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Abstract

AIM: To investigate enough valid measurements (VMs) to assess liver fibrosis in chronic hepatitis B patients (CHB). 

METHODS: One hundred and twelve CHB patients (25 women, 87 men) with a mean age of 38.43 years received liver stiffness evaluations using real-time shear wave elastography for 10 VMs. All patients underwent liver biopsy. Based on the biopsy pathology, the liver stiffness data obtained from different VMs (1, 2, 3, 5 and 10 times) were compared for the evaluation of liver fibrosis. The correlation between the elastic modulus means of the liver obtained from different VMs of detection at each pathological stage was analysed. The receiver operating characteristic (ROC) curve was employed to determine the diagnostic performance of different VMs of detection, and the areas under the ROC curve of different groups were compared.

RESULTS: The liver stiffness values obtained from 1 VM, 2 VMs, 3 VMs, 5 VMs and all 10 VMs for stage F0 were 6.95 ± 2.01 kPa, 6.87 ± 1.83 kPa, 6.90 ± 1.88 kPa, 6.95 ± 1.93 kPa and 7.15 ± 1.89 kPa, respectively (F = 0.043, P = 0.996). For stage F1, these values were 7.12 ± 1.72 kPa, 7.24 ± 1.72 kPa, 7.21 ± 1.74 kPa, 7.10 ± 1.78 kPa and 7.04 ± 1.70 kPa, respectively (F = 0.075, P = 0.990). For stage F2, they were 9.37 ± 3.87 kPa, 9.18 ± 3.68 kPa, 9.19 ± 3.81 kPa, 9.18 ± 3.81 kPa and 9.19 ± 3.53 kPa, respectively (F = 0.012, P = 1.000). For stage F3, these were 11.91 ± 3.88 kPa, 11.78 ± 4.04 kPa, 11.83 ± 4.07 kPa, 11.94 ± 4.17 kPa and 12.00 ± 4.02 kPa, respectively (F = 0.010, P = 1.000). For stage F4, the readings were 19.30 ± 7.63 kPa, 19.40 ± 7.36 kPa, 19.54 ± 7.43 kPa, 19.73 ± 7.21 kPa and 20.25 ± 7.22 kPa, respectively (F = 0.054, P = 0.995). There were no significant differences between these groups. Intraclass correlation coefficients among different pathological stages (F0-F4) with different detection VMs were 0.995, 0.993, 0.996, 0.994 and 0.996, respectively. The mean elasticity values from 1 VM, 2 VMs, 3 VMs, 5 VMs and 10 VMs can accurately distinguish fibrosis stages (F0 vs F1234, F01 vs F234, F012 vs F34 and F0123 vs F4) with no significant differences in the five groups (P > 0.05 for all).

CONCLUSION: One VM may be sufficient to assess liver fibrosis by using SWE without any significant loss of accuracy in patients with CHB. However, future studies of larger patient samples are necessary for the validation of this method. 
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Core tip: We evaluated the impact of different valid measurements (VMs) on the liver stiffness measurement by shear wave elastography in 112 chronic hepatitis B patients. Liver stiffness values obtained from 1 VM, 2 VMs, 3 VMs, 5 VMs and all 10 VMs were similar, and there were no significant differences between these groups. The repeatability was excellent among different pathological stages in different groups. The mean elasticity values can accurately distinguish fibrosis stages with no significant differences seen in the five groups. One VM may be enough to assess liver fibrosis using shear wave elastography without any significant loss of accuracy.
INTRODUCTION

Liver fibrosis is a progressive change in a variety of chronic liver diseases, including cirrhosis. The early and accurate determination of the degree of liver fibrosis in patients with chronic liver disease and effective therapy can significantly improve the prognosis of patients, which is of important clinical significance[1]. The current “gold standard” for the clinical diagnosis of liver fibrosis and cirrhosis is liver biopsy, but it still has certain risks and limitations, such as the fact that it is invasive, painful and costly, and there is intra- and inter-observer variability[2,3]. Therefore, non-invasive technology for the accurate diagnosis of liver fibrosis has become an urgent clinical need.

