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Abstract
AIM: To estimate the validity of the point shear-wave 
elastography method by evaluating its reproducibility 
and accuracy for assessing liver stiffness. 

METHODS: This was a single-center, cross-sectional 
study. Consecutive patients with chronic viral hepatitis 
scheduled for liver biopsy (LB) (Group 1) and healthy 
volunteers (Group 2) were studied. In each subject 10 

consecutive point shear-wave elastography (PSWE) 
measurements were performed using the iU22 ultra-
sound system (Philips Medical Systems, Bothell, WA, 
United States). Patients in Group 1 underwent PSWE, 
transient elastography (TE) using FibroScan (Echosens, 
Paris, France) and ultrasound-assisted LB. For the as-
sessment of PSWE reproducibility two expert raters 
(rater 1 and rater 2) independently performed the ex-
aminations. The performance of PSWE was compared 
to that of TE using LB as a reference standard. Fibrosis 
was staged according to the METAVIR scoring system. 
Receiver operating characteristic curve analyses were 
performed to calculate the area under the receiver 
operating characteristic curve (AUC) for F  ≥ 2, F  ≥ 3 
and F  = 4. The intraobserver and interobserver repro-
ducibility of PSWE were assessed by calculating Lin’s 
concordance correlation coefficient. 

RESULTS: To assess the performance of PSWE, 134 
consecutive patients in Group 1 were studied. The me-
dian values of PSWE and TE (in kilopascals) were 4.7 
(IQR = 3.8-5.4) and 5.5 (IQR = 4.7-6.5), respectively, 
in patients at the F0-F1 stage and 3.5 (IQR = 3.2-4.0) 
and 4.4 (IQR = 3.5-4.9), respectively, in the healthy 
volunteers in Group 2 (P  < 10-5). In the univariate anal-
ysis, the PSWE and TE values showed a high correlation 
with the fibrosis stage; low correlations with the degree 
of necroinflammation, aspartate aminotransferase and 
gamma-glutamyl transferase (GGT); and a moderate 
negative correlation with the platelet count. A multiple 
regression analysis confirmed the correlations of both 
PSWE and TE with fibrosis stage and GGT but not with 
any other variables. The following AUC values were 
found: 0.80 (0.71-0.87) for PSWE and 0.82 (0.73-0.89) 
for TE (P  = 0.42); 0.88 (0.80-0.94) for PSWE and 0.95 
(0.88-0.98) for TE (P  = 0.06); and 0.95 (0.89-0.99) 
for PSWE and 0.92 (0.85-0.97) for TE (P  = 0.30) for F  
≥ 2, F  ≥ 3 and F  = 4, respectively. To assess PSWE 
reproducibility, 116 subjects were studied, including 47 
consecutive patients scheduled for LB (Group 1) and 69 
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consecutive healthy volunteers (Group 2). The intraob-
server agreement ranged from 0.83 (95%CI: 0.79-0.88) 
to 0.96 (95%CI: 0.95-0.97) for rater 1 and from 0.84 
(95%CI: 0.79-0.88) to 0.96 (95%CI: 0.95-0.97) for rat-
er 2. The interobserver agreement yielded values from 
0.83 (95%CI: 0.78-0.88) to 0.93 (95%CI: 0.91-0.95).

CONCLUSION: PSWE is a reproducible method for 
assessing liver stiffness, and it compares with TE. Com-
pared with patients with nonsignificant fibrosis, healthy 
volunteers showed significantly lower values.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: The results of this study show that point 
shear-wave elastography (PSWE) is a highly reproduc-
ible method for assessing liver stiffness that is charac-
terized by high levels of intraobserver and interobserver 
agreement, both overall and for single measurements. 
The PSWE performance compares with that of transient 
elastography (TE), the most widely accepted method 
for the noninvasive assessment of liver fibrosis. Com-
pared with TE, routine ultrasound with elastography 
is advantageous because it allows the evaluation of 
other parameters that are complementary to stiffness, 
is highly accurate for the diagnosis of cirrhosis and can 
be used to screen for focal liver lesions.
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INTRODUCTION
The prognosis and management of  chronic viral hepati-
tis depend on the extent and progression of  liver fibro-
sis, which constitute the most important predictor of  
disease outcome and influence the indication for antivi-
ral treatment[1]. 

