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β blockers to prevent decompensation of cirrhosis in 
patients with clinically significant portal hypertension 
(PREDESCI): a randomised, double-blind, placebo-controlled, 
multicentre trial
Càndid Villanueva*, Agustín Albillos, Joan Genescà, Joan C Garcia-Pagan, José L Calleja, Carles Aracil, Rafael Bañares, Rosa M Morillas, María Poca, 
Beatriz Peñas, Salvador Augustin, Juan G Abraldes, Edilmar Alvarado, Ferran Torres, Jaume Bosch*†

Summary
Background Clinical decompensation of cirrhosis is associated with poor prognosis. Clinically significant portal 
hypertension (CSPH), defined by a hepatic venous pressure gradient (HVPG) ≥10 mm Hg, is the strongest predictor 
of decompensation. This study aimed at assessing whether lowering HVPG with β blockers could decrease the risk of 
decompensation or death in compensated cirrhosis with CSPH.

Methods This study on β blockers to prevent decompensation of cirrhosis with portal hypertension (PREDESCI) was 
an investigator-initiated, double-blind, randomised controlled trial done in eight hospitals in Spain. We enrolled 
patients with compensated cirrhosis and CSPH without high-risk varices. All participants had HVPG measurements 
with assessment of acute HVPG-response to intravenous propranolol. Responders (HVPG-decrease ≥10%) were 
randomly assigned to propranolol (up to 160 mg twice a day) versus placebo and non-responders to carvedilol 
(≤25 mg/day) versus placebo. Doses were individually determined during an open-label titration period after which 
randomisation was done with 1:1 allocation by a centralised web-based system. The primary endpoint was incidence 
of cirrhosis decompensation (defined as development of ascites, bleeding, or overt encephalopathy) or death. Since 
death in compensated cirrhosis is usually unrelated to the liver, an intention-to-treat analysis considering deaths 
unrelated to the liver as competing events was done. This study is registered with ClinicalTrials.gov, number 
NCT01059396. The trial is now completed.

Findings Between Jan 18, 2010, and July 31, 2013, 631 patients were evaluated and 201 were randomly assigned. 
101 patients received placebo and 100 received active treatment (67 propranolol and 33 carvedilol). The primary 
endpoint occurred in 16 (16%) of 100 patients in the β blockers group versus 27 (27%) of 101 in the placebo group 
(hazard ratio [HR] 0·51, 95% CI 0·26–0·97, p=0·041). The difference was due to a reduced incidence of ascites 
(HR=0·44, 95%CI=0·20–0·97, p=0·0297). The overall incidence of adverse events was similar in both groups. 
Six patients (four in the β blockers group) had severe adverse events.

Interpretation Long-term treatment with β blockers could increase decompensation-free survival in patients with 
compensated cirrhosis and CSPH, mainly by reducing the incidence of ascites.
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Introduction
Liver cirrhosis evolves over time from a compensated 
to a decompensated stage, defined by the occurrence 
of ascites, variceal haemorrhage or hepatic encepha
lopathy.1 The decompensation of cirrhosis determines a 
markedly declined life expectancy.2 Portal hypertension 
is the main determinant of de compensation.1,3 A portal 
pressure ≥10 mm Hg, usually estimated by the hepatic 
venous pressure gradient (HVPG), defines clinically 
significant portal hypertension (CSPH) as both varices 
and decompensation might appear after reaching this 
threshold.3

In patients with CSPH and large varices, nonselective 
β blockers effectively prevent variceal bleeding and reduce 

bleedingrelated mortality. 4,5 However, in the timololtrial6 
β blockers were ineffective in preventing the development 
of varices in compensated cirrhosis with or without 
CSPH. β blockers lower portal pressure by decreasing 
portal venous inflow, which in CSPH is increased because 
of hyperdynamic circulation. 7 Patients with compensated 
cirrhosis and CSPH have more advanced hyperdynamic 
circulation than do those without CSPH.8 This finding 
is associated with much greater HVPG reduction by 
β blockers in patients with CSPH than in those 
without. 8 These observations suggest that β blockers 
might prevent decompensation in patients with CSPH, 
who were precisely those at risk of developing varices and 
decompensation in the timolol trial. 6
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The present study aimed at assessing whether, in 
patients with compensated cirrhosis and CSPH, 
longterm treatment with β blockers might prevent 
disease progression to clinical decompensation or 
death.

