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Graphical Abstract

Carvedilol to prevent hepatic decompensation in patients with CSPH

stratified by new non-invasive model

Patients with cACLD from China, Croatia, Japan,
Singapore, South Korea and Egypt
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Study Highlights

« NSBBs significantly reduce the risk of hepatic decompensation in patients with liver cirrhosis and CSPH. Non-inva-
sive models to stratify CSPH, predict hepatic decompensation, and guide NSBB therapy in patients with cirrhosis
are limited. A new non-invasive model was developed and validated to better risk-stratify the CSPH and subsequent
decompensation events in patients with cirrhosis. Treatment with carvedilol among patients with high-risk CSPH,
as stratified using the new model, significantly reduces the risk of hepatic decompensation.
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Chuan Liu, et al.
Non-invasive model guiding carvedilol for CSPH

Backgrounds/Aims: Non-invasive models stratifying clinically significant portal hypertension (CSPH) are limited.
Herein, we developed a new non-invasive model for predicting CSPH in patients with compensated cirrhosis and
investigated whether carvedilol can prevent hepatic decompensation in patients with high-risk CSPH stratified using
the new model.

Methods: Non-invasive risk factors of CSPH were identified via systematic review and meta-analysis of studies
involving patients with hepatic venous pressure gradient (HVPG). A new non-invasive model was validated for
various performance aspects in three cohorts, i.e., a multicenter HVPG cohort, a follow-up cohort, and a carvedilol-
treating cohort.

Results: In the meta-analysis with six studies (n=819), liver stiffness measurement and platelet count were identified
as independent risk factors for CSPH and were used to develop the new “CSPH risk” model. In the HVPG cohort
(n=151), the new model accurately predicted CSPH with cutoff values of 0 and —0.68 for ruling in and out CSPH,
respectively. In the follow-up cohort (n=1,102), the cumulative incidences of decompensation events significantly
differed using the cutoff values of <—0.68 (low-risk), —0.68 to 0 (medium-risk), and >0 (high-risk). In the carvedilol-
treated cohort, patients with high-risk CSPH treated with carvedilol (n=81) had lower rates of decompensation events
than non-selective beta-blockers untreated patients with high-risk CSPH (n=613 before propensity score matching
[PSM], n=162 after PSM).

Conclusions: Treatment with carvedilol significantly reduces the risk of hepatic decompensation in patients with
high-risk CSPH stratified by the new model. (Clin Mol Hepatol 2025;31:105-118)
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INTRODUCTION

Although the hepatic venous pressure gradient (HVPG)
is the gold standard, non-invasive tests are widely used to
identify clinically significant portal hypertension (CSPH) in
patients with compensated cirrhosis."® According to the lat-
est Baveno VI criteria, a liver stiffness measurement (LSM)
>25 kPa can rule in CSPH, whereas a LSM <15 kPa plus
platelet count (PLT) >150x10%L can rule out CSPH.' For
patients in the grey zone not meeting these cutoffs, the
more complicated ANTICIPATE model was used, i.e., LSM
values between 20—25 kPa plus PLT <150x10%L or LSM
values between 15-20 kPa plus PLT <110x10°%/L, which
predicts a CSPH risk of 60% or marginally higher."* Nota-
bly, these non-invasive CSPH identification methods do not
provide a continuous scale that includes all combinations
of LSM and PLT. For example, a patient with LSM of 18
kPa (or 10 kPa) plus PLT of 160x10%/L (or 90x10°/L) does
not fit into an existing diagnostic framework.

Notably, finding a diagnostic scale with a smaller grey
zone is a reasonable and ongoing need. In this study, we
first conducted a systematic review and meta-analysis to
identify the significantly non-invasive risk factors of CSPH
and subsequently generated a new model for the detection
of CSPH. Second, the new CSPH risk model was validated
in two international multicenter cohorts containing patients
with compensated cirrhosis, i.e., a cross-sectional HVPG-
performed cohort to validate diagnostic performance and a
longitudinal follow-up cohort for to predict cumulative de-
compensation events. Finally, we investigated whether
carvedilol therapy could reduce the risk of hepatic decom-
pensation in patients with high-risk CSPH stratified by this
new CSPH risk model.

