections, with 
alcohol consumption, with the prevalence of obesity or 

metabolic syndrome. Considering all these etiologic fac-
tors, 10% or more of the population is affected by chronic 
liver diseases [1]; therefore, how can we evaluate and 
follow-up these subjects? Liver biopsy is an option for 
the first evaluation, but further biopsies are very rarely 
performed (patients usually refusing a second biopsy), so 
what other modalities for liver assessment and prognosis 
can be used?

Non-invasive methods to assess the severity of chron-
ic liver diseases have been available for more than 10 
years in clinical practice and have become more and more 
popular, especially in Europe. Biological tests (easy to 
perform and not very expensive) and elastographic meth-
ods are used in daily practice.

Elastographic methods for liver fibrosis assessment 
can be divided into ultrasound based elastography and 
magnetic resonance elastography (MRE) [2]. MRE is 
more developed in USA and US based elastography in 
Europe and Asia.
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In the last few years, several ultrasound based elas-
tographic methods (both strain and shear waves elastog-
raphy – SWE – techniques) have become available in 
clinical use [3-6]. While contradictory results were ob-
tained when strain elastography was used for liver fibro-
sis assessment [7-9], published papers and meta-analysis 
demonstrated that SWE techniques can be useful in clini-
cal practice for fibrosis evaluation [10-12]. Currently, 
the number of non-invasive elastographic techniques 
have increased, each method having some limitations. 
The first elastographic technique used for liver fibrosis 
assessment was Transient Elastography (TE), followed 
by point SWE and, more recently, real time SWE (2D 
SWE). Even if all techniques are ultrasound based they 
are different and the interpretation of the results can be 
difficult in clinical practice.

The aim of our study was to evaluate the correla-
tion of four shear waves elastographic methods in a 
cohort of patients with chronic liver diseases of mixed 
etiologies, and secondly, to compare the performances 
of three elastographic techniques used for liver fibrosis 
evaluation: point SWE – VTQ and ElastPQ, respec-
tively and 2D SWE- SuperSonic Shear Imaging (SSI), 
considering Transient Elastography (TE) as the refer-
ence method.

Material and methods

Patients
A prospective study was conducted on 127 consecu-

tive patients with chronic liver diseases of mixed eti-
ologies. All subjects included agreed to undergo elasto-
graphic measurements and the study was approved by the 
Ethics Committee and was performed in accordance with 
the last revised version of the Helsinki Declaration.

All patients included were previously diagnosed with 
HBV, HCV, NASH or other non-viral hepatopathies. 
None of the included patients were currently under an-
tiviral treatment. We excluded patients with ascites (be-
cause TE is not feasible in these patients), those with ul-
trasound signs of biliary obstruction and liver congestion 
secondary to heart failure, patients with elevated lever 
enzymes more than 3 times normal value and patients in 
whom focal liver lesions were found during abdominal 
ultrasound examination. We also excluded those patients 
in whom TE was not feasible with the M probe.

Liver stiffness (LS) measurements were performed in 
all subjects, after informed consent, in one session, dur-
ing the same day, by means of 4 elastographic methods: 
Transient Elastography (TE) (FibroScan, EchoSens), 
Virtual Touch Quantification (VTQ) (Siemens Acuson 
S2000TM), ElastPQ (Philips, Affinity), and 2D-SWE.SSI 

(Aixplorer, SuperSonic Imagine S.A). The enrolment pe-
riod was of 4 months. 

Elastographic measurements 
All the examinations were performed in fasting 

conditions, with the patient in supine position, elasto-
graphic measurements being performed in the right liver 
lobe, through an intercostal space. For the elastographic 
methods with visual real time evaluation of the liver, 
the examination box was placed more than 1 cm below 
the capsule of the liver, to avoid falsely elevated stiff-
ness measurements due to the closeness to the capsule. 
Minimal scanning pressure was applied by the operator 
while the patient was asked to stop breathing for a mo-
ment in order to minimize breathing motion. All elasto-
graphic measurements were performed by different ex-
perienced operators, with at least 6 months experience 
with the ultrasound system, who performed elastographic 
measurements blinded to all clinical and elastographic 
data obtained from the other elastographic techniques. 
All elastographic measurements were performed in the 
intercostal spaces choose by each operator as the best 
place for assessment, with the best acoustic window for 
the liver.

In all the patients the following parameters were doc-
umented: age, gender, body mass index (BMI), presence 
of chronic hepatopathies, presence of liver cirrhosis. 

