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INTRODUCTION

Liver fibrosis is the wound-
healing response to chronic liver 
injury due to several etiological 
agents [1]. Fibrosis causes an 
increase of liver stiffness that can 
be measured using non-invasive 
methods. Nowadays, with the 
availability of direct acting 
antiviral agents that are highly 
effective for the eradication of 
the hepatitis C virus (HCV), 
the histological staging of liver 
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ABSTRACT

Aims: To prospectively assess the cutoff values of a point shear wave measurement (SWM) method for ruling-in 
and ruling-out significant fibrosis and cirrhosis using transient elastography (TE) as the reference standard.
Method: Consecutive patients with chronic hepatitis C were enrolled. Liver stiffness was assessed with the 
SWM method implemented on the HI VISION Ascendus ultrasound system (Hitachi Ltd, Japan) and with the 
TE method of the FibroScan® device (Echosens, France). For staging significant fibrosis (F≥2) and cirrhosis 
(F=4) we used the TE cutoffs of 7.0 and 12.0 kiloPascal (kPa), respectively. The diagnostic performance of 
SWM was assessed by calculating the area under the receiver operating characteristic (AUROC) curve. Cutoffs 
with specificity or sensitivity > 90% were chosen to rule-in or rule-out F≥2 and F=4.
Results: 445 individuals [235 males, 210 females; mean age, 61.1 (13.3) years] were studied: 190 (42.7%) 
individuals had F0-F1 fibrosis stage, 82 (18.4%) F2, 46 (10.3%) F3, and 127 (28.6%) F4 fibrosis stage. For 
ruling-in F≥2 the SWM cutoff was 6.78 kPa [sensitivity, 76.9%(70.6-82.4); specificity, 90.3% (85.0-94.3)] and 
for ruling-out it was 5.55 kPa [sensitivity, 90.6% (85.8-94.1); specificity, 72.2% (64.9-78.6)]. For ruling-in F=4 
the SWM cutoff was 9.15 kPa [sensitivity, 83.3% (74.4-90.2); specificity, 90.1% (86.0-93.2)] and for ruling-out 
it was 8.41 kPa [sensitivity, 90.6% (82.9-95.6); specificity, 82.2% (77.3-86.4)]. AUROCs were 0.92 (0.89-0.94) 
for F≥2 and 0.94 (0.91-0.96) for F=4. 
Conclusions. In clinical practice, the use of a dual cutoff of SWM may increase the confidence in staging liver 
fibrosis with a non-invasive shear wave elastography technique.
 
Key words: transient elastography – shear wave elastography – liver cirrhosis – chronic hepatitis C – liver 
stiffness. 

Abbreviations: ARFI: acoustic radiation force impulse; AUROC: area under the ROC curve; CCC: concordance 
correlation coefficient; IQR/M: interquartile range/median; LSM: liver stiffness measurement; ROC: receiver 
operating characteristic; pSWE: point shear wave elastography; SWM: shear wave measurement; TE: transient 
elastography; US: ultrasound.
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fibrosis is no longer crucial for starting the treatment of patients 
with chronic hepatitis C. In fact, non-invasive methods have 
been accepted also by clinical guidelines [2, 3]. The guidelines 
of the European Association for the Study of the Liver (EASL), 
produced together with the Asociación Latinoamericana para 
el Estudio del Hígado (ALEH), have suggested that in patients 
with viral hepatitis there are two clinically relevant endpoints: 
the detection of significant fibrosis and the detection of 
cirrhosis [2]. Moreover, they have pointed out that in HCV-
infected patients the detection of cirrhosis is important to guide 
treatment. Transient elastography (TE) was the first available 
shear wave-based elastography method for the assessment of 
liver stiffness and is now considered the reference standard [2]. 
Transient elastography requires a dedicated system. Over the 



140� Ferraioli et al

J Gastrointestin Liver Dis, June 2017 Vol. 26 No 2: 139-143

years, several manufactures of ultrasound (US) systems have 
implemented shear wave-based measurement methods in their 
equipment. They all use an acoustic radiation force impulse 
(ARFI) technique to generate the shear waves [4]. The shear 
wave measurement (SWM) software available on the Hitachi 
US system is a point shear wave elastography (pSWE) method, 
i.e. it assesses the stiffness of the liver at a single location. Each 
measurement is the median value of the effective shear wave 
velocity measured from multiple points in the region of the 
interest’s depth direction from several push-track sequences, 
after subtraction of noisy values. The percentage of effective 
measurements is a reliability index, termed VsN. In one study, 
it was found that the VsN is a useful tool to decide whether 
the value obtained is reliable or not and it has been reported 
that when the VsN was ≥ 50% the SWM results were strongly 
correlated with the stiffness values obtained with the products 
of other US manufacturers, including the TE method [5].

