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ABSTRACT
Objective Liver stiffness measurement (LSM) is a tool used
to screen for significant fibrosis and portal hypertension. The
aim of this retrospective multicentre study was to develop an
easy tool using LSM for clinical outcomes in advanced chronic
liver disease (ACLD) patients.
Design This international multicentre cohort study
included a derivation ACLD patient cohort with valid two-
dimensional shear wave elastography (2D-SWE) results.
Clinical and laboratory parameters at baseline and during
follow-up were recorded. LSM by transient elastography
(TE) was also recorded if available. The primary outcome
was overall mortality. The secondary outcome was the
development of first/further decompensation.
Results After screening 2148 patients (16 centres), 1827
patients (55 years, 62.4% men) were included in the 2D-SWE
cohort, with median liver SWE (L-SWE) 11.8 kPa and a model
for end stage liver disease (MELD) score of 8. Combination
of MELD score and L-SWE predict independently of mortality
(AUC 0.8). L-SWE cut-off at ≥20 kPa combined with MELD
≥10 could stratify the risk of mortality and first/further
decompensation in ACLD patients. The 2-year mortality and
decompensation rates were 36.9% and 61.8%, respectively,
in the 305 (18.3%) high-risk patients (with L-SWE ≥20 kPa
and MELD ≥10), while in the 944 (56.6%) low-risk patients,
these were 1.1% and 3.5%, respectively. Importantly, this
M10LS20 algorithm was validated by TE-based LSM and in
an additional cohort of 119 patients with valid point shear
SWE-LSM.
Conclusion The M10LS20 algorithm allows risk
stratification of patients with ACLD. Patients with L-SWE
≥20 kPa and MELD ≥10 should be followed closely and
receive intensified care, while patients with low risk may
be managed at longer intervals.

Significance of this study
What is already known on this subject?

►► To date, the existing tools to stratify liver

disease patients into different risks for clinical
outcomes, such as the model for end-stage
liver disease (MELD), may fail to predict the
outcome, especially in well-compensated
patients.
►► The value of liver shear wave elastography
(L- SWE) has only been established in the
classification of liver fibrosis and clinically
significant portal hypertension.
►► No studies have assessed the prognostic value
of SWE for different etiologies and stages of
liver disease.
What are the new findings?

►► This international multicenter cohort study

provides an efficient and easy algorithm
(M10LS20 algorithm) for risk stratification of
advanced chronic liver disease (ACLD) with
the combination of MELD with liver stiffness
measured by shear wave elastography (SWE).
►► The combined MELD 10 and liver-SWE (L-
SWE) 20kPa cutoff (M10LS20) algorithm
was confirmed in compensated and
decompensated patients and was validated by
TE measurements. It was externally validated in
an addtional cohort of patients with point SWE.
►► This M10LS20 algorithm provides early
identification of at-risk patients and allows
for early treatment, filling the gap in the risk
stratification for complications and mortality in
patients with ACLD.
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Two-dimensional shear wave elastography predicts
survival in advanced chronic liver disease

Hepatology
Significance of this study

BACKGROUND

Advanced chronic liver disease (ACLD) is associated with high
mortality due to decompensations, which are consequences of
liver failure and portal hypertension.1 In these patients, predictors
of outcomes are needed to stratify care and to allocate specific
therapy and liver transplantation. The model for end-stage liver
disease (MELD) is widely used to predict the prognosis of liver
cirrhosis patients.2–5 An MELD score above 15 is usually an indication of evaluation for liver transplantation. However, since the
MELD score was originally designed to predict 90-day mortality
after transjugular intrahepatic portosystemic shunt, it may fail
to predict the outcome, especially in patients with compensated
cirrhosis, who have a lower MELD score.6
Liver stiffness measurement (LSM) by transient elastography (TE), point shear wave elastography (p-
SWE) or two-
dimensional SWE (2D-
SWE) is an established non-
invasive
technique to assess significant fibrosis in patients with chronic
liver disease.7–13 Moreover, it has proven to be a useful surrogate
marker to diagnose clinically significant portal hypertension,14
mostly shown for TE and recently for liver SWE (L-SWE).15
Ideally, short-term and long-term risk of decompensation and
mortality should be predicted to plan patient management. Also,
decompensated patients with ascites may have a different natural
course of disease.16 Some patients may improve and not require
intensified care. Since LSM not only reflects fibrosis or portal
hypertension but also inflammation,3 11 and given that inflammation is a marker of disease progression, LSM could be used as
a predictive tool for outcomes in decompensated patients.16–18
While LSM has been used previously to predict clinical decompensation and death in patients with compensated ACLD, data
in decompensated patients are lacking. This is mostly due to
TE’s technical limitations, which cannot be applied to patients
with ascites. L-SWE is not affected by ascites and can be applied
to evaluate LSM similar to TE,12 19 20 and it has the additional
benefit of using ultrasound for HCC screening and portal vein
evaluation (one-stop-shop examination).21 22
Therefore, the aim of this multicentre observational study was
to provide a simple algorithm using L-SWE for risk stratification
of all patients with ACLD, including decompensated patients
with ascites.

METHOD AND PATIENTS
Study design and participants

We established a derivation cohort from a multicentre international study conducted in 16 centres, 14 of which are located
in Europe, and two in China. Patients aged over 18 years, with
suspected or confirmed chronic liver disease of viral and/or
2

2D-SWE and TE procedure and additional cohort of p-SWE

L-SWE measurements were conducted according to the European Federation of Societies for Ultrasound in Medicine and
Biology.24 One-
dimension TE was measured using Fibroscan
(Echosens, Paris, France). TE measurements were performed at
baseline as per EASL-ALEH clinical practice guideline.3 20 Details
of the procedure for 2D-SWE and TE in derivation cohort are
summarised in online supplemental methods.
An additional cohort from the Medical University of Vienna
undergoing LSM by p-SWE was included (online supplemental
figure 1). The same clinical data were obtained from 121 patients
from September 2017 to January 2020, and 119 patients were
finally included into analysis. The protocol for pSWE of the
liver utilising the Elast PQ module on the Philips system was
previously described25 26 and is found in online supplemental
methods.

Outcome evaluation

After L-SWE measurement, the study patients were regularly
followed for at least 28 days. The primary outcome was all-
cause mortality of the patients in the cohort with 2D-SWE, and
mortality or liver transplantation in the cohort with p-SWE.
Development or worsening of complications and decompensations were assessed and recorded during follow-up and were set
as the secondary outcome. Hepatic encephalopathy was assessed
and scored according to West Haven criteria in the follow-up
hospital admission.27 Worsening of ascites was recorded by physical examination and abdominal ultrasound. Episodes of variceal
bleeding, hepatorenal syndrome and bacterial infections were
assessed and recorded during follow-
up and compared with
baseline decompensation.

Statistical analysis

Data were presented as median with IQR or number with
percentage. Mann-Whitney test or χ2 test was used for intergroup
comparison where appropriate. We followed the Transparent
Trebicka J, et al. Gut 2021;0:1–13. doi:10.1136/gutjnl-2020-323419
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How might it impact on clinical practice in the foreseeable
future?
►► This study provides a straightforward algorithm for bed-side
stratification of patients with ACLD based on MELD and
L-SWE.
►► Patients with L-SWE ≥20kPa combined with MELD ≥10
should be followed closely and receive more intensified
care, while patients with low risk may be managed at longer
intervals.
►► The M10LS20 algorithm supports clinicians in identifying
populations at low-risk for complications as well as mortality,
possibly enabling sparing of health care resources.

steatotic origin, requiring percutaneous liver biopsy, or who had
received a liver ultrasound at baseline, were screened from July
2007 to September 2017. Inclusion criteria were presence of
ACLD of any aetiology as defined in the Baveno VI concensus,14
valid LSM measured by 2D-SWE at baseline, and at least 28
days of follow-up of outcome after the index L-SWE measurement. All of the enrolled patients received standard treatment
according to the respective hospital protocols. The flow chart
of patient enrolment is depicted in online supplemental figure 1.
Some patients of this cohort were included in another, recently
published study.23 The number of patients from each participating centre as well as intercentre and interobserver reliability
are shown in online supplemental tables 1 and 2. In centres
where L-SWE is not the standard of care, patients signed written
informed consent. The study has been registered in ClinicalTrials.gov as NCT03389152.
Clinical and laboratory parameters were assessed at baseline.
These included demographic data, aetiologies, clinical decompensations (hepatic encephalopathy, ascites, variceal bleeding,
hepatorenal syndrome, spontaneous bacterial peritonitis and/or
other infections), routine blood tests, liver, kidney and coagulation function parameters and mean values of the various elastography measurements. Definitions of the non-invasive scores
including fibrosis-4 index (FIB-4), aspartate aminotransferase to
platelet count ratio index (APRI) and albumin-bilirubin score
(ALBI) at baseline were shown in online supplemental methods.

Hepatology

RESULTS
General characteristics of compensated and decompensated
patients

A total of 2148 patients from 16 centres were screened in the
derivation cohort with 2D-
SWE, 2032 of whom had valid
L-SWE assessment at baseline. Eventually, 1827 patients with at
least 28 days of follow-up were included in the study (online
supplemental figure 1). The median follow-up was 33.1 (IQR
16.7–48.8) months. Baseline characteristics and follow-
up
measurements of all patients enrolled are summarised in table 1.
Patient age was 55 years in median (IQR: 45.9–62.7), and the
majority were male (62%). Of the enrolled patients, alcohol-
related chronic liver disease accounted for 26.8% of cases,
followed by non-alcoholic fatty liver disease (NAFLD) (25.2%)
and hepatitis C virus-related (HCV) liver disease (17.3%, of
which 16.8% sustained virological response patients). The
median MELD score of all patients was 8 (IQR: 6–10), and the
Child-Pugh score was 5 (IQR: 5–6). Patients included in the
study had a median L-SWE value of 11.8 kPa (IQR: 7.4–24.5)
(online supplemental figure 2). The haemodynamic baseline data
of a subgroup of the patients is shown in online supplemental
table 5.
Of the 1490 (81.6%) patients who were compensated at baseline, 174 (11.7%) decompensated during follow-up. Of the 337
(28.4%) patients who were decompensated at baseline, 106
(31.5%) developed further episodes of decompensations during
follow-up as defined elsewhere.16 The decompensated patients
(at baseline) had significantly higher L-SWE (median 30.3 kPa
vs 9.7 kPa, p<0.001) and TE (median 23.4 kPa vs 8.3 kPa,
p=0.017) value at baseline than the compensated patients.

L-SWE measurement is an independent risk factor of longterm mortality

Considering all patients with valid L-SWE measurements and
follow-up data, the overall 28-day, 90-day, 1-year and 2-year
mortality rates were 0.4%, 1.1%, 2.9% and 7.8%, respectively.
Trebicka J, et al. Gut 2021;0:1–13. doi:10.1136/gutjnl-2020-323419

As shown by the univariate and multivariate Cox regression
models in online supplemental table 6, the LSM value with
L-SWE was independently associated with long-term mortality
in compensated patients (2-year HR: 1. 019, 95% CI 1.010 to
1.028, p<0.001) and all patients included (2-year HR: 1.019,
95% CI 1.008 to 1.030, p=0.001). If adjusted by MELD score,
L-SWE remained an independent risk factor for 28-day, 90-day
and 2-year mortality (table 2). L-SWE was also shown to be an
independent risk factor in decompensated patients, in short-
term as well as long-term follow-up (online supplemental tables
6 and 7).

Model performance of L-SWE in combination with MELD
score and best cut-off values

Online supplemental figure 3 shows the highest AUC of L-SWE
combined with MELD score and compared with ALBI, FIB4 and
APRI score. Figure 1 and online supplemental figure 4A show
the model performance of L-SWE combined with MELD score.
Among compensated patients, the MELD score combined with
L-SWE (integrated AUC: 0.81) had a better time-dependent AUC
than the MELD score alone (integrated AUC:0.73), especially in
long-term follow-up. Interestingly, the c-index of the combined
model (0.825) is significantly higher than that of the MELD and
the Child-Pugh score (p=0.0329 and p<0.0001, respectively).
Similar results were obtained in all of the included patients. The
combined model was well calibrated, as shown in online supplemental figure 4B.
To further stratify the 2-year risk of mortality, the best cut-off
value of 10 points for the MELD score and best cut-off value
of 20 kPa for L-SWE was found with the highest Youden index
in compensated patients and all patients (online supplemental
tables 8–10). Moreover, in the group with an MELD score <10
and those with an MELD score ≥10, significant differences
(log-rank p<0.001) were found between patients with L-SWE
measurements above and below 20 kPa over 2 years in Kaplan-
Meier curves (online supplemental figure 4C,D).

