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Background: Measurements of liver stiffness obtained with 2-dimensional shear wave elastography 
(2D-SWE) have been widely used to clinically assess liver fibrosis. However, differences between different 
2D-SWE systems can lead to confusion when interpreting measurements. This study investigated the 
variability between a recently released sound touch elastography (STE) system and a supersonic shear 
imaging (SSI) system and assessed the degree of intersystem discrepancy using the different liver stiffness 
value (LSV) thresholds recommended by the Society of Radiologists in Ultrasound (SRU) for assessing liver 
fibrosis.
Methods: A total of 4,152 patients who had undergone STE and SSI on the same day were enrolled in this 
retrospective study. First, intrasystem agreement for STE and SSI was assessed. Then, intraclass correlation 
coefficients (ICCs) and the Bland-Altman method were used to assess intersystem variability for all cases, 
classified according to the thresholds recommended by the SRU. The effects of age, gender, and body-
mass index (BMI) were evaluated using multivariate linear regression analysis and attributive intervals were 
computed for STE and SSI at each of the different thresholds.
Results: The ICCs for STE and SSI intrasystem agreement were 0.94 [95% confidence interval (CI): 
0.937–0.943; P<0.001] and 0.984 (95% CI: 0.984–0.985; P<0.001), respectively. The 95% limit of agreement 
(LOA) for all cases ranged from −6.96 to 7.44 kPa. The 95% LOA increased as the threshold values rose, and 
intersystem variability was obvious, even at the smallest threshold (the 95% LOA at values ≤5 kPa was −0.85 
to 2.08 kPa, while that at values >17 kPa was −20.81 to 14.71 kPa). The adjusted R2 for age, gender, and BMI 
was only 0.018 (all P value <0.05). 
Conclusions: There was clear variability between STE and SSI, in contrast with some previous studies 
with small sample sizes, and consistent with others. Intersystem variability increased with the elevation of 
the LSV thresholds recommended by the SRU. Gender and BMI had little effect on intersystem variability. 
Future research could compare STE and SSI in different liver diseases, assessing the feasibility of the SRU-
recommended thresholds in proven pathologies and evaluating the test-retest repeatability.

Keywords: Sound touch elastography (STE); supersonic shear imaging (SSI); intersystem variability; rule of four

Submitted Sep 01, 2021. Accepted for publication Jan 19, 2022.

doi: 10.21037/qims-21-863

View this article at: https://dx.doi.org/10.21037/qims-21-863

2865

https://crossmark.crossref.org/dialog/?doi=10.21037/qims-21-863


Xiang et al. Comparison between sound touch elastography and super sonic imaging2856

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(5):2855-2865 | https://dx.doi.org/10.21037/qims-21-863

Introduction

Cirrhosis is one of the top 20 causes of disability-adjusted 
life years and years of life lost, accounting for 1.6% and 2.1% 
of the worldwide burden, respectively (1). Hepatic fibrosis 
is a common pathway to liver cirrhosis (2). Therefore, 
accurate assessment of the stage of hepatic fibrosis is crucial, 
especially as treatments aimed at reversing fibrosis are 
being developed (3). Although liver biopsy is the reference 
standard for evaluating hepatic fibrosis, its invasiveness, 
sampling error rate, and subjective interpretations mean 
that it is unsuitable as a routine screening tool and 
longitudinal monitoring tool for hepatic fibrosis (4).

With the advantages of safety, good reproducibility, and 
good applicability, 2-dimensional shear wave elastography 
(2D-SWE), an acoustic radiation force impulse (ARFI) 
technique, is recommended for assessing hepatic fibrosis 
in routine clinical practice (5,6). It is the combination of 
a radiation force induced in tissues by focused ultrasonic 
beams and a very high frame rate ultrasound imaging 
sequence capable of measuring the speed of resulting shear 
waves (5). The shear wave speed (SWS), expressed in m/s, 
can be converted to Young’s modulus, expressed in kPa, and 
physical measurement of tissue stiffness can be formulated 
as follows: 

, 2Young s modulus = 3ρSWS  [1]

where ρ is the tissue density assumed to be 1 g/mL. Liver 
stiffness value (LSV), expressed in kPa, can thus be used 
to assess the degree of hepatic fibrosis with 2D-SWE 
technology (6,7). 

