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Dynamic monitoring with shear wave elastography predicts 
outcomes of chronic hepatitis B patients with decompensated 
cirrhosis
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Background: Two-dimensional shear wave elastography (2D-SWE) can be used to accurately assess 
significant liver fibrosis in chronic hepatitis B (CHB). However, whether those with decompensated cirrhosis 
could benefit from surveillance with 2D-SWE remains unclear. We aimed to evaluate the association 
between dynamic changes in 2D-SWE measurements and the prognosis of CHB-related decompensated 
cirrhosis.
Methods: We prospectively enrolled 149 consecutive treatment-naive CHB patients with decompensated 
cirrhosis from a clinical trial (registration number: ChiCTR-DCD-15006000) from February 2015 to 
December 2018. 2D-SWE was performed at 48-week intervals until December 2020. Liver-related events 
(LREs) were recorded through electronic medical records and telephone interviews. 
Results: The liver stiffness measurement (LSM) levels persistently reduced after antiviral therapy in 
patients who did not develop LREs, while patients with LREs showed a fluctuating trend of LSM alterations. 
Low pre-treatment 2D-SWE LSM, ∆% 2D-SWE LSM pre-virus control, and ∆% 2D-SWE LSM pre-
post treatment were characterized by similar prognostic abilities as high levels of these parameters. Post-
treatment 2D-SWE LSM was independently correlated with LREs in multivariate Cox regression models 
after antiviral treatments [hazard ratio (HR) =1.05; 95% confidence interval (CI): 1.02–1.08, P=0.0007 and 
1.11; 95% CI: 1.04–1.18, P=0.0026]. Receiver operating characteristic (ROC) curve analysis identified that 
post-treatment 2D-SWE LSM exhibited the best predictive power for LREs among all the other variables, 
including parameters of 2D-SWE and serum fibrosis markers (area under the curve =0.75, P<0.001). 
Conclusions: The last follow-up LSM, rather than pre-treatment or dynamic changes in 2D-SWE serves as 
a powerful predictor of LREs, suggesting that sequential monitoring may be beneficial to predicting prognosis. 
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Introduction

Chronic hepatitis B (CHB) virus infection is a major, global 
public health concern as over 257 million individuals are 
infected with CHB, with 887,000 deaths annually (1).  
The development of decompensated cirrhosis from liver 
inflammation and fibrosis are major factors of liver-
related death during CHB, predisposing patients with 
this infection to life-threatening complications including 
liver failure, portal vein hypertension related bleeding, 
spontaneous peritonitis, and primary hepatocellular cancer 
(HCC). Once CHB progresses to decompensated cirrhosis, 
the median survival time decreases from over 10 years 
in compensated cirrhosis to nearly 2 years (2). Effective 
antiviral treatment with nucleos(t)ide analogs (NUCs) can 
improve the prognosis of CHB; however, the progression 
under virus control by NUCs is heterogeneous. Therefore, 
distinguishing patients who should receive more intensive 
treatments and monitoring is critical to the management of 
CHB with decompensated cirrhosis. 

Liver stiffness measurements (LSM) with ultrasound 
elastography, which estimates the severity of fibrosis 
utilizing ultrasound imaging-based methods to detect 
the velocity of shear waves, is a simple noninvasive tool 
for predicting CHB-related decompensated cirrhosis 
complications in the Baveno VI Consensus (3). Baseline 
and regular LSM using transient elastography has been 
proven to be useful in the prediction of decompensated 
events such as portal hypertension progression for patients 
with compensated cirrhosis caused by hepatitis B virus 
(HBV) and some other etiologies (4). Furthermore, LSM 
in patients with HBV-related compensated cirrhosis would 
decrease significantly after antiviral therapy, and these 
treatment-related changes in LSM could predict 2-year 
liver decompensation-related endpoints (5). However, most 
of the published studies reported the results in patients with 
CHB-related compensated cirrhosis. The value of LSM in 
populations with CHB-related decompensated cirrhosis 
monitoring remains unknown.

As a more recent elastography technique than transient 
elastography, two-dimensional shear wave elastography 
(2D-SWE) enables real-time visualization of the elastogram, 
a color rendering of liver stiffness, which can serve as an 
indicator of fibrosis severity over a larger detection area 
(up to 700 mm2) and minimizes the interruptions from 
ascites or obesity (6). A meta-analysis covering 13 studies 
and 1,143 patients demonstrated that 2D-SWE has a better 
performance for the noninvasive staging of liver fibrosis 

in patients with CHB, with the area under the receiver 
operating characteristic (ROC) curve (AUC) increasing 
by 0.003–0.034 when diagnosing cirrhosis (P=0.022) (7). 
However, in a recent report of a 4-year follow-up with 
rare liver-related events (LREs) (6.7%), baseline LSM 
of 2D-SWE showed an AUC similar to that of transient 
elastography (AUC, 0.86 vs. 0.88, P=0.71) for the prediction 
of liver-related outcomes in patients with CHB, which 
may ignore the value of dynamic changes of 2D-SWE (8). 
Therefore, it would be necessary to explore the predictive 
value of baseline and dynamic changes in 2D-SWE in 
hepatic complications for those with decompensated 
cirrhosis receiving antiviral therapy.

In the current study, we endeavored to validate the 
potential practical values of pre- and post-treatment 
2D-SWE LSM levels and their dynamic changes for 
predicting liver endpoints in a prospective cohort of patients 
with HBV-associated decompensated cirrhosis undergoing 
NUC treatments to shed light on the predictive power of 
this tool for prognosis assessment. We present the following 
article in accordance with the STARD reporting checklist 
(available at https://dx.doi.org/10.21037/atm-21-3142).