In the last decade, methods to noninvasively quantify 
liver fibrosis have been developed. The first available 
method was transient elastography (TE)[2-6]. Several stud-
ies have demonstrated a high accuracy of  TE in identify-
ing significant fibrosis (F > 2) and cirrhosis (F = 4) in 
patients with chronic hepatitis C[7-11]. 

The recent guidelines for the management of  hepa-
titis C infection from the European Association for the 
Study of  the Liver allow the use of  TE, instead of  liver 
biopsy (LB), in patients with chronic hepatitis C for as-

sessing liver disease severity prior to therapy at a safe 
level of  predictability[12]. TE has been approved by the 
French National Health Authority for the evaluation of  
fibrosis in treatment-naïve patients with chronic hepatitis 
C and no comorbidities[13]. 

Shear wave elastography techniques have been imple-
mented in conventional real-time ultrasound systems, 
and several studies have shown their accuracy in the as-
sessment of  liver fibrosis[14-22]. Compared with TE, these 
techniques have the advantage of  B-mode image guid-
ance; thus, they can allow the user to choose the best 
acoustic window for correctly performing an examina-
tion in real time. 

The aim of  this study was to estimate the validity of  
a new point shear wave elastography (PSWE) technique 
by evaluating the reproducibility of  measurements and 
the accuracy of  this method in the assessment of  liver 
fibrosis. The performance of  PSWE was compared to 
that of  TE using liver histology as a reference standard.

MATERIALS AND METHODS
Subjects and study design
This was a single-center, cross-sectional study. All con-
secutive patients with chronic viral hepatitis who were 
scheduled for liver biopsy at the Infectious Diseases De-
partment of  Policlinico San Matteo were enrolled in the 
study (Group 1). Consecutive healthy volunteers were 
also enrolled (Group 2). 

The accuracy of  PSWE in the assessment of  liver 
fibrosis was prospectively estimated in consecutive 
patients in Group 1. LB was performed on the same 
day as the PSWE and TE measurements, as day-case 
procedures. Examinations were performed in the morn-
ing after an overnight fast. The patients’ characteristics, 
epidemiological data and biochemical test results were 
recorded.

The reproducibility of  PSWE measurements was 
prospectively assessed in consecutive subjects in Group 
1 and Group 2. Two expert raters (rater 1 and rater 2) 
independently performed 10 consecutive measurements 
in each subject. All the subjects were asked to fast for 
at least six hours prior to the examination. The intraob-
server agreement was assessed by comparing the median 
values of  all the measurements and by comparing several 
combinations of  measurements or single measurements. 
The interobserver agreement was assessed by comparing 
the median value of  the 10 measurements performed in 
the same subject by each rater and by comparing combi-
nations of  measurements or single measurements.

Moreover, the results of  liver stiffness measurements 
performed in patients with nonsignificant fibrosis (F0-F1) 
were compared to the values obtained in the healthy vol-
unteers in Group 2.

Three physicians, each of  whom was blinded to the 
other’s results, independently performed the measure-
ments. The PSWE measurements were performed by 
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G.F. and M.Z., and the TE measurements were per-
formed by M.Z. and R.L. 

The study protocol was approved by the institutional 
Ethics Committee. The participants provided written in-
formed consent.

Liver biopsy
LB was performed by three experienced physicians (C.F., 
G.M. and E.B.) using a 17-gauge modified Menghini 
needle (Hepafix; Braun, Melsungen, Germany). The 
same intercostal space used for the TE and PSWE mea-
surements was chosen for LB. The specimens were as-
sessed on site by a single expert liver pathologist (B.D.B.) 
who was blind to both the TE and PSWE results. Liver 
fibrosis and necroinflammatory activity were evaluated 
semiquantitatively according to the METAVIR system[23]. 
Steatosis was graded according to the method of  Kleiner 
et al[24] as S0, steatosis in fewer than 5% of  hepatocytes; 
S1, 5%-33%; S2, 34%-66%; and S3, more than 66%. 

Transient elastography 
TE measurements were performed using the M probe 
of  the FibroScan® device by two physicians (M.Z. and 
R.L.) with experience performing at least 50 TE proce-
dures. During the acquisition, the patients lay in the dor-
sal decubitus position with the right arm in maximum 
abduction. The results were expressed in kilopascals 
(kPa). Only examinations with 10 valid measurements 
and an interquartile range/mean (IQR/M) < 30% for 
values greater than 7.1 kPa were considered reliable[2,4,25]. 

