
750 Copyright © 2016 The Korean Society of Radiology

Prospective Comparison of Liver Stiffness Measurements 
between Two Point Shear Wave Elastography Methods: 
Virtual Touch Quantification and Elastography Point 
Quantification  
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Objective: To prospectively compare technical success rate and reliable measurements of virtual touch quantification (VTQ) 
elastography and elastography point quantification (ElastPQ), and to correlate liver stiffness (LS) measurements obtained 
by the two elastography techniques.
Materials and Methods: Our study included 85 patients, 80 of whom were previously diagnosed with chronic liver disease. 
The technical success rate and reliable measurements of the two kinds of point shear wave elastography (pSWE) techniques 
were compared by χ2 analysis. LS values measured using the two techniques were compared and correlated via Wilcoxon 
signed-rank test, Spearman correlation coefficient, and 95% Bland-Altman limit of agreement. The intraobserver 
reproducibility of ElastPQ was determined by 95% Bland-Altman limit of agreement and intraclass correlation coefficient 
(ICC).
Results: The two pSWE techniques showed similar technical success rate (98.8% for VTQ vs. 95.3% for ElastPQ, p = 0.823) 
and reliable LS measurements (95.3% for VTQ vs. 90.6% for ElastPQ, p = 0.509). The mean LS measurements obtained by 
VTQ (1.71 ± 0.47 m/s) and ElastPQ (1.66 ± 0.41 m/s) were not significantly different (p = 0.209). The LS measurements 
obtained by the two techniques showed strong correlation (r = 0.820); in addition, the 95% limit of agreement of the two 
methods was 27.5% of the mean. Finally, the ICC of repeat ElastPQ measurements was 0.991.
Conclusion: Virtual touch quantification and ElastPQ showed similar technical success rate and reliable measurements, with 
strongly correlated LS measurements. However, the two methods are not interchangeable due to the large limit of 
agreement. 
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INTRODUCTION

Liver fibrosis is a clinically significant condition that is 
closely involved in the pathogenesis of life-threatening 
conditions such as cirrhosis, portal hypertension and 
hepatocellular carcinoma (1, 2). Although pathological 
diagnosis using liver biopsy is the standard method to 
assess the nature and severity of liver fibrosis, liver biopsy 
is an invasive procedure with potential complications such 
as hemorrhage, bile leakage and pneumothorax (3). In 
addition, because the sampled tissue has small volume 
compared to liver parenchyma, liver biopsy intrinsically 
involves sampling bias, as well as interobserver variation 
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modalities are increasingly used to monitor hepatic fibrosis 
in patients with chronic liver disease. Therefore, the aim of 
the present study was to compare the performance of VTQ 
and ElastPQ in terms of technical success rate and reliable 
measurements, and to correlate the LS measurements made 
by the two modalities. 

MATERIALS AND METHODS

Study Population
This prospective study was approved by our Institutional 

Review Board, and written informed consent was obtained 
from all patients. Our study included 85 patients, 80 of 
whom were diagnosed with chronic liver diseases based on 
serology tests (21), and 5 patients without parenchymal 
liver disease. LS values obtained by VTQ were used for the 
assignment of hepatic fibrosis stages, in accordance with 
the reference values provided by a previous meta-analysis 
(16). Detailed characteristics of the study population are 
provided in Table 1. 

To assess the technical success rate and reliable 
measurements of the two pSWE techniques, the results of all 
85 patients were included. Among the 85 patients, only 69 
patients with successful and reliable LS measurements on 

(4-6). Thus, many non-invasive techniques such as serum-
based markers and various ultrasound or magnetic resonance 
(MR) based imaging techniques have been developed to 
assess different stages of liver fibrosis and to monitor 
progression of liver fibrosis (7-9). 

Among the emerging image-based techniques, 
elastography is gaining popularity as a rapid, inexpensive, 
non-invasive and reproducible method for quantitatively 
measuring liver stiffness (LS) (10, 11). Clinical elastography 
techniques include transient elastography, point shear wave 
elastography (pSWE), two dimensional (2D) shear wave 
elastography (SWE) and MR elastography (3, 7, 9, 12, 13). 
Although transient elastography (Fibroscan-Echosens, Paris, 
France) is the most widely used elastography technique, 
it has some limitations, such as failure of detection on 
ultrasound image, and high rate of failure in patients with 
ascites or severe obesity (14, 15). 

