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Abstract

 To date, there are still no clear data on the validity of Shear Waves Elastography (SWE) techniques in assessing liver 
fibrosis. Our study aimed to compare the stiffness liver values obtained with SWE techniques with Transient Elastography 
(TE) and to identify the threshold values for the different degrees of fibrosis.
  
 We enrolled 11 healthy subjects and 48 patients with chronic liver disease. They all performed TE, 33 patients and 
healthy subjects were evaluated withPoint SWE and 15 patients with 2D-SWE. The differences between techniques and TE, 
evaluated with student’s t-test, were not statistically significant (p>0,05). The cut-offs of SWE technique were for F≥2 6,2 kPa; 
F≥3 7,65 kPa; F=4 13 kPa.
  
 SWE techniques have good potential in assessing liver fibrosis; moreover, being elastosonography quick and easy 
to perform, it could be integrated into the clinical practice of the ultrasound examination.
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Introduction

 Chronic liver diseases are an important public health 
problem, with an incidence in Europe of 5,82% [1]. They have 
multiple causes, many of which are increasing in prevalence. 
The final common pathway of chronic liver disease is tissue de-
struction and attempted regeneration, a pathway that triggers 
fibrosis and eventual cirrhosis. Assessment of fibrosis is im-
portant not only for diagnosis but also for management, prog-
nostic evaluation, and follow-up of patients with chronic liver 
disease. 

 For years, liver biopsy has been considered the stan-
dard reference in the staging of hepatic fibrosis. However, ap-
proximately 25% of patients experience pain during the inva-
sive procedure, and 0.3%–0.6% of patients experience severe 
complications, such as bleeding and even death [2].

 To replace liver biopsy, non-invasive approaches based 
on serologic methods, which however can be influenced by fac-
tors not related to hepatic function, and on imaging techniques 
were developed for liver fibrosis estimation. 

 To date, Fibroscan, introduced in 2003 as the first im-
aging technique that uses transient elastography (TE) able to 
measure the degree of hepatic fibrosis in a non-invasive way, 
is a reference point for hepatologists to classify patients with 
chronic liver disease [3].
 
 Because hepatic fibrosis increases the stiffness of the 
hepatic parenchyma due to an increase in the extracellular 
matrix, elastosonography can be used to assess fibrosis degree. 
This method allows analyzing tissue behavior when it is sub-
jected to mechanical stress using ultrasound.

 There are two basic methods of elastosonography: 
the strain method (SE) and the shear-waves method (SWE).
StrainElastographyevaluates the strain of a tissue induced by 
an external stimulus [4]. Shear-Wave based techniques, in-
stead, measure the speed of Shear-waves in tissues. The main 
difference between these techniques is that the speed of the 
shear-waves, being linked to the stiffness, can be measured and 
converted into KPa, while the strain elastography provides only 
a relative estimate [5]. Shear-Wave based techniques include 
TE, point SWE, and 2D-, 3D- SWE.TE evaluates the speed of a 
Shear Wave generated by an automated movement of a piston. 
Point SWE measures the average speed of Shear Wave propaga-
tion, generated using acoustic radiation force, from one lateral 

boundary of a measurable ROI to the opposite lateral boundary 
of the ROI; in 2D-, 3D- SWE the method described for point 
SWE is used to create even a quantitative image. The arrival time 
of the shear waves is evaluated in several lateral positions, this 
allows to create a large 2D-SWE ROI image, which is displayed 
in color or grayscale. In both techniques, ultrasound imaging is 
used to guide the placement of the ROI [6].

 Nowadays almost all the manufacturers of ultrasounds 
have activated SWE techniques on their most recent machines, 
but the lack of sufficient data for these last machines, due to their 
recent introduction, as well as the considerable decrease in the 
number of liver biopsies in clinical practice, has raised some per-
tinent issues, in particular the possibility of using the stiffness 
values adopted for the staging of chronic hepatic diseases with 
TE also with other SWE techniques. The first studies have docu-
mented a good potential of the SWE techniques in the evaluation 
of liver fibrosis, but they warn about using the same thresholds of 
TE for different degrees of fibrosis because they found modestly 
lower values with SWE techniques compared to TE for the same 
degree of fibrosis.