Point shear wave elastography 
The examinations were performed using the iU22 ultrasound 
system (Philips Healthcare, Bothell, WA, United States) with 
a convex broadband probe and the ElastPQ® technique. 
As with other shear wave elastography methods, this 
technique generates shear waves inside the liver using 
radiation force from a focused ultrasound beam. The ul-
trasound machine monitors the shear wave propagation 
using a Doppler-like ultrasound technique and measures 
the velocity of  the shear wave. The shear wave velocity is 
displayed in meters per second (m/s) or in kPa through 
Young’s modulus E = 3 (vS2.ρ), where E is Young’s 
modulus, vS is the shear wave velocity and ρ is the density 
of  the tissue. If  the amount of  non-shear wave motion 
exceeds a threshold, the system does not display a calcu-
lation. 

The two raters performing the PSWE measurements 
(G.F. and M.Z.) had seven years and two years, respec-
tively, of  experience in real-time elastography studies. 
They received training in PSWE measurements for two 
days before the study began. The examinations were per-
formed in the right lobe of  the liver through intercostal 
spaces, with the subject lying supine with the right arm 
in maximal abduction. Using a real-time B-mode image, 
the rater selected a vessel-free area, at least 1.5 cm below 
Glisson’s capsule, where a fixed region of  interest of  0.5 
cm × 1.5 cm was placed by moving a trackball. The pa-

tients were instructed to hold their breath while the rater 
pressed a button that launched the data acquisition. Each 
rater performed 10 valid measurements, which were ex-
pressed in kPa. Measurements < 1 kPa were rejected by 
the raters. 

Statistical analysis
Sample size considerations for the accuracy of  PSWE: 
A total sample size of  130 subjects, which included 65 
subjects with the disease, i.e., a prevalence of  approxi-
mately 50%, was estimated to achieve 88% power to 
detect changes in sensitivity and in specificity from 0.75 
to 0.90 using a two-sided binomial test. The target signifi-
cance level was 0.05.

Sample size considerations for reproducibility of  PSWE: 
A sample size of  100 subjects, with two observations per 
subject, was estimated to achieve 97% power to detect 
a concordance correlation of  0.95 under the alternative 
hypothesis when the concordance correlation under the 
null hypothesis was 0.90 using an F-test with a signifi-
cance level of  0.05.

Descriptive statistics were produced for the demo-
graphic, clinical and laboratory characteristics of  this 
study sample of  patients. The Shapiro-Wilk test was used 
to test the normal distribution of  quantitative variables. 
For quantitative variables that were normally distributed, 
the results were expressed as mean ± SD; otherwise, 
medians and interquartile ranges (IQR; 25th-75th per-
centile) were reported. Qualitative variables were sum-
marized as counts and percentages. A one-way ANOVA 
or the Kruskal-Wallis analysis of  variance by ranks, with a 
Bonferroni correction, was used to analyze differences 
among patients undergoing liver biopsy. Pearson’s or 
Spearman’s rank coefficient was used to identify correla-
tions between two study variables. 

Linear regression was used for the multivariate 
model. A frequency distribution was obtained to choose 
optimal cut-off  values of  PSWE and to maximize the 
sum of  the sensitivity and specificity for different fibro-
sis thresholds: F0-F1 vs F2-F4 (F ≥ 2), F0-F2 vs F3-F4 (F 
≥ 3) and F0-F3 vs F4 (F = 4). For TE, we used cut-off  
values determined in a previous study[26]. The diagnostic 
performance of  PSWE, TE and their combinations was 
assessed using receiver operating characteristic (ROC) 
curves and an area under the ROC (AUC) curve analy-
sis. Comparisons of  AUCs were performed using the 
method described by DeLong et al[27] for correlated data. 
The Obuchowski measure was used to take into account 
all the pairwise comparisons between stages to minimize 
the spectrum effect and the risk of  multiple testing[28].

Interobserver reproducibility was assessed by calcu-
lating Lin’s concordance correlation coefficient (CCC)[29]. 
The CCC combines measures of  both precision and 
accuracy to determine the degree of  deviation of  the 
observed data from the line of  perfect concordance (i.e., 
the line at 45 degrees on a square scatterplot). The CCC 
increases in value as a function of  the proximity of  the 
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were found. 
A multiple regression analysis that included METAVIR 

stage, METAVIR grade, AST, GGT and platelet count 
confirmed the correlations, for both PSWE and TE, with 
fibrosis stage and GGT, but not with any other variables. 
The corresponding coefficients for METAVIR stage and 
GGT were 1.66 (95%CI: 0.85-2.46; P < 10-5) and 0.007 
(95%CI: 0.003-0.011; P = 0.002), respectively, for PSWE; 
and 3.05 (95%CI: 1.96-4.14; P < 10-5) and 0.007 (95%CI: 
0.001-0.060; P = 0.002), respectively, for TE.