Methods

Patients and study design

This was a prospective observational study enrolling 
consecutive CHB patients from a clinical trial (registered 
in the Chinese Clinical  Trial  Register:  ChiCTR-
DCD-15006000) (9) in the First Affiliated Hospital, Sun 
Yat-sen University between February 2015 and December 
2018. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
protocol was approved by the institutional ethics committee 
of The First Affiliated Hospital, Sun Yat-sen university 
{[2014]112}, and all patients provided signed informed 
consent. The inclusion criteria were as follows: (I) persistent 
serum HBV DNA positivity for over 6 months; (II) clinical 
diagnosis of decompensated cirrhosis; and (III) antiviral 
treatment-naive patients. The exclusion criteria included: 
(I) coinfection with another hepatitis virus, (II) autoimmune 
liver disease, (III) alcoholic liver disease, and (IV) the 
presence of severe extrahepatic diseases or pregnancy. 
Clinically decompensated cirrhosis was diagnosed by 
radiologic evidence (computed tomography or magnetic 
resonance imaging found changes in liver morphology, such 
as nodules in the hepatic parenchyma and serrated changes 
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on the liver surface) plus at least one feature of ascites, liver 
failure, variceal bleeding, hepatopulmonary syndrome, 
hepatorenal syndrome, or encephalopathy (10).

2D‑SWE measurements

2D-SWE was carried out using a Supersonic Imagine 
sys tem (Aix-en-Provence ,  France )  by  two  f i xed 
sonographers with over 3 years of experience with 2D-SWE 
who were unaware of the aim of the study and blinded to 
other clinical information. In 50 cases the liver of patients 
with decompensated cirrhosis with CHB was measured by 
the same sonographer twice and by a second sonographer 
twice to calculate intra- and interobserver agreement 
before the study. In this study, they performed 2D-SWE 
measurements independently. The detailed procedure of 
performing 2D-SWE has been described in our previous 
study (9) and is briefly described as follows: 2D-SWE was 
performed in dual mode using a right intercostal approach 
for image collection. Under the guidance of conventional, 
real-time B-mode imaging, a rectangular electronic region 
of interest (ROI, approximately 4 cm × 3 cm and set 1–2 cm  
under the liver surface) avoiding any focal lesion, vessels, 
biliary tracts, or artifacts was displayed on the best static 
SWE image and a circular ROI (the diameter =2 cm) 
inside was set in the center of the 2D-SWE elasticity box 
possibly for analysis (Figure S1). The operator aimed 
to achieve homogeneous color filling of the SWE ROI 
placed on the most homogeneous, stable elastogram area. 
Before this study, a preliminary study of 50 CHB patients 
with decompensated cirrhosis in our center showed that 
the kappa statistic of the interobserver between the two 
sonographers and scan-rescan reproducibility for the 
same sonographer were 0.92 and 0.94, respectively. Five 
consecutive 2D-SWE images were acquired, and the mean 
values were used for analysis. 

Clinical and laboratory parameters

Demographics, drinking habits, HBV infection history, 
and medication information were obtained using a face-
to-face interview and were recorded with a predetermined 
structured questionnaire [supplementary material of 
questionnaire (Appendix 1)]. Serum biochemical indexes 
were tested for the following measurements: alanine 
aminotransferase (ALT), aspartate transaminase (AST), 
glutamyl transferase (GGT), alkaline phosphatase, total 
bilirubin, direct bilirubin, albumin, alpha-fetoprotein (AFP), 

creatinine, and prothrombin time, platelet. HBV DNA 
levels were assessed by Roche COBAS® TaqMan® HBV 
Test. Hepatitis B surface antigen (HBsAg) and hepatitis 
B envelope antigen (HBeAg) were quantified by Elecsys 
(Roche Diagnostics GmbH, Mannheim, Germany). The 
model end-stage liver disease (MELD) score was calculated 
using the following formula: 3.8× ln[bilirubin (mg/dL)] 
+11.2× ln[international normalized ratio (INR)] +9.6× 
ln[creatinine (mg/dL)] +6.4 (11). Child-Pugh score was 
classified based on the grading of the bilirubin, albumin, 
ascites, encephalopathy, and INR, according to the 
literature (12).

Serum fibrosis markers measurements

Concentrations of serum fibrosis markers including 
hyaluronic acid (HA), procollagen III amino terminal 
propeptide (PIIINP),  laminin (LN) and col lagen 
type IV (CIV) were measured with magnetic particle 
chemiluminescence enzyme-linked immunoassay (Autobio 
Diagnostic Co, Zhengzhou, China). Fibronectin (FN) and 
haptoglobin (HP) were measured with immunoturbidimetry 
(Szybio, Shanghai, China).

Follow‑up and study endpoints

All patients initiated antiviral treatment at baseline with 
entecavir or tenofovir disoproxil fumarate and maintained 
it until the last follow-up (December, 2020). Some patients 
received entecavir and the others chose tenofovir as the 
latter was available in China until 2017. During antiviral 
treatment, conventional medical therapy was offered in 
accordance with standard clinical practice (13,14). The 
follow-up was counted from the baseline. Follow-up for 
blood cell count, liver biochemistry test, HBV viral markers, 
AFP, and prothrombin activity (PTA), was conducted every 
3 months, while 2D-SWE and serum fibrosis marker panels 
were measured every 48±4 weeks. The relative change 
parameters of 2D-SWE monitoring (∆%) were defined 
as follows: (I) ∆% 2D-SWE LSM pre-viral control =  
(LSMat baseline − LSMat the time of HBV virus control)/LSMat baseline ×100%; 
LSM at the time of HBV virus control represented the next 
follow-up measures of LSM after the HBV DNA decrease 
to lower than 20 IU/m. (II) ∆% 2D-SWE LSM viral 
control-post = (LSMat the time of viral control

 − LSMat the last follow-up)/ 
LSMat the time of viral control ×100%; (III) ∆% previous yearly 
changes of 2D-SWE LSM = (LSMat the last second follow-up − 
LSMat the last follow-up)/LSMat the last second follow-up ×100%; (IV) ∆% 

https://cdn.amegroups.cn/static/public/ATM-21-3142-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-3142-Supplementary.pdf