MATERIALS AND METHODS
Model derivation cohort

The derivation cohort came from a systematic review and
meta-analysis of three prospective cohorts and three retro-
spective cohorts.>™® These cohorts were identified via a
comprehensive search of electronic databases including
MEDLINE, Embase, PubMed, and Web of Science, from
inception to December 1, 2022. The search strategy used
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combined text and MeSH heading terms such as: “liver
stiffness”, “chronic liver diseases”, “portal hypertension”,
“elastography” and “diagnosis”. All the studies reported
odds ratios (ORs) and corresponding 95% confidence in-
tervals (Cls) for risk factors. A flowchart of the study selec-

tion methodology is shown in Supplementary Figure 1.

Meta-analysis

This meta-analysis followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) guidelines." The literature search, study selection,
data extraction, and quality assessment were performed
by two independent reviewers (C. Liu and B.T. Dong, Fig.
1). A third reviewer (X.L. Qi) adjudicated disagreements
between the two authors.

Data synthesis

All data were extracted from eligible studies using a stan-
dard data extraction checklist. We extracted the ORs with
their 95% Cls for each specific independent parameter as-
sociated with CSPH, and calculated pooled ORs and 95%
Cls across studies. Depending on the heterogeneity ob-
served, we used either a random- or fixed-effects model
for the meta-analysis. The revised Quality Assessment for
Studies of Diagnostic Accuracy tool (QUADAS-2) was used
to assess the methodological quality of the included stud-
ies.”

Heterogeneity was assessed using Cochran’s Q-test with
P<0.1 indicating significant heterogeneity.” The inconsis-
tency index (I?) was also calculated, with a value of 350%
considered to represent substantial heterogeneity.”® Owing
to the limited number of studies included, a funnel plot was
not evaluated in this meta-analysis. Statistical analysis was
performed using R version 4.2.1 (R Foundation for Statisti-
cal Computing, Vienna, Austria).

CSPH risk model development

We developed a categorization model according to the

1. First, the risk factors included in the

method of Jiang et a
CSPH predicting model were selected from the systematic
review and meta-analysis described above. Second, the 3

-coefficient of each risk factor was calculated based on the
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pooled ORs and their corresponding 95% Cls. Third, the
score for each component was calculated by multiplying
the value of that component by its 3-coefficient. For exam-
ple, the score for the LSM component was calculated by
multiplying the LSM value by its 3-coefficient of LSM. Fi-
nally, the CSPH risk was calculated by summing the scores
of all components.

Model validation cohorts

A total of 1,396 patients were enrolled in the study. In the
international multicenter cross-sectional HVPG cohort, pa-
tients were included from China, Croatia, Singapore, and
Japan between August 2021 and November 2022. Addi-
tionally, in the international multicenter longitudinal follow-
up cohort, patients were included from China, Japan,
South Korea, Egypt, and Singapore between January 2009
and August 2020. Furthermore, patients undergoing

Chuan Liu, et al.
Non-invasive model guiding carvedilol for CSPH

An international multicenter cross-sectional HVPG
cohort

The enrollment criteria were: (1) age above or equal to 18
years old; (2) fulfilled diagnosis of cirrhosis based on LSM,
radiological, histological or clinical features; (3) no prior or
current decompensating events (e.g., ascites, variceal
bleeding, or overt encephalopathy); and (4) availability of
HVPG measurement. The exclusion criteria were: (1) prior
treatment with non-selective beta-blockers (NSBBs) or en-
doscopic variceal ligation for primary prophylaxis of varice-
al bleeding; (2) lactation or pregnancy; (3) suspected or
confirmed hepatocellular carcinoma (HCC); (4) asplenia or
splenectomy; and (5) incomplete clinical information.

Liver stiffness was detected using Fibroscan® (Echosens,
Pairs, France) according to manufacturer’s instructions.
The final results were required to meet the criteria reported
in the previous studies.®® HVPG was measured using the
standard balloon catheter technique by experienced inter-

carvedilol treatment based on clinical manifestation were  ventional specialists.”"
recruited from China between January 2018 and March
2021.
Study Odds Ratio OR 95%-Cl (c‘g:"i:tn) (X:;%':;)
Dajti E-2022 —— 115 [1.04;1.27] 16.1% 23.1%
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Figure 1. Pooled risk ratios and their corresponding 95% confidence intervals of liver stiffness measurement (A) and platelet counts (B)

for predicting clinically significant portal hypertension.
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An international multicenter longitudinal follow-up
cohort

The inclusion criteria were: (1) adult age above or equal
to 18 years old; (2) fulfilled cirrhosis diagnosis based on
LSM, radiological, histological, or clinical features. The ex-
clusion criteria were: (1) prior hepatic decompensation; (2)
HCC; (3) prior liver transplantation; (4) portal vein thrombo-
sis; (5) ongoing use of antiplatelet or anticoagulation thera-
py; (6) incomplete follow-up data; and (7) treatment with
NSBBs.