 Liver stiffness measurements using elastogra​phy for the non-invasive evaluation of liver fibrosis have been developed in the last few years, for example, transient elastography (TE), acoustic radiation force imaging, real-time shear wave elastography (SWE), and so on. Among these technologies, TE has gained increasing attention globally for the diagnosis of liver fibrosis[4,5]. Although TE features low cost, practical use and high accuracy, its limitations still cannot be ignored - it still fails to accurately distinguish moderate liver fibrosis, different degrees of liver inflammation also affect the detection accuracy, inter-observer discrepancies in results are common, and it cannot be used for the examination of patients with ascites[6,7]. Recently, SWE, developed by Supersonic Imagine[8], has boasted good prospects for clinical application[9,10]. However, the designer of SWE has not provided exact valid measurements (VMs) for its application in the clinical evaluation of liver stiffness. The VMs reported in the recent literature are inconsistent (commonly seen are 5, 4 and 3 VMs), and some studies fail to mention it at all[11-13]. Although a number of studies have recommended that the VMs of TE operation can be used for reference by the user of SWE[12], we cannot blindly copy the TE standard practice in view of the following reasons. First, the effective VMs of TE are still controversial - although most studies suggest that the effective VMs of TE should reach more than 10, some studies have shown that the number of measurements had no impact on the diagnostic performance of TE, and accurate diagnostic performance can be achieved through only 3 VMs[14]. Second, SWE and TE have different principles and parameters: TE is a one-dimensional imaging modality in which the detection area cannot be adjusted, while SWE uses two-dimensional real-time imaging and the detection area can be changed as needed, meaning that operators using SWE easily obtain satisfactory imaging. To the best of our knowledge, whether the liver stiffness measurement (LSM) obtained from different VMs of SWE detection has internal consistency and whether different VMs of SWE detection have equivalent performance in the evaluation of liver stiffness have not be studied until now.

Thus, we aimed to evaluate the impact of different VMs on the evaluation of liver stiffness by real-time SWE, and investigate a sufficient number of VMs to assess liver fibrosis without any significant loss of accuracy in patients with chronic hepatitis B.

MATERIALS AND METHODS
Subjects

From April 2010 to April 2012, one hundred and twelve patients with chronic hepatitis B seeking treatment in the Third Affiliated Hospital of Sun Yat-sen University were enrolled. This included 87 males and 25 females, aged 19-62 years, with an average age of 38.43 ± 10.64 years. All subjects received ultrasound-guided liver biopsy to determine the pathological diagnostic stage and underwent LSM by SWE on the second day after liver biopsy. This study was approved by the Ethics Committee of the Third Affiliated Hospital of Sun Yet-sen University, and all participants signed the written informed consent.
Instruments and methods 

Instruments: SWE studies were performed using the AixplorerTM ultrasound system (SuperSonic Imagine S.A., Aix-en-Provence, France) and an SC6-1 convex array probe at a frequency of 6 MHz was employed.

Examination methods: The subject took a supine position and lifted their right upper limb. The detection site was fixed 1.5-2 cm beneath the right liver capsule and away from intrahepatic vessels and the gallbladder. After the elasticity imaging mode was selected, the subject held their breath for 3-5 s for imaging. When the target area was located, the operator launched the SWE sequence measurement. After the colour images were frozen, the circular quantitative sampling frame with a diameter of 30 mm was initiated to measure the elastic modulus of the liver in the region of interest (ROI). Then, the system automatically calculated the elastic modulus mean (in kPa) within the ROI. All patients were continuously assessed for 10 VMs by a doctor with SWE operating experience. The elastic modulus obtained from each valid measurement was recorded, then 1 VM, 2 VMs, 3 VMs and 5 VMs were extracted randomly from all 10 VMs; the means of elastic modulus by using 1 VM, 2 VMs, 3 VMs, 5 VMs and all 10 VMs were calculated.