On the other hand, virtual touch quantification (VTQ; 
Siemens, Berlin, Germany), commonly referred to as 
acoustic radiation force impulse imaging, is a type of 
pSWE technique that induces shear acoustic waves inside 
a specified region of interest (ROI) and measures the 
resulting tissue displacement (8, 11). In contrast to 
transient elastography, which has fixed insertion depth 
at ROI, VTQ enables tissue measurements inside ROI of 
variable insertion depths and can be incorporated as part 
of a standard liver ultrasonography (US) examination, 
thus providing an alternative to transient elastography for 
non-invasive and more precise assessment of liver fibrosis 
(8, 16). Several studies indicate that VTQ has sensitivity 
comparable to liver biopsy, as well as excellent intra and 
interobserver reproducibility (10, 17). Elastography point 
quantification (ElastPQ; Philips Medical Systems, Bothell, 
WA, USA), recently approved by the American Food and 
Drug Administration, uses same physical principles as VTQ, 
and shows promising results in measuring LS in hepatic 
fibrosis patients (14, 18, 19). LS measurements with pSWE 
techniques such as VTQ and ElastPQ require only a few 
seconds using conventional US probes, and therefore, can 
be easily performed during a regular liver US session (14, 
18, 19). 

Although both pSWE techniques are clinically available, 
few studies compare the performance of ElastPQ with VTQ 
in evaluating hepatic fibrosis in patients with chronic liver 
diseases (14, 20). Currently, it remains unclear whether 
the two pSWE techniques are interchangeable. Mutual 
validation of the two techniques is necessary as both 

Table 1. Patients’ Characteristics and Presumed Staging of 
Hepatic Fibrosis Based on VTQ Meta-Analysis Values from 
Previous Study

Characteristics n (%)
Age (years) 63 (39–91)
Gender

Male 60 (70.6)
Female 25 (29.4)

Body mass index (kg/m²) 24.7 (16.4–39.0)
Etiology

Chronic hepatitis C 11 (12.9)
Chronic hepatitis B 62 (72.9)
Chronic alcoholic hepatitis 12 (14.1)
Metastasis from other organs 6 (7.1)
Unknown 1 (1.2)

Liver fibrosis stages
F ≤ 1 14 (16.5)
F2 19 (22.4)
F3 19 (22.4)
F4 32 (37.6)

Age and BMI are presented as median values and range intervals. 
Cut-offs used in classification of liver fibrosis was F ≥ 2 (1.34 m/
s), F ≥ 3 (1.55 m/s), and F = 4 (1.80 m/s) (16). n = number of 
patients, VTQ = virtual touch quantification
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both shear wave techniques were included for comparison 
of LS measurements (Fig. 1). 

VTQ and ElastPQ Measurements
Virtual touch quantification was performed using Siemens 

Acuson S2000TM ultrasound system (Siemens AG, Erlangen, 
Germany) and ElastPQ was performed using Philips EPIQ 
7 ultrasound system (Philips Medical Systems, Bothell, 
WA, USA). In general, at least 10 measurements should 
be obtained, although some studies suggest that smaller 
number of measurements may have similar accuracy (22-
24). Technical failures and unreliable results occur more 
frequently in patients with liver cirrhosis than in patients 
with normal liver (23); hence, 15 measurements were made 
for each instrument by one of the authors with 4 years of 

ultrasound elastography and 20 years of liver ultrasound 
experience. All patients fasted for at least 6 hours prior to 
the examination and were placed in the supine position, 
with right arm maximally abducted above the head to 
stretch the intercostal muscle. During acquisition, patients 
were asked to hold breaths at mid-respiration level so 
as to minimize breathing motion while avoiding deep 
inspiration or expiration, following a recent guideline on US 
elastography (11, 22). A measuring box was placed in the 
right anterior segment of the liver through the intercostal 
space, with minimal scanning pressure applied by the 
operator. 

The operator performed both ElastPQ and VTQ 
measurements within 6 hours interval on each patient. For 
VTQ measurements, the operator placed a measuring box 

A B

Fig. 2. LS measurements by two pSWE techniques.  
VTQ (A) and ElastPQ (B). For both measurements, operator placed predefined measuring box in liver. ElastPQ = elastography point quantification, 
LS = liver stiffness, pSWE = point shear wave elastography, VTQ = virtual touch quantification

Fig. 1. Flow diagram of study population. *One patient who had technical failure on VTQ also had unreliable measurement on ElastPQ. 
ElastPQ = elastography point quantification, LS = liver stiffness, VTQ = virtual touch quantification

Eligible patients for assessing technical failure and unreliable  
  measurements on both VTQ and ElastPQ (n = 85)