After corrections for gender and age, both the PSWE 
and TE values differed significantly between the patients 
with chronic hepatitis C at the F0-F1 stage (n=50) and 
the healthy volunteers (n = 69) (Figure 1). 

Liver stiffness assessment: Comparison of  PSWE and 
TE: The median values, interquartile ranges, ranges, 
numbers of  outliers and P values of  the measurements 
obtained for each fibrosis stage using PSWE and TE are 
shown in Figure 2. 

data’s reduced major axis to the line of  perfect concor-
dance (the accuracy of  the data) and as a function of  the 
tightness of  the data about its reduced major axis (the 
precision of  the data). CCC values range from 0 to +1. 
As CCC values approach 1, the measurement differences 
between the different raters become negligible and more 
consistent. The interobserver agreement was classified as 
poor (CCC = 0.00-0.20), fair to good (CCC = 0.40-0.75) 
or excellent (CCC > 0.75)[30]. The CCCs were reported 
with 95% confidence intervals (CIs). 

The data analysis was performed with the STATA 
statistical package (release 11.1, 2010, Stata Corporation, 
College Station, Texas, United States) and MedCalc (ver-
sion 11.2, 2011 MedCalc Software bvba, Ostend, Bel-
gium).

RESULTS
From August 2011 through April 2013, one hundred and 
thirty-four consecutive subjects in Group 1 and sixty-
nine subjects in Group 2 were prospectively studied. 
Data from some patients in Group 1 have been reported 
in previous studies[18,26]. 

Performance of PSWE
One hundred forty patients were eligible during the 
recruitment period. Six patients were excluded because 
they were undergoing antiviral therapy. Due to patient 
recruitment from our referring physicians, there were no 
patients with overt cirrhosis or ascites in this series of  
patients. One hundred thirty-four patients met the inclu-
sion criteria. LB was performed in all the patients on the 
same day as the PSWE and TE measurements, and no 
complications were observed. The specimen length was 
adequate for liver histology in all but one patient. TE 
was feasible in all but one patient, whereas the PSWE 
measurements failed in five patients. The PSWE mea-
surement failures were due to narrow intercostal spaces 
in four cases and obesity in one.

The characteristics of  the 134 patients are summa-
rized in Table 1. The mean length of  the LB specimens 
was 2.5 (0.78) cm. The results of  the statistical analy-
sis performed on the data from the 102 patients with 
chronic hepatitis C are provided hereafter.

In the univariate analysis, the PSWE and TE values 
showed a high correlation with the fibrosis stage and 
low correlations with the degree of  necroinflamma-
tion, aspartate aminotransferase (AST) and gamma-
glutamyl transferase (GGT). The following values were 
obtained for PSWE and TE: (1) for liver fibrosis: r = 
0.61 (P < 10-5) and r = 0.68 (P < 10-5); (2) for the degree 
of  necroinflammation: r = 0.39 (P < 10-5) and r = 0.40 
(P < 10-5); (3) for AST: r = 0.37 (P = 0.0002) and r = 
0.32 (P = 0.001); and (4) for GGT: r = 0.48 (P < 10-5) 
and r = 0.43 (P < 10-5), respectively. The PSWE and TE 
values showed a moderate negative correlation with the 
platelet count (r = -0.34, P < 0.0002; r = -0.36, P < 10-5). 
No correlations with other variables, including steatosis, 

Table 1  Main clinical and demographic characteristics of 
patients with chronic viral hepatitis  n  (%)

Characteristics All patients
(n  = 134)

Patients with chronic 
hepatitis C (n  = 102)

Sex, females      29 (23.4)      20 (21.3)
Age, yr (SD) 43.70 (11.4)   45.2 (11.0)
BMI, kg/m2 (SD) 25.1 (4.5) 25.2 (4.9)
AST, IU/L (IQR)        46 (26-78)         46 (30-83)
ALT, IU/L (IQR)          69 (41-122)           70 (43-127)
Alkaline phosphatase, IU/L 
(IQR)

       69 (59-87)         70 (59-95)