A longitudinal carvedilol-treating cohort

The inclusion criteria were: (1) adult age above or equal
to 18 years old; (2) fulfilled cirrhosis diagnosis based on
LSM, radiological, histological or clinical features. The ex-
clusion criteria were: (1) prior hepatic decompensation; (2)
HCGC; () prior liver transplantation; (4) portal vein thrombo-
sis; (5) ongoing use of antiplatelet or anticoagulation thera-
py; and (6) incomplete follow-up data.

The primary outcome in two longitudinal follow-
up cohorts

In the international multicenter longitudinal follow-up co-
hort and the longitudinal carvedilol-treating cohort, the pri-
mary outcome was the development of the first hepatic
decompensation. To minimize reporting bias, we included
only objective endpoints such as clinically significant asci-
tes, variceal bleeding documented by endoscopy, and he-
patic encephalopathy defined as West-Haven grade 3-4
determined by specialists.

Statistical analysis

Statistical analysis was performed using SPSS version
19.0 (IBM, Armonk, NY, USA) and the time receiver operat-
ing characteristic curve (ROC) package in R version 4.2.1
(R Foundation for Statistical Computing). All statistical tests
were two-sided with a 5% significance level. Continuous
variables and categorical variables were summarized and
compared. Propensity score matching (PSM) was calculat-
ed via logistic regression based on baseline characteris-
tics, including age, gender, Child-Pugh score total bilirubin,
alanine aminotransferase, aspartate transaminase, albu-
min, PLT, LSM, and etiology to achieve balance between

110 https://doi.org/10.3350/cmh.2024.0198

the carvedilol and non-NSBBs cohorts. The diagnostic ac-
curacy of the new model was assessed using the areas
under the receiver operating characteristic curve (AUC),
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV). Comparisons of accuracy
were made with the DeLong method between the new
model, ANTICIPATE model and Baveno VIl criteria. More-
over, we considered a diagnostic model adequate with
NPV >90% for ruling out CSPH and PPV =90% for ruling in
CSPH.

Ethics statement

All datasets came from studies approved by the Ethical
Review Boards of the study sites and performed in accor-
dance with the Declaration of Helsinki. Patients or their le-
gal representatives from the participating centers provided
written informed consent for their medical information to be
used for research.

RESULTS
Characteristics of the model derivation cohort

In total, 819 patients with compensated cirrhosis from Eu-
rope (ltaly, Germany, Belgium, and Denmark), the United
States, China, Korea, and Australia who had undergone
HVPG measurement were included in the derivation co-
hort. The main etiologies of chronic liver disease were viral
(n=295), alcohol (n=214) and metabolic dysfunction-asso-
ciated steatotic liver disease (n=150). The baseline charac-
teristics of the derivation cohort were shown in Supplemen-
tary Table 1. The risk of bias and concerns regarding the
applicability of the six included studies was low based on
QUADAS-2 criteria, as presented in Supplementary Figure
2.

Development of the new model

As shown in the forest plot in Figure 1, two risk factors
(i.e., LSM and PLT, Supplementary Table 2) of CSPH were
identified in the systematic review and meta-analysis, with
the pooled ORs of 1.10 (95% CI 1.06—-1.15) and 0.99 (95%
Cl 0.98-0.99), respectively. Furthermore, the A3-coefficient
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of LSM and PLT were 0.095310 and —0.01005, respective-
ly. Consequently, a new non-invasive CSPH risk model
was developed as follows: 0.095310xLSM (kPa)-—
0.01005xPLT (x10%L)-0.11.