Histological assessment: The right liver was chosen as the puncture site. An 18G automatic biopsy gun was used under ultrasound guidance to perform biopsy of the liver tissue. The liver biopsy specimens of all subjects were sent to the Department of Pathology, the Third Affiliated Hospital of Sun Yat-sen University for pathological diagnosis. Fibrosis was staged on a five-point scale from 0 to 4 according to the METAVIR scoring system[15] (F0, absent; F1, enlarged fibrotic portal tract; F2, periportal or initial portal-portal septa but intact architecture; F3, architectural distortion but no obvious cirrhosis; and F4, cirrhosis).

Statistical analysis

SPSS13.0 statistical software (SPSS Inc., Chicago, IL) was employed for statistical analyses of the information collected. Measurement data are expressed as mean ± SD. Comparison of the elastic modulus means of the liver obtained from different VMs of detection at each pathological stage was subjected to one-way ANOVA; the correlation between the elastic modulus means of the liver obtained from different VMs of detection at each pathological stage was analysed using the intraclass correlation coefficient[16] (ICC, which reflects the consistency of the measurements: ICC < 0.2 indicates poor consistency, 0.2-0.4 indicates general consistency, 0.4-0.75 indicates good consistency, and ≥ 0.75 indicates very good consistency). A receiver operating characteristic (ROC) curve was employed to determine the diagnostic performance of different VMs of detection; the areas under the ROC curve of different groups were compared. Detection level was set at  = 0.05.

RESULTS

Liver stiffness mapping 

All of the cases could obtain a satisfactory elasticity map, as shown in Figure 1. Figure 1 show the elasticity mapping for patients who were classiﬁed as predicted ﬁbrosis levels F1, F2, F3 and F4, respectively. 

Comparison of liver stiffness values obtained from different VMs of detection at each pathological stage

The liver stiffness values obtained from 1 VM, 2 VMs, 3 VMs, 5 VMs and all 10 VMs for stage F0 were 6.95 ± 2.01 kPa, 6.87 ± 1.83 kPa, 6.90 ± 1.88 kPa, 6.95 ± 1.93 kPa and 7.15 ± 1.89 kPa, respectively. For stage F1, the results were 7.12 ± 1.72 kPa, 7.24 ± 1.72 kPa, 7.21 ± 1.74 kPa, 7.10 ± 1.78 kPa and 7.04 ± 1.70 kPa, respectively. For stage F2, these were 9.37 ± 3.87 kPa, 9.18 ± 3.68 kPa, 9.19 ± 3.81 kPa, 9.18 ± 3.81 kPa and 9.19±3.53 kPa, respectively. For stage F3, the results were 11.91 ± 3.88 kPa, 11.78 ± 4.04 kPa, 11.83 ± 4.07 kPa, 11.94 ± 4.17 kPa and 12.00 ± 4.02 kPa, respectively. For stage F4, the results were 19.30 ± 7.63 kPa, 19.40 ± 7.36 kPa, 19.54 ± 7.43 kPa, 19.73 ± 7.21 kPa and 20.25 ± 7.22 kPa, respectively.

At the five different pathological stages of liver fibrosis from F0 to F4, the elastic modulus values of the liver obtained from 1 VM, 2 VMs, 3 VMs, 5 VMs and all 10 VMs of SWE at each stage showed no statistical differences (P = 0.996, 0.990, 1.000, 1.000, 0.995), as shown in Table 1 and Figure 2.

Correlation between elastic modulus values of the liver obtained from different VMs at each pathological stage 

At the five different pathological stages of liver fibrosis from F0 to F4, the ICCs among elastic values of the liver obtained from the five different groups of VMs of SWE at each stage were all > 0.75 (Table 2). 