GGT, IU/L (IQR)        49 (26-80)         50 (36-88)
Total bilirubin, M/L (IQR) 0.62 (0.46-0.94)            0.60 (0.44-0.89)
Platelet count, 103/mm3 (SD) 227.8 (76.0) 227.7 (70.1)
Prothrombin time, % (SD)   94.0 (15.5)   94.4 (17.0)
HCV infection    102 (76.1) -
HBV infection      28 (20.9) -
Other1      4 (3.0) -
Fibrosis score (METAVIR)2 
   F0      14 (10.5)      6 (5.9)
   F1      56 (42.1)      44 (43.6)
   F2      29 (21.8)      24 (23.8)
   F3      20 (15.0)      17 (16.8)
   F4      14 (10.5)    10 (9.9)
Activity grade (METAVIR) 
   A0    12 (9.0)      5 (4.9)
   A1      77 (58.0)      57 (56.4)
   A2      28 (21.0)      27 (26.7)
   A3      16 (12.0)      12 (11.9)
Steatosis grade
   S0      83 (62.4)      62 (61.3)
   S1      30 (22.6)      23 (22.8)
   S2      16 (12.0)      12 (11.9)
   S3      4 (3.0)      4 (4.0)
LSM, kPa (IQR)         6.6 (5.0-8.9)          6.5 (5.0-8.9)
PSWE, kPa (IQR)         5.3 (3.9-6.6)          5.2 (3.9-6.6)

1HCV/HBV coinfection: n = 2; HCV/HIV coinfection: n = 2; 2data for one 
patient missing due to inadequate biopsy specimen length. SD values 
represent means, and IQR values represent medians. BMI: Body mass 
index; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; 
GGT: Gamma-glutamyl transferase; LSM: Liver stiffness measurement; 
PSWE: Point shear wave elastography. 

Ferraioli G et al . Point shear wave elastography for stiffness assessment



4791 April 28, 2014|Volume 20|Issue 16|WJG|www.wjgnet.com

The optimal cut-off  values for different levels of  fi-
brosis were determined by analyzing the ROCs for PSWE. 
For TE, we used cut-off  values obtained in a previous 
study[26]. The cut-off  values of  PSWE and TE for each 
METAVIR stage, along with the AUCs, sensitivity, speci-
ficity, positive predictive value, negative predictive value, 
positive likelihood ratio and negative likelihood ratio, are 
presented in Table 2. Figure 3 shows the ROC curves for 
significant (F ≥ 2) and severe fibrosis (F ≥ 3), as well as 
for cirrhosis (F = 4). For staging advanced fibrosis (F ≥ 3), 
TE had higher accuracy than PSWE, but this difference 
did not reach statistical significance. The Obuchowski 
measures were good for both PSWE [0.80 (95%CI: 
0.73-0.86)] and TE [0.83 (95%CI: 0.77-0.90)].

Intraobserver and interobserver agreement of PSWE 
measurements 
In total, 116 subjects were studied, including 47 consecu-
tive patients scheduled for liver biopsy (Group 1) and 69 
consecutive healthy volunteers (Group 2). The character-
istics of  the 116 subjects are summarized in Table 3. TE 
and PSWE were feasible in all the subjects. 

Intraobserver agreement: For the 116 subjects in Group 
1 and Group 2, the intraobserver agreement ranged from 

0.83 (95%CI: 0.79-0.88) to 0.96 (95%CI: 0.95-0.97) for 
rater 1 and from 0.84 (95%CI: 0.79-0.88) to 0.96 (95%CI: 
0.95-0.97) for rater 2 (Table 4). 

When each group was considered separately, the 
CCC ranged from 0.77 (95%CI: 0.68-0.87) to 0.96 
(95%CI: 0.94-0.97) for both raters in Group 1, from 0.80 
(95%CI: 0.66-0.94) to 0.81 (95%CI: 0.67-0.94) for rater 
1 and from 0.82 (95%CI: 0.69-0.94) to 0.83 (95%CI: 
0.72-0.95) for rater 2 in Group 2.

Interobserver agreement: For the 116 subjects in Group 
1 and Group 2, the interobserver agreement yielded CCC 
values ranging from 0.83 (95%CI: 0.78-0.88) to 0.93 
(95%CI: 0.91-0.95) (Table 4). 

When each group was considered separately, the 
interobserver agreement ranged from 0.76 (95%CI: 
0.66-0.86) to 0.93 (95%CI: 0.88-0.96) in Group 1 and 
from 0.75 (95%CI: 0.58-0.95) to 0.83 (95%CI: 0.70-0.95) 
in Group 2.