Excluded patients (n = 16)
Technical failure on VTQ (n = 1)
Technical failure on ElastPQ (n = 4)
Unreliable measurement on VTQ (n = 4)
Unreliable measurement on ElastPQ (n = 8*)

Cross-validation of VTQ and ElastPQ (n = 69)
All patients had successful and reliable LS measurements on both  
  VTQ and ElastPQ
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of 10/5 mm in a desired position (mostly segment V or 
VIII of the liver, 2–4 cm from the liver capsule), avoiding 
area immediately under the liver surface or vessels showing 
reverberation artifacts (Fig. 2A) (22). Similarly, for ElastPQ 
measurements, the operator placed a measuring box of 
15/5 mm in a desired portion of the liver (Fig. 2B). For 
both pSWE techniques, the operator placed ROI box in a 
similar position of the liver. Mean, median and standard 
deviation values of LS measurements were provided by the 
US units, and interquartile range (IQR) was calculated using 
statistical software. 

To evaluate intraobserver reproducibility of LS 
measurements using ElastPQ, LS measurements were 
repeated within 24 hours interval for the 14 patients whose 
study date was within the final 4 weeks of the study period. 

Technical Failure and Reliable Measurements
Technical failure of pSWE methods was defined as failure 

to acquire 10 valid measurements after at least 15 trials. 
Reliable measurement of LS was defined as measurement in 
which the IQR/median LS of 15 measurements was < 30% (7, 
23). 

Statistical Analysis
Liver stiffness measurements of the two pSWE 

methods were initially tested for normality using the 
Shapiro-Wilk test. To determine the skewness of the LS 
measurements, histograms were obtained for VTQ and 
ElastPQ measurements. Skewness and standard error of 
skewness was automatically provided by the SPSS software. 
χ2 analysis was used to determine whether technical success 
and reliable measurements of the two SWE methods were 
significantly different. Wilcoxon signed-rank test was used 
to compare the LS measurements obtained by VTQ and 
ElastPQ. Spearman correlation coefficient was then obtained 
to determine correlation between the two pSWE techniques 
(24). Bland-Altman analysis was used to evaluate the 
agreement between VTQ and ElastPQ (25). The agreement 
between the two methods was further investigated by 
calculating the intraclass correlation coefficient (ICC) from 
mean VTQ and ElastPQ LS measurements. 

The intraobserver reproducibility of LS measurements 
using ElastPQ was evaluated by calculating ICC in 14 
patients who underwent two ElastPQ sessions. As in 
previous studies, ICC > 0.75 was considered as good 
agreement (26). To estimate the magnitude of change in LS 
measurements that can be confidently detected in a single 

individual, the 95% limit of agreement between the repeat 
ElastPQ measurements was obtained following the Bland-
Altman method and was expressed as the percentage of the 
mean (25).

All statistical analyses were performed using commercially 
available SPSS software, version 22.0 (IBM Corp., Released 
2013, IBM SPSS Statistics for Windows, Version 22.0, 
Armonk, NY, USA).

RESULTS

The most common etiology of chronic liver diseases was 
chronic hepatitis B (72.9%), followed by chronic hepatitis 
C (12.9%) and chronic alcoholic hepatitis (14.1%). The 
presumed distribution of liver fibrosis calculated from VTQ 
meta-analysis showed that liver cirrhosis (F4) was the most 
common fibrosis stage (37.6%), followed by severe (F3) and 
moderate (F2) liver fibrosis (22.4% for both stages), and 
lastly, mild (F1) or no (F0) liver fibrosis (16.5%) (Table 1) 
(16).

Technical Success Rate and Reliable Measurements
Among the 85 patients who underwent pSWE imaging 

with both techniques, VTQ failed to provide LS values in 1 
patient, and ElastPQ in 4 patients. There was no significant 
difference in the technical success rate of VTQ (98.8% [84 
of 85]) and ElastPQ (95.3% [81 of 85]) (p = 0.823). There 
were 4 unreliable measurements on VTQ and 8 unreliable 
measurements on ElastPQ. One patient who had technical 
failure on VTQ also had unreliable measurement on ElastPQ. 
All 4 patients who had technical failure on ElastPQ had 
reliable measurements on VTQ. There was no significant 
difference between the reliable measurements of VTQ (95.3%  
[81 of 85]) and ElastPQ (90.6% [77 of 85]) (p = 0.509).