 The main aim of this study was to prospectively assess the 
cutoff values and the performance of the SWM method for 
ruling-in and ruling-out significant fibrosis and cirrhosis using 
TE as the reference standard. The secondary aim was to verify 
whether the performance of the SWM method is affected by 
the VsN reliability index.

MATERIAL AND METHODS

This was a single center cross-sectional study. Between 
January and December 2016, consecutive patients affected by 
chronic hepatitis C referred to the US unit of the Infectious 
Diseases Department of our institution for liver stiffness 
measurement (LSM) with the FibroScan® device, and who 
voluntarily accepted to undergo assessment of stiffness also 
with the SWM, were prospectively enrolled. Exclusion criteria 
were the presence of congestive heart disease or extra-hepatic 
cholestasis. All patients were studied in the morning after an 
overnight fast. Subjects’ characteristics and biochemical tests 
were recorded. Diagnosis of chronic hepatitis C was based on 
the presence of detectable HCV-RNA and, at least transiently, 
elevated serum alanine aminotransferase level.

Point shear wave elastography with the SWM method
The examinations were performed using the HI VISION 

Ascendus system (Hitachi Ltd, Japan) with a convex broadband 
probe and the SWM software. Using the Young modulus shear 
wave velocity was converted in tissue stiffness, expressed 
in kiloPascal (kPa). Measurements were performed in the 
right lobe of the liver through intercostal spaces following 
the recommended procedure for pSWE [6]. Two physicians 
independently performed the pSWE measurements before the 
assessment with TE. For each patient, the measurements of 
liver stiffness were consecutively obtained at the same location. 
In each patient, 10 valid measurements were obtained and 
the median value in kPa, as well as the interquartile range/
median (IQR/M) ratio, were used for statistical analysis. 
Invalid measurements, i.e. those with a VsN < 50%, were also 
recorded and analysed separately. For ruling-in and ruling-
out significant fibrosis and cirrhosis we used the cutoff with 
specificity and sensitivity, respectively, higher than 90%.

Transient elastography (TE)
Transient elastography was carried out using the FibroScan 

502 Touch® device (Echosens, France). The physician who 
undertook all the examinations had an experience of at least 500 
TE procedures. Measurements of liver stiffness were performed 
following the examination procedure previously described [7]. 
We planned to use the M+ probe for examinations when the 
skin-to-liver capsule distance was ≤ 25mm, otherwise the XL 
probe would be used. We used the US system for measuring 
the skin-to-liver capsule distance.

As reported in the literature, only LSM with 10 validated 
measurements and an IQR/M < 30% for values higher than 
7.1 kPa were considered reliable [8].  

For the assessment of significant fibrosis (F ≥ 2), and 
cirrhosis (F = 4), respectively, we used the cutoffs reported in 
a recent meta-analysis, i.e. 7.0 kPa and 12.0 kPa [9].

The study protocol was approved by the institutional 
Ethics Committee, and it was in accordance with the Helsinki 
Declaration of 1975, as revised in 2008. Informed written 
consent for inclusion in the study was obtained from all 
subjects.

Statistical analysis
Power considerations: considering a sensitivity or specificity 

of approximately 90%, a sample size of around 400 produces a 
two-sided 95% confidence interval with a width equal to 3%.

Descriptive statistics were produced for demographic 
characteristics for this study sample of patients. The 
Shapiro-Wilk test was used to test the normal distribution 
of quantitative variables. When quantitative variables were 
normally distributed, the results were expressed as the mean 
value and standard deviation (SD), otherwise the median 
and the interquartile range (IQR: 25th -75th percentile) were 
reported. Qualitative variables were summarized as counts 
and percentages. Pearson’s r was used to test the correlation 
between SWM and TE values.

The diagnostic performance of the SWM method for 
staging significant fibrosis and liver cirrhosis compared to TE 
was assessed using receiver operating characteristic (ROC) 
curves and the area under the ROC (AUROC) curve analysis. 
To rule-in or rule-out F≥2 and F=4 the cutoffs with specificity 
or sensitivity, respectively, higher than 90% were chosen. Using 
the pre-test probability, i.e. the prevalence of the disease in our 
series, we calculated the positive and the negative post-test 
probability of the SWM cutoffs for ruling-in or ruling-out 
significant fibrosis and cirrhosis.