Characteristics of one HVPG and two follow-up
validation cohorts

A total of 1,396 patients with compensated cirrhosis were
included from three cohorts (i.e., international HVPG co-
hort, international follow-up cohort, and carvedilol-treating
cohort, Supplementary Fig. 3), which were employed to
validate the diagnostic performance to predict cumulative
decompensation events and to guide carvedilol therapy by
using the new CSPH risk model, respectively. The mean
(xstandard deviation [SD]) ages were 55.6 (11.3), 54.8
(11.4), and 52.5 (10.5) years old across the cohorts. The
LSM values were 16.9, 18.7, and 14.8 kPa, respectively. Vi-
ral hepatitis-related cirrhosis accounted for 58.9%, 75.7%,
and 100% in the international HVPG cohort, international

Chuan Liu, et al.
Non-invasive model guiding carvedilol for CSPH

follow-up cohort, and carvedilol-treating cohort, respective-
ly (Table 1). Detailed baseline characteristics were listed in
Table 1 and Table 2.

Model validation in international HVPG cohort

In the HVPG cohort, the ROC of the new CSPH risk
model was shown in Figure 2. The AUC were 0.91 (95% Cl
0.86-0.95), 0.80 (95% CI 0.73-0.87), and 0.83 (95% ClI
0.77-0.89) for the CSPH risk model, ANTICIPATE model,
and Baveno VIl criteria, respectively (Fig. 2, Table 3). Addi-
tionally, the AUC of CSPH risk model for assessing CSPH
is 0.86 (0.78-0.94) and 0.96 (0.91-1.00) in viral cohort and
non-viral cohort, respectively (Supplementary Fig. 4).
Based on NPV and PPV criteria >90%, cutoff values of >0
(high-risk), and <—0.68 (low-risk) were used to rule in and
rule out CSPH, respectively. Notably, the new model’s cut
off value of >0 (high-risk) demonstrated a higher PPV of
0.906 and a specificity of 0.918, identifying 42.3% of pa-
tients with high-risk CSPH, which is higher than the 19.2%

Table 1. Baseline characteristics of patients in HVPG cohort and follow-up cohort

Parameters HVPG cohort (n=151) Follow-up cohort (n=1,102) Carvedilol cohort (n=143)
Age, years 55.6 (11.3) 54.8 (11.4) 52.5 (10.5)
Male, n (%) 73 (48.3) 749 (68.0) 107 (74.8)
ALT, U/L 42.0 (37.8) 52.3 (58.4) 271 (17.2)
AST, U/L 457 (43.1) 50.5 (52.4) 29.1(13.6)
Albumin, g/L 40.3 (6.6) 40.6 (5.4) 44.8 (5.0)
Total bilirubin, pmol/L 19.4 (11.9) 20.5 (20.9) 21.9 (11.6)

LSM, kPa 16.9 (13.0) 18.7 (12.5) 14.8 (9.7)
Platelet count, x10%L 145.7 (68.8) 133.7 (67.8) 111.3 (59.4)
HVPG, mmHg 10.4 (6.1) -

Follow-up, month, median (IQR) 39.0 (25.2-55.2) 31.0 (22.5-41.0)
Child-Pugh, n (%)

A 138 (91.4) 1050 (95.3) 134 (93.7)

B 13 (8.6) 52 (4.7) 9 (6.3)
Etiology, n (%)

Viral 9 (58.9) 834 (75.7) 143 (100)

ALD 28 (18.5) 54 (4.9)

MASH 6 (10.6) 105 (9.5)

Other 18 (11.9) 109 (9.9)

Data are presented as the mean (standard deviations), median (IQR), or number (%).
ALD, alcohol-associated liver disease; ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index; HVPG,
hepatic venous pressure gradient; LSM, liver stiffness measurement; MASH, metabolic dysfunction-associated steatohepatitis; IQR,

interquartile range.
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identified by the Baveno VII criteria (Table 3). Similar per-
formances were observed for ruling out patients with low
risk (Table 3). Notably, the new model narrowed down the
grey zone to 22.5%, which is significantly lower than the
50.3% grey zone observed with the Baveno VIl criteria (Ta-
ble 3).
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Figure 2. Performance of difference models for diagnosis of clini-
cally significant portal hypertension.
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Model validation of decompensation incidences
in the international follow-up cohort

Overall, 248 (22.5%), 241 (21.9%), and 613 (55.6%) pa-
tients with compensated cirrhosis were categorized into
low-, medium- and high-risk CSPH groups based on the
new model. Over a median follow-up of 39.0 (25.2-55.2)
months, the 3-year cumulative incidences of decompensa-
tion among the follow-up cohort were substantially higher
in the high-risk CSPH group (15.8%) than those in the low-
risk CSPH (1.7%) or medium-risk CSPH group (2.5%) with-
out NSBBs treatment (P<0.001) (Fig. 3). Moreover, the 3-
and 5-year AUCs of the CSPH risk model were higher than
those of the ANTICIPATE model and Baveno VII criteria
(Supplementary Fig. 5).