Ye et al. Serial 2D-SWE measurements and prognosis

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(21):1613 | https://dx.doi.org/10.21037/atm-21-3142

Page 4 of 13

2D-SWE LSM pre-post = (LSMat baseline − LSMat the last follow-up)/ 
LSMat baseline ×100%. The post-treated 2D-SWE LSM 
referred to the last follow-up LSM measurements during 
the yearly regular LSM follow-up after initiating antiviral 
therapy. The choice of the 4 dynamic indicators was based 
on the CHB related inflammation and stiffness could be 
improved by the antiviral treatment and therefore the 
response of LSMs of 2D-SWE at the time of viral control 
after antiviral treatment would be considered. Two authors 
(J Ye and C Shao) who were blinded to the aim of the study 
confirmed the date of disease progression by electronic 
hospital records or through telephone interview with the 
patient or their relatives until December 2020. 

The primary study endpoint was the occurrence 
of live-related disease progression, including hepatic 
decompensation, hepatocellular carcinoma, or liver-related 
death (15,16). Hepatic decompensation was defined as 
gastric or esophageal varices bleeding, spontaneous bacterial 
peritonitis, hepatic encephalopathy, hepatopulmonary 
syndrome, hepatorenal syndrome and liver failure, with 
established diagnosis according to European Association for 
the Study of the Liver (EASL) guidelines (15). For patients 
with multiple liver progression events, only the first event 
and the corresponding occurrence time were used for the 
analysis. HCC development was confirmed by ultrasound-
guided tumor biopsy or postoperative pathology according 
to the Edmondson-Steiner criteria (17).

Statistics

Statistical analyses were processed using R language version 
3.3.3. Variables are presented as the means ± standard 
deviations or percentages. Quantitative data were compared 
using an independent-samples t-test or the Mann-Whitney 
test, while categorical data were compared using the 
Pearson chi-squared test. The two-way repeated measures 
ANOVA to investigated the changing trends differences 
between patients with and without LREs. The cumulative 
probabilities of developing of LREs were calculated using 
the Kaplan-Meier method. Univariable analyses using 
the log-rank test were computed to identify prognostic 
factors predictive of each event. A multivariate model was 
constructed with Cox regression to analyze the prognostic 
factors that had P<0.05 or 2D-SWE-related parameters 
in univariate analysis and collinearity diagnostics (variance 
inflation factor <1.8). Significant cutoff values for factors of 
interest and their corresponding sensitivities, specificities 
and accuracies were determined using the ROC curve. 

The optimal threshold of LSMs predicting LREs was 
determined to obtain a maximum sum of sensitivity and 
specificity. All analyses were two-sided, and P values <0.05 
were considered significant.

Results

Study cohort characteristics at baseline and during follow‑up

A total of 153 patients were enrolled, and four patients 
declined to participate. Consequently, 149 patients with 
HBV-associated decompensated cirrhosis (mean age of 
51.1±11.8 years and 78.5% male) were included in this 
analysis, with a median follow-up of 34.8 months (Figure S2).  
The detailed follow-up flow chart is presented in Figure 1. 
The four patients lost to follow-up were ascribed to the LRE 
group for statistical analysis to lessen the overestimation 
of the changing trend of SWE in those without LRE 
and allow us to utilize their follow-up information. The 
detailed baseline characteristics are presented in Table 1 
with the overall cohort grouped by LREs developed after 
follow-up. The patients with LREs were older than those 
without (54.0±11.1 vs. 49.6±11.9 years, P=0.028), whereas 
no significant differences were found in the proportions 
of males, body mass index, levels of HBV viral markers, 
liver enzymes, liver functions (albumin, globulin, total 
bilirubin, and PTA), platelets or creatinine. Moreover, higher 
concentrations of LN (112.7±103.9 vs. 73.8±49.2 ng/mL, 
P=0.020) and LSMs by 2D-SWE (20.2±11.2 vs. 17.0±7.6 kPa,  
P=0.044) at baseline were shown in patients with LREs.

During the follow-up, no patients experienced 2D-SWE 
measurement failures (no color-coded elasticity images 
after five trials). During the follow-up period, 53 of the 
149 patients (35.6%) developed LREs. The most common 
event was spontaneous bacterial peritonitis in 38 patients, 
followed by variceal bleeding (24 patients), liver failure 
(16 patients, and all the hepatorenal syndrome (4 patients, 
25%), hepatopulmonary syndrome (2 patients, 12.5%) 
occurred in these patients], hepatocellular carcinoma 
occurrence (4 patients), and 29 patients of them had at least 
two aforementioned complications. Eleven patients died of 
these complications. 

For the status of patients at the last measurement of 
2D-SWE before LRE occurrence or the follow-up finish 
(Table S1), those with LREs that developed after follow-
up presented higher levels of GGT, PIIINP, LN, CIV 
and LSM of 2D-SWE than those without LREs, while 
no significant differences were found in the levels of HBV 

https://cdn.amegroups.cn/static/public/ATM-21-3142-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-3142-Supplementary.pdf


Annals of Translational Medicine, Vol 9, No 21 November 2021 Page 5 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(21):1613 | https://dx.doi.org/10.21037/atm-21-3142

Refuse to participate (n=4)

Lost to follow (n=1)

Lost to follow (n=1)

Lost to follow (n=2)

First-year follow-up

2D-SWE First

2D-SWE Second

2D-SWE Third

2D-SWE Fourth

2D-SWE Fifth

Second-year follow-up

Fifth-year follow-up

Third-year follow-up

Fourth-year follow-up

CHB with decompensated cirrhosis cohort recruited from Feb 
2015 to December 2018 (n=153)

CHB with decompensated cirrhosis cohort (n=149)