The performance of the SWM method was evaluated overall 
and for values with an IQR/M ≤ 30% and IQR/M > 30%. To 
assess whether the use of the VsN ≥ 50% is an important quality 
criterion, the agreement between the shear wave measurement 
values obtained using the reliability criterion VsN ≥ 50% and 
the values obtained with VsN < 50% was assessed through 
the calculation of the Lin’s concordance correlation coefficient 
(CCC) [10], which ranges in values from 0 to +1.  Agreement 
was classified as poor (0.00 to 0.20), fair (0.21 to 0.40), moderate 
(0.41 to 0.60), good (0.61 to 0.80), or excellent (0.81 to 1.00) 
[11]. The CCCs were reported with a 95% confidence interval 
(CI). 
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Agreement between reliable SWM and TE values was also 
assessed and a Bland-Altman plot of differences between SWM 
and TE values was produced.

A p value < 0.05 was considered statistically significant. 
All tests were two-sided. The data analysis was performed 
with the STATA statistical package (release 14.0, 2015, Stata 
Corporation, College Station, Texas, USA).

RESULTS

Four hundred and forty-five patients (235 males and 210 
females) were studied. Twenty (4.5%) patients were co-infected 
with the human immunodeficiency virus (HIV). The main 
clinical and demographic characteristics of the study cohort 
are reported in Table I. The M+ probe was used in all patients 
because the maximum skin-to-liver capsule distance was 24.8 
mm. None of the patients in our series had ascites.

Performance of SWM
The AUROCs of SWM were 0.92 (95% CI, 0.89 - 0.94) and 

0.94 (95% CI, 0.91- 0.96) for the staging of significant fibrosis 
(F ≥ 2) and liver cirrhosis (F = 4), respectively. The best cutoffs 
of SWM for ruling-in and ruling-out significant fibrosis (F ≥ 
2) were 6.78 kPa and 5.55 kPa, respectively, and for ruling-in 
and ruling-out liver cirrhosis (F = 4) were 9.15 kPa and 8.41 
kPa, respectively. The performance of SWM for ruling-in or 
ruling-out significant fibrosis and liver cirrhosis is shown 
in Table III. The pre-test probability was 55% for significant 
fibrosis (F ≥ 2) and 25% for liver cirrhosis (F = 4).  If the SWM 
values were higher than the best cutoffs, the positive post-test 
probabilities for ruling-in significant fibrosis and cirrhosis, 
respectively, were 91% (95% CI, 87 - 93) and 73% (95% CI, 
68 - 78). If the SWM values were lower than the best cutoffs 
for ruling-out significant fibrosis and cirrhosis, respectively, 
the post-test probability of having the disease were 14% (95% 
CI, 5 - 23) and 3% (95% CI, 0 - 13).

Table I. Patients’ demographics and their biochemical and stiffness data

Characteristics n =445

Gender, men (%) 235 (52.8)

Age, yrs (SD) 61.1 (13.3)

BMI, kg/m2 (SD) 24.6 (4.0)

AST, IU/L (IQR) 32 (22-56)

ALT, IU/L (IQR) 32 (18-72)

GGT, IU/L (IQR) 38.5 (23-72)

ALP, IU/L (SD) 72.5 (59.5-92.5)

Platelets count, 103/mm3 (SD) 169.8 (74.0)

Fibrosis stage (as assessed with TE)

Mild/no fibrosis (F0-F1) 190 (42.7)

Significant fibrosis (F2) 82 (18.4)

Advanced fibrosis (F3)* 46 (10.3)

Liver cirrhosis (F4) 127 (28.6)

*TE cutoff: 9.5 kPa [9]. SD: standard deviation; IQR: interquartile range; 
BMI: body mass index; AST: aspartate aminotransferase; ALT: alanine 
aminotransferase; GGT: gamma-glutamyl transferase; ALP: alkaline 
phosphatase; TE: transient elastography.

Failures and unreliable results of LSMs were observed 
with SWM in 11 (2.5%) and 46 (10.3%) patients, respectively, 
whereas no failure or unreliable results were obtained with 
TE. Reliable LSMs performed with both SWM and TE were 
available for 388 (87.2%) patients. The median values for each 
stage of liver fibrosis obtained with the SWM and the TE 
methods are reported in Table II.

Table II. Median (interquartile range) values of liver stiffness for each 
fibrosis stage of the point shear wave measurement method and the transient 
elastography method.