DISCUSSION
This study was undertaken to assess the validity of  
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Figure 1  Box and whisker plots of stiffness values in patients at METAVIR 
stage F0-F1 and in healthy subjects. Box plots show interquartile range (box), 
median (line within box), range (whisker) and outliers (circle). Median values 
(IQR) and P values of differences are given. A: Point shear wave elastography 
(PSWE) values; B: Transient elastography (TE) values. 

40

30

20

10

0

PS
W

E 
va

lu
es

 in
 k

ilo
pa

sc
al P  = 0.04

F0-F1             F2              F3               F4
                    METAVIR  stage

4.2 kPa (3.7-5.4)  5.2 kPa (4.4-6.0)  7.0 kPa (5.8-9.4)  12.3 kPa (8.3-19.3)

Patients with chronic hepatitis C (n  = 98)

P  = 0.01

P  = 0.02

40

30

20

10

0

TE
 v

al
ue

s 
in

 k
ilo

pa
sc

al

P  = 0.22

F0-F1             F2              F3               F4
                    METAVIR  stage

5.5 kPa (4.3-6.5)  6.4 kPa (5.0-8.0) 11.4 kPa (8.9-12.3)  17.1 kPa (11.1-23.7)

Patients with chronic hepatitis C (n  = 101)

P  = 0.0002

P  = 0.04

B

A

Figure 2  Distribution of stiffness values according to METAVIR fibrosis 
stage. Median values, interquartile ranges, ranges, numbers of outliers and 
P values are given for each fibrosis stage. A: Point shear wave elastography 
(PSWE); B: Transient elastography (TE). 

Ferraioli G et al . Point shear wave elastography for stiffness assessment



4792 April 28, 2014|Volume 20|Issue 16|WJG|www.wjgnet.com

PSWE, i.e., the repeatability of  measurements and the 
performance of  this method. The results show that 
PSWE is a highly reproducible method for assessing 
liver stiffness because it was characterized by very high 
levels of  intraobserver and interobserver agreement, 
both overall and for single measurements. Moreover, 
the reproducibility of  the method was similar in healthy 
subjects and in patients with chronic viral hepatitis. Ul-
trasound imaging techniques are subject to user depen-
dency; nonetheless, we observed a high interobserver 
agreement rate that was similar to that reported for 
TE[9]. Nevertheless, good interobserver agreement rates 
have been reported for other shear wave elastography 
ultrasound-based techniques, suggesting that the method 
itself  has low variability and requires only a short period 
of  training to be performed reliably[31-33]. Indeed, the 
benefits of  image guidance will likely reduce the learning 
curve and the variations between measurements[33].

The results of  this study show that TE and PSWE 
results are directly and linearly correlated with the stages 
of  fibrosis determined using histology. Furthermore, the 
performance of  PSWE compares with that of  TE, the 
first available technique and the most widely accepted 
method for noninvasive assessment of  liver fibrosis. 
In our series, liver stiffness did not correlate with liver 
steatosis in either the univariate or multivariate analysis; 
thus, steatosis was not a confounding variable. This re-
sult is similar to those observed in other studies using 
shear wave elastography techniques integrated into ul-
trasound systems, and this result appears to indicate that 
the value obtained was a true estimate of  the stiffness 
of  the liver[14,16,18,19,34]. The influence of  necroinflamma-
tion on liver stiffness is controversial; some studies have 
found an influence[9,11,14,19,34], and others have not[2-4,16,18,22]. 

In our series, we found no correlation between liver stiff-
ness and necroinflammation. A positive correlation with 
GGT was found, which is in agreement with the results 
of  a study by Forns et al[35], which identified this variable 
as an independent predictor of  liver fibrosis.

The diagnostic accuracy of  PSWE was similar to 
that reported by some other studies, which used a dif-

Table 2  Performance of point shear wave elastography (n  = 
98) and transient elastography (n  = 101) in patients with 
chronic hepatitis C

Parameter Method F  ≥ 2 F  ≥ 3 F  = 4

Cut-off in 
kPa

PSWE 5.7 5.8 7.2
TE 6.9 7.3 9.3

AUC PSWE   0.80 (0.71-0.87)   0.88 (0.80-0.94) 0.95 (0.89-0.99)
TE   0.82 (0.73-0.89)   0.95 (0.88-0.98) 0.92 (0.85-0.97)