There are various 2D-SWE systems available from 
different vendors (5,8). It is generally recommended that 
LSV thresholds for fibrosis staging and the follow-up of liver 
stiffness should be system-specific (6-8). Given the heavy 
burden of liver disease (1), the wide variety of thresholds 
recommended for different 2D-SWE systems can present 
considerable confusion to hepatologists, especially when the 
system used for initial screening is not available for follow-
up. For the convenience of clinical application, the consensus 
of the Society of Radiologists in Ultrasound (SRU) (8) has 
recommended a vendor-neutral “rule of four”, providing  
5 thresholds (≤5, <9, 9–13, >13, and >17kPa) for the 
interpretation of LSV measured by different systems using 
the ARFI technique. The SRU also recommends that values 
<7 kPa suggest a high probability that significant fibrosis 
can be ruled out. However, the feasibility of these SRU-
recommended thresholds needs to be validated.

The differences between various system measurements 
increase as liver stiffness increases (7-9). Ferraioli  
et al. reported that the mean difference in LSVs between 
2D-SWE systems was 0.55 kPa in patients with little or 
no fibrosis (<15 kPa), increasing to 2.43 kPa in patients at 
a more advanced disease stage (9). In contrast, Ryu et al. 
reported poor intersystem agreement between 2D-SWE 
systems (10). From these studies, it is clear that there is 
no definitive agreement about the degree of intersystem 
agreement or variability between 2D-SWE systems. If 
intersystem variability were minimal at relatively low ranges 
of LSV, a reference value representing normal stiffness 
might be applied to different 2D-SWE systems, facilitating 
primary screening for liver fibrosis in routine clinical 
practice.

The SuperSonic Imagine (Aixplorer, Aix-en-Provence, 
France) supersonic shear imaging (SSI) system has been 
used extensively for assessing hepatic fibrosis (7), whereas 
the sound touch elastography (STE) system (Resona 7, 
Mindray, Shenzhen, China) is a newly available 2D-SWE 
system that has been tested in only a few studies (11,12). 
To date, no study with a large sample size has assessed the 
variability of measurements between STE and SSI with 
different LSV thresholds. 

This study, involving a large sample size, investigated the 
variability between a newly released STE 2D-SWE system 
and a well-validated SSI system and assessed the degree of 
variability at different SRU-recommended LSV thresholds. 
We present the following article in accordance with the 
Guidelines for Reporting Reliability and Agreement Studies 
(GRRAS) checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-21-863/rc).

Methods

Study participants

This retrospective study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). It 
was approved by the Ethics Committee of the West China 
Hospital, and written informed consent was exempted on 
account of its retrospective nature. Between May 2019 
and April 2020, 4,229 consecutive patients visited the 
Ultrasound Department of the West China Hospital with 
previously undiagnosed liver diseases. These patients 
underwent liver stiffness measurement (LSM) of the 
background liver parenchyma using STE and SSI on the 
same day. For these patients, the ratio of the interquartile 

https://qims.amegroups.com/article/view/10.21037/qims-21-863/rc
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range of LSVs to the median (IQR/M) for SSI was 
calculated artificially, while an IQR/M ≤30% had already 
been used for quality control upon the final acquisition of 
the STE data. The exclusion criteria for this study were as 
follows: (I) patients who had undocumented demographic 
information (age, gender, height, and weight) on the day of 
their LSM (n=12); (II) patients who had an inadequate LSM 
with either system (i.e., IQR/M more than 30%, n=65). 
Thus, 4,152 cases were finally enrolled in this study.

LSM

Patients were instructed to fast for at least 8 hours and rest 
for at least 10 minutes before examination. Then, either 
of 2 ultrasound physicians both with more than 8 years 
of experience in hepatic ultrasonography performed the 
examinations, completed elastography with the 2 systems 
for an individual patient. The LSM protocol followed the 
latest European Federation for Ultrasound in Medicine and 
Biology (EFSUMB) guidelines (7) as previously reported (13).  
A B-mode intercostal liver scan was first performed, clearly 
visualizing the liver capsule, whereby patients were instructed 
to lie in a supine position with the right arm in maximal 
extension and take a normal breath, holding it for few 
seconds at mid expiration, and measurements of the right 
liver lobe were obtained through the appropriate intercostal 
location.