Model validation of guiding carvedilol therapy
in a longitudinal carvedilol-treating cohort

Among 143 patients receiving carvedilol in the retrospec-
tive cohort, 62 (43.4%) were categorized in low- and medi-
um-risk CSPH, and 81 (56.6%) in high-risk CSPH based on
the new model (Supplementary Fig. 3C, Tables 1, 2). No
significant difference was observed in the cumulative
incidence of 3-year decompensation between patients
treated with carvedilol and those without NSBBs in low-
and medium-risk CSPH group (P=0.3, Supplementary Fig.
6).

Table 3. Performances of different models for ruling in and out CSPH in the HVPG cohort

HVPG-proved

Model Cutoff Patients CSPH patients Performance
CSPH risk model (n=151) Rule out 53 (35.1%) 5 SE: 93.6%
CSPH risk <—0.68 NPV: 90.6%
Grey zone 34 (22.5%)* 15 50.0% of patients with CSPH
Rule in 64 (42.3%) 58 SP: 91.8%
CSPH risk >0 PPV: 90.6%
Baveno VI criteria (n=151)  Rule out 46 (30.4%) 3 SE: 96.9%
LSM <15 kPa and PLT >150x10%/L NPV: 94.6%
Grey zone 76 (50.3%)* 48 63.1% of patients with CSPH
Rule in 29 (19.2%) 27 SP: 98.2%
LSM >25 kPa PPV: 96.0%

Data are presented as number or number (%).

CSPH, clinically significant portal hypertension; HVPG, hepatic venous pressure gradient; LSM, liver stiffness measurement; NPV, nega-

tive predictive value; SE, sensitivity; SP, specificity.
'P<0.001.

http://www.e-cmh.org

https://doi.org/10.3350/cmh.2024.0198 113



Clinical and Molecular Hepatology
Volume_31 Number_1 January 2025

Compared to patients with high-risk CSPH who did not
receive NSBBs (n=613), the 81 patients who received
carvedilol were younger and had less advanced liver dis-
eases, as evidenced by lower baseline serum albumin lev-
els and higher LSM (Table 2). After PSM in a 2:1 ratio, the
baseline characteristics were well-balanced between pa-
tients with carvedilol and without NSBBs. Treatment with
carvedilol was associated with a lower cumulative inci-
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Figure 3. Cumulative incidence of hepatic decompensation in fol-
low-up cohort.
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dence of 3-year decompensation (4.9% vs. 13.2%, P=0.08,
Fig. 4A). After PSM, the cumulative incidence of decom-
pensation remained significantly lower in patients treated
with carvedilol (4.9% vs. 17.3%, P=0.04, Fig. 4B). Notably,
patients with high-risk CSPH treated with carvedilol had
significantly lower incidence of ascites than those of NS-
BBs untreated with high-risk CSPH before and after PSM
(all P<0.05, Fig. 5).

DISCUSSION

The Baveno VIl criteria, recently validated as a non-inva-
sive tool for detecting CSPH," still have a suboptimal grey
zone for identifying patients with compensated cirrhosis
who could benefit from NSBBs treatment to prevent de-
compensation.” In this study, we developed a new CSPH
risk model to better stratify CSPH in patients with compen-
sated cirrhosis, achieving a higher AUC than the ANTICI-
PATE model and Baveno VIl criteria. Notably, we demon-
strated that treatment with carvedilol significantly reduces
the 3-year cumulative incidence of decompensation (pri-
marily ascites) in patients with high-risk CSPH, providing
much-needed evidence for using carvedilol in patients with
compensated cirrhosis and CSPH.