Sensitivity 
%

PSWE   62.0 (47.2-75.3)   85.2 (66.3-95.8) 90.0 (55.5-99.7)
TE   62.7 (48.1-75.9)   89.9 (70.8-97.6) 90.0 (55.5-99.7)

Specificity 
%

PSWE   91.7 (80.0-97.7)   84.5 (74.0-92.0) 88.6 (80.1-94.4)
TE   83.7 (70.3-92.7)   80.8 (69.9-89.1) 87.8 (79.2-93.7)

PPV % PSWE   88.6 (73.3-96.8)   67.6 (49.5-82.6) 47.4 (24.4-71.1)
TE   80.0 (64.1-91.1)   63.2 (45.7-78.4) 45.0 (23.1-78.5)

NPV % PSWE   69.8 (57.0-80.8)   93.7 (84.7-98.3) 98.7 (93.1-100)
TE   68.3 (55.0-79.7)   95.2 (86.5-99.0) 98.7 (93.2-100)

+LR PSWE   7.4 (2.8-19.5) 5.5 (3.1-9.7)   7.9 (4.3-14.7)
TE 3.8 (2.0-7.5) 4.6 (2.8-7.6)   7.4 (4.1-13.3)

-LR PSWE 0.4 (0.3-0.6)   0.2 (0.07-0.4)   0.1 (0.02-0.7)
TE 0.4 (0.3-0.6)   0.1 (0.05-0.4)   0.1 (0.02-0.7)

In parentheses: 95%CI. PSWE: Point shear wave elastography; TE: 
Transient elastography; kPa: Kilopascals; AUC: Area under the curve; 
PPV: Positive predictive value; NPV: Negative predictive value; +LR: 
Positive likelihood ratio; -LR: Negative likelihood ratio.
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Figure 3  Receiver-operating characteristic curves for different fibrosis 
thresholds. The performance of point shear wave elastography (PSWE) was 
compared to that of transient elastography (TE). P values for differences be-
tween areas under the curve are given. A: F0-F1 vs F2- F4 (F ≥ 2); B: F0-F2 
vs F3-F4 (F ≥ 3); C: F0-F3 vs F4 (F = 4). 
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ferent point shear wave elastography method that also 
included acoustic radiation force impulse (ARFI); those 
studies reported no improvement in accuracy relative to 
TE for staging liver fibrosis[14,20,21,36]. Rizzo et al[16] found 
that ARFI was more accurate than TE for the staging of  
both significant and severe liver fibrosis. However, those 
results were not confirmed by a recent meta-analysis that 
compared ARFI with TE and found comparable diag-
nostic accuracies of  both methods for the diagnosis of  
severe fibrosis and a slightly but significantly higher di-
agnostic accuracy of  TE for the diagnosis of  significant 
fibrosis and cirrhosis[17].

PSWE is a recently developed method that is part 
of  the second generation of  ultrasound elastography 
methods. These methods differ from the first-generation 
TE in several aspects, including the generation of  shear 
waves within the organ by a focused ultrasound beam 
and the capability of  focusing the beam at different loca-
tions within the organ under ultrasound image guidance. 
These properties should improve the feasibility of  stiff-
ness measurements in obese patients and patients with 
ascites; they may also improve the accuracy of  PSWE 
relative to TE. However, the current study demonstrated 
that neither the feasibility nor the accuracy of  PSWE was 
higher than that of  TE. This finding could be attribut-
able to the fact that the patients in our series had a body 
mass index within the normal range and the absence of  
patients with ascites. On the other hand, compared with 
TE, routine ultrasound systems with an elastography 
technique are advantageous in that they also allow the 
evaluation of  other parameters that are complementary 
to stiffness, they are highly accurate for the diagnosis of  
cirrhosis and they could be used to screen for focal liver 
lesions[20,37].

The optimal cut-offs identified for each fibrosis 
stage, which were based on the maximal sensitivity and 
specificity, were close to each other. However, the di-
agnostic accuracy, assessed with AUCs, was high, sug-
gesting that the PSWE method is acceptable for staging 

liver fibrosis but needs to be refined. On the other hand, 
liver histology could be an imperfect gold standard be-
cause it is affected by intraobserver and interobserver 
variabilities in fibrosis assessment and represents only 
1/50000 of  the entire liver mass[38]. Moreover, a recent 
study showed that liver biopsy exhibited a relative lower 
level of  performance compared with FibroTest and TE 
when evaluated similarly for the diagnosis of  advanced 
fibrosis[39]. As was very recently reported for TE[25], in 
our study, both TE and PSWE showed excellent nega-
tive predictive value for cirrhosis and very good positive 
predictive value for significant fibrosis. On the contrary, 
both techniques showed insufficient positive predictive 
value for cirrhosis and only fair negative predictive value 
for significant fibrosis. 