No liver-related event (n=145)
20 not reach to next follow-up

No liver-related event (n=10)
32 not reach to next follow-up

No liver-related event (n=6)

No liver-related event (n=68)
21 not reach to next follow-up

No liver-related event (n=33)
17 not reach to next follow-up

Liver-related events (n=3)

Liver-related events (n=15)

Liver-related events (n=10)

Liver-related events (n=9)

Liver-related events (n=12)

Figure 1 Flow chart of regular 2D-SWE monitoring during the study period for patients with CHB related decompensated cirrhosis 
undergoing antiviral therapy. One hundred ad forty-nine patients underwent initial 2D-SWE measurements and consequently there were 
145, 110, 68, and 33 individuals received 2, 3, 4, and 5 repeated 2D-SWE measurements. Abbreviations: 2D-SWE, two-dimensional shear 
wave elastography; CHB, chronic hepatitis B.

related-markers, the other liver biochemical indexes or 
platelets between the two groups (Table S1). 

Changing patterns of regular 2D‑SWE LSM monitoring 
between those with and without LREs

For all patients, there were 1–5 (median: 3) measurements 

for LSMs by 2D-SWE in the study period. Those who 
had only one 2D-SWE measure would not be excluded, 
because their data would be utilized to analyze the 
associations between the baseline LSM and the outcomes. 
We analyzed the dynamic changes in LSMs by 2D-SWE 
in patients undergoing antiviral therapy (Figure 2A,2B). 
For patients without LREs, the mean LSM values 
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Table 1 Baseline characteristics of patients with HBV-related decompensated cirrhosis stratified by liver-related events developed after follow-up

Characteristic
Total at baseline  

(N=149)
Without LREs developed after 

follow-up (N=96)
With LREs developed after 

follow-up* (N=53)
P value

Age, years 51.1±11.8 49.6±11.9 54.0±11.1 0.028

Male, n (%) 117 (78.5) 76 (79.2) 41 (77.4) 0.790

BMI, kg/m2 23.5±2.8 23.4±2.8 23.6±2.8 0.570

HBV DNA, log10IU/mL 4.3±2.0 4.4±2.1 4.3±1.8 0.790

HBeAg positive, n (%) 43 (28.9) 25 (28.1) 18 (34.6) 0.410

HBsAg, log10IU/mL 2.5±1.1 2.6±1.1 2.4±1.2 0.200

AFP, ng/mL 6.2 (3.1–15.5) 6.1 (3.0–17.6) 6.2 (3.3–12.7) 0.095

ALT, IU/L 39.0 (28.0–63.0) 39.0 (28.0–63.0) 41.0 (30.0–58.0) 0.890

AST, IU/L 41.0 (31.0–60.0) 41.0 (31.0–60.0) 41.5 (31.0–64.5) 0.810

GGT, IU/L 81.7±75.3 81.8±76.0 81.5±74.7 0.980

ALP, IU/L 98.1±47.8 92.8±37.7 107.4±61.0 0.076

Albumin, mg/L 31.6 (24.5–35.1) 32.0 (25.9–35.2) 30.1 (23.9–34.5) 0.960

Globulin, mg/L 33.1±7.4 32.6±7.1 34.1±7.8 0.240

Total bilirubin, μmol/L 19.8 (13.6–27.3) 18.5 (12.9–25.2) 22.3 (14.1–30.1) 0.052

Creatinine, μmol/L 76.0 (66.0–88.2) 73.0 (63.0–86.0) 80.0 (70.0–91.0) 0.088

Platelets, 103/μL 116.3±73.3 118.2±77.3 112.9±66.1 0.670

Prothrombin activity, % 83.3±18.8 85.7±17.8 79.2±19.8 0.053

Serum fibrosis markers

Fibronectin, mg/L 185.2±34.7 188.8±36.9 179.1±29.8 0.120

HA, ng/mL 100.0 (38.8–184.6) 97.3 (39.7–186.1) 109.4 (38.0–178.9) 0.730

PIIINP, ng/mL 7.9 (5.7–11.7) 7.2 (5.3–10.9) 10.0 (6.6–13.4) 0.850

LN, ng/mL 87.6±75.4 73.8±49.2 112.7±103.9 0.020

CIV, ng/mL 72.6 (41.2–126.8) 61.6 (40.6–108.8) 87.7 (48.8–139.6) 0.081

HP, g/L 0.4 (0.2–0.7) 0.4 (0.1–0.6) 0.3 (0.2–0.7) 0.160

2D-SWE, kPa 18.1±9.2 17.0±7.6 20.2±11.2 0.044

Child-Pugh scores 6.1±1.2 6.0±1.2 6.2±1.3 0.380

Esophageal varices, n (%) 45 (30.2) 27 (28.1) 18 (34.0) 0.450

Hepatoencephalopathy, n (%) 0 (0) 0 (0) 0 (0) –

Ascites, n (%) 68 (45.6) 45 (46.9) 23 (43.4) 0.680

Nucleos (t)ide analogue, n (%)

Entecavir 132 (88.6) 83 (86.5) 49 (92.5)

Tenofovir 17 (11.4) 13 (13.5) 4 (7.5)

Normally and non-normally distributed variables were expressed as mean ± standard deviation or median (25–75% quantiles), respectively. *, 
the 4 patients lost to follow-up were ascribed to the LRE group for statistical analysis. Abbreviations: 2D-SWE, two-dimensional shear wave 
elastography; AFP, alpha-fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass 
index; CIV, collagen type IV; GGT, glutamyl transferase; HA, hyaluronic acid; HBeAg, hepatitis B envelope antigen; HBsAg, hepatitis B surface 
antigen; HBV, hepatitis B virus; HP, haptoglobin; LN, laminin; LRE, liver-related event; PIIINP, procollagen III amino terminal propeptide.
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Figure 2 Dynamic changes of LSMs by 2D-SWE in decompensated CHB patients when receiving antiviral therapy. (A-C) The changes 
of LSMs by 2D-SWE in every participant with LREs (A) or without LREs (B) and their corresponding groups (C). (D) The percentage 
changes of LSMs by 2D-SWE in the groups that was with LREs and without LREs, respectively. *, P<0.05; **, P<0.01; ***, P<0.001. 
Abbreviations: CHB, chronic hepatitis B; 2D-SWE, two-dimensional shear wave elastography; LRE, liver-related event; LSM, liver stiffness 
measurement; ns, non-significant.