Comparison of the diagnostic performance of different VMs of SWE detection in the evaluation of liver fibrosis
Liver stiffness values obtained from 1 VM, 2 VMs, 3 VMs, 5 VMs and all 10 VMs of SWE were used to determine the liver fibrosis stage and draw the ROC curve, as shown in Figure 3. Areas under the ROC curve (AUROC) at each stage in the group of five different VMs are shown in Table 3. The pairwise comparison of AUROC for each group showed no statistically significant differences (P > 0.05 for all) (Table 4).

DISCUSSION

LSM by elastography, such as TE, is now widely recognised in some countries for the assessment of liver fibrosis in chronic liver disease. According to the usual definition, only LSM with more than 10 VMs is generally considered reliable[17,18]. However, the effective VMs of TE are still controversial[14,19]. In a study by Kettaneh et al[20], the AUROCs  for  the  diagnosis  of  significant  fibrosis or cirrhosis barely differed across LSE median values obtained from the first 3, 5 and 10 VMs; they inferred that patients will benefit from this procedure with no significant loss in performance if only 5 valid shots are requested. In another study, Jang et al[14] also showed that three VMs may be sufficient to assess liver fibrosis using LSM without any significant loss of accuracy in patients with CHC and patients with CHB. Moreover, VMs of SWE reported in the literature were variable. Ferraioli et al[12] showed that real-time SWE is more accurate than TE in assessing significant fibrosis (F > 2), using a group of 121 patients with CHC, in which four consecutive SWE measurements were used. Bavu et al[10] reproduced five consecutive measurements for 113 patients to test their LSM, and also suggested that SWE is superior to TE for the assessment of mild and intermediate ﬁbrosis. SWE, as a novel technique, is applied in clinic; it is necessary to determine how many VMs are appropriate for the LSM of SWE so that users can abide by the unified standards and facilitate their communications.

Our study showed that the 1 VM, 2 VMs, 3 VMs, 5 VMs and all 10 VMs groups reported no statistical differences in the elastic modulus means at each stage from F0 to F4 (P > 0.05 for all). In addition, analysis of ICCs showed that ICCs among the five groups at each stage were all up to 0.99, thus indicating very good consistency (ICC greater than 0.75). In our study, satisfactory images were obtained from all patients monitored by the visual two dimensional ultrasound, which uses the 30 mm diameter circular quantitative sampling frame containing a homogeneous colour-coded map. As every circular frame is made up of numerous pixels and each pixel corresponds to a tissue elasticity measurement acquiring an elastic modulus value, the even elastic modulus value of the local liver tissue in the circular frame is eventually calculated to assess liver stiffness. This may explain why the elastic modulus value of 1 VM is close to those of other VMs and has good repeatability. Compared with SWE, TE is a one-dimensional imaging method, meaning that many measurements are needed to obtain highly successful measurements to calculate liver stiffness.

Our study showed that the results obtained from the 1 VM, 2 VMs, 3 VMs, 5 VMs and 10 VMs groups of detection were highly consistent; therefore, it may be speculated that, in the clinical application of SWE to evaluate the degree of liver fibrosis, stable elastic modulus mean data can be achieved through only 1 VM of detection, and its performance is equivalent to that of 2, 3, 5 and 10 VMs. This is because SWE detection requires the patients to hold their breath for 3-5 s each time to obtain stable images in order to generate a quantitative liver elastic modulus. The smaller the number of detections, the easier it is for patients to accept SWE detection. In addition, less detection can also prevent repeated work to simplify the process and improve efficiency.

The elastic modulus means obtained from these different VMs of detection were used to draw an ROC curve, and the AUROCs in the five groups at each stage were very close, showing no statistical differences (P > 0.05 for all). We also found that liver stiffness values increased with the degree of liver fibrosis, and that all values accurately predict​ed cirrhosis. In comparison with previous studies, we found that LSM predict​ed cirrhosis less accurately than significant fibrosis when comparing F0-F1. However, the relatively small sample of F0 might explain this finding.