Stratification M10LS20 algorithm with L-SWE and MELD score
in compensated and decompensated patients

With the two cut-off values found for the MELD score and
L-SWE, respectively, the algorithm (M10LS20) of a combination of L-SWE value and MELD score could easily stratify the
patients into three different risks group, namely (1) patients with
L-SWE measurements <20 kPa and an MELD score <10 (good
prognosis group, 56.7%), (2) patients with L-
SWE measurements ≥20 kPa and an MELD score ≥10 (poor prognosis group,
25.0%) and (3) the remaining patients (intermediate prognosis group, 18.3%). According to the Kaplan-Meier curve in
figure 2A, the three groups have significantly different survival
rates (p<0.001) both at short-
term (90 days) and long-
term
follow-
up (2 years) in compensated patients. The significant
survival differences were also found in decompensated patients
and in all patients (figure 2B and C). Interestingly, the density
curve of time distribution of mortality shown in online supplemental figure 5A confirms that the algorithm identifies groups
with different median survival time. The mean time to death was
11 months in the poor prognosis group, while it was 16 months
in the good prognosis group.

Predictive value of L-SWE combined with MELD score for first
or further decompensation

As expected, the three groups showed significantly different
median baseline L-SWE values of 8.2 kPa, 21.1 kPa and 36.0 kPa
3
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Reporting of a Multivariable Prediction Model for Individual
Prognosis or Diagnosis statement for multivariate prediction
model development and validation. Univariate and multivariate
Cox proportional hazard regression analyses were performed
to identify independent predictors of survival. We evaluated all
potential risk factors in our regression analysis from a literature
review, and the variables included are shown in online supplemental table 3. Patients with missing data or lost to follow-up
were excluded in the corresponding analysis (online supplemental table 4). The cumulative incidence curve for secondary
outcome of decompensations were plotted and compared using
Gray’s test with death as the competing event.
For the selection of cut-off values, we evaluated the receiver’s
operating characteristics (ROC) of vital status at 2 years, and
the highest Youden index was determined. Sensitivity, specificity,
positive predictive value and negative predictive value (NPV)
were calculated together with 95% CI of each cut-off value.
Model performance was assessed in the 2D-SWE and the additional p-SWE cohorts. Discrimination parameters, including the
time-dependent area under the ROC (AUROC) curve, integrated
AUROC and Uno’s C statistic, were evaluated and compared.
Calibration was assessed using 10-fold cross-validation with 200
times of bootstrapping.
A p<0.05 was considered statistically significant. All statistical
analyses were performed with SPSS V.25.0 (SPSS), R (V.4.0, R
core team, Austria), and SAS V.9.4 (SAS Institute).

Trebicka J, et al. Gut 2021;0:1–13. doi:10.1136/gutjnl-2020-323419

Table 1

Baseline characteristics of the derivation cohort

8.3 (5.7–14.0)
414/389/267/166/310 (26.8/25.2/17.3/10.7/20.0)

TE at baseline (kPa)

Aetiology: Alcohol/NAFLD/HCV/HBV/other or multiple causes

179 (122–242)
6.2 (5.0–7.9)
2.9 (1.1–7.0)

Platelets (G/L)

WCC (×109/L)

CRP

Absence or abstinence of alcohol consumption

54 (3.6)

0.017

<0.001

<0.001

<0.001

<0.001

0.038

0.010

<0.001

P value*

31 (9.2)

45 (13.4)

44 (13.1)

7 (16.3)

97 (28.8)

1.28 (0.69–2.40)

5.19 (3.11–8.61)

−1.59 (−2.24–-1.03)

10 (5.2–28.4)

6.3 (4.5–8.6)

100 (70–149)

1.3 (1.2–1.5)

0.8 (0.7–1.2)

1.6 (1–3.1)

54 (38–80)

38 (25–61)

132.0 (97.0–186.0)

31.0 (26.0–36.6)

<0.001

<0.001

<0.001

1.000

<0.001

<0.001

<0.001

<0.001

<0.001

0.935

<0.001

<0.001

0.002

<0.001

<0.001

<0.001

<0.001

<0.001

95/30/72/24/28 (38.2/12.0/28.9/9.6/11.2) <0.001

23.4 (12.6–35.7)

30.3 (19.3–41.1)

93/129/44 (35.0/48.5/16.5)

8 (6–9)

13 (9–17)

25.9 (22.9–29.4)

231 (68.5)

57.6 (51.1–64)

Decompensated (n=337)

*P value of the comparison between compensated and decompensated patients
†
ALBI, albumin-bilirubin score; ALT, alanine aminotransferase; APRI, aspartate aminotransferase to platelet count ratio index; AST, aspartate aminotransferase; BMI, body mass index; CRP, C reactive protein; FIB-4, fibrosis-4 index; HBV, hepatitis
B virus; HCV, hepatitis C virus; INR, international normalized ratio ; MELD, model for end-stage liver disease; NAFLD, non-alcoholic fatty liver disease; SVR, sustained virologic response; SWE, shear wave elastography; TE, transient elastography;
WCC, white cell count.

20 (1.3)

99 (6.0)
51 (3.1)

Previous bacterial infection

Previous hepatorenal syndrome

74 (16.8)
69 (4.6)

81 (16.8)
113 (6.9)

Previous variceal bleeding

HCV SVR before SWE

560 (37.6)

0.58 (0.32–1.23)

Clinical parameters
1394 (76.3)

0.50 (0.30–0.96)

1.96 (1.11–3.97)

APRI

1.66 (1.00–2.97)

−2.63 (−2.96–-1.74)

ALBI

−2.75 (−3.01–-2.21)

2.3 (0.9–5.6)

6.2 (5–7.9)

194 (143–253)

1 (1–1.1)

FIB-4

Score for liver fibrosis or cirrhosis

1.1 (1.0–1.2)

INR

0.8 (0.7–1)

0.7 (0.5–1.1)

0.8 (0.5–1.3)
0.8 (0.7–1.0)

Bilirubin (mg/dL)

47 (28.3–80)
40 (28.6–67)

44.9 (28.0–77.0)
43.0 (30.0–69.0)

ALT (U/L)

AST (U/L)

Creatinine (mg/dL)

84.0 (64.8–114.0)

40.0 (33.8–43.0)
90.0 (67.0–128.0)

Albumin (g/L)

41.0 (37.0–43.8)

319/359/195/142/292 (24.6/27.7/15.0/10.9/21.8)

8.3 (5.7–13.9)

9.7 (6.9–17.3)

0/1241/77 (0.0/94.2/5.8)

5 (5–5)

7 (6–9)

26.7 (23.2–30.9)

909 (61.0)

54.6 (44.3–62)

Compensated (n=1490)

Alkaline phosphatase (U/L)

Laboratory test

1334/206/44 (84.2/13.0/2.8)
11.8 (7.4–24.5)

Child Pugh class (A/B/C)

SWE at baseline (kPa)

8 (6–10)
5 (5–6)

MELD score

Child Pugh score

Scores

26.5 (23.2–30.6)

BMI (kg/m2)

55 (45.9–62.7)
1140 (62.4)

Male

Age

All patients (n=1827)
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1.044 (1.023 to
1.065)
<0.001
1.052 (1.032 to 1.071)
<0.001
–
–
–

Validation of the stratification M10LS20 algorithm using
p-SWE
HR, hazard ratio; MELD, model for end-stage liver disease; SWE, shear wave elastography.

–
–
–
–
–
Age

0.995 (0.992 to
0.998)
0.002
0.990 (0.987 to 0.993)
<0.001
0.988 (0.976 to 1.000)
Platelet count

0.043

–

–

–
0.982 (0.974 to 0.99)
<0.001

–

1.076 (1.057 to
1.096)
<0.001
1.087 (1.072 to 1.103)
<0.001
1.115 (1.077 to 1.154)
MELD score

<0.001

<0.001

1.114 (1.075 to 1.155)

<0.001
1.104 (1.077 to 1.132)
<0.001

1.105 (1.076 to 1.134)

1.022 (1.015 to
1.029)

HR (95% CI)
P value

<0.001
1.029 (1.022 to 1.035)
<0.001
1.035 (1.011 to 1.060)
0.004
1.035 (1.014 to 1.056)
0.001
SWE at baseline

P value

0.005
1.027 (1.012 to 1.042)
<0.001

1.025 (1.007 to 1.042)

HR (95% CI)
P value

Univariate

P value

HR (95%) CI

Multivariate

HR (95%) CI
P value

Multivariate

P value
Variables

HR (95% CI)
Univariate

HR (95% CI)

Univariate

2 years
90 days
28 days

Univariate and multivariate analysis of swe with outcome of death after adjustment for platelet count, age and MELD score
Table 2

(p<0.001) in the good prognosis, the intermediate prognosis,
and the poor prognosis group (online supplemental figure 5B),
respectively. Of the 1827 study patients, 182 patients developed
new episodes of decompensations or worsening of ascites or HE
during the 2-year follow-up period.
Among the patients without decompensation, the model of
L-SWE and MELD score had the best AUROC in the predicup,
tion of decompensation development during the follow-
Pugh score
compared with the MELD score and the Child-
(online supplemental figure 6A).
When considering death as a competing risk factor for
developing or worsening of decompensation, L-S WE value
at baseline appeared to be a statistically significant independent risk factor in the outcome of developing decompensation, after adjustment for age, MELD score, and Child-Pugh
score at baseline (HR 1.020 (95% CI 1.014 to 1.026),
p=0.001) (online supplemental table 11). Moreover, in
the patient groups with an MELD score< or ≥ 10 points,
L-SWE (cutoff ≥20 kPa) could best stratify the cumulative
incidence of decompensation for up to 2 years (Gray’s test
p<0.001) (online supplemental figure 6B,C).
Using the M10LS20 algorithm, we could also stratify the
patients into three risk groups for risk of decompensation:
(1) good prognosis, (2) intermediate prognosis and (3) poor
prognosis. Of the compensated patients, the group with poor
prognosis had the highest incidence of development of decompensation (figure 3A). The cumulative incidence curves with
Gray’s test also showed significant differences in the development or worsening of ascites (p<0.001) and hepatic encephalopathy (p<0.001) in these three risk groups (online supplemental
figure 7A,B). Nevertheless, in decompensated patients, significant differences were also found in the risk of worsening of
decompensation in these three groups (Gray’s test p=0.0025)
(figure 3B). In the whole cohort, a similar effect was confirmed
(figure 3C).

Trebicka J, et al. Gut 2021;0:1–13. doi:10.1136/gutjnl-2020-323419

The baseline characteristics of the add groups with p-SWE are
shown in online supplemental table 12). Patients in the additional cohort had higher L-SWE measured by pSWE than the
2D-SWE derivation cohort and had a higher MELD score. The
pSWE combined with the MELD score model well calibrated in
the additional cohort (online supplemental figure 8A) and had
an integrated time-dependent AUC of 0.8407 (figure 4A and
online supplemental figure 8B).
The validity of the M10LS20 algorithm using p-S WE technology was confirmed by a significant survival difference in
the three prognosis groups in the additional cohort, with
a log-r ank p of 0.032 (figure 4B). When considering death
as a competing risk for decompensation, the cumulative
incidence of development or worsening of decompensation
also showed significant differences in these three groups
(figure 4C). Interestingly, a similar decision tree could be
established in the additional cohorts, stratifying the ACLD
patients into three distinct prognosis groups (online supplemental figure 9).