Correlation of LS Values Obtained by Means of VTQ 
Elastography and ElastPQ Elastography 

Of the 85 patients, only 69 patients with successful and 
reliable VTQ and ElastPQ LS measurements were included 
in the further correlation analysis of LS measurements. 
Shapiro-Wilk test showed that VTQ and ElastPQ mean LS 
measurements were not normally distributed (p < 0.001). 
Visual inspection of the histograms indicated right-skewness 
of LS measurements obtained by VTQ and ElastPQ (Fig. 3). 
Skewness/standard error of skewness was 3.10 for VTQ vs. 
4.96 for ElastPQ. The difference between mean, median 
and IQR/median of VTQ and ElastPQ measurements was 
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statistically insignificant (Wilcoxon signed-rank test) (Table 
2). A strong correlation (r = 0.820) was observed between 
LS values obtained by VTQ and ElastPQ (p < 0.001). 95% 
Bland-Altman limit of agreement between LS measurements 
by VTQ and ElastPQ was 27.5% of the mean (Fig. 4). 

Intraobserver Reproducibility of ElastPQ Measurements 
The intraobserver reproducibility of ElastPQ measurements 

was calculated by comparing repeat LS values obtained from 
14 patients. The ICC of 14 ElastPQ measurements was 0.991 
(95% confidence interval: 0.997, 0.973), indicating very 
good reproducibility. 95% Bland-Altman limit of agreement 
of the repeat ElastPQ measurements was 8.3% of the mean 
(Fig. 5).

DISCUSSION

In this prospective study, we systemically compared the 
technical success rate, reliable measurements, and LS values 
obtained by VTQ and ElastPQ. To the best of our knowledge, 
our study is the first to prospectively compare the two 
pSWE methods in an Asian population. The 98.8% technical 
success rate for VTQ was not significantly different from 
95.3% technical success rate for ElastPQ (p = 0.823). In 
addition, the two pSWE techniques showed similar reliable 
LS measurements: 95.3% for VTQ vs. 90.6% for ElastPQ (p 
= 0.509). Reliable LS measurements may be underestimated 
because low LS measurement with IQR/median > 0.3 
may still be reliable measurements (27). The two pSWE 
techniques generate and measure shear wave based on 
similar physical principles; hence, these results are as 
expected. 

In our study, the mean LS measurements obtained 
by VTQ (1.71 ± 0.47 m/s) and ElastPQ (1.66 ± 0.41 m/
s) did not show any significant difference (p = 0.209). 
However, a previous study by Sporea et al. (20), which 
compared the performance of VTQ and ElastPQ, showed 
statistically significant difference in LS measurements by 
the two techniques (p < 0.05). Furthermore, the degree of 
correlation between the two pSWE techniques in the present 
study (r = 0.820) was higher than the values reported by 

Table 2. Mean, Median, and Median/IQR Values of Two pSWE 
Methods Were Compared by Wilcoxon Signed-Rank Test

VTQ ElastPQ P
Mean 1.71 ± 0.47 1.66 ± 0.41 0.209
Median 1.69 ± 0.47 1.65 ± 0.43 0.471
IQR/median 0.145 ± 0.062 0.156 ± 0.058 0.263

ElastPQ = elastography point quantification, IQR = interquartile 
range, pSWE = point shear wave elastography, VTQ = virtual touch 
quantification 

Fig. 3. Histogram showing distribution of mean LS measurements by two pSWE techniques.  
VTQ (A) and ElastPQ (B). Skewness/standard error of skewness was 3.10 for VTQ vs. 4.96 for ElastPQ. Black line = normal distribution fit. ElastPQ 
= elastography point quantification, LS = liver stiffness, pSWE = point shear wave elastography, VTQ = virtual touch quantification
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Sporea et al. (20) (r = 0.407–0.582). These discrepancies 
could be explained as follows. Firstly, the study population 
in the present study consists mostly of patients pre-
diagnosed with chronic liver diseases, while half of the 
study population in the previous study were healthy 
volunteers. Therefore, while Sporea et al. (20) assumed 
normal distribution of LS measurements when comparing 
the two modalities, the LS measurements in our study were 

right-skewed (Fig. 3). In addition, the US equipment and 
version of ElastPQ used in the two studies were different. 
In our study, the most recent version of ElastPQ was used 
(EPIQ 7), as compared to an older version of ElastPQ (iU22, 
Philips Medical Systems, Bothell, WA, USA) in the previous 
study. 