 Our study aimed to compare the stiffness values of the 
liver obtained with two different shear wave techniques with the 
corresponding values obtained by TE in the same patients and to 
identify the threshold values for the different degrees of fibrosis.

Materials and Methods

Patients

 This is a prospective study. We enrolled 11 volunteer 
healthy subjects and 48 patients with chronic liver disease (pa-
tients and healthy subjects characteristics are shown in table 1) 
followed at the Hepatology Department. Patients were selected 
after evaluation of the histological data, to have homogeneity of 
the different degrees of fibrosis. Healthy subjects were medical 
staff members (nurses, residents and medical doctors), who are 
regularly tested and screened for HCV/HBV. They didn't have a 
history of liver disease and presented a normal aspect of the liver 
on ultrasound examination. The study protocol was approved by 
the Ethics Committee of our Institute and all the patients gave 
their written informed consent to the study. The exclusion cri-
teria were hepatic transplantation, biliary obstruction, compro-
mised clinical conditions, pregnancy. Thirty-nine (81,25%) pa-
tients received a diagnosis of chronic hepatitis caused by
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PATIENTS HEALTHY PARTECIPANTS

Median (IQR) or Abso-
lute Count

Range
Median (IQR) or 
Absolute Count

Range

MALE 36 5
FEMALE 12 6
AGE (YEARS) 61 (18) 39 - 83 50 (15) 35 - 62
BMI (KG/M2) 24,2 (5) 18 - 36 22,9 (5,2) 20,3 – 27,8
ALT (U/L) 32 (18,8) 11,1 - 282 19 (9,6) 12 – 27,5
AST (U/L) 35,5 (32,9) 16 - 190 17 (6,7) 10,3 - 21
GGT(U/L) 45 (50,6) 12 - 221 16 (5) 10 -25

ALKALINE PHOSPHATASE  (U/L) 95 (37,2) 64 - 138 73 (31,3) 45 - 89

PLATELETS COUNT (103/L) 211 (88) 108 - 328 268 (42) 230-335

Table 1:Patients and Healthy Partecipants  characteristics.Data are reported as medians and ranges or as absolute count. BMI: 
body mass index. ALT: alanine transaminase. AST: aspartate transaminase. GGT: gamma gluthamyl synthetase.

 hepatitis C virus(HCV), 4 (8,33%) patients had chronic liver 
disease related to hepatitis B virus (HBV), 1 (2,08%) patient 
presented alcoholic liver disease and 4 (8,33%) patients had 
autoimmune hepatitis.

 Everyone performed TE (Fibroscan FS502, Echos-
ens, Paris France) and a general abdomen US examination, 
33patients (68,75%) and all healthy subjects were evaluated, 
using a convex probe C1-8, with Point Shear Wave Speed 
(SWS) measurements (QElaXto, MyLab Eight EXP, Esaote, 
Genova, Italia),15patients (31,25%)underwent SWS imaging 
(Aplio i800, Canon Medical Systems Europe B.V., Zoeter-
meer, The Netherlands) with convex probe i8CX1.

TE and SWE elastography examination

	 The	 two	 procedures	 were	 performed	 on	 different	
days, within a maximum distance of 30 days from each other.
TE was performed on a patient lying supine with the right arm 
raised above the head. The operator placed the tip of the probe 
on the skin between 9° and 11° intercostal space and, aided by 
time-motion	image,	he	identified	a	hepatic	portion	at	 least	6	
cm deep and free of large vascular structures. Then he pressed 
the probe button and started the evaluation. Ten measurements 
were made for each patient. 
 