Currently, non-invasive tools for CSPH stratification are
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Figure 4. Hepatic decompensation according to treatment group in patients with high-risk CSPH. (A) Cumulative incidence of
decompensation before propensity score matching (PSM); (B) Cumulative incidence of decompensation after PSM. CSPH, clinically sig-

nificant portal hypertension.
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the mainstream trend.” HVPG =10 mmHg is the gold stan-
dard for determining CSPH in patients with viral- and alco-
hol-related cirrhosis. However, owing to the invasive nature
of HVPG, non-invasive tests are increasingly being used
as surrogates for diagnosing or predicting CSPH.>*9?"%
Among these non-invasive markers, LSM and PLT are the
most favorable parameters and are employed by Baveno
VII criteria, which define LSM >25 kPa to rule in and LSM
<15 kPa plus PLT >150x10%L to rule out CSPH." Our meta-
analysis also highlighted the significance of LSM and PLT
as non-invasive markers. More importantly, we established
a new CSPH risk model based on the meta-analysis re-
sults, which additionally demonstrated a higher AUC and a
smaller grey zone than the Baveno VII criteria for CSPH
identification.

The role of non-invasive tools in stratifying decompensa-
tion events is widely studied. Given that patients with
CSPH are at increased risk of decompensation events,"*
the performance of decompensation stratification is a cru-
cial issue following the development of a non-invasive
CSPH diagnosis tool.*'>'**?8 |n the current study, the pa-
tients with high-risk CSPH stratified by the new CSPH risk
model had significantly higher rates (15.8%) of decompen-
sation than CSPH medium- (2.5%) and low-risk (1.7%) pa-
tients in the follow-up cohort. Notably, the CSPH medium
and low-risk subgroups had similarly low rates (2.5% vs.
1.7%) of decompensation during a mean follow-up duration
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of 39.0 (25.2-55.2) months, indicating the favorable perfor-
mance of the new CSPH risk model.

NSBBs, particularly carvedilol, can prevent decompensa-
tion in patients with CSPH; therefore, NSBBs therapy
should be initiated in these patients with CSPH."**%° A fa-
vorable non-invasive CSPH stratification tool is needed to
guide the response of NSBBs therapy in patients with high-
risk CSPH. According to the Baveno VII consensus, as-
sessing emerging non-invasive methods to diagnose
CSPH and determine response to NSBBs is on the re-
search agenda.' However, studies in this field are limited,
highlighting the need to non-invasively identify patients
who may benefit from NSBBs to prevent decompensa-
tion.* Notably, in this study, we found that the patients with
high-risk CSPH stratified by the new CSPH risk model and
treated with carvedilol had significantly lower rates of
decompensation than those of NSBBs untreated high-risk
patients with CSPH. Further analysis revealed that the
most common decompensation event decreased by carve-
dilol treatment was ascites, consistent with previous stud-
ies.3,32,33

This study had several limitations. First, the sample size
of the retrospective cohort of patients treated with carve-
dilol was rather small. Nevertheless, we demonstrated that
carvedilol treatment was associated with a significantly
lower incidence of hepatic decompensation among pa-
tients with high-risk CSPH. Second, we lacked granular
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Figure 5. Ascites according to treatment group in patients with high-risk CSPH. (A) Cumulative incidence of ascites before propensity
score matching (PSM); (B) Cumulative incidence of ascites after PSM. CSPH, clinically significant portal hypertension.
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data in this large cohort of patients with compensated cir-
rhosis concerning alcohol intake and changes in body
weight over time. Third, the sample of patients with meta-
bolic dysfunction-associated steatohepatitis was limited.
Fourth, individual participant data was not acquired. Fifth,
given that our cohort predominantly consisted of patients
with viral-related cirrhosis, further validation is required
among patients with cirrhosis with non-viral etiologies.
Sixth, the influence of different covariates in calculating
pooling ORs was not considered. In meta-analysis, the in-
consistency index I of PLT and LSM was less than 50%,
indicating that the influence of different covariates is limit-
ed. Last, significant differences exist in baseline character-
istics between patients treated with carvedilol and those
without NSBBs in high-risk group. We plan to conduct a
large sample prospective study to confirm the results.

In conclusion, we developed a new non-invasive model
to better risk-stratify the CSPH and subsequent decompe-
nsation events in patients with compensated cirrhosis.
Treatment with carvedilol among patients with high-risk
CSPH stratified by this model significantly reduces the risk
of hepatic decompensation.
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