Internal validation of the stratification M10LS20 algorithm in
compensated and decompensated patients

For internal validation of our stratification algorithm in both
compensated and decompensated patients, the combined
cohorts of 2D-SWE and p-SWE were randomly divided into
5

Gut: first published as 10.1136/gutjnl-2020-323419 on 21 January 2021. Downloaded from http://gut.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Multivariate

Hepatology

Hepatology

6

Trebicka J, et al. Gut 2021;0:1–13. doi:10.1136/gutjnl-2020-323419

Gut: first published as 10.1136/gutjnl-2020-323419 on 21 January 2021. Downloaded from http://gut.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Figure 1 (A) Time-dependent area under the curve and 95% CI of the combined algorithm based on MELD score and SEW, and MELD score alone in
compensated patients only during 2 years of follow-up. (B) Time-dependent area under the curve and 95% CI of the combined model of MELD score
and swe, and MELD score alone in all patients (including decompensated patients at baseline) of the cohort with 2D-SWE during 2 years of follow-up.
2D-SWE, 2-dimensional shear wave elastography; AUC, area under the curve; MELD, the model for end-stage liver disease.
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Figure 2 Curves of patients with good, intermediate and poor prognosis. (A) Kaplan-Meier of 2-year survival curve in compensated patients. Level
of significance: log-rank p<0.001. (B) Kaplan-Meier of 2 years survival curve in decompensated patients. Level of significance: log-rank p=0.003.
(C) Kaplan-Meier of 2-year and 90-day survival curve of all patients of the cohort with 2D-SWE measurements. The top left rectangle in the curve
of 2 years survival indicates the area of the Kaplan-Meier curve of 90-day survival depicted in the bottom left panel. Level of significance: log-rank
p<0.001. 2D-SWE, 2-dimensional shear wave elastography.
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Figure 3 (A) Cumulative incidence of development of decompensations within 2 years of patients with good, intermediate and poor prognosis in
compensated patients. Level of significance: Gray’s test p<0.0001. (B) Cumulative incidence of development of further episodes of decompensation
within 2 years of decompensated patients with good, intermediate and poor prognosis. Level of significance: Gray’s test p=0.0025. (C) Cumulative
incidence of development of decompensations within 2 years of all patients included in the cohort with 2D-SWE measurements with good,
intermediate and poor prognosis. Level of significance: Gray’s test p<0.0001. 2D-SWE, 2-dimensional shear wave elastography.
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Figure 4 (A) Time-dependent area under the curve and 95% CI of the combined model of MELD score and p-SWE in the additional cohort validated
for p-SWE during 2 years of follow-up. (B) Two-year Kaplan-Meier curves of the additional cohort validated for p-SWE of patients classified with good,
intermediate and poor prognosis. Level of significance: log-rank p<0.032. (C) Cumulative incidence of development of decompensations within 2
years of all patients included in the additional cohort validated for p-SWE with good, intermediate and poor prognosis. Level of significance: Gray’s
test p=0.0025. AUC, area under the curve; MELD, model for end-stage liver disease; p-SWE, point shear wave elastography.
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a 2/3 internal derivation cohort and a 1/3 internal validation
cohort. This was performed for both compensated patients and
decompensated patients. The baseline characteristics of both
cohorts are listed in online supplemental tables 13 and 14).
Regardless whether compensated (log rank p<0.001) or
decompensated (log rank p=0.042) were considered, significantly different survival functions were detected in the three
different risk groups from the derivation cohorts. The strategy
was subsequently validated in the 1/3 internal validation
cohort, showing a significant risk of mortality within 2 years
(log rank p<0.001 and p=0.038 in compensated and decompensated patients, respectively) (online supplemental figures
10 and 11).
The decision tree (figure 5) shows the strategy (M10LS20
algorithm) used for mortality risk prediction stratification in the
combined cohort of cohorts with 2D-SWE and the additional
cohort with pSWE. It can also be applied for decompensation,
evidenced by the significantly different incidences of decompensation in these three risk groups (3.5%, 18.8% and 61.8% within
2 years, respectively).
10

Validation of the stratification M10LS20 algorithm using TE
and MELD score
Of the patients included in the cohort with 2D-
SWE, 754
patients had LSM by TE at baseline. The median TE value was
8.3 kPa. As expected, decompensated patients had a significantly
higher TE value than compensated patients (23.4 kPa vs8.3 kPa,
p=0.017).
In the multivariate analysis adjusted by the MELD score, liver
stiffness proved to be an independent risk factor predicting
2-
year mortality (online supplemental table 15). TE could
equally predict the long-term risk of death compared with SWE,
as shown by similar time-dependent ROC (online supplemental
figure 12A). Performance of the model of TE combined with the
MELD score was also similar to 2D-SWE combined with the
MELD score (online supplemental figure 12B).
The same algorithm of M10LS20 was applied in patients with
TE measurement and MELD score, using the same cut-off of 20
kPa for TE. As depicted in online supplemental figure 9), the
cut-off of 20 kPa could also stratify patients with the distinct
outcome of death in patients with an MELD score above as well
Trebicka J, et al. Gut 2021;0:1–13. doi:10.1136/gutjnl-2020-323419

Gut: first published as 10.1136/gutjnl-2020-323419 on 21 January 2021. Downloaded from http://gut.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Figure 5 Stratification model of cohort with 2D-SWE and additional cohort with p-SWE for prediction of estimated mortality (upper panel) at 28
and 90 days as well as at one and 2 years of follow-up based on MELD score <10 vs ≥10 and L-SWE <20 vs ≥20 kPa; stratification model of cohort
with 2D-SWE and additional cohort with p-SWE for prediction of first/further decompensation risk (lower panel) at 28 and 90 days as well as at one
and 2 years of follow-up based on MELD score <10 vs ≥10 and L-SWE <20 vs ≥20 kPa. 2D-SWE, 2-dimensional shear wave elastography’ L-SWE, liver
SWE; MELD, model for end stage liver disease; p-SWE, point SWE.
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Aetiological sensitivity, regional sensitivity and time-period
sensitivity analysis of the stratification M10LS20 algorithm

Interestingly, the M10LS20 algorithm was confirmed in all
patients with different aetiologies. As shown in online supplemental figure 14), patients with good prognosis, intermediate
prognosis and poor prognosis had significantly different survival
probability, regardless of aetiology as analysed separately for
alcoholic-related liver disease, HCV, hepatitis B virus (HBV) and
NAFLD.
When we divided the cohort with 2D-SWE into patients from
Southern Europe and Northern Europe, the model still showed
the highest AUROC (online supplemental figure 15A,B). Patients
from Southern Europe as well as Northern Europe could be
adequately stratified by the M10LS20 algorithm (online supplemental figure 15C,D).
Since our derivation cohort of 2D-SWE and the additional
cohort with p-
SWE were included from 2007 to 2020, we
divided our cohorts into three subgroups according to different
time periods of inclusion (online supplemental figure 16). The
M10LS20 algorithm performed equally well regardless of the
time period of inclusion, as demonstrated by the significantly
different survival curves in the three stratified risk groups.
Furthermore, patients with second follow-up L-SWE measurements were analysed. As shown in online supplemental figure
17), the majority of patients with good prognosis and poor prognosis remained within the same stratification group when using
the M10LS20 algorithm during the follow-up. Similar results
were also found in the intermediate group.

Discussion

This international multicentre cohort study establishes and validates that the combination of MELD score with LSM measured
by SWE (M10LS20 algorithm) is an accurate and easy tool for
stratification of ACLD. In the study, mortality and risk of decompensation in patients with L-SWE measurements below 20 kPa
and an MELD score below 10 were 1.1% and 3.5%, respectively,
while patients with L-SWE measurements above 20 kPa and an
MELD score above 10 had a very high risk of mortality and
decompensation (36.9% and 61.8%, respectively).
Patients with ACLD represent a large and heterogeneous
population with various aetiologies, such as alcoholic-
related
liver disease, NAFLD, chronic viral hepatitis and autoimmune
liver disease. Many patients deteriorate rapidly due to severe
complications and decompensating episodes and may die within
a short period of time. However, even patients with ascites can
recompensate and show a very low rate of further decompensation.16 Therefore, in addition to clinical history, an accurate
and practical tool to assess and predict short-term and long-
term outcome in patients with high heterogeneity is urgently
required. Such a tool can greatly help clinicians to stratify treatment options and reduce waste of medical resources. To identify
such a tool for prediction of outcome, the mechanism leading
to decompensations and death must first be identified. There
is abundant evidence that advanced fibrosis is associated with
progression towards decompensations in ACLD.28–30 Moreover,
portal hypertension is a driver of decompensation and death.31 32
Finally, systemic inflammation has been identified in multiple
studies as a major cause of decompensation, acute-on-chronic
Trebicka J, et al. Gut 2021;0:1–13. doi:10.1136/gutjnl-2020-323419

liver failure and death.16 33 Of note, systemic inflammation can
already be present in the early stages of ACLD.18 34 Interestingly, hepatic fibrosis and inflammation are major components
of liver stiffness.3 11 19 35 Although LSM by TE is currently the
most widely used method, it has the limitation of a high failure
rate mostly due to obesity or ascites.12 36 Our data suggest that
L-SWE is useful in this complex setting. Moreover, the algorithm we established for L-SWE was also confirmed with LSM
performed by TE in our study.
Additional prognostic factors in cirrhosis include the severity
of liver failure and extrahepatic organ failure (eg, kidney and
coagulation failure).37 38 These markers are reflected in the
MELD score.2 To date, no easy algorithm has been available to
stratify the risk of decompensation and mortality. Patients with
an MELD score below 15 are the most heterogeneous in terms of
clinical evolution and are especially at risk of being overlooked
since 15 points is the cut-off value for putting forward the indication for liver transplantation.39
Our data show that LSM by 2D-
SWE measurement is an
independent risk predictor of death and has a high accuracy in
predicting 2-year mortality. We could show that a combination
of L-SWE and MELD score has the highest AUROC, superior
to L-SWE alone, MELD score and Child-Pugh score. Thus, a
combination of L-SWE and MELD score is an accurate tool to
stratify patients with a high risk of death within 2 years. Furthermore, increased L-SWE measurements correlated with the development or further episodes of decompensation. Importantly,
this large-scale multicentre study enabled the identification of
an easy-to-memorise cut-off value of 10 for the MELD score and
20 kPa for L-SWE to classify heterogeneous ACLD patients into
three groups with completely distinct risks of mortality. Interestingly, this cut-off value is identical to the one provided by several
studies on the diagnosis of clinically significant portal hypertension.7 11 40 The extremely high NPV (98%) indicates that this
cut-off value can help clinicians exclude low-risk populations,
emphasising its potential role in saving clinical resources.
A further important finding of this study is that L-SWE had
predictive value for the development or worsening of decompensation, which has been missing to date. Especially in patients
with ascites, which defines decompensation, this algorithm is
very useful.41 Our findings are in agreement with previous data
suggesting that values of LSM indicating the presence of clinically significant portal hypertension (a major factor driving
decompensation in cirrhosis13 42 predict clinical decompensation.
We confirm that this holds true across different aetiologies and
stages of disease. Thus, the present study may fill the knowledge
gap of the usefulness of L-SWE in the prediction of complications. From a practical point of view, routine use of L-SWE could
provide early identification of patients at risk of poor outcomes,
thus helping to tailor treatment options. Since non-selective beta-
blockers have recently been shown to be effective in reducing
clinical decompensation in patients with compensated cirrhosis
and clinically significant portal hypertension irrespective of the
size of varices,43 L-SWE may be used to non-invasively select
patients who could benefit from this treatment.
Of note, the M10LS20 algorithm was found to be accurate
not only in compensated but also in decompensated patients.
We further validated this innovative algorithm in an additional
cohort with LSM measured by pSWE and confirmed the robustness and wide range of its application. The sensitivity analysis
was also done in heterogeneous aetiologies and by different
participating centres from various regions worldwide. Interestingly, there was no impact of aetiology on the performance and
applicability of our algorithm. The M10LS20 algorithm was
11
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as an MELD score below ten points. In fact, using the same
algorithm and cutoffs, three distinct groups with significantly
different mortality risks could be identified (online supplemental
figure 13).
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Supplementary Methods
Two-dimension shear wave elastography (2D-SWE) procedure
Up to five measurements were repeated to avoid bias. A mean value of the total number of all
measurements was calculated and documented. All L-SWE measurements were performed by
experienced physicians. The participants were required to fast for at least two hours prior to
measurement. L-SWE were carried out through the right intercostal space of the supine position
during a breath-hold, with the right arm straightened, and at least 10mm below the liver capsule.
The Q-box was used over the selected region of interest (ROI) to obtain the stiffness value. The
diameter of the Q box was set to >15 mm. Valid L-SWE was defined as LSM with an interquartile
range (IQR) / median (M) value below 30% 1,2. The Aixplorer US system (SuperSonic Imagine S.A.,
Aix-en-Provence, France) with a convex broadband probe (SC6-1) was used.
Transient elastography (TE) procedure
One-dimension TE was measured using the Fibroscan® (Echosens, Paris, France). TE
measurements were performed at baseline as per EASL-ALEH clinical practice guideline3,4. In the
derivation study, TE values with a success rate of at least 80% and with a ratio of IQR / M < 0.3
were considered valid and used for statistical analysis.
Point shear wave elastography (p-SWE) procedure
The protocol for pSWE of the liver utilizing the Elast PQ module on the Philips system was
previously described5,6. Briefly, patients were fasted at least 5 hours and were placed in a supine
position. The transducer was positioned in an intercostal space on the medio-axillary line. The
rectangular ROI for pSWE was placed 1-1.5cm underneath the liver capsule, centrally situated
targeted by B-mode ultrasound imaging. At least 5 measurements, were performed per patient in
mid-inspiratory position.
Definition of ascites
Ascites was defined according to the 2020 EASL guideline7. Mild ascites was detected by ultrasound.
Moderate ascites was defined by moderate symmetrical distension of abdomen. Large or gross
ascites was detected by clinically marked abdominal distension.
Definition of non-invasive scores8-10
FIB-4 score = [Age (years) × AST Level (U/L)] / [Platelet Count (109/L) × ALT (U/L)(1/2)]
APRI score = [AST Level (IU/L) / AST (Upper Limit of Normal) (IU/L)] / Platelet Count (10 9/L) ×
100
ALBI score = [log 10 Bilirubin (mmol/l) × 0.66] + [albumin(g/l) × –0.085]
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Supplementary table 1. Numbers of inclusion, demographic data and coefficient variation of each
participated center with 2D-SWE or p-SWE
Screening
Valid inclusion
Male
Age
Participated center
n (%)
n (%)
n (%)
M (IQR)
CHU du Haut-Lévèque