LS was measured by means of TE using a Fibro-
Scan® device (EchoSens, Paris, France), which in-
corporates an ultrasound transducer probe mounted 
on the axis of a vibrator. In each patient 10 valid TE 
measurements were performed and the median value 
was calculated. Reliable measurements were defined as: 
median value of 10 valid LS measurements with a suc-
cess rate (SR=ratio of the number of successful acquisi-
tions over the total number of acquisitions) ≥60% and 
an interquartile range (IQR=the difference between the 
75th and 25th percentile, actually the range of the mid-
dle 50% of the data) <30%.The results were expressed 
in kPa. Failure of TE measurements was defined as no 
valid measurement obtained after at least 10 shots, and 
a measurement was considered as unreliable in the fol-
lowing situations: fewer than 10 valid shots; SR <60% 
and/or IQR ≥30% [13]. 

TE measurements were performed using the M probe, 
by an experienced operator (more than 500 examina-
tions), who was blinded to all clinical and elastographic 
data.

Since TE is a validated method for liver fibrosis 
evaluation, it was considered as the reference method, 
to which the performances of VTQ, ElastPQ, and 2D-
SWE.SSI elastography were compared. To discriminate 
between various stages of fibrosis we used the published 
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LS cut-offs by TE proposed in the Tsochatzis et al (2011) 
meta-analysis [10] (Table I).

VTQ was performed with a Siemens Acuson S2000 
Virtual TouchTM ultrasound system (Siemens AG, Er-
langen, Germany) with a 4CI transducer. Ten valid VTQ 
measurements were performed in each patient, and the 
median value was calculated and expressed in meters/
seconds (m/s). One of the main advantages of this pro-
cedure is that the operator can select the region of inter-
est in which liver stiffness is measured while performing 
real-time ultrasound, by placing the “measuring box” 
(10x5 mm) in the desired place. 

VTQ measurements was performed by an operator 
with 2 years experience in conventional ultrasound exami-
nation and more than 200 VTQ measurements performed, 
who was blinded to all clinical and elastographic data.

Initially, the VTQ technique manufacturer did not 
recommend the use of quality parameters IQR and SR, 
but a study published by our group [14] showed that the 
correlation of LS assessed by VTQ with fibrosis was sig-
nificantly better in patients in whom VTQ measurements 
had quality technique parameters as compared with those 
with high IQR and/or low SR. Considering this obser-
vation, we used for VTQ the same criteria for defining 
failure, unreliable and valid measurements as for TE: re-
liable measurement – the median value of 10 valid LS 
measurements with a success rate (SR=ratio of the num-
ber of successful acquisitions over the total number of 
acquisitions) ≥60% and an interquartile range (IQR=the 
difference between the 75th and 25th percentile, actually 
the range of the middle 50% of the data) <30%; unreli-
able measurement – fewer than 10 valid shots; SR <60% 
and/or IQR ≥30%.

To discriminate between various stages of fibrosis 
by VTQ we used LS cut-offs proposed by the Nierhoff 
meta-analysis [11] (Table I).

2D-SWE was performed with an AixplorerTM ul-
trasound system (SuperSonic Imagine S.A., Aix-en-
Provence, France) (2D-SWE.SSI), using a SC6-1 convex 
probe. 

In each patient 3 valid 2D-SWE.SSI measurements 
were performed, at least 2 cm under the liver capsule, in 
an area of parenchyma free of large vessels, in a homog-
enous region of the color coded map and using a 1 cm 
diameter circular region of interest. A median value of 
3 valid 2D-SWE.SSI measurements was calculated, ex-
pressed in kPa [15]. No measurement quality criteria are 
recommended by the producer so none were used. 

The 2D-SWE.SSI measurements were performed by 
an operator with more than 100 measurements performed 
with this machine, who was blinded to all clinical and 
elastographic data.

For fibrosis estimation by means of 2D-SWE.SSI, we 
used the cut-offs proposed in the largest published study 
by Herrmann et al. (2015) which compared 2D-SWE.SSI 
measurements with liver biopsy (LB) [16] (Table I).

ElastPQ was performed with an Affiniti 70 ultrasound 
system (Philips, the Netherlands), using C5-1 PureWave 
Convex probe. The measurements were performed in a 
homogenous area, free of large vessels, at least 1 cm, 
below the liver capsule. Ten valid measurements were 
performed and the median value was calculated and ex-
pressed in kPa. Reliable measurements were considered 
the median value of 10 valid LS measurements with an 
interquartile range/median <30% (IQR/Median <30%) 
recommended by The Society of Radiologists in Ultra-
sound [17] and proven by the Ferraioli at al study [18]. 
For fibrosis estimation we used the cutoffs proposed by 
Mare et al [19] (Table I). 

