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INTRODUCTION

Portal hypertension is the major 
determinant of outcomes in patients 
with cirrhosis, defined as the presence 
of a hepatic venous pressure gradient 
(HVPG) of more than 5 mmHg. Mild portal 
hypertension is defined as HVPG of 6–10 
mmHg. The major determinant of mild 
portal hypertension is hepatic fibrosis 
with little systemic contribution.1 On the 
other hand, clinically significant portal 
hypertension (CSPH) is defined as an 
HVPG ≥10 mmHg. The development of 
CSPH is regarded as an important event 
in the natural history of patients with 
cirrhosis. Physiologically, this heralds 
the onset of hyperdynamic circulation, 
sympathetic overactivation, splanchnic 
vasodilatation, and bacterial translocation, 
making CSPH a systemic condition unlike 
mild portal hypertension.2 Clinically, this 
stage is associated with the development 
of gastro-oesophageal varices, increased 
risk of decompensation, and mortality 

due to hepatic decompensation.3 Patients 
with compensated cirrhosis with CSPH 
(especially those with established varices) 
decompensate more frequently than those 
with mild portal hypertension.4,5 The gold 
standard for the diagnosis of CSPH is HVPG 
estimation. Clinically, gastro-oesophageal 
varices and abdominal collaterals signify 
CSPH as an HVPG of 10 mmHg or more is 
required for their formation.6 Liver stiffness 
measurement (LSM) is a marker of liver 
fibrosis and inflammatory activity and 
correlates precisely with HVPG in patients 
with mild portal hypertension. After the 
onset of CSPH, this correlation becomes 
less precise.7 LSM cut-offs using vibration-
controlled transient elastography (a bedside 
tool) with or without platelet count can 
rule in or rule out CSPH, at least in viral, 
alcohol-related, and non-obese metabolic 
dysfunction-associated steatotic liver 
disease (MASLD).8 Baveno VII consensus 
has laid down risk prediction rules to  
detect CSPH by non-invasive estimation  
(Rule of 5; Figure 1).1 
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Figure 1: Conceptual flow diagram showing the role of non-selective beta-blockers in patients with different stages 
of portal hypertension.

CSPH: clinically significant portal hypertension; HVPG: hepatic venous pressure gradient; LSM: liver stiffness measure-
ment; NIT: non-invasive test; NSBB: non-selective beta-blocker.

Splenic stiffness measurement is a marker 
of portal blood flow and is emerging as 
a more accurate marker of CSPH than 
LSM.9 It can be a useful adjunct to improve 
the accuracy of LSM to detect CSPH, 
particularly in patients stratified in the 
grey zone with LSM.10 Novel biomarkers 
such as von-Willebrand factor and serum 
metabolomics, when used alone or in 
combination with Baveno VII risk prediction 
rules, are also being assessed to detect 
CSPH non-invasively and predict the risk  
of hepatic decompensation.11,12 

 

 

 

 

 

NON-SELECTIVE BETA-BLOCKERS 
IN CLINICALLY SIGNIFICANT 
PORTAL HYPERTENSION: 
ESTABLISHED INDICATIONS

Over four decades ago, an increased 
understanding of portal circulation 
physiology laid down the foundation  
for non-selective beta-blockers (NSBB) in 
the management of portal hypertension 
in selected patients.13 NSBBs dampen the 
hyperdynamic circulation and splanchnic 
vasodilatation, the two self-perpetuating 
mechanisms of CSPH. Therefore, their 
role in the absence of CSPH and the 
hyperdynamic circulation is not defined.2 
The indications for NSBB have been refined 
over this time. These were originally used 
for the prevention of variceal bleeding in 
patients with large varices or red signs. 
With the recognition of ascites rather than 
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variceal bleeding as the most common 
decompensating event in the natural history 
of liver disease, and the fact that 25% of 
patients with CSPH decompensate with 
ascites over 2 years, a paradigm shift of 
using NSBB beyond prophylaxis against 
variceal bleeding emerged recently. 3,14