Several studies have already shown that the most widely 
used VTQ is a sensitive and reliable technique to assess 
liver fibrosis (10). ElastPQ, a new pSWE technique, showed 
similar technical success rates, reliable LS measurements 
and mean LS values compared to the well-established 
VTQ elastography; thus, ElastPQ technique is expected to 
provide similar diagnostic performance in the evaluation of 
liver fibrosis. 

In our study, the technical success rate of ElastPQ was 
comparable to the results of the previously study (20). In 
addition, the intraobserver reproducibility of ElastPQ was 
excellent (ICC = 0.991), exceeding the previously reported 
intraobserver reproducibility of VTQ LS measurements (ICC 
= 0.945) (10). During the clinical management of patients 
with chronic liver disease, such as chronic viral hepatitis B, 
C, or nonalcoholic steatohepatitis, monitoring liver fibrosis 
progression or regression is as important as diagnosing 
liver fibrosis. In terms of monitoring the response to 
antiviral treatment, pSWE techniques have advantages over 
repeated biopsy, whose drawbacks include poor patient 
compliance and invasiveness (22). Although liver biopsy is 
irreplaceable in some clinical contexts, pSWE is predicted 
to narrow the patient groups that require biopsy (16, 28). 
Our study results illustrate that ElastPQ has high technical 
success rate, reliable LS measurements and intraobserver 
reproducibility. Therefore, ElastPQ, as well as VTQ, can be 
used to monitor disease progression or treatment response 
to antiviral agents (22). 

In the current study, we prospectively correlated LS 
values measured at VTQ and ElastPQ, and found that the 
LS values measured at both pSWE examinations showed 
excellent correlation (r = 0.820). However, despite similar 
LS values of the two pSWE techniques, we believe VTQ and 
ElastPQ techniques cannot be used interchangeably, as the 
limit of agreement (27.5%) of the two pSWE techniques in 
our study is smaller than the difference in the cut-off values 
of the fibrosis stages provided by the meta-analysis of VTQ 
LS measurements (16). According to the meta-analysis of 
VTQ LS measurements for the staging of liver fibrosis, the 
cut-off for F2 fibrosis is 1.34 m/s, F3 fibrosis 1.55 m/s, and 
F4 fibrosis 1.80 m/s (16). It is likely that the difference in 

Fig. 4. Bland-Altman plot shows agreement in VTQ and 
ElastPQ LS measurements. X-axis shows means of repeated LS 
measurements, and y-axis shows difference between VTQ and ElastPQ 
LS measurements. Red line = mean difference, Green line = 95% limits 
of agreement. ElastPQ = elastography point quantification, LS = liver 
stiffness, VTQ = virtual touch quantification
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strength and number of push pulses to generate shearwaves 
of the two pSWE systems, or intrinsic inhomogeneous 
distribution of hepatic fibrosis in chronic liver disease, 
and the substantial tissue inhomogeneity and architectural 
distortion in cirrhotic livers may result in variation of shear 
wave velocity measurements by the two pSWE modalities (7, 
29).

In this study, we were unable to compare the diagnostic 
performance of ElastPQ and VTQ techniques for the 
staging of liver fibrosis. However, according to many 
previous studies, VTQ provides good diagnostic accuracy 
for the noninvasive staging of liver fibrosis (10, 16, 28, 
30, 31). Recently, Ma et al. (14) showed that ElastPQ is 
a valid technology for liver fibrosis staging in chronic 
hepatitis B patients; the area under the receiver operating 
characteristics for significant fibrosis and cirrhosis were 
0.94 and 0.89, respectively. Another preliminary study 
involving 102 patients with chronic hepatitis C showed that 
the accuracy of ElastPQ for staging liver fibrosis is similar 
to that of transient elastography (32). Our study results 
indicated significant correlation between the LS values of 
both techniques and no significant difference in mean and 
median LS values between VTQ and ElastPQ; hence, ElastPQ 
possibly provides similar diagnostic performance to the 
well-established VTQ elastography. 

The current study had several limitations. Since there 
was no pathological staging of liver fibrosis, we could not 
evaluate the diagnostic performance of pSWE techniques in 
staging of liver fibrosis. In addition, we could not calculate 
interobserver reproducibility for ElastPQ measurements 
because one operator performed all LS measurements. 
Finally, although there are other clinically available SWE 
techniques such as 2D SWE technique, we merely compared 
two vendors’ pSWE techniques. 

In conclusion, ElastPQ provided comparable technical 
success rate and reliable LS measurements to VTQ 
elastography. The LS measurements made by the two 
modalities were strongly correlated. However, the two 
methods cannot be used interchangeably for hepatic fibrosis 
staging due to the large limit of agreement. 
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