Gut

L-SWE
CV%

349 (16.2)

333 (18.2)

215 (64.6)

55.1 (45.0 - 64.5)

123.3%

336 (15.6)

267 (14.6)

181 (67.8)

55.0 (47.0 – 61.0)

89.1%

274 (12.8)

237 (13)

130 (54.9)

57.0 (50.5 - 63.9)

74.3%

267 (12.4)

209 (11.4)

112 (53.8)

57.0 (48.0 – 66.0)

58.5%

193 (9.0)

184 (10.1)

136 (73.9)

56.3 (50.7 - 61.6)

57.7%

Hôpital Edouard Herriot

148 (6.9)

131 (7.2)

82 (62.6)

56.0 (47.0 – 62.0)

74.4%

J. W. Goethe University Hospital

122 (5.7)

117 (6.4)

60 (51.3)

52.0 (40 - 59)

76.5%

Hôpital Cochin

121 (5.6)

82 (4.5)

64 (78)

63.0 (58 - 68)

41.8%

University Hospital Dubrava

82 (3.8)

62 (3.4)

47 (75.8)

48 (34.8 - 54.3)

78.8%

68 (3.2)

53 (2.9)

40 (75.5)

37.0 (26.5 - 46)

72.2%

University Hospital Antwerp

58 (2.7)

53 (2.9)

29 (54.7)

45.0 (33.0 - 55.5)

68.5%

Prague SSI

34 (1.6)

33 (1.8)

13 (39.4)

54 (37.5 - 62)

67.8%

32 (1.5)

31 (1.7)

12 (38.7)

54 (38 - 62)

68.0%

28 (1.3)

26 (1.4)

15 (57.7)

50 (34.5 - 56)

45.7%

26 (1.2)

9 (0.5)

4 (44.4)

50 (34.5 - 56)

61.5%

10 (0.5)

0 (0)

0 (0)

/

/

Vienna

211

119

81 (68.1)

55 (46.0 – 66.0)

93.5%

Total

2359

1946

1221 (62.8)

55 (45.9 – 62.9)

90.9%

Centre Hospitalier Universitaire
d'Angers
University of Bonn
University of Southern Denmark &
Odense University Hospital
Hôpital Beaujon Université Paris
VII

Third Affiliated Hospital Sun-Yat
Sen University

Institute for Clinical and
Experimental Medicine (IKEM)
“Victor Babes” University of
Medicine and Pharmacy
Universitätsspital Bern
Universitätsklinik für Viszerale
Chirurgie und Medizin
Zhongshan Hospital Shanghai
Fudan University

Abbreviation: CV, coefficient of variation; M, median; IQR, interquartile range.
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Supplementary table 2. Intraclass correlation coefficient of intercenters and interobservers
reliability.
Intraclass Correlation
Coefficient

Intraclass
Correlation

95% Confidence Interval
Lower Bound Upper Bound

F Test with True Value 0
Value
df1 df2 Sig

b

Centers
Average Measures

.921c

0.905

0.935

12.677

328

656

0.000

BER

Average Measures

.972

c

0.940

0.988

36.007

18

36

0.000

BJN

Average Measures

.951c

0.937

0.962

20.363

176

352

0.000

BON

Average Measures

.849

c

0.810

0.881

6.623

206

412

0.000

COC

Average Measures

.985c

0.978

0.991

68.352

60

120

0.000

HEH

Average Measures

.977

c

0.970

0.983

44.205

128

256

0.000

IKM

Average Measures

.980c

0.964

0.990

51.097

30

60

0.000

ODE

Average Measures

.963

c

0.955

0.970

27.280

258

516

0.000

SSI

Average Measures

.982c

0.968

0.990

54.886

32

64

0.000

TIM

Average Measures

.994

c

0.982

0.999

176.008

8

16

0.000

UZA

Average Measures

.740c

0.579

0.847

3.852

46

92

0.000

Average Measures

c

0.991

0.997

174.214

51

102

0.000

ANG

ZHE

.994

Operators
AB

Average Measures

.951c

0.473

0.999

20.213

2

4

0.008

AH

Average Measures

.710c

-10.151

1.000

3.453

1

2

0.204

Average Measures

.986

c

0.964

0.995

69.953

12

24

0.000

c

0.995

1.000

915.274

5

10

0.000

CM
FTT

Average Measures

.999

HG

Average Measures

.967c

0.947

0.980

30.197

49

98

0.000

MP

Average Measures

.997

c

0.985

1.000

331.462

4

8

0.000

RS

Average Measures

.996c

0.991

0.998

251.181

15

30

0.000
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Supplementary table 3. Parameters that related to the outcome and put into regression analysis
Parameters
Male sex
2D-SWE at baseline (kPa)
Age (year)
CRP
Bilirubin (mg/dl)
Platelets (G/l)
White blood cell count (×109/L)
INR
Serum creatinine (mg/dl)
Albumin (g/l)
Alanine transaminase (U/L)
Variceal bleeding episode
Hepatic encephalopathy
Ascites grade
Bacterial infections episode
spontaneous bacterial peritonitis episode
Abstinence from alcohol drinking
Alkaline phosphatase (U/L)
aspartate transaminase (U/L)
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Supplementary table 4. Valid and missing value in cohort of patients with 2D-SWE and aditional
cohort of p-SWE
Cohort with 2D-SWE
Additional cohort with p-SWE
Parameters

Missing /
Valid

Lost to

Valid

follow-up

Missing / Lost to
follow-up

2D-SWE

1827

0

119

0

TE

754

1073

119

0

1546

281

119

0

Age

1826

1

119

0

Gender

1826

1

119

0

Height (m)

1392

435

119

0

Weight (kg)

1518

309

118

1

2

BMI (kg/m )

1467

360

118

1

ALT (U/L)

1782

45

117

2

AST (U/L)

1723

104

118

1

Alkaline phosphatase

1691

136

118

1

Bilirubin (mg/dl)

1766

61

118

1

Creatinine (mg/dl)

1758

69

117

2

CRP

960

867

115

4

WBC (×109/L）

1331

496

118

1

Albumin (g/l)

1702

125

118

1

Platelets (G/l)

1796

31

118

1

INR

1729

98

118

1

MELD score

1667

160

117

2

Child-Pugh score

1640

187

117

2

Child-Pugh class

1640

187

117

2

28-day follow-up

1827

0

119

0

90-day follow-up

1783

44

113

6

1-year follow up

1618

209

84

35

2-year follow-up

1293

534

46

73

Cause of chronic liver
disease

(U/L)
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Supplementary table 5. Portal and systemic hemodynamic results of compensated and decompensated patients included

Parameter
Heart rate (bpm)
n = 194
MAP (mmHg)
n = 193
HVPG (mmHg)
n = 140
EF by TTE
n = 81
MELD score
n = 194

Compensated

Decompensated

P* value

All

R**

Correlation P

68 (60 - 77.8)

72 (64 - 82)

0.023

70 (61 - 80)

0.118

0.101

92 (80 - 99)

88.3 (78 - 96.2)

0.198

90 (78.3 - 98)

-0.162

0.024

17 (11 - 20)

20 (16 - 22)

0.001

18 (14 - 21)

0.256

0.002

62.2 (58.6 - 68.4)

66.1 (60.6 - 70.2)

0.170

64.6 (59.6 - 69)

0.241

0.030

9 (7.3 - 13)

12 (9 - 16)

<0.001

11 (9 - 14)

0.258

<0.001

*p values are compared between compensated and decompensated groups using Mann-Whitney U test;
** R, Pearson correlation was calculated between the parameter and L-SWE;
Abbreviations: MAP, mean arterial pressure; EF, ejection fraction; SV, stroke volume; TTE, transthoracic echocardiography; PHPG, portal hepatic pressure gradient;
HVPG, hepatic venous pressure gradient.
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Supplementary Table 6. Univariate and multivariate Cox regression analysis in compensated and
all patients for 2-year mortality and all-time of follow-up
Parameters
Univariate
Multivariate
Pr > ChiSq

Hazard
Ratio

95% Hazard
Ratio
Confidence
Limits

All time of follow-up in all included patients in derivation cohort
Gender
0.0253
1.485
1.050
2.100
2D-SWE
<0.0001
1.026
1.021
1.031
Age
<0.0001
1.050
1.035
1.066
CRP
<0.0001
1.014
1.007
1.021
Albumin
<0.0001
0.976
0.965
0.988
All time of follow-up in compensated patients of derivation cohort
Gender
..
..
..
..
2D-SWE
<0.0001
1.025
1.018
1.033
Age
0.0001
1.045
1.022
1.069
CRP
0.0073
1.015
1.004
1.026
Bilirubin
0.0283
1.098
1.01
1.194
Platelets
0.0118
0.996
0.992
0.999
WBC
0.0184
1.107
1.017
1.204
2-year outcome in all included patients in derivation cohort
..
..
..
..
Gender
<0.0001
1.028
1.022
1.034
2D-SWE
<0.0001
1.054
1.034
1.073
Age
0.0002
1.014
1.007
1.022
CRP
<0.0001
0.971
0.958
0.983
Albumin
2-year outcome in compensated patients of derivation cohort
..
..
..
..
Gender
<.0001
1.027
1.019
1.035
2D-SWE
<.0001
1.07
1.042
1.099
Age
0.0016
1.125
1.046
1.209
Bilirubin
0.0003
0.993
0.989
0.997
Platelets
0.0318
0.98
0.962
0.998
Albumin
0.0023
2.587
1.404
4.769
Variceal bleeding
2-year outcome in decompensated patients of derivation cohort
..
..
..
..
Gender
..
..
..
..
Age
0.0046
1.58
1.151
2.17
Bacterial infection
0.0201
1.019
1.003
1.035
2D-SWE
0.0002
1.049
1.022
1.076
INR
0.0091
1.065
1.016
1.117
Bilirubin
0.0232
0.97
0.944
0.996
Albumin

Pr > ChiSq

Hazard
Ratio

95% Hazard
Ratio
Confidence
Limits

..
<0.0001
0.0075
0.0024
0.0051

..
1.020
1.041
1.017
0.964

..
1.010
1.011
1.006
0.940

..
1.030
1.073
1.028
0.989

..
0.0001
0.0194
0.0056
0.0500
..
..

..
1.019
1.035
1.015
1.102
..
..

..
1.009
1.006
1.004
1.000
..
..

..
1.029
1.065
1.027
1.214
..
..

..
0.0009
0.0010
0.0400
0.0022

..
1.019
1.062
1.015
0.957

..
1.008
1.025
1.001
0.930

..
1.030
1.101
1.029
0.984

..
<.0001
<.0001
0.0016
0.0478
..
..

..
1.019
1.063
1.142
0.996
..
..

..
1.01
1.034
1.052
0.992
..
..

..
1.028
1.093
1.241
1.000
..
..

..
..
0.0009
0.0272
<.0001
..
..

..
..
1.744
1.023
1.073
..
..

..
..
1.254
1.003
1.039
..
..

..
..
2.425
1.043
1.109
..
..
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Supplementary Table 7. Univariate and multivariate Cox regression analysis in
decompensated patients for 28-day and 2-year mortality after adjusted for age and MELD
score
Parameters
Univariate
Multivariate
Pr > ChiSq

28-day
2D-SWE
MELD
Age
Platelet count
2-year
2D-SWE
MELD
Age
Platelets

Hazard
Ratio

95% Hazard
Ratio
Confidence
Limits

Pr > ChiSq

Hazard
Ratio

95% Hazard
Ratio
Confidence
Limits

0.015
<.0001
..
..

1.048
1.119
..
..

1.009
1.066
..
..

1.089
1.176
..
..

0.0159
0.0002
..
..

1.075
1.158
..
..

1.014
1.073
..
..

1.139
1.251
..
..

0.0201
0.0004
..
..

1.019
1.043
..
..

1.003
1.019
..
..

1.035
1.068
..
..

0.0203
0.0003
..
..

1.019
1.047
..
..

1.003
1.021
..
..