Early signs of this shift became apparent 
2 decades ago in a randomised placebo-
controlled trial of timolol to prevent the 
formation of varices in compensated 
cirrhosis.15 In this trial, NSBB did not 
prevent the onset of varices or reduce the 
incidence of hepatic decompensation. The 
trial included all patients with compensated 
cirrhosis and portal hypertension (HVPG 
>5 mmHg). Post-hoc analysis of this trial 
showed that patients with HVPG ≥10 mmHg 
decompensated more frequently than those 
with HVPG <10 mmHg over 4 years of follow 
up (30% versus 10%).16 This trial quantified 
the concept of CSPH and identified the sub-
group with higher rates of decompensation 
and more likely to benefit from portal 
pressure-lowering therapies. The critical 
threshold in stratifying these patients 
was HVPG ≥10 mmHg. The most reliable 
surrogate marker of HVPG ≥10 mmHg is 
the presence of varices irrespective of size 
and radiological collaterals.1 The shift in 
the role of NSBB from bleed prophylaxis to 
prevention of all-cause decompensation 
became more apparent after the PREDESCI 
trial. This trial randomised patients with 
compensated cirrhosis and CSPH based 
on HVPG estimation to NSBB (carvedilol 
or propranolol) and placebo for each 
corresponding NSBB.4 NSBB reduced the 
incidence of hepatic decompensation 
compared to placebo (16% versus 27%; 
hazard ratio [HR]: 0.51; 95% CI: 0.26–0.97; 
p=0.041) primarily by reducing the incidence 
of ascites (HR: 0.44; 95% CI: 0.20–0.97; 
p=0.0297). This pivotal trial laid down the 
concept of treating CSPH to prevent all-
cause decompensation. However, sub-
group analysis of this trial showed the net 
benefit of this strategy to be restricted to 
those with varices on endoscopy. This was 
subsequently validated by an individual 
patient meta-analysis showing the benefits 
of NSBB in those with compensated 
cirrhosis with varices irrespective of their 
size.17 The ongoing UK-based multicentre 

pragmatic randomised trial conducted in 
patients with cirrhosis and small varices 
(BOPPP, ISRCTN10324656) will give 
more information in this regard.18 This 
trial, which includes both compensated 
and decompensated patients, was 
initially designed to study the role of 
NSBB for variceal bleed prophylaxis but 
was later modified to evaluate all-cause 
decompensation as its primary endpoint. 
As of now, there is increasing evidence 
for treating patients with compensated 
cirrhosis with any varices with NSBB to 
prevent the first decompensation. This 
strategy has been endorsed by the Baveno 
VII consensus and the American Association 
for the Study of Liver Diseases (AASLD).1,19 
The BOPPP trial, with over 700 participants 
already randomised, will provide further 
valuable evidence in a contemporary  
cohort of patients resulting in more 
generalisable findings.18 

NON-SELECTIVE BETA-BLOCKERS 
IN CLINICALLY SIGNIFICANT 
PORTAL HYPERTENSION: 
PROPOSED INDICATIONS

Overall, the evidence for treating CSPH only 
exists when it is confirmed using HVPG or 
stratified by the presence of varices. The 
bulk of discussion and controversy of NSBB 
in patients with compensated cirrhosis is 
centred around their role in patients who 
do not have clinical signs of CSPH. As 
discussed earlier, while HVPG is helpful in 
this condition, its invasive nature limits its 
application in clinical practice. While rates 
of decompensation in this sub-group (HVPG 
≥10, no varices) are lower than in those with 
established varices, it is still around 25–30% 
in 2 years, especially in aetiologies like 
alcohol-related liver disease with  
ongoing consumption.16 