This study has some limitations. First, the population used to generate the results with real-time SWE is limited, particularly for F0. Second, the detection site, which was fixed at 1.5-2 cm beneath the right liver capsule, confined the detection range to some extent, which might lead to selection bias. As a result, further studies based on different detection depths and areas are needed. Finally, we only focused on patients with CHB. Therefore, a larger study, possibly an international multi-centre trial including multiple kinds of chronic liver disease patients, should be carried out to confirm our results. 

In conclusion, our preliminary study shows that only one VM may be sufficient to assess the stage of liver fibrosis using LSM by SWE without any significant loss of diagnostic accuracy in patients with CHB. However, this needs to be verified by other researchers in further practice, so that this study can provide a relevant basis and reference for the clinical application of SWE and a simplified working process. 

COMMENTS

Background

Early and accurate determination of the degree of liver fibrosis in patients with chronic liver disease and effective therapy can significantly improve the prognosis of patients, which is of clinical significance. The current “gold standard” for the clinical diagnosis of liver fibrosis still has certain risks and limitations. There is an urgent clinical need for the non-invasive diagnosis of liver fibrosis. 

Research frontiers

Shear wave elastography (SWE) boasts good prospects for clinical application. However, the designer of SWE has not given exact valid measurements (VMs) for its application in the clinical evaluation of liver stiffness.

Innovations and breakthroughs

This preliminary study showed that one VM may be enough to assess the stage of liver fibrosis using liver stiffness measurement by SWE without any significant loss of diagnostic accuracy in patients with chronic hepatitis B.

Applications

This study may provide relevant basis and reference for the clinical application of SWE and simplify the working process.

Peer review

The authors studied enough valid measurements to assess liver fibrosis in chronic hepatitis B patients. The manuscript is well written and structured. The results are interesting and may solve the problem of the clinical question. 
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FIGURE LEGENDS
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Figure 1  Liver elasticity maps assessed using the shear wave elastography technique. The liver stiffness is changed in colour by different fibrosis levels. A: Fibrosis levels F0; B: Fibrosis levels F1; C: Fibrosis levels F2; D: Fibrosis levels F3; E: Fibrosis levels F4.
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Figure 2  Box-plot showing liver stiffness measurement at different stages of fibrosis in chronic hepatitis B. Box plots show 25%-75% interquartile range (box), median (middle line), 5%-95% range (two outer lines), and outliers (black dots). LSM: liver stiffness measurement; CHB: Chronic hepatitis B; VMs: Valid measurements.
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Figure 3  Receiver operating characteristic curves of all groups showed that the diagnostic performance of 1 VM, 2 VMs, 3 VMs, 5 VMs and 10 VMs of detection in distinguishing degree of liver fibrosis was equivalent. The receiver operating characteristic curves using these different VMs for predicting significant fibrosis (≥ F0) (A), (≥ F1) (B), (≥ F2) (C) and cirrhosis (F4) (D) in chronic hepatitis B. AUROC values among 1, 2, 3, 5 and all 10 VMs taken did not differ significantly (P > 0.05 for all). VMs: Valid measurements.
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Table 1  Comparison of liver stiffness values obtained from different valid measurements of shear wave elastography in patients with chronic hepatitis B at different pathological stages


Stage�
n�
1 VM (kPa)�
2 VMs (kPa)�
3 VMs (kPa)�
5 VMs (kPa)�
10 VMs (kPa)�
F�
P�
�
F0�
13�
6.95 ± 2.01�
6.87 ± 1.83�
6.90 ± 1.88�
6.95 ± 1.93�
7.15 ± 1.89�
0.043�
0.996�
�
F1�
33�
7.12 ± 1.72�
7.24 ± 1.72�
7.21 ± 1.74�
7.10 ± 1.78�
7.04 ± 1.70�
0.075�
0.99�
�
F2�
24�
9.37 ± 3.87�
9.18 ± 3.68�
9.19 ± 3.81�
9.18 ± 3.81�
9.19 ± 3.53�
0.012�
1�
�
F3�
21�
11.91 ± 3.88�
11.78 ± 4.04�
11.83 ± 4.07�
11.94 ± 4.17�
12.00 ± 4.02�
0.01�
1�
�
F4�
21�
19.30 ± 7.63�
19.40 ± 7.36�
19.54 ± 7.43�
19.73 ± 7.21�
20.25 ± 7.22�
0.054�
0.995�
�
VMs: Valid measurements. 