1.035
1.073
..
..
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Supplementary Table 8. Best cut-off value of SWE and related sensitivity, specificity for
mortality
SWE (kPa)
Time

AUC
95%CI
28 days 0.864
0.928)
90 days 0.788
0.853)
6
0.799
months 0.847)
1 year
0.782
0.831)
2 years 0.796
0.833)

and

MELD score

Sensitivity

Specificity

(0.800-

Best cutoff
25.15

100.0%

76.3%

(0.723-

16.35

94.7%

63.3%

(0.750-

16.35

96.3%

63.6%

(0.734-

16.35

89.4%

64.1%

(0.759-

16.09

88.1%

74.9%

AUC
95%CI
0.902
0.983)
0.898
0.944)
0.889
0.929)
0.800
0.869)
0.788
0.832)

and

Sensitivity

Specificity

(0.821-

Best cutoff
10

100.0%

70.4%

(0.852-

10

94.7%

70.8%

(0.849-

10

96.3%

71.1%

(0.732-

10

83.0%

71.6%

(0.744-

10

75.3%

72.9%

Supplementary Table 9. Best cut-off value of SWE and related sensitivity, specificity, positive
predictive value and negative predictive value with different MELD scores
MELD < 10
Time

AUC and 95%CI

Sensitivity

(0.800-

21.03

100.0

82.2

(0.800-

21.03

100.0

82.0

(0.590-

21.02

75.0

82.5

(0.704-

19.87

70.8

81.5

28 days
90 days 0.822
0.844)
6
0.822
months 0.844)
1 year
0.764
0.938)
2 years 0.794
0.884)

MELD ≥ 10

Best
cutoff

Specificity

AUC and 95%CI

Best
cut-off

Sensitivity

Specificity

0.719
0.860)
0.599
0.714)
0.608
0.695)
0.606
0.683)
0.625
0.685)

(0.577-

25.15

100.0

49.3

(0.484-

16.35

94.4

30.6

(0.520-

19.69

88.5

39.2

(0.529-

15.39

94.9

29.2

(0.565-

15.39

94.5

31.1
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Supplementary table 10. Best cut-off for MELD score and L-SWE of 2-year out-come in
compensated patients and decompensated patients, and related sensitivity, specificity, positive
predictive value, and negative predictive value.
Best cut-off of 10 for MELD Score

Value

95% CI

Compensated
Sensitivity
Specificity

61.54%
84.96%

47.02% to 74.70%
82.59% to 87.13%

Positive Likelihood Ratio
Negative Likelihood Ratio
Positive Predictive Value

4.09
0.45
17.68%

3.15 to 5.31
0.32 to 0.64
14.20% to 21.80%

Negative Predictive Value

97.68%

96.76% to 98.35%

Accuracy

83.80%

81.42% to 85.98%

Sensitivity

90.91%

78.33% to 97.47%

Specificity

32.94%

23.13% to 43.98%

Positive Likelihood Ratio

1.36

1.14 to 1.62

Negative Likelihood Ratio

0.28

0.10 to 0.74

Positive Predictive Value

41.24%

37.05% to 45.55%

Negative Predictive Value

87.50%

72.38% to 94.92%

Accuracy

52.71%

43.74% to 61.56%

Best cut-off of 20 kPa for L-SWE

Value

95% CI

Sensitivity

68.52%

54.45% to 80.48%

Specificity

81.63%

79.22% to 83.87%

Positive Likelihood Ratio

3.73

2.99 to 4.64

Negative Likelihood Ratio

0.39

0.26 to 0.57

Positive Predictive Value

15.42%

12.77% to 18.50%

Negative Predictive Value

98.15%

97.28% to 98.75%

Accuracy

81.02%

78.64% to 83.24%

Sensitivity

89.13%

76.43% to 96.38%

Specificity

29.55%

20.29% to 40.22%

Positive Likelihood Ratio

1.27

1.07 to 1.50

Negative Likelihood Ratio

0.37

0.15 to 0.89

Positive Predictive Value

39.81%

35.84% to 43.91%

Negative Predictive Value

83.87%

68.15% to 92.67%

Accuracy

50.00%

41.25% to 58.75%

Decompensated

Compensated

Decompensated
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Supplementary table 11. Univariate and multivariate competing risk (death as competing risk)
analysis of SWE with outcome of development of decompensations in 2 years
Univariate

Multivariate

Variables

P value

sHR & 95.0% CI

P value

sHR & 95.0% CI

SWE at baseline

<0.001

1.026 (1.020 - 1.031)

<0.001

1.020 (1.014 – 1.026)

MELD score

<0.001

1.074 (1.052 – 1.096)

0.028

1.036 (1.004 – 1.069)

Child-Pugh score

<0.001

1.545 (1.417 – 1.684)

0.001

1.272 (1.110 – 1.456)

Age

<0.001

1.030 (1.014 – 1.046)

0.050

1.018 (1.000 – 1.035)

Abbreviations: MELD, model for end-stage liver disease; SWE, shear wave elastography; sHR, subHazard ratio; CI, confidential interval.
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Supplementary table 12. Baseline characteristics of cohort with 2D-SWE and the additional
cohort with p-SWE
Characteristics
2D-SWE cohort (n = 1827)
p-SWE cohort (n = 119)
Age
55.0 (45.9 - 62.7)
55 (46 - 66)
Male
1140 (62.4)
81 (68.1)
BMI (kg/m2)
26.5 (23.2 - 30.6)
25.2 (21.8 - 29.2)
Scores
MELD score
8 (6 - 10)
10 (8 - 14)
Child Pugh score
5 (5 - 6)
6 (5 - 8)
Child Pugh class (A/B/C)
1334 / 206 / 44 (84.2 / 13.0 / 74 / 29 / 14 (62.2 / 24.4 / 11.8)
2.8)
SWE at baseline (kPa)
11.8 (7.4 - 24.5)
17 (9.7 - 26.8)
TE at baseline (kPa)
8.3 (5.7 – 14.0)
23 (14.4 - 39.7)
Etiology: Alcohol / NAFLD / 414 / 389 / 267 / 166 / 310
33 / 25 / 31 / 5 / 25 (27.7 / 21.0 /
HCV / HBV / Other or multiple (26.8 / 25.2 / 17.3 / 10.7 / 20.0) 26.1 / 4.2 / 21.0)
causes
Laboratory test
Albumin (g/L)
40.0 (33.8 – 43.0)
38.9 (34.8 - 42.6)
Alkaline phosphatase (U/L)
90.0 (67.0 – 128.0)
89.5 (66.3 – 120.0)
ALT (U/L)
44.9 (28.0 – 77.0)
32 (22 - 51.5)
AST (U/L)
43.0 (30.0 – 69.0)
41 (30 - 58.8)
Bilirubin (mg/dl)
0.8 (0.5 - 1.3)
0.9 (0.6 - 1.6)
Creatinine (mg/dl)
0.8 (0.7 – 1.0)
0.8 (0.6 - 1.1)
INR
1.1 (1.0 - 1.2)
1.2 (1.1 - 1.4)
Platelets (G/l)
179.0 (122.0 – 242.0)
120.5 (86 - 168.3)
WBC (×109/L)
6.2 (5.0 - 7.9)
5.4 (3.8 - 6.6)
CRP
2.9 (1.1 – 7.0)
0.4 (0.1 - 0.8)
Clinical complications
Absent from alcohol drinking
1394 (76.3)
105 (88.2)
HCV SVR before SWE
81 (16.8)
21 (17.6)
Ascites (absent / mild / tense)
1574 / 134 / 107
81 / 29 / 8
(86.7 / 7.4 / 5.9)
(68.1 / 24.4 / 6.7)
Hepatic
encephalopathy 1262 / 172 / 44 / 6
77 / 25 / 15 / 1 (64.7 / 21.0 / 12.6
(Grade 0 / 1 / 2 / 3)
(85.0 / 11.6 / 3.0 / 0.4)
/ 0.8)
Previous variceal bleeding
113 (6.9)
13 (10.9)
Previous bacterial infection
99 (6.0)
10 (8.4)
Previous
hepatorenal 51 (3.1)
6 (5.0)
syndrome
Had decompensation episodes 2-year
Till end of follow- 2-year
Till
end
of
up
follow-up
Ascites
73 (4.0)
132 (7.2)
6 (5.0)
8 (6.7)
Bacterial infection
71 (3.9)
159 (8.7)
26 (21.8)
28 (23.5)
Hepatic encephalopathy
48 (2.6)
93 (5.1)
19 (16.0)
27 (22.7)
Hepatorenal syndrome
25 (1.4)
44 (2.4)
8 (6.7)
9 (7.6)
Variceal bleeding
21 (1.1)
36 (2.0)
4 (3.4)
4 (3.4)
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Supplementary table 13. Baseline characteristics of compensated patients and randomly
selected into 2/3 of derivation group and 1/3 of internal validation group
Baseline characteristics

54 (44 - 61.8)
637 (61.2)
26.5 (23.1 - 31)
8.8 (5.8 - 15.5)
8.9 (5.9 - 15.6)

Internal validation in
compensated
(n=519)
55.1 (44.3 - 64)
325 (62.6)
26.9 (23.5 - 30.7)
10.3 (7 - 17.4)
9.5 (6.9 - 17.2)

248 (23.8)
214 (20.6)
156 (15)
99 (9.5)
195 (18.7)
8 (0.8)

127 (24.5)
113 (21.8)
62 (11.9)
48 (9.2)
95 (18.4)
2 (0.4)

7 (6 - 9)
5 (5 - 5)

7 (6 - 9)
5 (5 - 5)

871 (83.7)
57 (5.5)

434 (83.6)
26 (5.0)

41 (37 - 44)
0.7 (0.5 - 1.1)
0.8 (0.7 - 1)
1.0 (1.0 - 1.1)
193 (141 - 249.8)
6.2 (5.1 - 7.8)
2.2 (0.9 - 5.1)

41 (37 - 43.2)
0.7 (0.5 - 1.1)
0.8 (0.7 - 1)
1.0 (1.0 - 1.2)
190.5 (139.3 - 251)
6.2 (4.9 - 7.9)
2.4 (0.9 - 6.6)

0.785
0.296
0.421
0.367
0.736
0.686
0.292

68 (60 - 80)
79.8 (70 - 92.7)

65 (60 - 76)
89.3 (78.3 – 96.0)

0.588
0.118

-2.8 (-3 - -2.2)
1.6 (1 - 2.8)
0.5 (0.3 - 0.9)

-2.7 (-3 - -2.2)
1.8 (1.1 - 3.2)
0.5 (0.3 - 1)

0.690
0.019
0.164

Derivation in compensated
(n=1041)

Age
Male gender
BMI (kg/m2)
SWE (kPa)
TE (kPa)
Etiology
NAFLD
Alcohol
HCV
HBV
Other causes
Multiple causes
Scores for chronic liver diseases
MELD score
Child-pugh score
Child-pugh class
A
B
Laboratory data
Albumin (g/l)
Bilirubin (mg/dl)
Creatinine (mg/dl)
INR
Platelets (G/l)
WBC (×109/l)
usCRP
Hemodynamic data
Pulse (bpm)
MAP (mmHg)
Scores for fibrosis or cirrhosis
ALBI
FIB-4
APRI

p value
0.019
0.600
0.937
0.185
0.509
0.501

0.698
0.346
0.717
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Supplementary table 14. Baseline characteristics of decompensated patients and randomly
selected into 2/3 of derivation group and 1/3 of internal validation group
Baseline characteristics

Derivation in
decompensated (n=257)
178 (69.3)
57.2 (50.4 - 64)
25.3 (22.5 - 29.1)
28.7 (19.1 - 40.5)
36.1 (26.6 - 46.9)

Male
Age
BMI (kgm2)
Mean value of SWE
Median value of TE
Etiology
Alcohol
78 (30.4)
HCV
55 (21.4)
NAFLD
23 (8.9)
HBV
17 (6.6)
Other causes
25 (9.7)
Multiple causes
0 (0.0)
Scores for chronic liver diseases
MELD
13 (9 - 17)
Child-pugh
8 (6 - 9)
Child-pugh class
A
69 (26.8)
B
100 (38.9)
C
40 (15.6)
Laboratory data
Albumin (g/l)
31.5 (26 - 37)
Bilirubin (mg/dl)
1.6 (1 - 3.1)
Creatinine (mg/dl)
0.8 (0.7 - 1.1)
INR
1.4 (1.2 - 1.6)
Platelets (G/l)
98 (70 - 144)
WBC (×109/l)
6.1 (4.2 - 8.1)
usCRP
10.3 (5.8 - 30.7)
Hemodynamic data
Pulse (bpm)
72 (64 - 79)
MAP (mmHg)
82.3 (73.3 - 90.3)
Scores for fibrosis or cirrhosis
ALBI
-1.6 (-2.2 - -1.1)
FIB-4
5.1 (3.1 - 8.5)
APRI
1.4 (0.7 - 2.4)