 The SWE elastography examination was performed 
on fasting, in the supine position with the right arm carried 
behind the head. The ultrasound probe was placed perpendic-

ular to the skin and the region of interest (ROI) was positioned 
between 2-6 cm from the skin and at least one centimeter from 
the	 liver	 capsule,	 avoiding	 the	 large	 blood	 vessels	 and	 fibrot-
ic shoots. A total of 10 measurements were made for each one, 
8 intercostal measurements on the right hepatic lobe with the 
probe parallel to the intercostal space and 2 measurements under 
xiphoid on the left lobe. We performed these two measurements 
on the left hepatic lobe to check if they can be reliable in the 
assessment	of	the	degree	of	fibrosis	or	if,	in	analogy	to	the	as-
sessment	with	Fibroscan,	the	cardiac	movements	can	influence	
the acquired data. During the measurements, no pressure was 
applied to the liver and the patient was asked to stop breathing 
for a few seconds to reduce movement artifacts. The examina-
tions were performed by one expert operator who was blind to 
the Fibroscan data. The evaluation time was an average of 10 
minutes per patient. Reliable SWE measurements were obtained 
in all patients. 

Statistical analysis

	 The	stiffness	values	were	expressed	in	kPa	in	all	tech-
niques used. To perform the statistical analysis the data were ex-
pressed as mean and standard deviation (SD). The share waves 
techniques	and	fibro	can	be	compared	by	Student’s	t-test.		 	
 
	 To	evaluate	the	cut-off	points	for	fibrosis	and	the	accu-
racy	of	SWE	techniques	in	discriminating	between	the	different	
stages	 of	 fibrosis,	 the	 receiver-operating	 characteristic	 (ROC)	
curves  were performed, based on histological data. For the ROC 
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curves analysis, the area under the curve (AUC), along with 95% 
confidence intervals (CI), the optimal cut off value, sensitivity, 
and specificity were computed. Youden’s index was used to define 
optimal cut off values. Statistical significance was set at P<0.05. 
The statistical p-value was 2-sided. All statistical analyses were 
performed with IBM SPSS Statistics software (release 15; IBM, 
Armonk, NY, USA).

Results

 Thirty-three patients were evaluated with Point SWE-
and TE, the stiffness mean values were respectively 12,74 kPa 
± 9,71 SD and 12,78 kPa ± 15,43 SD (Figure 1). These param-
eters were evaluated through a Student's t distribution with 32 

degrees of freedom. The difference between the two groups was 
not statistically significant (p>0,05). Fifteen patients were instead 
evaluated with 2D-SWE and TE, the stiffness means values were 
respectively 10,77 kPa ± 8,16 SD and 10,88 kPa ± 5,04 SD (Figure 
2) and also in this case t-test showed no statistically significant 
difference between the two groups (p>0,05). 
  
 We also calculated in SWE techniques the stiffness 
mean value by eliminating the measurements performed on left 
hepatic lobe: for Point, SWEit was 12,40 kPa ± 9,54 SD and for 
2D-SWEwas 10,49 ± 7,44. Also in these cases, the differences 
with TE were not statistically significant (p>0,05). The	stiffness	
mean values of 11 healthy subjects, evaluated with Point

Figure 1. Box plots of liver stiffness values obtained with Point SWS measurements and TEin comparison. The top and the 
bottom of the boxes are the upper and lower limits of the 95% confidence interval. The line through the middle of each box 
represents the mean value. 