For each system, an elasticity acquisition box of 4 cm × 3 cm  
was placed at the desired location, 1–6 cm beneath the 
liver capsule in the middle line of the elastogram, free from 
large vessels, the gallbladder, and artifacts. In the relatively 
homogeneous areas of the acquisition box, a circular analysis 
box with a diameter of 15 mm was placed to measure stiffness. 
The average value (expressed as Young’s modulus in kPa) 
obtained by the analysis box was recorded as the LSV of each 
acquisition. A valid measurement was acquired when it met the 
quality control requirements of each system. The sonographers 
performed 3 consecutive acquisitions for both STE and SSI, 
and the median value of the 3 acquisitions was taken as the 
representative LSV for each case.

Statistical analysis

Continuous values were presented as means and standard 
deviations, and categorical results were summarized as 
counts and percentages. The IQR/M was calculated for all 
examinations. The median-centered coefficient of variation 
(COV), which is the result of expressing the root mean 

squares of deviation from the median as a percentage of the 
median, was calculated for each system. 

Intraclass correlation coefficients (ICCs) from a one-way 
random model were used to assess intrasystem agreement 
for every examination. Once the median value of the  
3 acquisitions was recorded as the representative LSV of 
each case, ICCs from a 2-way mixed model were calculated, 
and Bland-Altman and Bradley-Blackwood tests were 
performed to assess intersystem agreement between STE 
and SSI for the following groups: (I) all cases and (II) cases 
whose average of LSV measured by STE (LSVSTE) and LSV 
measured by SSI (LSVSSI) fell within the LSV thresholds 
recommended by the SRU. Spearman correlation 
coefficients between the 2 systems were also calculated. 
If age, gender, and body-mass index (BMI) exhibited no 
collinearity, multivariate linear regression analysis was 
performed to investigate whether these 3 factors affected 
the absolute value of the difference between the systems 
(LSVSTE − LSVSSI). To assess the point at which the LSVSTE 
and LSVSSI for individual patients fell within the same 
SRU-recommended thresholds, sets were computed and 
compared for each threshold and system.

The Bland-Altman method was used to plot the 
difference (y-axis, LSVSTE − LSVSSI) against the average 
[x-axis, (LSVSTE + LSVSSI)/2] for parallel statistics (14). 
Based on the regression of the difference on the average, 
a Bradley-Blackwood test assessed whether a null slope 
and a null intercept simultaneously existed, and if they 
did, the mean difference [i.e., the mean value of (LSVSTE − 
LSVSSI)] was 0 (15). The 95% limit of agreement (LOA) of 
the difference was calculated as the mean ± 1.96 × standard 
deviations of (LSVSTE − LSVSSI). As mentioned above, 
higher variability was found between the 2 systems in stiffer 
livers. To reduce the influence of individual variations 
contributed by the absolute value of LSV, the normalized 
difference (% difference) was defined as (LSVSTE − LSVSSI)/
[(LSVSTE + LSVSSI)/2], and the 95% LOA of the normalized 
difference was also calculated as the mean ± 1.96 × standard 
deviation of the % difference. 

The Bland-Altman method (14) suggests a good agreement 
when a narrow 95% LOA shows, and a minority of cases fall 
outside the 95% LOA, based on a nonsignificant Bradley-
Blackwood test. Agreement evaluated by ICCs was classified 
as excellent (ICC >0.75), good (ICC =0.60–0.75), fair (ICC 
=0.40–0.59), or poor (ICC ≤0.40) if the ICC was statistically 
significant (16). The Bonferroni method (α=0.05/k)  
was used for the analyses among SRU-recommended 
thresholds, and k was the number of thresholds (k=6), 
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while the analyses for all cases adopted α=0.05. Statistical 
significance was indicated when P was less than α indicated 
statistical significance, and 95% confidence intervals (CIs) 
were presented, if applicable. A Bland-Altman plot, scatter 
plot between LSVSTE and LSVSSI from the individual patient, 
and box plot between the absolute value of the difference 
between STE and SSI (|LSVSTE − LSVSSI|) and age, gender, 
and BMI were drawn up using GraphPad Prism 8 Software 
(GraphPad Software, Inc., San Diego, CA, USA). Statistical 
tests were performed using SPSS version 22.0 for Windows 
(SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics

There were 4,152 participants in total, including 1,650 
(39.8%) females and 2,501 (60.2%) males. The mean age 
of the participants was 50.20±12.63 years, with pediatric 
cases (<18 years old) accounting for 0.6% of the study 
population. The mean height, weight, and BMI of the 
patients were 164±8 cm, 62.1±10.8 kg, and 23.1±3.1 kg/m2, 
respectively (Table 1). The 2 physicians with more than 8 

years of experience in hepatic ultrasonography completed 
41.5% and 58.5% of the whole cohort, respectively. The 
LSVs measured by STE and SSI are summarized in Table 2. 
The IQR/M was 8.41%±5.36% for STE and 5.50%±3.62% 
for SSI. The ICCs for STE and SSI intrasystem agreement 
were 0.94 (95% CI: 0.937–0.943, P<0.001) and 0.984 
(95% CI: 0.984–0.985, P<0.001), respectively, and the 
median-centered COV for SSI was slightly higher than for 
STE (86.5% vs. 65.2%), indicating excellent intrasystem 
agreement in both systems, with a higher intrasystem 
agreement in STE.

Comparison of STE and SSI for all cases

To illustrate the relationship between the 2 systems, LSVSTE 
was plotted against LSVSSI (Figure 1A), and most points 
made up an area. The border of this area was outlined 
artificially using 2 lines (upper, y=x+6.2 in green, and lower, 
y=0.5x+0.9 in red). If x (LSVSSI) was fixed, y (LSVSTE) 
received a value range, suggesting the differences between 
STE and SSI increased as liver stiffness increased. Although 
a strong Spearman correlation coefficient (0.822, P<0.001) 

Table 1 Patient age, gender, and BMI

Parameter Mean ± standard deviation
Distribution

Classification Percentage

Age (years) 50.2±12.63 11–14 0.12% (5/4,152)

15–17 0.48% (19/4,152)

18–65 88.0% (3,652/4,152)

66–90 11.4% (476/4,152)

Gender – Female 39.8% (1,651/4,152)

Male 60.2% (2,501/4,152)

BMI (kg/m2) 23.1±3.1 <25.0 74.3% (3,083/4,152)

≥25.0 25.7% (1,069/4,152)

Numbers in parentheses are raw data. BMI, body mass index.

Table 2 Summary of liver stiffness measurements with STE and SSI

System LSVs (kPa)† IQR/M (%)† Median-centered COV (%) ICC for intrasystem agreement‡

STE (Mindray) 9.93±5.21 8.41±5.36 65.2 0.94 (0.937–0.943)

SSI (Aixplorer) 9.69±6.18 5.50±3.62 86.5 0.984 (0.984–0.985)
†, data are expressed as means ± standard deviations; ‡, 95% confidence intervals of ICC are in parentheses. STE, sound touch 
elastography; SSI, supersonic shear imaging; LSV, liver stiffness value; IQR, interquartile range; M, median; COV, coefficient of variation; 
ICC, intraclass correlation coefficient.
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and an excellent ICC (0.791, P<0.001) was found between 
STE and SSI (Table 3), the significant Bradley-Blackwood 
test (P<0.001; Table 4) and 95% LOA (−6.96 to 7.44 kPa; 
Table 4, Figure 1B) suggested a lack of agreement between 
both systems. 

Comparison of STE and SSI at different threshold values 

Statistically significant ICCs (P<0.001) for each threshold 
value were graded as fair or poor (Table 3). One exception 
was the ICC for values between 9 and 13 kPa, which was 

not statistically significant (P<0.99). The results of the 
Bradley-Blackwood tests showed a paucity of agreement at 
each threshold (P<0.001) (Table 4). The range of 95% LOA 
of difference and % difference indicated the intersystem 
variability increased as the threshold values increased  
(Figure 2). At the lowest threshold (≤5 kPa), 95% LOA of 
difference and % difference were −0.85 to 2.08 kPa and 
−18.0% to 44.4%, respectively, suggesting there was also 
variability between STE and SSI at this value. 