Internal validation in
decompensated (n=129)
81 (62.8)
58.3 (52.4 - 65)
26.5 (23 - 30.4)
30.2 (19.2 - 43.9)
61.6 (31.2 - 75)

p value
0.202
0.119
0.195
0.292
0.021
0.517

42 (32.6)
25 (19.4)
16 (12.4)
7 (5.4)
9 (7)
1 (0.8)
12.5 (9.8 - 17)
8 (6 - 9)

0.662
0.785
0.897

36 (27.9)
52 (40.3)
18 (14)
32.5 (25.2 - 37)
1.5 (0.9 - 3.2)
0.8 (0.7 - 1.2)
1.3 (1.2 - 1.5)
102 (72.5 - 145.5)
5.7 (4.1 - 7.3)
9.5 (4 - 27.6)

0.913
0.248
0.614
0.337
0.836
0.477
0.298

64 (62 - 78)
81.7 (75 - 90.8)

0.256
0.732

-1.6 (-2.3 - -0.9)
5.3 (3.2 - 8.8)
1.2 (0.8 - 2.4)

0.738
0.882
0.838
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Supplementary table 15. Multivariate analysis of TE and MELD score of 2-year mortality.
Parameter
TE (kPa)
MELD

ChiSquare
16.8366
10.2248

Pr > ChiSq
<.0001
0.0014

Hazard
Ratio
1.038
1.198

95% Hazard Ratio
Confidence Limits
1.02
1.056
1.073
1.339
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Supplementary figure 1. Flow chart of the 2D-SWE and additional p-SWE cohort
2,148 Patients from 2D-SWE Derivation Study
(July 2007 – September 2017)

121 Patients from p-SWE Additional Study
(September 2017 – January 2020)

2 Excluded
Patients without at least 28-day followup (n = 2)

321 Excluded
Patients without valid SWE at baseline (n = 116)
Patients without at least 28-day follow-up (n = 36)

1827 Included (follow-up up to December 2019)

119 Included (follow-up up to August 2020)

1946 combination cohort with L-SWE

386 decompensated patients

1560 compensated patients

1041 compensated
derivation

519 compensated
internal validation

257 decompensated
derivation

129 decompensated
internal validation
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Supplementary figure 2. Violin plot of L-SWE measurements of each participated center.
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Supplementary Figure 3. ROC curve of combination of SWE and MELD, SWE, ALBI score, FIB4 score and APRI score. Panel A. ROC curve of mortality; Panel B. ROC curve of decompensations.
Panel C, D and E. Time-dependent area under the curve of APRI, FIB4 and ALBI score in the
outcome of mortality
A
B

C

D

E
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Supplementary figure 5. Panel A. Density curve of patients died days during 2-year of follow-up.
The length of follow-up days of each group was described as median and interquartile range. Panel
B. Density curve of L-SWE distribution of patients with good, intermediate and poor prognosis. The
L-SWE value of each group was described as median and interquartile range.
A
B
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Supplementary figure 8 Panel A. Calibration plot of the SWE and MELD in the mortality outcome
prediction of validation cohort; Panel B. ROC curve of MELD score and SWE combined with
MELD score in prediction 2-year mortality of validation cohort
A.

B
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Supplementary figure 10. Kaplan Meier curve of 2-year survival in compensated patients
randomly selected into derivation and internal validation groups
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Supplementary figure 11. Kaplan Meier curve of 2-year survival in decompensated patients
randomly selected into derivation and internal validation groups
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Supplementary figure 12. Panel A. Time-dependent area under the curve of TE and SWE. Panel
B. Time-dependent area under the curve of TE combined with MELD score and SWE combined
with MELD score.
A

B
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Supplementary figure 13. Panel A. ROC curve of TE in the outcome prediction and compared with
other models. Panel B. Kaplan Meier curve of patients with MELD lower than 10, compared by TE
lower and greater than 20kPa; Panel C. Kaplan Meier curve of patients with MELD equal and higher
than 10, compared by TE lower and greater than 20kPa; Panel D. Kaplan Meier curve of patients
with TE lower or greater than 20kPa, combined with MELD lower or greater than 10.
A
B

C

D
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Supplementary figure 14. Etiology sensitive analysis of Kaplan Meier survival curve in different
causes of chronic liver disease, compared among different prognosis groups. Panel A. in alcoholrelated chronic liver diseases; Panel B. in HCV; Panel C. in HBV; Panel D. in NAFLD; Panel E. in
other causes.
A
B

C

D

E
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Supplementary figure 15. Center sensitivity analysis. Panel A. ROC curve in South Europe of 2year mortality; Panel B. ROC curve in North Europe of 2-year mortality. Panel C. Kaplan Meier
curve of South Europe in three group of different prognoses; Panel C. Kaplan Meier curve of North
Europe in three group of different prognoses
A
B

AUROC
0.751
0.726
0.717
0.625

AUROC
0.856
0.815
0.829
0.741

C

D
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Supplementary figure 16. Panel A. Histogram of date distribution of the SWE measurement of
patients included from all participated centers; Panel B. Survival function curve of patients included
from year 2007 to year 2012; Panel C. Survival function curve of patients included from year 2013
to year 2016; Panel D. Survival function curve of patients included from year 2017 to year 2020
A
B

C

D
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Supplementary figure 17. Panel A. River diagram of dynamic changes at baseline and during
follow-up of the patients with good prognosis, intermediate prognosis and poor prognosis; Panel B.
Distribution of the follow-up time of patients with good prognosis, intermediate prognosis and poor
prognosis
A

B
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Supplementary Methods
Two-dimension shear wave elastography (2D-SWE) procedure
Up to five measurements were repeated to avoid bias. A mean value of the total number of all
measurements was calculated and documented. All L-SWE measurements were performed by
experienced physicians. The participants were required to fast for at least two hours prior to
measurement. L-SWE were carried out through the right intercostal space of the supine position
during a breath-hold, with the right arm straightened, and at least 10mm below the liver capsule.
The Q-box was used over the selected region of interest (ROI) to obtain the stiffness value. The
diameter of the Q box was set to >15 mm. Valid L-SWE was defined as LSM with an interquartile
range (IQR) / median (M) value below 30% 1,2. The Aixplorer US system (SuperSonic Imagine S.A.,
Aix-en-Provence, France) with a convex broadband probe (SC6-1) was used.
Transient elastography (TE) procedure
One-dimension TE was measured using the Fibroscan® (Echosens, Paris, France). TE
measurements were performed at baseline as per EASL-ALEH clinical practice guideline3,4. In the
derivation study, TE values with a success rate of at least 80% and with a ratio of IQR / M < 0.3
were considered valid and used for statistical analysis.
Point shear wave elastography (p-SWE) procedure
The protocol for pSWE of the liver utilizing the Elast PQ module on the Philips system was
previously described5,6. Briefly, patients were fasted at least 5 hours and were placed in a supine
position. The transducer was positioned in an intercostal space on the medio-axillary line. The
rectangular ROI for pSWE was placed 1-1.5cm underneath the liver capsule, centrally situated
targeted by B-mode ultrasound imaging. At least 5 measurements, were performed per patient in
mid-inspiratory position.
Definition of ascites
Ascites was defined according to the 2020 EASL guideline7. Mild ascites was detected by ultrasound.
Moderate ascites was defined by moderate symmetrical distension of abdomen. Large or gross
ascites was detected by clinically marked abdominal distension.
Definition of non-invasive scores8-10
FIB-4 score = [Age (years) × AST Level (U/L)] / [Platelet Count (109/L) × ALT (U/L)(1/2)]
APRI score = [AST Level (IU/L) / AST (Upper Limit of Normal) (IU/L)] / Platelet Count (10 9/L) ×
100
ALBI score = [log 10 Bilirubin (mmol/l) × 0.66] + [albumin(g/l) × –0.085]

4

Trebicka J, et al. Gut 2021;0:1–13. doi: 10.1136/gutjnl-2020-323419

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

Supplementary table 1. Numbers of inclusion, demographic data and coefficient variation of each
participated center with 2D-SWE or p-SWE
Screening
Valid inclusion
Male
Age
Participated center
n (%)
n (%)
n (%)
M (IQR)
CHU du Haut-Lévèque

Gut

L-SWE
CV%

349 (16.2)

333 (18.2)

215 (64.6)

55.1 (45.0 - 64.5)

123.3%

336 (15.6)

267 (14.6)

181 (67.8)

55.0 (47.0 – 61.0)

89.1%

274 (12.8)

237 (13)

130 (54.9)

57.0 (50.5 - 63.9)

74.3%

267 (12.4)

209 (11.4)

112 (53.8)

57.0 (48.0 – 66.0)

58.5%

193 (9.0)

184 (10.1)

136 (73.9)

56.3 (50.7 - 61.6)

57.7%

Hôpital Edouard Herriot

148 (6.9)

131 (7.2)

82 (62.6)

56.0 (47.0 – 62.0)

74.4%

J. W. Goethe University Hospital

122 (5.7)

117 (6.4)

60 (51.3)

52.0 (40 - 59)

76.5%

Hôpital Cochin

121 (5.6)

82 (4.5)

64 (78)

63.0 (58 - 68)

41.8%

University Hospital Dubrava

82 (3.8)

62 (3.4)

47 (75.8)

48 (34.8 - 54.3)

78.8%

68 (3.2)

53 (2.9)

40 (75.5)

37.0 (26.5 - 46)

72.2%

University Hospital Antwerp

58 (2.7)

53 (2.9)

29 (54.7)

45.0 (33.0 - 55.5)

68.5%

Prague SSI

34 (1.6)

33 (1.8)

13 (39.4)

54 (37.5 - 62)

67.8%

32 (1.5)

31 (1.7)

12 (38.7)

54 (38 - 62)

68.0%

28 (1.3)

26 (1.4)

15 (57.7)

50 (34.5 - 56)

45.7%

26 (1.2)

9 (0.5)

4 (44.4)

50 (34.5 - 56)

61.5%

10 (0.5)

0 (0)

0 (0)

/

/

Vienna

211

119

81 (68.1)

55 (46.0 – 66.0)

93.5%

Total

2359

1946

1221 (62.8)

55 (45.9 – 62.9)

90.9%

Centre Hospitalier Universitaire
d'Angers
University of Bonn
University of Southern Denmark &
Odense University Hospital
Hôpital Beaujon Université Paris
VII

Third Affiliated Hospital Sun-Yat
Sen University

Institute for Clinical and
Experimental Medicine (IKEM)
“Victor Babes” University of
Medicine and Pharmacy
Universitätsspital Bern
Universitätsklinik für Viszerale
Chirurgie und Medizin
Zhongshan Hospital Shanghai
Fudan University

Abbreviation: CV, coefficient of variation; M, median; IQR, interquartile range.
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Supplementary table 2. Intraclass correlation coefficient of intercenters and interobservers
reliability.
Intraclass Correlation
Coefficient

Intraclass
Correlation

95% Confidence Interval
Lower Bound Upper Bound

F Test with True Value 0
Value
df1 df2 Sig

b

Centers
Average Measures

.921c

0.905

0.935

12.677

328

656

0.000

BER

Average Measures

.972

c

0.940

0.988

36.007

18

36

0.000

BJN

Average Measures

.951c

0.937

0.962

20.363

176

352

0.000

BON

Average Measures

.849

c

0.810

0.881

6.623

206

412

0.000

COC

Average Measures

.985c

0.978

0.991

68.352

60

120

0.000

HEH

Average Measures

.977

c

0.970

0.983

44.205

128

256

0.000

IKM

Average Measures

.980c

0.964

0.990

51.097

30

60

0.000

ODE

Average Measures

.963

c

0.955

0.970

27.280

258

516

0.000

SSI

Average Measures

.982c

0.968

0.990

54.886

32

64

0.000

TIM

Average Measures

.994

c

0.982

0.999

176.008

8

16

0.000

UZA

Average Measures

.740c

0.579

0.847

3.852

46

92

0.000

Average Measures

c

0.991

0.997

174.214

51

102

0.000

ANG

ZHE

.994

Operators
AB

Average Measures

.951c

0.473

0.999

20.213

2

4

0.008

AH

Average Measures

.710c

-10.151

1.000

3.453

1

2

0.204

Average Measures

.986

c

0.964

0.995

69.953

12

24

0.000

c

0.995

1.000

915.274

5

10

0.000

CM
FTT

Average Measures

.999

HG

Average Measures

.967c

0.947

0.980

30.197

49

98

0.000

MP

Average Measures

.997

c

0.985

1.000

331.462

4

8

0.000

RS

Average Measures

.996c

0.991

0.998

251.181

15

30

0.000
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Supplementary table 3. Parameters that related to the outcome and put into regression analysis
Parameters
Male sex
2D-SWE at baseline (kPa)
Age (year)
CRP
Bilirubin (mg/dl)
Platelets (G/l)
White blood cell count (×109/L)
INR
Serum creatinine (mg/dl)
Albumin (g/l)
Alanine transaminase (U/L)
Variceal bleeding episode
Hepatic encephalopathy
Ascites grade
Bacterial infections episode
spontaneous bacterial peritonitis episode
Abstinence from alcohol drinking
Alkaline phosphatase (U/L)
aspartate transaminase (U/L)
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Supplementary table 4. Valid and missing value in cohort of patients with 2D-SWE and aditional
cohort of p-SWE
Cohort with 2D-SWE
Additional cohort with p-SWE
Parameters