were 17.0, 13.5, 11.4, 11.3, and 9.2 kPa at months 0, 
12, 24, 36, and 48, respectively, while the patients who 
developed LREs presented higher mean LSMs at each 
corresponding follow-up point of 20.2, 18.1, 16.1, 17.7, 
and 20.9, respectively (Figure 2C). Moreover, compared 
with pretreated LSMs by 2D-SWE, the largest decrease 
in LSM by 2D-SWE was observed in patients with 
LRE at month 24 (20.2%), while in patients without 
LREs it was observed at month 48 (45.8%) (Figure 2D). 
In contrast, for the other follow-up timepoints, the 
LSMs showed a slightly decreasing trend in the patients 
without LREs while a fluctuating drift appeared in those 
with LREs (Figure 2D). And we found that there were 
statistically significant differences in LSMs between the 
two groups with and without LREs (F=3.36, P<0.001) and 
across timepoints (F=−0.15, P<0 .001), with a significant 
interaction between group and time (F=0.081, P=0.0075) 
using the two-way repeated measures ANOVA analysis.

Predictors of progression to LREs 

The Kaplan-Meier analysis of all patients divided by 
different levels of parameters of 2D-SWE monitoring 
is shown in Figure 3A-3F. The patients in the top 50th 
quartile of pretreated 2D-SWE LSM, ∆% 2D-SWE LSM 
pre-virus control, or ∆% 2D-SWE LSM virus control-
post possessed similar prognostic values as the bottom 50th 
quartile of the same parameters (Figure 3A-3C). However, 
lower ∆% previous yearly changes of 2D-SWE LSM, and 
post-treatment 2D-SWE LSM and higher decreases ∆% 
2D-SWE LSM pre-post indicated better prognosis than 
higher values of the same parameters (log-rank P<0.001, 
0.0014, <0.001, respectively, Figure 3D-3F)

To avoid collinearity, serum fibrosis markers were 
excluded from the prognostic analysis. Collinearity 
diagnosis before Cox regression calculation further 
confirmed that the other variance inflation factors were 
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Figure 3 Kaplan-Meier analysis of developing liver-related events according to parameters derived from 2D-SWE sequential detection. (A) 
Pre-treated 2D-SWE LSM; (B) ∆% 2D-SWE LSM pre-viral control, percent change of LSM at the HBV virus control from baseline; (C) ∆% 
2D-SWE LSM viral control-post, percent change of LSM at the last follow-up from the time of viral control. The statistical analysis was restricted 
to those 119 patients who achieved virus control before the end of the follow-up; (D) ∆% previous yearly changes of 2D-SWE LSM, percent 
change of LSM at the last follow-up from the last second. For those who developed liver-related events or dropped out in the first year, their 
previous yearly changes of 2D-SWE LSM would be considered as 0% for the statistical analysis; (E) ∆% 2D-SWE LSM pre-post, percent change 
of LSM at the last follow-up from baseline. For those who developed liver-related events or dropped out in the first year, their ∆% 2D-SWE LSM 
pre-post would be considered as 0% for the statistical analysis; (F) post-treated 2D-SWE LSM. The last 2D-SWE LSM before the last follow-up. 
If the follow-up period of patients was less than 1 year, the post-treated 2D-SWE LSM would be considered the same as the LSMs by 2D-SWE at 
the baseline for the statistical analysis. Abbreviations: 2D-SWE, two-dimensional shear wave elastography; LSM, liver stiffness measurement.
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<10 and that the tolerance was over 0.1. Univariate and 
multivariate Cox regression analyses were performed to 
explore the association between 2D-SWE monitoring 
parameters and the occurrence of LREs. On univariate 
analysis, pre-treatment 2D-SWE LSM [hazard ratio (HR) 
=1.03; 95% confidence interval (CI): 1.01–1.06, P=0.019], 
post-treatment 2D-SWE LSM (HR =1.05; 95% CI: 1.02–
1.08, P=0.0007), ∆% 2D-SWE LSM pre-post (HR =2.74; 
95% CI: 1.29–5.83, P=0.0086), ∆% 2D-SWE LSM pre-
virus control (HR =3.63; 95% CI: 1.43–9.18, P=0.0065), 
∆% previous yearly changes of 2D-SWE LSM (HR =12.33; 
95% CI: 3.15–48.24, P=0.0003), post-/pretreated total 
bilirubin ratio (HR =1.10; 95% CI: 1.02–1.19, P=0.017) and 
post-/pretreated PLT ratio (HR =0.56; 95% CI: 0.36–0.86, 
P=0.0092) were significantly associated with the occurrence 
of LREs (Table 2). Multivariable analysis revealed that post-
treatment 2D-SWE LSM (HR =1.11; 95% CI: 1.04–1.18, 
P=0.0026) was the only independent risk factor for the 

occurrence of LREs (Table 2).