Statistical analysis
The statistical analysis was performed using SPSS 

software, Version 20.0 (IBM SPSS Statistics), MedCalc 
Version 17.7.2 and Microsoft Office Excel 2007 (Micro-
soft for Windows).

Descriptive statistics was used for clinical, athropo-
metric and demographic data of the patients. Numerical 
variables with normal distribution are presented as means 
± standard deviation, while variables with non-normal 
distribution are presented as median values and range. 
The Kolmogrov-Smirnov test was used for testing the 
distribution of numerical variables. Qualitative variables 
were presented as numbers and percentages. Parametric 
tests (t-test) were used for the assessment of differences 
between numerical variables with normal distribution; 
and nonparametric tests (Mann–Whitney or Kruskal–
Wallis tests) for variables with non-normal distribution. 
Chi-square (X2) test (with Yates’ correction for continu-
ity) was used for comparing proportions expressed as 
percentages (“n” designates the total number of patients 
included in a particular subgroup). 95% confidence inter-
vals were calculated for each predictive test and a p-value 
< 0.05 was considered as significant for each statistical 
test. The Spearman Test was used for correlations. For 
comparing the other techniques with TE we used the 
Pearson coefficient of precision and accuracy included in 

Table I. Cut-off values used for all four elastographic methods 
(TE, VTQ, ElastPQ and 2D-SWE.SSI)

F≥2 F=4
TE [10] 7 kPa 12 kPa
VTQ [11] 1.35 m/s 1.87 m/s
2D-SWE.SSI [16] 7.1 kPa 13 kPa
ElastPQ [19] 7.2 kPa  8.9 kPa

F – fibrosis stage
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Lin’s Concordance Correlation Coefficient (CCC). Lin’s 
concordance correlation coefficient is a measure of how 
well a set of bivariate data compares to a “gold standard” 
measurement or test [20]. 

Results

Patient’s characteristics are presented in Table II.
Valid LS measurements by all four shear waves ultra-

sound elastographic methods were obtained in 116/127 
(92.1%) subjects with VTQ, in 108/127 (95%) subjects 
with 2D-SWE.SSI, in 111/127 (87.4%) with TE and in 
109/127 (85.8%) with ElastPQ, so the final analysis in-
cluded 82/127 subjects (64.5%). The patient’s character-
istics of this subgroup are presented in Table III. 

Higher BMI and older age were significantly associ-
ated with the impossibility of obtaining reliable LS meas-
urements by TE. In 2D-SWE.SSI and VTQ elastography 
measurements, the presence of chronic hepatopathies, 
cirrhosis, older age, higher BMI were also associated with 
failed and unreliable measurements. The comparison be-
tween various elastography methods and TE showed dif-
ferent correlation in terms of both precision and accuracy 
(Table IV). A good and significant correlation was found 
between all 4 elastographic methods (fig 1). 

The performance of VTQ, ElastPQ, and 2D-SWE.SSI 
for diagnosing significant fibrosis (F2/F3) and cirrhosis 
(F4) was evaluated using TE as a reference method in the 
subgroup of 82 subjects (a group formed by patients with 
valid liver stiffness measurements by all 4 shear waves 

Table II. Baseline characteristics of patients (n=127)

Parameter
Age (years) 51.3±14.1
Gender: 

– male
– female

n=66 (51.9%)
n= 61 (48.1%)

Mean BMI (kg/m2) 26.6±4.9
Diagnosis:

– chronic hepatitis B
– chronic hepatitis C
– chronic non-viral hepatitis
– NASH/ASH

n=44 (34.6%)
n=49 (38.5%)
n=23 (18.1%)
n=11 (8.8%)

Fibrosis stage (Fibroscan) 
F<2
F2/F3
F=4

n=52 (40.9%)
n=33 (25.9%)
n=42 (33.2%)

n – number of patients; BMI – body mass index; NASH-nonalco-
holic steatohepatitis; ASH alcoholic steatohepatitis

Table III. Baseline characteristics of patients with valid liver 
stiffness measurements by all 4 shear waves ultrasound elasto-
graphic methods (n=82).