Relationship between different LSVs and age, gender,  
and BMI

Multivariate linear regression analysis showed that the 
adjusted R2 was only 0.018, despite P values for the slope 
of age, gender, and BMI being <0.001, 0.048, and <0.001, 
respectively. Our analysis also showed that age, gender, and 
BMI hardly affected the absolute value of the difference 
between the systems (LSVSTE − LSVSSI) (Figure 3). 

SRU-recommended threshold intervals with STE and SSI

Cases were assigned to an SRU-recommended threshold 
interval for each system, according to the LSVs measured 
by STE and SSI (Figure  4).  The STE sets (green) 
included cases whose LSVSTE was within the limits of 
each SRU-recommended threshold, and the SSI sets (red) 
were similarly defined according to cases’ LSVSSI. The 
intersections (blue) show cases whose LSVSTE and LSVSSI 
fell within the same SRU-recommended threshold. There 
were 1,107 cases in the intersection of the <7 kPa threshold 
sets, accounting for 87% (1,107 of 1,276) of the STE set 
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Figure 1 Comparison of STE and SSI for all cases. (A) scatter plot between LSVSTE and LSVSSI, where most points made up an area. The 
border of this area was outlined artificially using 2 lines (upper, y=x+6.2 in green, and lower, y=0.5x+0.9 in red); (B) Bland-Altman plot of 
the overall subjects, where the green dashed line and the red dashed line represent 95% LOA and mean difference, respectively. LSVSTE and 
LSVSSI are the LSVs measured for each participant by STE and SSI, respectively. LSV, liver stiffness value; STE, sound touch elastography; 
SSI, supersonic shear imaging; 95% LOA, 95% limit of agreement; SD, standard deviation.

Table 3 Summary of ICCs and Spearman correlation coefficients 
between STE and SSI

Threshold (kPa) N ρ ICC for intersystem agreement‡

Totality 4,152 0.822* 0.791 (0.781 to 0.804)**

≤5† 185 −0.267* −0.153 (−0.334 to 0.062)**

<9† 2,473 0.541* 0.402 (0.218 to 0.537)**

9–13† 897 −0.152* −0.263 (−0.329 to −0.196)

>13† 782 0.268* 0.497 (0.426 to 0.560)**

>17† 356 0.124 0.320 (0.208 to 0.420)**

<7† 1,521 0.285* 0.174 (0.015 to 0.311)**
†, thresholds recommended by the SRU. The first five thresholds 
refer to “rule of four”, and <7 kPa could help rule out significant 
fibrosis. ‡, 95% confidence intervals of ICC are in parentheses; 
*, P<0.001 for Spearman correlation coefficient; **, P<0.001 for 
ICC. ICC, intraclass correlation coefficient; STE, sound touch 
elastography; SSI, supersonic shear imaging; ρ, Spearman 
correlation coefficient; SRU, Society of Radiologists in 
Ultrasound.



Xiang et al. Comparison between sound touch elastography and super sonic imaging2860

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(5):2855-2865 | https://dx.doi.org/10.21037/qims-21-863

and 65% (1,107 of 1,767) of the SSI set. The intersection of 
the >13 kPa sets included 71% (221 of 313) of the STE set 
and 68% (221 of 417) of the SSI set.

Discussion 

The different cut-off values for various 2D-SWE 
systems can present a substantial burden of confusion 

for  hepato logi s t s  in  c l in ica l  pract ice .  The SRU 
has recommended a vendor-neutral “rule of four”, 
wh ich  g i ve s  5  LSV thre sho lds  fo r  in te rpre t ing 
l iver st i f fness measured by different systems (8) .  
Previous studies have compared different 2D-SWE 
systems with small sample sizes, but intersystem agreement 
has remained unclear (9,10,17-19). Of several available 
2D-SWE systems, the SSI was recognized by the latest 

Table 4 Summary of the Bland-Altman and Bradley-Blackwood tests results between STE and SSI