Missing /
Valid

Lost to

Valid

follow-up

Missing / Lost to
follow-up

2D-SWE

1827

0

119

0

TE

754

1073

119

0

1546

281

119

0

Age

1826

1

119

0

Gender

1826

1

119

0

Height (m)

1392

435

119

0

Weight (kg)

1518

309

118

1

2

BMI (kg/m )

1467

360

118

1

ALT (U/L)

1782

45

117

2

AST (U/L)

1723

104

118

1

Alkaline phosphatase

1691

136

118

1

Bilirubin (mg/dl)

1766

61

118

1

Creatinine (mg/dl)

1758

69

117

2

CRP

960

867

115

4

WBC (×109/L）

1331

496

118

1

Albumin (g/l)

1702

125

118

1

Platelets (G/l)

1796

31

118

1

INR

1729

98

118

1

MELD score

1667

160

117

2

Child-Pugh score

1640

187

117

2

Child-Pugh class

1640

187

117

2

28-day follow-up

1827

0

119

0

90-day follow-up

1783

44

113

6

1-year follow up

1618

209

84

35

2-year follow-up

1293

534

46

73

Cause of chronic liver
disease

(U/L)
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Supplementary table 5. Portal and systemic hemodynamic results of compensated and decompensated patients included

Parameter
Heart rate (bpm)
n = 194
MAP (mmHg)
n = 193
HVPG (mmHg)
n = 140
EF by TTE
n = 81
MELD score
n = 194

Compensated

Decompensated

P* value

All

R**

Correlation P

68 (60 - 77.8)

72 (64 - 82)

0.023

70 (61 - 80)

0.118

0.101

92 (80 - 99)

88.3 (78 - 96.2)

0.198

90 (78.3 - 98)

-0.162

0.024

17 (11 - 20)

20 (16 - 22)

0.001

18 (14 - 21)

0.256

0.002

62.2 (58.6 - 68.4)

66.1 (60.6 - 70.2)

0.170

64.6 (59.6 - 69)

0.241

0.030

9 (7.3 - 13)

12 (9 - 16)

<0.001

11 (9 - 14)

0.258

<0.001

*p values are compared between compensated and decompensated groups using Mann-Whitney U test;
** R, Pearson correlation was calculated between the parameter and L-SWE;
Abbreviations: MAP, mean arterial pressure; EF, ejection fraction; SV, stroke volume; TTE, transthoracic echocardiography; PHPG, portal hepatic pressure gradient;
HVPG, hepatic venous pressure gradient.
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Supplementary Table 6. Univariate and multivariate Cox regression analysis in compensated and
all patients for 2-year mortality and all-time of follow-up
Parameters
Univariate
Multivariate
Pr > ChiSq

Hazard
Ratio

95% Hazard
Ratio
Confidence
Limits

All time of follow-up in all included patients in derivation cohort
Gender
0.0253
1.485
1.050
2.100
2D-SWE
<0.0001
1.026
1.021
1.031
Age
<0.0001
1.050
1.035
1.066
CRP
<0.0001
1.014
1.007
1.021
Albumin
<0.0001
0.976
0.965
0.988
All time of follow-up in compensated patients of derivation cohort
Gender
..
..
..
..
2D-SWE
<0.0001
1.025
1.018
1.033
Age
0.0001
1.045
1.022
1.069
CRP
0.0073
1.015
1.004
1.026
Bilirubin
0.0283
1.098
1.01
1.194
Platelets
0.0118
0.996
0.992
0.999
WBC
0.0184
1.107
1.017
1.204
2-year outcome in all included patients in derivation cohort
..
..
..
..
Gender
<0.0001
1.028
1.022
1.034
2D-SWE
<0.0001
1.054
1.034
1.073
Age
0.0002
1.014
1.007
1.022
CRP
<0.0001
0.971
0.958
0.983
Albumin
2-year outcome in compensated patients of derivation cohort
..
..
..
..
Gender
<.0001
1.027
1.019
1.035
2D-SWE
<.0001
1.07
1.042
1.099
Age
0.0016
1.125
1.046
1.209
Bilirubin
0.0003
0.993
0.989
0.997
Platelets
0.0318
0.98
0.962
0.998
Albumin
0.0023
2.587
1.404
4.769
Variceal bleeding
2-year outcome in decompensated patients of derivation cohort
..
..
..
..
Gender
..
..
..
..
Age
0.0046
1.58
1.151
2.17
Bacterial infection
0.0201
1.019
1.003
1.035
2D-SWE
0.0002
1.049
1.022
1.076
INR
0.0091
1.065
1.016
1.117
Bilirubin
0.0232
0.97
0.944
0.996
Albumin

Pr > ChiSq

Hazard
Ratio

95% Hazard
Ratio
Confidence
Limits

..
<0.0001
0.0075
0.0024
0.0051

..
1.020
1.041
1.017
0.964

..
1.010
1.011
1.006
0.940

..
1.030
1.073
1.028
0.989

..
0.0001
0.0194
0.0056
0.0500
..
..

..
1.019
1.035
1.015
1.102
..
..

..
1.009
1.006
1.004
1.000
..
..

..
1.029
1.065
1.027
1.214
..
..

..
0.0009
0.0010
0.0400
0.0022

..
1.019
1.062
1.015
0.957

..
1.008
1.025
1.001
0.930

..
1.030
1.101
1.029
0.984

..
<.0001
<.0001
0.0016
0.0478
..
..

..
1.019
1.063
1.142
0.996
..
..

..
1.01
1.034
1.052
0.992
..
..

..
1.028
1.093
1.241
1.000
..
..

..
..
0.0009
0.0272
<.0001
..
..

..
..
1.744
1.023
1.073
..
..

..
..
1.254
1.003
1.039
..
..

..
..
2.425
1.043
1.109
..
..
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Supplementary Table 7. Univariate and multivariate Cox regression analysis in
decompensated patients for 28-day and 2-year mortality after adjusted for age and MELD
score
Parameters
Univariate
Multivariate
Pr > ChiSq

28-day
2D-SWE
MELD
Age
Platelet count
2-year
2D-SWE
MELD
Age
Platelets

Hazard
Ratio

95% Hazard
Ratio
Confidence
Limits

Pr > ChiSq

Hazard
Ratio

95% Hazard
Ratio
Confidence
Limits

0.015
<.0001
..
..

1.048
1.119
..
..

1.009
1.066
..
..

1.089
1.176
..
..

0.0159
0.0002
..
..

1.075
1.158
..
..

1.014
1.073
..
..

1.139
1.251
..
..

0.0201
0.0004
..
..

1.019
1.043
..
..

1.003
1.019
..
..

1.035
1.068
..
..

0.0203
0.0003
..
..

1.019
1.047
..
..

1.003
1.021
..
..

1.035
1.073
..
..
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Supplementary Table 8. Best cut-off value of SWE and related sensitivity, specificity for
mortality
SWE (kPa)
Time

AUC
95%CI
28 days 0.864
0.928)
90 days 0.788
0.853)
6
0.799
months 0.847)
1 year
0.782
0.831)
2 years 0.796
0.833)

and

MELD score

Sensitivity

Specificity

(0.800-

Best cutoff
25.15

100.0%

76.3%

(0.723-

16.35

94.7%

63.3%

(0.750-

16.35

96.3%

63.6%

(0.734-

16.35

89.4%

64.1%

(0.759-

16.09

88.1%

74.9%

AUC
95%CI
0.902
0.983)
0.898
0.944)
0.889
0.929)
0.800
0.869)
0.788
0.832)

and

Sensitivity

Specificity

(0.821-

Best cutoff
10

100.0%

70.4%

(0.852-

10

94.7%

70.8%

(0.849-

10

96.3%

71.1%

(0.732-

10

83.0%

71.6%

(0.744-

10

75.3%

72.9%

Supplementary Table 9. Best cut-off value of SWE and related sensitivity, specificity, positive
predictive value and negative predictive value with different MELD scores
MELD < 10
Time

AUC and 95%CI

Sensitivity

(0.800-

21.03

100.0

82.2

(0.800-

21.03

100.0

82.0

(0.590-

21.02

75.0

82.5

(0.704-

19.87

70.8

81.5

28 days
90 days 0.822
0.844)
6
0.822
months 0.844)
1 year
0.764
0.938)
2 years 0.794
0.884)

MELD ≥ 10

Best
cutoff

Specificity

AUC and 95%CI

Best
cut-off

Sensitivity

Specificity

0.719
0.860)
0.599
0.714)
0.608
0.695)
0.606
0.683)
0.625
0.685)

(0.577-

25.15

100.0

49.3

(0.484-

16.35

94.4

30.6

(0.520-

19.69

88.5

39.2

(0.529-

15.39

94.9

29.2

(0.565-

15.39

94.5

31.1

12

Trebicka J, et al. Gut 2021;0:1–13. doi: 10.1136/gutjnl-2020-323419

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

Gut

Supplementary table 10. Best cut-off for MELD score and L-SWE of 2-year out-come in
compensated patients and decompensated patients, and related sensitivity, specificity, positive
predictive value, and negative predictive value.
Best cut-off of 10 for MELD Score

Value

95% CI

Compensated
Sensitivity
Specificity

61.54%
84.96%

47.02% to 74.70%
82.59% to 87.13%

Positive Likelihood Ratio
Negative Likelihood Ratio
Positive Predictive Value

4.09
0.45
17.68%

3.15 to 5.31
0.32 to 0.64
14.20% to 21.80%

Negative Predictive Value

97.68%

96.76% to 98.35%

Accuracy

83.80%

81.42% to 85.98%

Sensitivity

90.91%

78.33% to 97.47%

Specificity

32.94%

23.13% to 43.98%

Positive Likelihood Ratio

1.36

1.14 to 1.62

Negative Likelihood Ratio

0.28

0.10 to 0.74

Positive Predictive Value

41.24%

37.05% to 45.55%

Negative Predictive Value

87.50%

72.38% to 94.92%

Accuracy

52.71%

43.74% to 61.56%

Best cut-off of 20 kPa for L-SWE

Value

95% CI

Sensitivity

68.52%

54.45% to 80.48%

Specificity

81.63%

79.22% to 83.87%

Positive Likelihood Ratio

3.73

2.99 to 4.64

Negative Likelihood Ratio

0.39

0.26 to 0.57

Positive Predictive Value

15.42%

12.77% to 18.50%

Negative Predictive Value

98.15%

97.28% to 98.75%

Accuracy

81.02%

78.64% to 83.24%

Sensitivity

89.13%

76.43% to 96.38%

Specificity

29.55%

20.29% to 40.22%

Positive Likelihood Ratio

1.27

1.07 to 1.50

Negative Likelihood Ratio

0.37

0.15 to 0.89

Positive Predictive Value

39.81%

35.84% to 43.91%

Negative Predictive Value

83.87%

68.15% to 92.67%

Accuracy

50.00%

41.25% to 58.75%

Decompensated

Compensated

Decompensated
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Supplementary table 11. Univariate and multivariate competing risk (death as competing risk)
analysis of SWE with outcome of development of decompensations in 2 years
Univariate

Multivariate

Variables

P value

sHR & 95.0% CI

P value

sHR & 95.0% CI

SWE at baseline

<0.001

1.026 (1.020 - 1.031)

<0.001

1.020 (1.014 – 1.026)

MELD score

<0.001

1.074 (1.052 – 1.096)

0.028

1.036 (1.004 – 1.069)

Child-Pugh score

<0.001

1.545 (1.417 – 1.684)

0.001

1.272 (1.110 – 1.456)

Age

<0.001

1.030 (1.014 – 1.046)

0.050

1.018 (1.000 – 1.035)