Parameter
Age (years)* 49.5±15.2
Gender: 

– male
– female

n= 38 (46.3%)
n=44 (53.65%)

BMI (kg/m2)* 24.8±3.5
Diagnosis:

– chronic hepatitis B
– chronic hepatitis C
– chronic non-viral hepatitis
– NASH/ASH

n=38 (46.3%)
n=28 (34.1%)
n=9 (10.9%)
n=7 (8.7%)

Fibrosis stage (Fibroscan) 
F<2
F2/F3
F=4

n=46 (56%)
n=17 (20.7%)
n=19 (23.3%)

*Mean ± Standard deviation; n – number of patients; BMI – body 
mass index; NASH – non alcoholic steatohepatitis; ASH – alco-
holic steatohepatitis

Table IV. Concordance analysis between other elastographic 
techniques and Transient Elastography 

Elastographic 
method

Precision 
coefficient

Accuracy 
coefficient

CCC

ElastPQ 0.74 0.86 0.64
VTQ 0.80 0.89 0.72
2D-SWE.SSI 0.86 0.95 0.82

CCC – Concordance correlation coefficient; VTQ – Virtual Touch 
Quantification; 2D-SWE – real time Shear Wave Elastography; 2D-
SWE.SSI – 2D-SWE from Aixplorer, SuperSonic Imagine S.A 

Fig 1. a) Comparison of TE versus VTQ; b) versus 2D-SWE.
SSI; and c) versus ElastPQ; d)  Comparison of VTQ versus 2D-
SWE.SSI; and e) versus ElastPQ; f) Comparison of 2D-SWE.SSI 
versus ElastPQ.  Reports of the regression equation (y=a+bx), 
sample size (n), Pearson’s coefficient (r) and p value (p). 
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ultrasound elastographic methods). Based on TE cut-off 
values, we divided our cohort into 3 groups: F<2: 46/82 
(56%); F2/F3: 17/82 (20.7%); F=4: 19/82 (23.3%).

The diagnostic accuracy of VTQ, 2D-SWE.SSI, and 
ElastPQ for the diagnosis of absence or mild fibrosis 
(F<2) (TE<7 kPa), significant and severe fibrosis (F2/
F3), (7-12 kPa), and cirrhosis (TE>12kPa) was similar 
for all elastographic techniques (table V). 

Discussions

Currently, many ultrasound systems able to perform 
liver elastography are available on the market. It can 
be difficult for practitioners to decide which is the best 
system with regard to the feasibility and accuracy of the 
method in evaluating the liver fibrosis. Feasibility is the 
first factor to consider when evaluating a method. The 
factors that usually impair the feasibility of elastographic 
techniques are obesity and advanced disease [21].

In our study we used TE as a reference method, since 
multiple studies had demonstrated its value for liver fi-
brosis assessment. TE is the only elastographic technique 
included in international guidelines for diagnosis and 
treatment of chronic hepatitis [22,23].

Previous studies evaluating the feasibility of TE in 
large cohorts of patients [13,24] showed that TE has a 
high failure rate (especially when using only the M 
probe), but using both M and XL probes, the feasibility 
can be improved to more than 90% [25,26]. For VTQ 
and ElastPQ, previous studies showed good feasibility 
[14,27,28], while for 2D-SWE.SSI the results are con-
tradictory [29,30]. In our comparative study, higher BMI 
and older age were significantly associated with the im-
possibility of obtaining reliable LS measurements by all 
four SWE methods. But when interpreting these results 
we must consider the fact that no techniqual quality cri-
teria were used for 2D-SWE.SSI, since none were rec-
ommended by the producers. The consensus conference 

of the Society of Radiologists in Ultrasound (2015) [17] 
recommended the use of qualitative criteria for every 
elastographic technique.

Only a few papers evaluated the performance of sev-
eral elastographic methods for staging fibrosis using liver 
biopsy as a reference method. Maybe the most important 
is the study published by Cassinotto et al [31]. In this 
study a cohort of 349 consecutive patients with chronic 
liver diseases were evaluated by liver biopsy, TE (M and 
XL probes), VTQ, and 2D-SWE.SSI. The correlation be-
tween the results of these elastographic techniques and 
LB were r=0.70, p<00001 for TE; r=0.64, p<00001 for 
VTQ; and r=0.79, p<00001 for SSI respectively. The 
AUROCs for TE, VTQ and 2D-SWE.SSI for the diagno-
sis of significant fibrosis (≥F2) were 0.84, 0.81 and 0.88, 
respectively, while for diagnosing cirrhosis they were 
0.90, 0.90 and 0.93, respectively.

The same group compared TE, VTQ, and 2D-SWE.
SSI in a group of 291 patients with NAFLD (non-alco-
holic fatty liver disease) [32], also considering LB as the 
gold standard. AUROCs for TE, VTQ and 2D-SWE.SSI 
were 0.82, 0.77 and 0.86 for ≥ F2 and 0.87, 0.84 and 
0.88 respectively for liver cirrhosis. Both Cassinotto’s et 
al studies showed good results in predicting the severity 
of fibrosis for all three methods, with slight differences 
regarding accuracy, which improved with the severity of 
fibrosis.