Figure 2. Box plots of liver stiffness values obtained with SWS imaging and TE. The top and the bottom of the boxes are the 
upper and lower limits of the 95% confidence interval. The line through the middle of each box represents the mean value. 
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SWEand TE, were respectively 4,72 kPa ± 1,22 SD and 4,91 
kPa	±	1,35	SD	and	no	statistically	significant	differences	were	
observed.	In	this	case,	the	stiffness	means	value	by	eliminating	
the measurements performed on the left hepatic lobe was 4,46 
kPa ± 1,28 SD.
	 	 The	 cut-offs	 for	SWE	 technique,	 calculated	
using ROC curves based on histological data as the reference 

gold	standard,	were	for	F≥2	6,2	kPa;	F≥3	7,65	kPa;	F=4	13	kPa.	
The evaluation of the area under the curve showed that SWE 
technique presented an accuracy of 85% in discriminating a 
moderate	fibrosis	(F2),	of	74%	in	discriminating	severe	fibrosis	
(F3) and of 93% in discriminating cirrhosis (F4) (ROC curves 
characteristics are shown in table 2 and Figure 3a-c).

F≥2 F≥3 F=4
Cut off (kPa) 6,2 7,65 13
Sensitivity (%) 80 86 100
Specificity (%) 82 68 79
AUROC (95% CI) 0,85 (0,73 – 0,98) 0,74 (0,57 – 0,91) 0,93 (0,83 – 1) 

 
Table 2: Operative characteristics of shear-wave elastography in predicting fibrosis stages

Figure 3.a) Receiver operating characteristic (ROC) curve for shear wave elastography in patients with fibrosis F2 vs F0; b) Re-
ceiver operating characteristic (ROC) curve for shear wave elastography in patients with fibrosis F3 vs F2; c) Receiver operating 
characteristic (ROC) curve for shear wave elastography for patients with fibrosis F4 vs F3.

Discussion

 Fibrosis is a process characterized by an abnormal in-
crease in the deposition of collagen and other components of 
the extracellular matrix. There are several systems of the staging 
of liver fibrosis based on histopathological data, one of the most 
used is the METAVIR score [7]. This system consists of four 
stages: F0 indicates no fibrosis, F1 is mild fibrosis characterized 
by fibrous portal expansion, F2 is moderate fibrosis with few 
bridges or septa, F3 is severe fibrosis with numerous bridges or 
septa and F4 is cirrhosis [8].

 Liver biopsy is the most specific test to assess the na-
ture and severity of the chronic liver disease, but it is an invasive 
procedure, not free from possible complications so it can not be 
used to monitor the progression of the disease or to evaluate the 

effect of therapy on the fibrotic process. Also, the biopsy sample 
represents 1 / 50,000 of the total liver mass while fibrosis is a 
heterogeneous process [9].

 For these reasons, to date, the number of liver biopsies 
to evaluate liver stiffness degree is greatly reduced in favor of 
non-invasive techniques as Fibroscan. However Fibroscan has 
some limitations, it does not allow a simultaneous ultrasound 
evaluation of the liver, it has a limited liver scanning and it is 
contraindicated in patients with obesity or ascites [9].

 In elastosonography, the possibility of performing a 
simultaneous ultrasound evaluation allows a wider sampling of 
the liver parenchyma and, being fibrosis a heterogeneous pro-
cess, this could provide a more correct data of the liver fibrosis 
degree.
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As already mentioned, elastography is composed of two basic 
methods: Strain Elastography and Shear Wave Elastography. The 
first is a relative indicator of stiffness, that changes according to 
the degree of compression, besides strain imaging is essentially 
qualitative, for its quantification requires a comparison with a 
reference tissue [4]. Shear-Wave based techniques measure the 
speed of Shear-waves in tissues. The Share-waves can be gener-
ated by an external push (transient elastography) or by an ultra-
sound pulse that allows a single measurement (point shear wave 
speed measurement) or an image (shear wave speed imaging) 
[5].

 In our study, we evaluated the concordance between TE 
and the other SWE technique obtained with two US machines. 
Results of our study showed that there was no statistically signif-
icant difference between the stiffness values of the liver obtained 
with the different techniques. So we could assert that the two 
values distributions were overlapping and that any variation was 
due to chance.