Threshold (kPa)
Bland-Altman Bradley-Blackwood 

Mean difference (kPa) 95% LOA (kPa) Cases exceeding 95% LOA‡ F P value*

Totality 0.24 −6.96 to 7.44 5.1% (211/4,152) 184.424 <0.001

≤5† 0.62 −0.85 to 2.08 4.3% (8/185) 63.307 <0.001

<9† 0.78 −2.00 to 3.57 6.2% (154/2,473) 376.312 <0.001

9–13† 0.56 −5.23 to 6.34 6.2% (56/897) 18.122 <0.001

>13† −1.83 −15.70 to 12.03 5.9% (46/782) 33.137 <0.001

>17† −3.05 −20.81 to 14.71 5.9% (21/356) 20.162 <0.001

<7† 0.81 −1.28 to 2.90 5.6% (85/1,521) 441.596 <0.001
†, thresholds recommended by the SRU. The first five thresholds refer to “rule of four”, and <7 kPa could help rule out significant fibrosis; 
‡, numbers in parentheses are raw data; *, all of the Bradley-Blackwood tests were significant (P<0.001). STE, sound touch elastography; 
SSI, supersonic shear imaging; 95% LOA, 95% limit of agreement; SRU, Society of Radiologists in Ultrasound.
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Figure 2 95% LOAs of difference (A) and % difference (B) for various SRU-recommended thresholds. Difference = LSVSTE−LSVSSI, and % 
difference=(LSVSTE−LSVSSI)/[(LSVSTE+LSVSSI)/2]. 95% LOA, 95% limit of agreement; SRU, Society of Radiologists in Ultrasound; LSVSTE, 
liver stiffness values measured by STE; LSVSSI, liver stiffness values measured by SSI; STE, sound touch elastography; SSI, supersonic shear 
imaging.
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EFSUMB guidelines (7), whereas the recently released 
STE technique (Resona 7, Mindray, Shenzhen, China) has 
not yet been widely validated. Therefore, we evaluated 
intersystem variability between these 2 systems using a large 

sample size. 
In this study, excellent intrasystem agreement was 

observed in each system with an IQR/M ≤30%, consistent 
with previous studies (7,11,17,20). Meanwhile, the overall 
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ICC for intersystem agreement between STE and SSI 
also indicated excellent agreement. In contrast, Bland-
Altman analysis showed low intersystem agreement. The 
discrepancy between the ICC and Bland-Altman analysis 
results was presumably due to intercase variations, to which 
ICC is susceptible, but Bland-Altman is not (16,21). The 
wide range of LSVs caused an overestimation in the ICCs. 
Therefore, this study placed greater emphasis on the Bland-
Altman analysis. 

The 95% LOA for STE and SSI (−6.96 to 7.44 kPa) 
derived from the Bland-Altman analysis suggested obvious 
intersystem variability between STE and SSI, analogous 
to the study reported by Ryu et al. (10), where significant 
intersystem variability was found between 2D-SWE systems, 
even when they were from the same manufacturer (LOGIQ 
E9 and LOGIQ S8, GE Healthcare, Chicago, IL, USA). 
However, good intersystem agreement between 2D-SWE 
devices has been found in some studies, including one 
performing the pair comparison of 6 devices and including 
SSI and STE techniques, with a sample of 24 (18), another 
comparing the Aixplorer and Aplio 500 with a sample size 
of 26 (9), and another comparing the Aixplorer and Aplio 
500 with a sample size of 20 (22). It is presumed that large 
samples have greater heterogeneity than small, causing 
intersystem agreement to decrease. 

As the SRU-recommended threshold values increased, 
so too did the intersystem variability between STE and SSI, 
consistent with a previous study in which the difference 
between STE and SSI increased with the development of 
the fibrosis stage (20). At the smallest value (≤5 kPa), the 
mean difference was 0.62 kPa with 95% LOA of −0.85 to 
2.08 kPa and a normalized difference of −18.0% to 44.4%, 
suggesting caution should be used when using a specific 
reference value, even for people with low liver stiffness.

In this study, the difference between STE and SSI were 
hardly affected by age, gender, and BMI, because a minimal 
adjusted R2 (0.018) of the multivariate linear regression 
was observed. The number of pediatric cases (n=24) in this 
study might have been a statistical limitation as 1 study has 
reported that LSVs are lower in pediatric patients than in 
adults (23). As stated in the SRU consensus, the source of 
variability between SWE systems should be studied in the 
future (8). 