The values of  stiffness obtained using PSWE in 
healthy subjects were significantly lower than those ob-
tained in patients with nonsignificant fibrosis (F0-F1) 
based on liver histology. This result indicates that the 
PSWE technique, which is noninvasive and readily avail-
able in ultrasound systems, could be a useful adjunct tool 
when performing ultrasound examinations of  the liver 
because this method may allow physicians to select pa-
tients who need to be further evaluated for chronic liver 
disease. 

Our study has limitations. First, the different stages 
of  fibrosis, particularly advanced fibrosis and cirrhosis, 
were not equally represented among the patients in our 
series; almost half  of  the patients were at the F0-F1 
stage, which may have affected the optimal cut-off  
values obtained with the ROC curves. This uneven dis-
tribution of  fibrosis stages among consecutive patients 
reflects what is normally observed in clinical settings. 
On the other hand, the Obuchowski measure, which was 
used to minimize the spectrum bias, was good for both 

Table 3  Characteristics of the subjects assessed to determine 
the reproducibility of point shear wave elastography 
measurements

Characteristic Total Group 1 Group 2
n  = 116 n  = 47 n  = 69

Sex, females (%) 44 (37.9)      10 (21.3)b      34 (49.3)
Age, yr (SD) 41.9 (13.5)    44.1 (12.5)a   38.9 (13.8)
BMI, kg/m2 (SD) 23.2 (4.1) 23.7 (2.7) 23.0 (4.9)
PSWE 
measurement, 
rater 1 (IQR)

      3.95 (3.3-5.2)        5.34 (4.1-7.3)b        3.53 (3.2-4.1)

PSWE 
measurement, 
rater 2 (IQR)

      3.92 (3.3-5.2)        5.34 (4.1-7.1)b        3.52 (3.1-4.0)

SD values represent means, and IQR values represent medians. aP < 
0.05; bP < 0.01. PSWE: point shear wave elastography; BMI: body mass 
index. Group 1: Patients with chronic viral hepatitis; Group 2: Healthy 
volunteers. 

Table 4  Intraobserver and interobserver agreement of point 
shear wave elastography measurements performed by two 
raters

Measurements Rater 1 Rater 2 Rater 1 vs  Rater 2
CCC (95%CI) CCC (95%CI) CCC (95%CI)

1, 2, 3, 4, 5 vs 6, 
7, 8, 9, 10 

0.96 (0.95-0.97) 0.96 (0.95-0.97) -

1, 3, 5, 7, 9 vs 2, 
4, 6, 8, 10

0.95 (0.93-0.96) 0.96 (0.94-0.97) -

1, 2, 3, 4, 5 - - 0.91 (0.88-0.94)
6, 7, 8, 9, 10 - - 0.93 (0.91-0.95)
1, 3, 5, 7, 9 - - 0.93 (0.91-0.95)
2, 4, 6, 8, 10 - - 0.92 (0.90-0.94)
All - - 0.93 (0.90-0.95)
1 vs 5 0.93 (0.91-0.95) 0.85 (0.80-0.90) -
5 vs 10 0.83 (0.79-0.88) 0.88 (0.84-0.92) -
2 vs 5 0.87 (0.84-0.91) 0.84 (0.79-0.89) -
3 vs 8 0.93 (0.91-0.95) 0.84 (0.79-0.88) -
1 - - 0.89 (0.85-0.93)
2 - - 0.83 (0.78-0.88)
5 - - 0.85 (0.80-0.90)
8 - - 0.84 (0.79-0.90)

CCC: Concordance correlation coefficient; CI: confidence interval. 
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PSWE and TE. Second, our study population had a low 
prevalence of  obesity, which could be a technical limita-
tion; thus, the applicability of  these results is limited. 
Third, the analysis was performed in a relatively small 
number of  patients; thus, these results need to be vali-
dated in larger studies.

In conclusion, PSWE is a highly reproducible meth-
od for assessing liver stiffness. For staging liver fibrosis, 
PSWE compares favorably with TE. Healthy volunteers 
show significantly lower values compared with patients 
with nonsignificant fibrosis. Further studies in larger se-
ries of  patients are needed to confirm these results.
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