Fibrosis stage SWM, kPa TE, kPa

Mild/no fibrosis (F0-F1) 4.8 (4.0-5.7) 5.3 (4.4-6.1)

Significant fibrosis (F2) 7.2 (5.7-9.0) 8.3 (7.7-8.8)

Advanced fibrosis (F3) 8.5 (6.7-9.5) 11.0 (10-11)

Liver cirrhosis (F4) 14.0 (11-17) 21.0 (15-26)

SWM: shear wave measurement; kPa: kiloPascal; TE: transient 
elastography.

Table III. Performance of shear wave measurement (SWM) for ruling-in 
or ruling-out significant fibrosis (F≥ 2) and cirrhosis (F = 4) using transient 
elastography as the reference standard.

Ruling-in 
F≥2 

(95% CI)

Ruling-out 
F≥2 

(95% CI)

Ruling-in 
F=4

 (95% CI)

Ruling-out 
F=4 

(95% CI)

Cutoff, kPa 6.78 5.55 9.15 8.41

Sensitivity, % 76.9 
(70.6-82.4)

90.6  
(85.8-94.1)

83.3 
(74.4-90.2)

90.6 
(82.9-95.6)

Specificity, % 90.3 
(85.0-94.3)

72.2 
(64.9-78.6)

90.1 
(86.0-93.2)

82.2 
(77.3-86.4)

PPV, % 90.6 
(85.3-94.4)

79.7 
(74.0-84.6)

73.4 
(64.1-81.4)

62.6
 (54.0-70.6)

NPV, % 76.4 
(70.1-82.0)

86.4 
(79.8-91.5)

94.3 
(90.9-96.7)

96.4 
(93.2-98.3)

LR+ 7.96 
(5.0-12.6)

3.25 
(2.6-4.1)

8.39 
(5.9-12.0)

5.09 
(3.9-6.6)

LR- 0.26 
(0.2-0.3)

0.13 
(0.09-0.2)

0.19 
(0.1-0.3)

0.11 
(0.06-0.2)

kPa: kiloPascal; PPV: positive predictive value; NPV: negative predictive 
value; LR+: positive likelihood ratio; LR-: negative likelihood ratio

For median values obtained with an IQR/M ≤ 30% (n = 293) 
the performance of SWM was 0.94 (95% CI, 0.91- 0.96) and 
0.97 (95% CI, 0.95 - 0.98) for the staging of significant fibrosis 
and liver cirrhosis, respectively. For median values obtained 
with an IQR/M > 30% (n = 95) the performance of SWM was 
0.84 (95% CI, 0.77 - 0.92) and 0.86 (95% CI, 0.76 - 0.96) for the 
staging of significant fibrosis and liver cirrhosis, respectively. 

Agreement between reliable SWM and TE values
There was a high correlation between SWM and TE values 

(r = 0.77, p < 0.001) (Fig. 1). The CCC between the reliable 
values obtained with the SWM method and those obtained 
with TE was 0.59 (95% CI, 0.55 - 0.64) overall, 0.44 (95% CI, 
0.37 - 0.51) for significant fibrosis (F ≥ 2) and 0.19 (95% CI, 
0.1 – 0.28) for liver cirrhosis (F = 4). The Bland-Altman plot 
of agreement between SWM and TE is shown in Fig. 2.
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Concordance between SWM values with VsN ≥ 50% and 
those with VsN < 50% 

Measurements with a VsN 0-19% were obtained in 142 
patients; with a VsN 20-39% in 169 patients; with a VsN 40-
49% in 129 patients; with a VsN 50-74% in 261 patients; and 
with a VsN 75-100% in 358 patients.  The agreement between 
measurements with VsN ≥ 50% and those with VsN < 50% 
increased with the increase of the VsN rate; however, the 
highest CCCs were 0.77 for the staging of significant fibrosis 
and 0.65 for the staging of cirrhosis (Table IV). 