The SRU consensus recommends a neutral-vendor 
“rule of four”, which includes 5 LSV thresholds to facilitate 
the interpretation of LSVs from different ARFI systems. 
To assess the feasibility of this “rule of four”, it was 
important to assess LSVs that were at the same threshold 

when measured by different systems rather than their 
interchangeability. In this study, there were relatively large 
intersections between the STE sets and SSI sets at SRU-
recommended thresholds, except for the lowest threshold 
of ≤5 kPa, where the intersection only included 19% of the 
SSI set. Further studies with pathologic results are necessary 
to validate the feasibility of the SRU-recommended “rule of 
four”. 

The strengths of this study were as follows. First, the 
sample size of this study was 4,152 cases and included a 
wide range of ages, BMIs, etiologies, and LSVs. Such a 
sample represents a fair simulation of the first consultations 
with patients with unknown liver diseases and has not been 
found in previous studies. Second, we assessed the degree 
of variability between 2 different 2D-SWE systems with 
different LSVs and concentrated on the smallest interval  
(≤5 kPa) to investigate whether a single reference value 
could be used for different 2D-SWE systems in patients 
with low liver stiffness (8). Third, we compared a newer 
STE system with an SSI system for which reliability has 
been accredited in the EFSUMB guidelines (7). Last, ICC 
and Bland-Altman analyses were simultaneously performed 
to evaluate intersystem agreement, allowing cross-validation 
for the large sample size.

This study also had limitations. First, it was retrospective 
without pathologic results, hindering the comparison 
between STE and SSI according to different etiologies. It 
has been demonstrated that cut-off values for both systems 
vary with the etiology (11,12,24). However, the combination 
of various etiologies might be a fair simulation of the initial 
consultations with patients with unknown liver disease. 
In China, a hepatologist would instruct such patients 
to undergo various serology and imaging examinations, 
including ultrasound elastography to evaluate liver stiffness, 
and the interpretation of an LSV would usually be given by 
a sonographer unaware of the results of other examinations. 
Moreover, when the comparison was performed for values 
≤5 kPa, intersystem variability derived from different 
etiologies might be disregarded. Second, the representative 
LSVs were obtained from 3 measurements. However, we 
believe that the number of measurements has little impact 
on the results of this study since the IQR/M ≤30% was 
used for quality control, and 3 acquisitions met the lower 
limit of the number of measurements recommended in 
the EFSUMB guidelines (7,25). Third, some operator-
related factors, including test-retest repeatability of the 
same observer for each system, interobserver variability, 
and the different locations of ROIs (measurement depth), 
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were not considered in this study. Despite Gilligan et al. 
finding excellent test-retest repeatability of an experienced 
observer for the 2 systems (the ICCs for STE and 
SSI were 0.95 and 0.94, respectively), the test-retest 
repeatability needs to be validated in the future (18). 
Many studies (11,19,20,26,27) have reported excellent 
agreement between expert operators, so the result of the 
present study may be minimally affected by interobserver 
variability. Previous studies have demonstrated a system-
dependent performance at different measurement depths, 
and different systems have shown good agreement at a 
depth of 5 cm (17,28). A measurement depth of 4–5 cm  
will be used for future research, as recommended by 
the EFSUMB guidelines (7). Lastly, this study did not 
standardize some patient-related factors, including different 
fasting and rest times before LSM and different breath 
cooperation among patients. 

Conclusions

Based on the large sample size, significant variability 
was observed between STE and SSI, in contrast to some 
previous, small sample-size studies. Intersystem variability 
increased as the LSV thresholds recommended by the 
SRU consensus increased. The variability between STE 
and SSI cannot be ignored, even in the lowest threshold 
(≤5 kPa). Intersystem variability between STE and SSI 
was little affected by gender or BMI. Future investigation 
should include a comparison of the 2 systems with 
different etiologies, based on the standardization of at least  
5 measurements, ROI placement, and breath maneuvers, 
to assess the feasibility of the SRU-recommended 
“rule of four” with proven pathologies and investigate 
reproducibility between 2 systems from the same vendor 
and the test-retest repeatability of the same operator on the 
same machine.
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