A recent study compared three elastographic meth-
ods: TE, 2D-SWE, and ARFI-VTQ in patients with 
chronic hepatopathies. The reference methods were liver 
biopsy for the assessment of liver fibrosis and magnetic 
resonance imaging/computed tomography for the di-
agnosis of liver cirrhosis. No significant differences in 
diagnostic accuracy were found between the three elas-
tographic techniques for the diagnosis of significant fi-
brosis, advanced fibrosis and also for liver cirrhosis [33]. 

In our cohort of subjects, the accuracy of VTQ, Elast-
PQ, and 2D-SWE.SSI (using TE as reference) showed 

Table V. The performance of VTQ, 2D-SWE.SSI and ElastPQ for diagnosing liver fibrosis, using TE as „gold-standard” for liver 
fibrosis assessment.

Fibrosis Method Sensibility (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

F<2
VTQ 79.5 90.9 92.8 70 82
2D-SWE.SSI 97.5 70.7 76.9 96.6 80
ElastPQ 84.5 87.1 89.2 80.7 86

F2/F3
VTQ 69.4 95.6 92.5 95.6 84.1
2D-SWE.SSI 96.8 78 73.8 97.5 85.3
ElastPQ 77 90.1 87 82 84

F4
VTQ 80.1 98.3 98.3 93.8 93.9
2D-SWE.SSI 78.9 97.7 88.2 95.5 94
ElastPQ 79 96 92.1 94 94

F – fibrosis stage; VTQ – Virtual Touch Quantification; 2D-SWE – real time Shear Wave Elastography; 2D-SWE.SSI – 2D-SWE from 
Aixplorer, SuperSonic Imagine S.A
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comparable results, with an accuracy around 83% for sig-
nificant fibrosis (≥F2) and around 93% for liver cirrhosis. 
For daily practice, these results are quite good; all these 
three methods (ElastPQ, VTQ and 2D-SWE.SSI) were 
able to assess the severity of liver disease. The accuracy 
increased with the severity of fibrosis, as demonstrated in 
many previous studies on all elastographic methods. For 
the assessment of significant fibrosis, the specificity and 
the negative predictive values are high, which are useful 
in daily practice. For liver cirrhosis, these discriminators 
are very high (more than 95%) making the diagnosis very 
precise.

On the other hand, we found a good correlation be-
tween all 4 elastographic methods, quite similar with the 
results presented by other authors [34], that showed mod-
erate to good correlation between different share wave 
elastographic methods and TE. 

Limitations of our study are the facts that we could 
not use the Bland-Altman plot analysis, because our sam-
ple size was less than 100. Another limitation is that liver 
biopsy was not the reference method, and also that the 
evaluation was made only in patients without ascites since 
TE cannot be performed in this category of subjects. As a 
result, these limitations could introduce a bias, improving 
the performance of TE compared to the other methods. 
Another limitation is the fact that quality techniqual pa-
rameters were used only for TE, VTQ, ElastPQ and not 
for 2D-SWE.SSI, that could lead to a better feasibility for 
the latter. But no quality parameters were recommended 
by the producers. On the other hand the assessment meth-
odology of this study did not specify that all measure-
ments should be performed in the same intercostal space, 
but the study followed more the clinical practice where 
there is no recommendation regarding this issue. Our pur-
pose was to compare the results of three ultrasound based 
elastographic methods (all integrated into ultrasound ma-
chines) with a validated elastographic method, used for 
a long time in many centers and to show the similarity 
of liver stiffness measurements performed with these de-
vices. The decrease in the number of LBs performed as a 
result of the development of non-invasive techniques will 
lead to many future studies using other reference methods 
for fibrosis evaluation, rather than liver biopsy.

Considering the results of our study one question 
arises: should we use only TE in daily practice (since it 
was the first validated method), or could we use any of 
the other elastographic techniques for liver fibrosis eval-
uation? Probably the answer is that any of these SWE 
methods can be used in daily practice [35], with good 
accuracy. As opposed to TE, SWE methods can be per-
formed in patients with ascites and are integrated into 
ultrasound machines which can perform a standard ul-

trasound examination, Doppler examination, or Contrast 
Enhanced Ultrasound examinations, besides elastograph-
ic measurements.

In conclusion considering TE as the reference meth-
od for liver fibrosis evaluation, VTQ, ElastPQ and 2D-
SWE.SSI obtained similar accuracies for diagnosing at 
least significant fibrosis (F≥2) and liver cirrhosis.
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