Predictive accuracy of the post‑treatment 2D‑SWE LSM 
in comparison with the other parameters

ROC curve analysis was applied to estimate the clinical 
value of those 2D-SWE-based predictors and the serum 
fibrosis markers. The AUC of the post-treatment 2D-SWE 
LSM was the largest (AUC =0.75, P<0.001) among all the 
2D-SWE-based variables investigated, followed by ∆% 
previous yearly changes in 2D-SWE LSM (AUC =0.69, 
P=0.0015), and ∆% 2D-SWE LSM pre-post (AUC =0.68, 
P=0.001) (Figure 4A). For comparison with serum fibrosis 
markers, post-treatment 2D-SWE LSM had the highest 
accuracy with an AUC of 0.75, which was significantly 
superior to the AUCs of FN (AUC =0.494, P=0.79), HA 
(AUC =0.429, P=0.091), PIIINP (AUC =0.609, P=0.0258), 
LN (AUC =0.609, P=0.007), CIV (AUC =0.565, P=0.017) 

Table 2 Predictors of liver-related events by univariate and multivariate analysis 

Factors
Univariate analysis Multiple analysis

HR (95% CI) P value HR (95% CI) P value

Male sex 1.33 (0.69–2.56) 0.34 – –

Age >55 years 1.31 (0.75–2.28) 0.39 – –

Baseline HBsAg levels, log10IU/mL 0.84 (0.67–1.05) 0.13 – –

Baseline HBV DNA levels, log10IU/mL 0.91 (0.79–1.05) 0.21 – –

Baseline HBeAg positive 1.13 (0.63–2.01) 0.67 – –

Baseline Child-Pugh scores 1.01 (0.81–1.26) 0.91 – –

Pre-treat 2D-SWE LSM, kPa 1.03 (1.01–1.06) 0.019 0.92 (0.84–1.00) 0.052

Post-treat 2D-SWE LSM, kPa 1.05 (1.02–1.08) 0.0007 1.11 (1.04–1.18) 0.0026

Δ% 2D-SWE LSM pre-post 2.74 (1.29–5.83) 0.0086 5.41 (0.70–41.80) 0.110

Δ% 2D-SWE LSM pre-virus control 3.63 (1.43–9.18) 0.0065 2.44 (0.23–26.08) 0.460

Δ% previous yearly changes of 2D-SWE LSM 12.33 (3.15–48.24) 0.0003 5.34 (0.34–84.27) 0.230

Δ% 2D-SWE LSM virus control-post 2.21 (0.59–8.29) 0.24 2.14 (0.21–21.84) 0.520

Post-/pre-treated ALT ratio 1.02 (0.98–1.06) 0.38 – –

Post-/pre-treated total bilirubin ratio 1.10 (1.02–1.19) 0.017 1.06 (0.69–1.63) 0.800

Post-/pre-treated PLT ratio 0.56 (0.36–0.86) 0.0092 0.48 (0.20–1.18) 0.100

Δ% 2D-SWE LSM pre-post: percent change of LSM at the last follow-up from baseline; Δ% 2D-SWE LSM pre-viral control: percent 
change of LSM at the HBV virus control from baseline; Δ% previous yearly changes of 2D-SWE LSM: percent change of LSM at the 
last follow-up from the last second; Δ% 2D-SWE LSM viral control-post: percent change of LSM at the last follow-up from the time of 
viral control. Abbreviations: ALT, alanine aminotransferase; CI, confidence interval; 2D-SWE, two-dimensional shear wave elastography; 
HBeAg, hepatitis B envelope antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HR, hazard ratio; LSM, liver stiffness 
measurement; PLT, platelet.
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Figure 4 Comparisons of predicting value of between parameters derived from 2D-SWE (A) and serum fibrosis markers (B). Abbreviations: 
AUC, area under the receiver operating characteristic curve; CIV, collagen type IV; 2D-SWE, two-dimensional shear wave elastography; 
HA, hyaluronic acid; HP, haptoglobin; LN, laminin; LSM, liver stiffness measurement; PIIINP, procollagen III amino terminal propeptide.

and HP (AUC =0.511, P=0.658) (Figure 4B). When 
applying post-treatment 2D-SWE LSM to predict the 
nonoccurrence of LREs, post-treatment 2D-SWE LSM 
had the highest AUC to predict the nonoccurrence of LREs 
for a cutoff value <14.3 kPa, with 74% specificity and 70% 
sensitivity.

Discussion

Several studies have demonstrated the key role of 2D-SWE 
in hepatic fibrosis severity, monitoring disease progression 
and predicting outcomes. However, in contrast to most 
existing data demonstrating the predictive role of the 
baseline 2D-SWE LSM levels in advanced liver disease 
(15,16), our study was the first to investigate the prognostic 
value of the 2D-SWE LSM level as well as its dynamic 
changes in patients with CHB-related decompensated 
cirrhosis undergoing antiviral therapy.

Our data showed that among patients with the 
improved prognosis of CHB-related decompensated 
cirrhosis, 2D-SWE LSM decreased substantially from 
the pre-treatment baseline to the follow-up after NUC 
initiation, while for those with poor outcomes, 2D-SWE 
LSM represented a fluctuating trend. This is similar to 
a previous report that aimed to estimate on-treatment 
changes in liver stiffness utilizing another elastography as 
transient elastography in 438 patients with compensated 
cirrhosis undergoing antiviral therapy (5). In both this 
report and another study with paired biopsy on antiviral 