Abbreviations: MELD, model for end-stage liver disease; SWE, shear wave elastography; sHR, subHazard ratio; CI, confidential interval.
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Supplementary table 12. Baseline characteristics of cohort with 2D-SWE and the additional
cohort with p-SWE
Characteristics
2D-SWE cohort (n = 1827)
p-SWE cohort (n = 119)
Age
55.0 (45.9 - 62.7)
55 (46 - 66)
Male
1140 (62.4)
81 (68.1)
BMI (kg/m2)
26.5 (23.2 - 30.6)
25.2 (21.8 - 29.2)
Scores
MELD score
8 (6 - 10)
10 (8 - 14)
Child Pugh score
5 (5 - 6)
6 (5 - 8)
Child Pugh class (A/B/C)
1334 / 206 / 44 (84.2 / 13.0 / 74 / 29 / 14 (62.2 / 24.4 / 11.8)
2.8)
SWE at baseline (kPa)
11.8 (7.4 - 24.5)
17 (9.7 - 26.8)
TE at baseline (kPa)
8.3 (5.7 – 14.0)
23 (14.4 - 39.7)
Etiology: Alcohol / NAFLD / 414 / 389 / 267 / 166 / 310
33 / 25 / 31 / 5 / 25 (27.7 / 21.0 /
HCV / HBV / Other or multiple (26.8 / 25.2 / 17.3 / 10.7 / 20.0) 26.1 / 4.2 / 21.0)
causes
Laboratory test
Albumin (g/L)
40.0 (33.8 – 43.0)
38.9 (34.8 - 42.6)
Alkaline phosphatase (U/L)
90.0 (67.0 – 128.0)
89.5 (66.3 – 120.0)
ALT (U/L)
44.9 (28.0 – 77.0)
32 (22 - 51.5)
AST (U/L)
43.0 (30.0 – 69.0)
41 (30 - 58.8)
Bilirubin (mg/dl)
0.8 (0.5 - 1.3)
0.9 (0.6 - 1.6)
Creatinine (mg/dl)
0.8 (0.7 – 1.0)
0.8 (0.6 - 1.1)
INR
1.1 (1.0 - 1.2)
1.2 (1.1 - 1.4)
Platelets (G/l)
179.0 (122.0 – 242.0)
120.5 (86 - 168.3)
WBC (×109/L)
6.2 (5.0 - 7.9)
5.4 (3.8 - 6.6)
CRP
2.9 (1.1 – 7.0)
0.4 (0.1 - 0.8)
Clinical complications
Absent from alcohol drinking
1394 (76.3)
105 (88.2)
HCV SVR before SWE
81 (16.8)
21 (17.6)
Ascites (absent / mild / tense)
1574 / 134 / 107
81 / 29 / 8
(86.7 / 7.4 / 5.9)
(68.1 / 24.4 / 6.7)
Hepatic
encephalopathy 1262 / 172 / 44 / 6
77 / 25 / 15 / 1 (64.7 / 21.0 / 12.6
(Grade 0 / 1 / 2 / 3)
(85.0 / 11.6 / 3.0 / 0.4)
/ 0.8)
Previous variceal bleeding
113 (6.9)
13 (10.9)
Previous bacterial infection
99 (6.0)
10 (8.4)
Previous
hepatorenal 51 (3.1)
6 (5.0)
syndrome
Had decompensation episodes 2-year
Till end of follow- 2-year
Till
end
of
up
follow-up
Ascites
73 (4.0)
132 (7.2)
6 (5.0)
8 (6.7)
Bacterial infection
71 (3.9)
159 (8.7)
26 (21.8)
28 (23.5)
Hepatic encephalopathy
48 (2.6)
93 (5.1)
19 (16.0)
27 (22.7)
Hepatorenal syndrome
25 (1.4)
44 (2.4)
8 (6.7)
9 (7.6)
Variceal bleeding
21 (1.1)
36 (2.0)
4 (3.4)
4 (3.4)
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Supplementary table 13. Baseline characteristics of compensated patients and randomly
selected into 2/3 of derivation group and 1/3 of internal validation group
Baseline characteristics

54 (44 - 61.8)
637 (61.2)
26.5 (23.1 - 31)
8.8 (5.8 - 15.5)
8.9 (5.9 - 15.6)

Internal validation in
compensated
(n=519)
55.1 (44.3 - 64)
325 (62.6)
26.9 (23.5 - 30.7)
10.3 (7 - 17.4)
9.5 (6.9 - 17.2)

248 (23.8)
214 (20.6)
156 (15)
99 (9.5)
195 (18.7)
8 (0.8)

127 (24.5)
113 (21.8)
62 (11.9)
48 (9.2)
95 (18.4)
2 (0.4)

7 (6 - 9)
5 (5 - 5)

7 (6 - 9)
5 (5 - 5)

871 (83.7)
57 (5.5)

434 (83.6)
26 (5.0)

41 (37 - 44)
0.7 (0.5 - 1.1)
0.8 (0.7 - 1)
1.0 (1.0 - 1.1)
193 (141 - 249.8)
6.2 (5.1 - 7.8)
2.2 (0.9 - 5.1)

41 (37 - 43.2)
0.7 (0.5 - 1.1)
0.8 (0.7 - 1)
1.0 (1.0 - 1.2)
190.5 (139.3 - 251)
6.2 (4.9 - 7.9)
2.4 (0.9 - 6.6)

0.785
0.296
0.421
0.367
0.736
0.686
0.292

68 (60 - 80)
79.8 (70 - 92.7)

65 (60 - 76)
89.3 (78.3 – 96.0)

0.588
0.118

-2.8 (-3 - -2.2)
1.6 (1 - 2.8)
0.5 (0.3 - 0.9)

-2.7 (-3 - -2.2)
1.8 (1.1 - 3.2)
0.5 (0.3 - 1)

0.690
0.019
0.164

Derivation in compensated
(n=1041)

Age
Male gender
BMI (kg/m2)
SWE (kPa)
TE (kPa)
Etiology
NAFLD
Alcohol
HCV
HBV
Other causes
Multiple causes
Scores for chronic liver diseases
MELD score
Child-pugh score
Child-pugh class
A
B
Laboratory data
Albumin (g/l)
Bilirubin (mg/dl)
Creatinine (mg/dl)
INR
Platelets (G/l)
WBC (×109/l)
usCRP
Hemodynamic data
Pulse (bpm)
MAP (mmHg)
Scores for fibrosis or cirrhosis
ALBI
FIB-4
APRI

p value
0.019
0.600
0.937
0.185
0.509
0.501

0.698
0.346
0.717
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Supplementary table 14. Baseline characteristics of decompensated patients and randomly
selected into 2/3 of derivation group and 1/3 of internal validation group
Baseline characteristics

Derivation in
decompensated (n=257)
178 (69.3)
57.2 (50.4 - 64)
25.3 (22.5 - 29.1)
28.7 (19.1 - 40.5)
36.1 (26.6 - 46.9)

Male
Age
BMI (kgm2)
Mean value of SWE
Median value of TE
Etiology
Alcohol
78 (30.4)
HCV
55 (21.4)
NAFLD
23 (8.9)
HBV
17 (6.6)
Other causes
25 (9.7)
Multiple causes
0 (0.0)
Scores for chronic liver diseases
MELD
13 (9 - 17)
Child-pugh
8 (6 - 9)
Child-pugh class
A
69 (26.8)
B
100 (38.9)
C
40 (15.6)
Laboratory data
Albumin (g/l)
31.5 (26 - 37)
Bilirubin (mg/dl)
1.6 (1 - 3.1)
Creatinine (mg/dl)
0.8 (0.7 - 1.1)
INR
1.4 (1.2 - 1.6)
Platelets (G/l)
98 (70 - 144)
WBC (×109/l)
6.1 (4.2 - 8.1)
usCRP
10.3 (5.8 - 30.7)
Hemodynamic data
Pulse (bpm)
72 (64 - 79)
MAP (mmHg)
82.3 (73.3 - 90.3)
Scores for fibrosis or cirrhosis
ALBI
-1.6 (-2.2 - -1.1)
FIB-4
5.1 (3.1 - 8.5)
APRI
1.4 (0.7 - 2.4)

Internal validation in
decompensated (n=129)
81 (62.8)
58.3 (52.4 - 65)
26.5 (23 - 30.4)
30.2 (19.2 - 43.9)
61.6 (31.2 - 75)

p value
0.202
0.119
0.195
0.292
0.021
0.517

42 (32.6)
25 (19.4)
16 (12.4)
7 (5.4)
9 (7)
1 (0.8)
12.5 (9.8 - 17)
8 (6 - 9)

0.662
0.785
0.897

36 (27.9)
52 (40.3)
18 (14)
32.5 (25.2 - 37)
1.5 (0.9 - 3.2)
0.8 (0.7 - 1.2)
1.3 (1.2 - 1.5)
102 (72.5 - 145.5)
5.7 (4.1 - 7.3)
9.5 (4 - 27.6)

0.913
0.248
0.614
0.337
0.836
0.477
0.298

64 (62 - 78)
81.7 (75 - 90.8)

0.256
0.732

-1.6 (-2.3 - -0.9)
5.3 (3.2 - 8.8)
1.2 (0.8 - 2.4)

0.738
0.882
0.838
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Supplementary table 15. Multivariate analysis of TE and MELD score of 2-year mortality.
Parameter
TE (kPa)
MELD

ChiSquare
16.8366
10.2248

Pr > ChiSq
<.0001
0.0014

Hazard
Ratio
1.038
1.198

95% Hazard Ratio
Confidence Limits
1.02
1.056
1.073
1.339

18

Trebicka J, et al. Gut 2021;0:1–13. doi: 10.1136/gutjnl-2020-323419

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Gut

Supplementary figure 1. Flow chart of the 2D-SWE and additional p-SWE cohort
2,148 Patients from 2D-SWE Derivation Study
(July 2007 – September 2017)

121 Patients from p-SWE Additional Study
(September 2017 – January 2020)

2 Excluded
Patients without at least 28-day followup (n = 2)

321 Excluded
Patients without valid SWE at baseline (n = 116)
Patients without at least 28-day follow-up (n = 36)

1827 Included (follow-up up to December 2019)

119 Included (follow-up up to August 2020)

1946 combination cohort with L-SWE

386 decompensated patients

1560 compensated patients

1041 compensated
derivation

519 compensated
internal validation

257 decompensated
derivation

129 decompensated
internal validation
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Supplementary figure 2. Violin plot of L-SWE measurements of each participated center.
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Supplementary Figure 3. ROC curve of combination of SWE and MELD, SWE, ALBI score, FIB4 score and APRI score. Panel A. ROC curve of mortality; Panel B. ROC curve of decompensations.
Panel C, D and E. Time-dependent area under the curve of APRI, FIB4 and ALBI score in the
outcome of mortality
A
B

C

D

E
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Supplementary figure 5. Panel A. Density curve of patients died days during 2-year of follow-up.
The length of follow-up days of each group was described as median and interquartile range. Panel
B. Density curve of L-SWE distribution of patients with good, intermediate and poor prognosis. The
L-SWE value of each group was described as median and interquartile range.
A
B
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Supplementary figure 8 Panel A. Calibration plot of the SWE and MELD in the mortality outcome
prediction of validation cohort; Panel B. ROC curve of MELD score and SWE combined with
MELD score in prediction 2-year mortality of validation cohort
A.

B
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Supplementary figure 10. Kaplan Meier curve of 2-year survival in compensated patients
randomly selected into derivation and internal validation groups
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Supplementary figure 11. Kaplan Meier curve of 2-year survival in decompensated patients
randomly selected into derivation and internal validation groups
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Supplementary figure 12. Panel A. Time-dependent area under the curve of TE and SWE. Panel
B. Time-dependent area under the curve of TE combined with MELD score and SWE combined
with MELD score.
A

B
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Supplementary figure 13. Panel A. ROC curve of TE in the outcome prediction and compared with
other models. Panel B. Kaplan Meier curve of patients with MELD lower than 10, compared by TE
lower and greater than 20kPa; Panel C. Kaplan Meier curve of patients with MELD equal and higher
than 10, compared by TE lower and greater than 20kPa; Panel D. Kaplan Meier curve of patients
with TE lower or greater than 20kPa, combined with MELD lower or greater than 10.
A
B

C

D
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Supplementary figure 14. Etiology sensitive analysis of Kaplan Meier survival curve in different
causes of chronic liver disease, compared among different prognosis groups. Panel A. in alcoholrelated chronic liver diseases; Panel B. in HCV; Panel C. in HBV; Panel D. in NAFLD; Panel E. in
other causes.
A
B

C

D

E
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Supplementary figure 15. Center sensitivity analysis. Panel A. ROC curve in South Europe of 2year mortality; Panel B. ROC curve in North Europe of 2-year mortality. Panel C. Kaplan Meier
curve of South Europe in three group of different prognoses; Panel C. Kaplan Meier curve of North
Europe in three group of different prognoses
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Supplementary figure 16. Panel A. Histogram of date distribution of the SWE measurement of
patients included from all participated centers; Panel B. Survival function curve of patients included
from year 2007 to year 2012; Panel C. Survival function curve of patients included from year 2013
to year 2016; Panel D. Survival function curve of patients included from year 2017 to year 2020
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Supplementary figure 17. Panel A. River diagram of dynamic changes at baseline and during
follow-up of the patients with good prognosis, intermediate prognosis and poor prognosis; Panel B.
Distribution of the follow-up time of patients with good prognosis, intermediate prognosis and poor
prognosis
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