DISCUSSION

The results of this study show that SWM is an accurate 
method for staging liver fibrosis. However, the threshold values 
for ruling-in or ruling-out significant fibrosis and cirrhosis 
obtained in our patients’ population are different from those of 
TE, particularly for stiffer livers. In fact, the agreement between 
SWM and TE values was moderate overall and for the diagnosis 
of significant fibrosis, whereas it was poor in the case of liver 
cirrhosis. However, the high correlation between SWM and 
TE values, as assessed with Pearson’s r, indicates that the two 
methods show a similar trend for the staging of liver fibrosis, 
even though the absolute values are different, as assessed by 
the CCC. The latter combines measures of both precision and 
accuracy to determine how far the observed data deviate from 
the line of perfect concordance (i.e., the line at 45 degrees on 
a square scatterplot). Cutoffs different from those of TE have 
been reported for other pSWE elastography products as well 
[12-14]. We hypothesize that this difference may be due to 
the difference in the push pulse between the two techniques 
and to the different direction of the shear wave propagation. 
In fact, TE applies an external mechanical 50 Hertz push that 
generates shear waves propagating longitudinally on the axis 
of the vibrator, whereas SWM and other pSWE techniques are 
based on the push pulse of the US beam and the assessment of 
the shear wave propagation is made along a transversal axis. 

Differently from the FibroScan device, which is dedicated 
to the assessment of liver stiffness, the SWM method is 
implemented in an US system; thus, it is possible to perform a 
thorough evaluation of the liver, assessing both the morphology 
in B-mode and the stiffness using the elastography features of 
the equipment. Moreover, in a primary healthcare setting, US 
is the diagnostic imaging modality most often used for the 
assessment of liver disease, due to its non-invasive character, 
repeatability and relatively low cost. Thus, the possibility to 
obtain an evaluation of liver fibrosis in the same examination 
and with the same equipment is very time-efficient and helpful 
for the patient’s management. On the other hand, elastography 
techniques have the advantage of being non-invasive; therefore,  
they can be performed repeatedly for follow up on an out-
patient basis.

In this study we aimed to establish cutoffs for ruling-in or 
ruling-out significant fibrosis and cirrhosis because these are 
the two most important endpoints for patients with chronic 
viral hepatitis, allowing the monitoring of patients with liver 
disease to identify patients with liver cirrhosis who require 
long-term follow up, or patients who should receive timely 
treatment to prevent progression to cirrhosis. The levels of 
the post-test probability and of the likelihood ratios obtained 
in our series show that, as it has been reported for the results 
obtained with the TE technique [2], the SWM method is better 
at ruling-out liver cirrhosis.

The results of our study confirm that SWM values with the 
reliability index VsN lower than 50% should be rejected, and 
this is particularly important in patients with liver cirrhosis. 

Moreover, as has been shown with other pSWE products, 
median values obtained with an IQR/M ≤ 30% improve the 
diagnostic performance of the method [15, 16].

Fig. 1. Pearson’s r correlation between transient elastography (TE) 
and the shear wave measurement (SWM) method.

Fig. 2. Bland-Altman plot of differences between the shear wave 
measurement (SWM) method and transient elastography (TE). The 
green line (y=0) is a line of all perfect average agreement. The purple 
line represents the mean of differences of ratings. The orange lines 
define the limits of agreement [mean of the differences (2 SD)].

Table IV. Agreement between shear wave measurement (SWM) values 
obtained using the reliability criterion VsN  ≥ 50% and the values obtained 
with VsN < 50%.

VsN Concordance Correlation Coefficient (95% CI)

Overall F≥2 F=4

 0-19% 0.67 (0.56-0.78) 0.63 (0.49-0.78) 0.55 (0.35-0.75)

20-39% 0.80 (0.74-0.86) 0.76 (0.68-0.85) 0.67 (0.52-0.83)

40-49% 0.84 (0.78-0.89) 0.77 (0.67-0.86) 0.65 (0.47-0.84)
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This study has some limitations. Firstly, liver biopsy was 
not performed in our series of patients. However, the non-
invasive staging of liver fibrosis is nowadays accepted by clinical 
guidelines, and since the availability of the direct acting antiviral 
drugs, TE has become the reference standard method. Secondly, 
we enrolled only patients with chronic hepatitis C; thus, these 
results are not applicable to other patients with different etiology 
of liver disease. Thirdly, the cutoffs that we have obtained with 
the SWM method might not be applicable to other populations 
with a different prevalence of fibrosis stages.

CONCLUSIONS

Shear wave measurement is an accurate method for the 
assessment of liver fibrosis in the clinical setting. The cutoffs 
are lower than those obtained with the FibroScan device. 
Besides the reliability index suggested by the manufacturer, the 
IQR/M ≤ 30% criterion should also be respected to improve 
the diagnostic accuracy of SWM. In clinical practice, the 
use of two cutoffs for each stage of fibrosis, one to rule-in 
and the other one to rule-out the disease, may increase the 
confidence in staging liver fibrosis with a non-invasive shear 
wave elastography technique.
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