therapy for LSM changes in CHB patients with various 
fibrosis severities (18), a biphasic pattern of LSM decline 
of transient elastography in CHB patients was raised as 
a rapidly improving phase during the first 6 months of 
treatment and a slowly improving phase thereafter until 18–
24 months. Interestingly, the decreasing pattern of 2D-SWE 
LSM in our study for decompensated cirrhosis stage also 
presented as a sluggish slow-down and mostly existed in 
patients with improved outcomes. As CHB progressed to 
the decompensated phase, the fibrosis of which was unlikely 
to reverse, the LSM decline on antiviral treatment may be 
attributed to several reasons. First, fibrosis assessments of 
2D-SWE would be affected by liver inflammation activities; 
for the fibrosis stage ahead of cirrhosis, increased liver 
inflammation leads to overstaging of fibrosis (9); therefore, 
it may also contribute to higher LSMs in the decompensated 
stage. Inflammation regressed as potent inhibition of HBV 
DNA replication by antiviral agents, causing a decrease in 
LSM of 2D-SWE. Second, intrahepatic cholestasis such as 
jaundice and elevated bilirubin, which are common in liver 
decompensated cirrhosis has been identified as another 
factor influencing LSMs by 2D-SWE. For patients with 
the same F4 stage according to the Metavir fibrosis scoring 
system, CHB patients with abnormal bilirubin levels had 
higher LSMs and elevated bilirubin levels had a positive 
correlation with LSMs (correlation coefficient of 0.435) (19). 
Antiviral therapy may also decrease LSMs by improving 
bilirubin levels. Third, portal hypertension is one of the 
most important pathophysiological mechanisms in LRE 
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development, and LSM by 2D-SWE is highly correlated 
with hepatic venous pressure gradient values in cirrhotic 
patients with ascites (20). There has been mounting 
evidence demonstrating that long-term oral entecavir 
antiviral therapy reduces cirrhotic events, including the 
regression of esophageal varices (21,22). Taken together, 
antiviral therapy significantly reduces disease progression 
in decompensated cirrhosis and improves inflammation, 
intrahepatic cholestasis and portal hypertension, which may 
be reflected in the LSM of 2D-SWE.

Remarkably, the post-treatment LSM of 2D-SWE, but 
not the pre-treatment level or dynamic changes in LSM, 
appeared to be a superior predictor of LRE in our study. 
In patients without decompensated cirrhosis, the baseline 
levels of 2D-SWE or quick liver stiffness response seemed 
to be useful markers for predicting LREs or remission 
of disease (8,18). This may be because pre-treatment 
2D-SWE simply reflects the baseline status, whereas the 
post-treatment LSM level may represent the combination 
of baseline and the treatment response, and the treatment 
response has been reported to have high heterogeneity 
(23,24). Because the risks of LREs remained high in patients 
with cirrhosis during entecavir therapy (22), sequential and 
regular monitoring of 2D-SWE is useful for identifying the 
risk of LRE development in these on-treatment patients, 
even in the decompensated stage.

The present study has the following limitations. 
First, for decompensated cirrhosis, we were unable 
to evaluate histologic fibrosis severity or its changes 
after treatment, which may be helpful in revealing 
the mechanism underlying the changes in LSM after 
treatment. Second, not all patients completed a sufficiently 
long-term follow-up. Third, further verification in a 
multicenter study with a larger sample size is warranted. 
Fourth, the LSM measurements when LRE occurred was 
important results to support our conclusion. However, 
when the LREs such as esophageal varices bleeding, 
spontaneous bacterial peritonitis, hepatic encephalopathy, 
hepatopulmonary syndrome, hepatorenal syndrome and 
liver failure occurred, the patients were advised to receive 
emergency rescue nearby instead of returning to our 
center for 2D-SWE measurements due to the ethnicity. 
Those who underwent LRE dropped out of the SWE 
protocol because LRE included gastric or esophageal 
varices bleeding, spontaneous bacterial peritonitis, 
hepatic encephalopathy, hepatopulmonary syndrome, 
hepatorenal syndrome and liver failure, hepatocellular 
carcinoma, or liver-related death, and some of those who 

underwent LRE received liver transplantation, trans-
jugular intrahepatic portosystemic shunt (Tips) therapy, 
liver tumor resection or radiofrequency ablation, which 
would cause significant change in LSM that might not 
be associated with SWE monitoring for predicting LRE 
occurrence. Due to the complicated situation for these 
patients, the current SWE monitoring protocol should be 
further adjusted and estimated. Finally, the current study 
demonstrated 2D-SWE as a more accurate noninvasive 
tool than serum fibrosis markers for monitoring patients 
with decompensated cirrhosis and CHB during antiviral 
treatment. It may facilitate identification of patients at high 
risks after initiating antiviral treatment for a more intensive 
intervention and those at low risk for regular management. 
Nevertheless, how LSM of 2D-SWE monitoring can help 
to adjust treatment regimens remains unknown.

In conclusion, we assessed changes in 2D-SWE LSM 
and their predictive role in the poor prognosis of patients 
with CHB-related decompensated cirrhosis during antiviral 
treatment. Our data provides novel evidence that post-
treatment LSM of 2D-SWE is useful for predicting 
future LRE development in such patients and that this 
parameter is a more accurate approach than baseline 
and dynamic changes in LSM of 2D-SWE, levels of 
liver functions or serum fibrosis markers at times before 
decompensated event reoccurrence. According to our study, 
routine measurements of 2D-SWE may provide valuable 
complementary information to other conventional indexes 
for predicting disease prognosis in these patients. 
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Appendix 1: Questionnaire of chronic hepatitis B disease for the clinical trial registered in the Chinese Clinical Trial 
Register [ChiCTR-DCD-15006000]

Identification Number: _________________________________

Time of enrollment (DD/MM/YY): ______________________

Part 1. Socio-demographic characteristics of the participants:
1.1 Name: _____________; Age: _____________in years.
1.2 Gender: male/female 
1.3 Date of birth (DD/MM/YY): ______________________
1.4 Occupation: Employed, specify ________________; Unemployed ______________
1.5 Address: City __________________; Sub-city _______________; Woreda ________________
1.6 Phone number 1: _____________; Phone number 2: _____________
1.7 Education status: illiteracy [1]/primary school [2]/middle school [3]/junior college [4]/university and above [5]
1.8 Family’s monthly income: ____________________________
1.9 Number of family members: __________________________

Part 2. Diagnosis at the first interview: 
2.1 HBV DNA positive: Yes/No. If yes, when was it diagnosed? _______________weeks. The name of health center at 

diagnosis _______________, HBV DNA level _______________
2.2 HBsAg positive: Yes/No. If yes, when was it diagnosed? _______________weeks. The name of health center at diagnosis 