Patients with compensated cirrhosis and 
non-invasive surrogates of CSPH but 
without varices represent a unique sub-
group as there is a lack of evidence of 
NSBB to improve outcomes in this state. 
While recent data suggests that non-
invasive risk prediction rules predict distinct 
decompensation, there is no data to 
support their utility alone in starting NSBB 
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in the absence of varices (Table 1).20-25 
The concept of starting NSBB in patients 
with compensated cirrhosis with only 
non-invasive criteria of CSPH (i.e., without 
varices/HVPG estimation) is extrapolated 
from the PREDESCI trial.4 However, there 
are significant drawbacks to this proposed 
extrapolation. First, the efficacy of NSBB 
was significantly lower in patients with CSPH 
but without varices in the PRESDESCI trial. 
The benefits of NSBB were restricted to only 
patients with varices, which constituted 56% 
of the trial population and hence impacted 
the overall study results. Unlike HVPG, LSM 

did not have the same discriminatory ability 
to predict decompensation in this trial. 
Second, the overall event rate in this trial 
was low, with only a moderate effect size. 
Third, the predominant aetiology of liver 
disease in the PREDESCI trial was  
hepatitis C virus. 

Since the advent of direct-acting antivirals, 
treatment of hepatitis C has drastically 
changed. There is emerging data that 
shows that NSBB may not be needed in 
patients with compensated viral cirrhosis 
who achieve virological suppression/cure as 

Table 1: Key studies based on non-invasive criteria to predict the risk of decompensation.

Study Design Aetiology Prediction of clinical 
events Comments

Jachs et al.20

N=420 

Non-invasive (LSM 
≥10 kPa, VITRO, 

platelet count, BMI, 
ANTICIPATE±NASH)

Invasive (HVPG)

Retrospective  
single centre

Viral: 51.9%

ARLD: 20.5%

MASLD: 18.6%

119 patients had 
control or cure of 
aetiological factor

Predictors of 
decompensation at 1 
year (AUROC): HVPG: 
0.739; VITRO: 0.811; 
ANTICIPATE±NASH 
CSPH probability: 

0.683; LSM to  
PLT ratio: 0.699.

AASLD CSPH  
criteria were used.

16% decompensation over 
median follow-up (1.6 

[0.5–3.8] years)

Higher decompensation 
in ARLD versus MASLD (3 

years 35.5%  
versus 14.9%)

Dajti et al.21

N=195 (114 from 
validation cohort 

analysed)

Non-invasive  
(LSM ≥10 mmHg, 
SSM, platelets)

Retrospective, two 
centres in Italy

Median follow-up:  
42 months

Viral: 57.9%
ARLD: 12.3%

MASLD: 36.0%

All had  
compensated CSPH

First decompensation 
rate (Baveno VII, 

Baveno VIII sequential 
SSM, and Baveno 

VIII-SSM combined 
models)

Rule in group  
(12.5%, 15.4%, 16.1%, 

respectively)

Rule out group  
(0 in all models)

Grey zone (9.7%, 4.4%, 
0%, respectively)

Combined Baveno VII-
SSM model had the 
greatest precision in 

CSPH diagnosis compared 
to Baveno VII model and 

Baveno VII sequential 
SSM Model with only  

15% in the grey zone with 
NPV and PPV >90% for 

ruling in  
an out CSPH

Shearer et al.22

N=3,028

Non-invasive  
(LSM ≥10 kPa,  

FIB-4, ALBI)

Retrospective 
using electronic 
health records at 

two centres

Median follow-up:  
3.1 years 

ARLD: 11%
NAFLD: 28%

43% were  
missing data

All had cACLD

Baseline LSM 
and 5-year 

decompensation risk 
(% [95% CI]):

<15 kPa: 3.7 (2.7–5.1); 
15–25 kPa: 8.6 

(6.4–11.1); >25: 19.0 
(15.8–22.4).

ALBI score (per unit 
increase): 2.4  

(1.80–3.18)

7.1% of patients 
developed varices prior to 

decompensation/HCC

74% of patients not known 
to have varices at time of 

decompensation.

Patients with ARLD 
had highest risk of 

decompensation (19.2% at 
5 years)
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Table 1: Continued.