 Piscaglia et al. [3] in their study showed stiffness values 
obtained with SWE techniques lower than those obtained with 
TE; also in our case, the SWE stiffness values appear slightly low-
er but very close to the values obtained with the TE, without ev-
idence of a statistically significant difference.

 A further slight reduction of the stiffness values ob-
tained with the SWE technique is appreciated by eliminating the 
two measurements carried out on the left hepatic lobe but, even 
in this case, a statistically significant difference with TE was not 
observed.

 Also, a previous study found no statistically significant 
difference in tissue mean elasticity values between the right and 
left lobe of the liver in a study on 52 NASH patients [11]. Toshi-
ma et al. [12], instead, found that the values obtained on the right 
hepatic lobe were significantly lower than those obtained on the 
left hepatic lobe. This could be due to the anatomical position of 
the left hepatic lobe, being between diaphragm, aorta, and stom-
ach, it could be influenced by the respiratory movement, by the 
pulsation of the aorta and by the presence of food in the stomach. 
Furthermore, the different thickness of the skin in the right in-
tercostal space and in the region under xiphoid could influence 
the measurement.

 We can hypothesize that in our study, the evaluation of 
patients on fasting and with stopped breath may have reduced 

the difference between measurements on the right hepatic lobe 
and the left hepatic lobe. 

 Several studies have highlighted that the stiffness 
thresholds established for Fibroscan for the classification of the 
different stages of liver fibrosis can not be adopted with the other 
SWE techniques [3, 10, 13]. Fraquelli et al. [10] in their study 
on 186 patients with chronic liver diseases showed slightly lower 
stiffness thresholds evaluated with Philips ElastoPQ technology 
compared to those of Fibroscan for the same grade of fibrosis 
histologically evaluated, as well as Ferraioli et al. 2014 [14] in 
a study on 92 healthy subjects reported lower point shear-wave 
elastography cut-off values for all stages of liver fibrosis as com-
pared to Fibroscan values. Also in our study, we found the stiff-
ness threshold slightly lower than those of Fibroscan, especially 
in the lower stages of fibrosis.

 Mancini et al. [15] showed a cut off 5,62 kPa between 
F0-F1and F2-F4, this value was close to the cutoff of 6.2 kDa re-
ported by Chong Hyun Suh et al. [16] in their study.

 As for Fibroscan, even in other SWE methods, an 
overlap of stiffness values between adjacent fibrosis stages is 
observed, particularly in the lower stages [5]. SWE techniques 
show a diagnostic accuracy similar to TE in the evaluation of cir-
rhosis [17, 18]. This can be clinically relevant because, according 
to the American Association for the study of liver disease, among 
patients with hepatitis C genotype 1 infection, only those with 
moderate-severe fibrosis should be treated [19, 20]. Mancini et 
al. [15] in their study suggested that biopsy should be done in 
those patients with chronic liver disease who have SWE values 
below 7.04 kPa to identify patients with F2 fibrosis.

 There were some limitations in this study including the 
single-Center design and small study population, which may 
have influenced the results of the study. The ultrasound ma-
chines with SWE technique were available to us only for 15 days 
so that more patients could not be enrolled. However a total of 
118 assessments were performed and patients were enrolled after 
evaluation of histological data to have homogeneity of the dif-
ferent degrees of fibrosis; moreover, we think that the evaluation 
of 11 healthy subjects can improve the results of the work and 
partially the limit of the small study population.

 In conclusion, ours is an attempt to identify the thresh-
old values for different degrees of liver fibrosis with SWE tech-
niques. Our experience confirms that the SWE techniques have 



good potential in assessing liver fibrosis; moreover, as the elasto-
sonography is quick and easy to perform, it could be integrated 
into the clinical practice of the ultrasound examination for the 
evaluation of liver stiffness degree without a significative increase 
of time of the exam. However, we believe that further studies on 
elastosonography techniques are applicable to identify more ac-
curate threshold values for the different stages of liver fibrosis.
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