_______________, HBsAg level _______________
2.3 Hepatic decompensation. Yes/No, gastric or esophageal varices bleeding, spontaneous bacterial peritonitis, hepatic 

encephalopathy, hepatopulmonary syndrome, hepatorenal syndrome, liver failure. If yes, when was it diagnosed? 
_______________weeks. The name of health center at diagnosis _______________

2.4 Hepatocellular carcinoma Yes/No. If yes, when was it diagnosed? _______________weeks. The name of health center at 
diagnosis _______________

Part 3. Medical history: 
3.1 History of present illness: _____________________________________________________________________
If yes, when was it diagnosed? _______________weeks. The name of health center at diagnosis _______________
3.2 Previous medical history: ______________________________________________________________________
If yes, when was it diagnosed? _______________weeks. The name of health center at diagnosis _______________
3.3 The drug was taking _______________
3.4 The history of surgery and blood transfusion: ___________________________________________
3.5 The history of drinking: never/occasionally/frequently, drinking for _______years, _______g alcohol/week, abstinence for 

_______years
3.6 The history of smoking: never/have (<10 cigarettes a day/10–20 cigarettes a day/>20 cigarettes a day), smoking for 

_______years, quitting for smoking for _______years
3.7 Family history: 

Hepatitis B: Yes/No, father/mother/brothers and sisters/children _____________________________
Fatty liver: Yes/No, father/mother/brothers and sisters/children ______________________________
Obesity: Yes/No, father/mother/brothers and sisters/children ________________________________
Hypertension: Yes/No, father/mother/brothers and sisters/children ___________________________
Diabetes mellitus: Yes/No, father/mother/brothers and sisters/children ________________________
Coronary heart disease: Yes/No, father/mother/brothers and sisters/children ____________________
Others: ______________________________________________________________________________

Supplementary
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Part 4. Anthropometric indices:
4.1 Blood pressure ________/________mmHg (left/right arm) ____________ Time
4.2 Height ______cm; Weight _____kg; BMI (body mass index) = weight (kg)/height (m2) =_________
4.3 Waist circumference ______cm; Abdomen circumference ______cm; Hip circumference ______cm; Waist-hip ratio _____
4.4 Grip _______kg

Figure S1 Representative images of two-dimensional shear-wave elastography (2D-SWE) exhibit liver stiffness measurements in a 
65-year-old female with decompensated cirrhosis caused by chronic hepatitis B. Rectangular elasticity box (4 cm × 3 cm) was placed 1–2 
cm under liver capsule in parenchyma area free of large vessels. Circular region of interest was 2 cm in diameter and was positioned in 
center of 2D-SWE elasticity box possibly. The operators aimed to achieve homogeneous color filling of the SWE ROI placed on the most 
homogeneous, stable elastogram area. (A) Before antiviral treatments; (B) increased liver stiffness after antiviral treatment for 3 years. 
Representative images of 2D-SWE exhibit liver stiffness measurements in another 58-year-old female; (C) before antiviral treatments; (D) 
decreased liver stiffness after antiviral treatment for 1 year.

Figure S2 The cumulative rates of remaining free from the 
occurrence liver related events in Chronic hepatitis B related 
decompensated cirrhosis. The two dashed lines represent the 95% 
confident interval of the survival curves.
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Table S1 Characteristics of patients with HBV-related decompensated cirrhosis at the last measurement of 2D-SWE and serum fibrosis markers

Characteristic
Without liver-related events developed 

after follow-up (N=96)
With liver-related events developed after 

follow-up (N=53)
P value

HBV DNA >20 IU/mL, % 0 1.9 0.600

HBeAg positive, % 20.8 30.2 0.120

HBsAg, log10IU/mL 2.6±1.1 2.4±1.2 0.320

Time to HBV virus control, months 6.8±4.2 7.2±5.5 0.220

AFP, ng/mL 5.1 (2.9–14.3) 6.0 (3.3–10.8) 0.330

ALT, IU/L 26.0 (19.0–34.0) 29.0 (22.0–36.0) 0.097

AST, IU/L 26.5 (22.0–35.2) 35.0 (25.8–52.0) 0.088

GGT, IU/L 28.5 (22.0–43.5) 45.0 (27.0–70.0) 0.010

ALP, IU/L 79.7±25.2 83.4±61.0 0.076

Albumin, mg/L 33.9±6.2 32.1±7.8 0.960

Globulin, mg/L 28.8±4.9 30.1±10.0 0.240

Total bilirubin, μmol/L 16.7 (11.2–21.7) 22.1 (12.1–33.9) 0.052

Creatinine, μmol/L 81.5 (60.4–103.6) 110.8 (64.3–138.4) 0.088

Platelets, 103/μL 155.0±83.1 130.9±77.1 0.670

Prothrombin activity, % 93.2±16.7 78.1±22.6 0.053

Serum fibrosis markers

Fibronectin, mg/L 178.6±31.9 180.1±33.0 0.820

HA, ng/mL 91.8 (33.0–174.3) 103.8 (37.5–169.7) 0.110

PIIINP, ng/mL 6.1±2.5 8.5±3.7 <0.001

LN, ng/mL 64.2±33.5 101.2±55.3 <0.001

CIV, ng/mL 48.6±29.4 84.2±58.7 <0.001

HP, g/L 0.6±0.4 0.5±0.4 0.160

2D-SWE, kPa 11.8±6.6 16.8±9.0 <0.001

Normally and non-normally distributed variables were expressed as mean ± standard deviation or median (25–75% quantiles), respectively. 
2D-SWE, two-dimensional shear wave elastography; AFP, alpha-fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; 
AST, aspartate transaminase; BMI, body mass index; CIV, collagen type IV; GGT, glutamyl transferase; HA, hyaluronic acid; HBeAg, 
hepatitis B envelope antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HP, haptoglobin; LN, laminin; LRE, liver-related 
event; PIIINP, procollagen III amino terminal propeptide.