ALBI: albumin-bilirubin; ARLD: alcohol-related liver disease; AUROC: area under the receiver operating characteristic 
curve; cACLD: compensated advanced chronic liver disease; CSPH: clinically significant portal hypertension; FIB-4: 
fibrosis index based on four factors; HBV: hepatitis B; HCV: hepatitis C; HVPG: hepatic venous pressure gradient; IQR: 
interquartile range; LSM: liver stiffness measurement; MASLD: metabolic dysfunction-associated steatotic liver dis-
ease; NAFLD: non-alcoholic fatty liver disease; NASH: nonalcoholic steatohepatitis; NPV: net present value; PLT: platelet 
count; SSM: spleen stiffness measurement; SVR: sustained virologic response; VITRO: von Willebrand Factor antigen to 
platelet ratio.

Study Design Aetiology Prediction of clinical 
events Comments

Wong et al.23

N=1,159

~Non-invasive (LSM)

Retrospective,  
four centres

Median follow-up:  
40 months

HCV: 56.1%
 

HBV: 21.3%

ARLD: 9.1%

NASH: 102 (8.8)

All patients had 
compensated disease 

(CSPH [LSM ≥25 
kPa, 36.8%], grey 

zone [51.1%], CSPH 
excluded [LSM < 15 

kPa, 12.1%])

Predictors of 
decompensation  
(sHR [95% CI]):

CSPH: 2.48  
(1.35–4.55); Non-viral 

aetiology: 3.25 ( 
1.83–5.76); INR >1.1: 

2.08 (1.14–6.25); 
Albumin <7 g/L: 3.38 
(1.83–6.25); LSM ≥25 
kPA: 8.8 (2.9–26.7).

During follow up 
7.2% developed 

decompensation (lower in 
grey zone [2.6%] versus 

CSPH [13.8%]) 

Non-viral aetiology 
had the highest rate of 

decompensation  
(up to 25.5% in the CSPH 

group)

Song et al.24

N=1,966

Non-invasive  
(LSM ≥10 kPa)

Retrospective,  
single centre

Median follow-up: 
3.06 (IQR 1.03–

6.00) years

Viral: 62.60% (majority 
on HBV antivirals and 

almost all had  
HCV SVR)

NAFLD: 18.10%

Alcohol: 15.97%

All had cACLD

Decompensation risk 
in grey zone (sHR 

[95% CI]):
ARLD: 3.49  
(1.65–7.37);  

Low albumin: 0.41 
(0.25–0.67);  

Lower platelet: 0.99 
(0.98–1.00); Higher 

LSM: (1.14 [1.07–1.22]).

Decompensation risk
CSPH: 22% at 3 years 
(27% in NAFLD, 37%  

in ARLD)

Grey zone high 
probability: 12%  

(17% in NAFLD, 31%  
in ARLD)

Grey zone low 
probability): 3.3%  

(0% in NAFLD, 10%  
in ARLD)

CSPH excluded: 1.4% 
(2.2% in NAFLD, 7.4% in 

ARLD)

CSPH had higher 
proportion of ARLD. 

Lin et al.25

N=2,763 with cACLD 
(Baveno VII criteria: 

low risk (35.6%), grey 
zone (44.9%), and 
high risk (19.4%).

Non-invasive (LSM, 
ALBI, SSM [n=179])

Prospective,  
three centres

Median follow-up:  
7.2 years

ARLD: 16.20%
MASLD: 31.16%

HCV: 6.36% 
HBV: 42.60%

35.60% were on 
antiviral therapy

Predictors of 
decompensation 

in grey zone  
(SHR [95% CI]):

ARLD: 2.05  
(1.05–3.99); ALBI: 1.8 
(1.06–3.04); ALP: 1.6 

(1.09–2.32).

Five-year incidence of 
decompensation was 

0.3%, 4.2%, and 11.4% in 
low risk, grey zone, and 
high risk, respectively

Combination of Baveno 
VII and spleen stiffness 

reduced classified in grey 
zone (12.8%)
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