Table 2  Correlation between liver stiffness values obtained from different valid measurements at different pathological stages


Stage�
n�
ICC�
95%CI�
�
F0�
  13�
0.995�
0.988-0.998�
�
F1�
  33�
0.993�
0.988-0.996�
�
F2�
  24�
0.996�
0.993-0.998�
�
F3�
  21�
0.994�
0.989-0.997�
�
F4�
  21�
0.996�
0.992-0.998�
�
Overall�
112�
0.998�
0.997-0.998�
�
ICC: Intraclass correlation coefficient.





Table 3  Area under the receiver operating characteristic curve of the elastic modulus of the liver obtained from different valid measurements of shear wave elastography at different pathological stages


Stage�
1 VM�
2 VMs�
3 VMs �
5 VMs �
All 10 VMs�
�
�
ROC�
95%CI�
ROC�
95%CI�
ROC�
95%CI�
ROC�
95%CI�
ROC�
95%CI�
�
F0-1234�
0.772 (0.683-0.846)�
0.782 (0.694-0.854)�
0.775 (0.687-0.849)�
0.763 (0.674-0.839)�
0.740 (0.649-0.818)�
�
F01-234�
0.862 (0.784-0.920)�
0.855 (0.775-0.914)�
0.852 (0.772-0.912)�
0.858 (0.779-0.916)�
0.866 (0.789-0.923)�
�
F012-34�
0.896 (0.824-0.945)�
0.899 (0.827-0.948)�
0.902 (0.831-0.950)�
0.907 (0.838-0.954)�
0.909 (0.840-0.955)�
�
F0123-4�
0.919 (0.852-0.962)�
0.929 (0.865-0.969)�
0.934 (0.871-0.972)�
0.941 (0.880-0.977)�
0.949 (0.891-0.982)�
�
VMs: Valid measurements; AUROC: Area under the receiver operating characteristic curve.





Table 4  Comparison of area under the receiver operating characteristic curve of the elastic modulus of the liver obtained from different valid measurements of shear wave elastography at different pathological stages


Different VMs�
F0-1234�
F01-234�
F012-34�
F0123-4�
�
�
Difference�
P�
Difference�
P�
Difference�
P�
Difference�
P�
�
1 VM vs 2 VMs�
0.001�
0.618�
0.008�
0.323�
0.003�
0.703�
0.010�
0.267�
�
1 VM vs 3 VMs�
0.003�
0.917�
0.011�
0.321�
0.006�
0.57�
0.015�
0.171�
�
1 VM vs 5 VMs�
0.009�
0.800�
0.005�
0.682�
0.012�
0.297�
0.022�
0.068�
�
1 VM vs 10 VMs�
0.032�
0.365�
0.004�
0.787�
0.013�
0.379�
0.030�
0.089�
�
2 VMs vs 3 VMs�
0.006�
0.785�
0.003�
0.617�
0.003�
0.595�
0.004�
0.477�
�
2 VMs vs 5 VMs�
0.018�
0.420�
0.003�
0.704�
0.009�
0.208�
0.012�
0.152�
�
2 VMs vs 10 VMs�
0.042�
0.152�
0.012�
0.415�
0.010�
0.475�
0.020�
0.212�
�
3 VMs vs 5 VMs�
0.012�
0.487�
0.006�
0.227�
0.005�
0.208�
0.007�
0.152�
�
3 VMs vs 10 VMs�
0.035�
0.073�
0.015�
0.245�
0.007�
0.609�
0.015�
0.302�
�
5 VMs vs 10 VMs�
0.023�
0.451�
0.009�
0.461�
0.002�
0.900�
0.008�
0.538�
�
VMs: Valid measurements.
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