Methods
Study design
The study on β blockers to prevent decompensation of 
cirrhosis with portal hypertension (PREDESCI) was an 
investigator initiated, randomised, doubleblind, placebo
controlled, multicentre clinical trial. Eligible patients had 
a haemodynamic study to measure portal pressure, 
estimated by the HVPG. Only patients with baseline 
HVPG ≥10 mm Hg were included. Acute HVPG 
response to β blockers was evaluated 20 min after 
intravenous propranolol (0·15 mg/kg). Patients with 
decreasing HVPG >10% from baseline were considered 

responders, and were randomly assigned to receive 
propranolol or placebo. Nonresponders were randomly 
assigned to receive carvedilol or placebo.

The oral dose of β blockers (or placebo) to be used 
during the study was individually determined during an 
openlabel titration period. HVPG responders received 
propranolol starting with 40 mg twice a day increased 
up to 160 mg twice a day. Nonresponders received 
carvedilol, starting with 6·25 mg/day and increased up 
to 25 mg/day. The dose was titrated against clinical 
tolerance, keeping heart rate above 55 beats per min 
and systolic blood pressure greater than 90 mm Hg, 
without repeating HVPG measurements. The titration 
periods lasted up to 3 weeks and patients were randomly 
assigned once the daily dose of β blocker had been 
determined. The study was approved by the Spanish 
Ministry of Health and by the institutional review board 
at each investigational site.

Research in context

Evidence before this study
Liver cirrhosis evolves over time from a compensated to a 
decompensated stage, which is associated with a marked 
decline in life expectancy. Portal hypertension (PH) is the main 
determinant of the progression to clinical decompensation, 
defined by the occurrence of ascites, bleeding, or 
encephalopathy. A portal pressure gradient ≥10 mm Hg defines 
clinically significant PH (CSPH), since decompensation might 
appear after reaching this threshold. Indeed, CSPH is the 
strongest predictor of clinical decompensation. Non-selective 
β blockers (NSBB) lower portal pressure by decreasing portal 
venous inflow, which is increased in patients with CSPH, but 
much less in those without CSPH, in whom the response to 
NSBB is almost negligible. We searched PubMed, Embase and 
the Cochrane Library (Feb 28, 2018), for clinical trials evaluating 
drug therapies to prevent decompensation of cirrhosis, without 
language or date restrictions. We used the terms “compensated 
cirrhosis”, “prevent decompensation”, “prevent ascites”, 
“prevent bleeding”, “prevent encephalopathy”, 
and “β-blockers”. We identified numerous randomised 
controlled trials and meta-analyses showing that NSBB 
effectively prevent first variceal bleeding. Only one randomised 
controlled trial evaluated whether NSBB could prevent the 
development of varices in compensated cirrhosis, but this study 
failed to demonstrate any beneficial effect. This negative result 
might have been due to the fact that part of the patients 
included had no CSPH, and therefore were very unlikely to 
respond to NSBB and to develop decompensation. On the other 
hand, current European (Baveno VI) and American Association 
for the Study of Liver Diseases (AASLD) recommendations 
indicate that the aim of treatment of portal hypertension in 
patients with compensated cirrhosis should be to prevent 
decompensation, rather than focusing only on variceal 
bleeding. However, no randomised controlled trial with this 
endpoint has been conducted so far. The present cooperative, 

double-blind randomised controlled trial aimed at investigating 
whether long-term treatment of patients with compensated 
cirrhosis and CSPH with NSBB might prevent progression to 
clinical decompensation or death.

Added value of this study
The present double-blind randomised controlled trial is the 
first study showing that long-term treatment with NSBB 
decreases approximately by half the risk of clinical 
decompensation or liver-related death. This is mainly due to a 
decreased likelihood of developing ascites, which is the most 
common and severe decompensating event, for which 
previously there was no effective preventive drug therapy. As a 
likely explanation of the beneficial effects of therapy, the study 
shows that NSBB, but not placebo, significantly reduced the 
portal pressure gradient at each yearly control.

Implications of all the available evidence
Our finding that in patients with compensated cirrhosis and 
CSPH continued therapy with NSBB significantly reduces the 
incidence of decompensation or death represents a landmark 
innovation in the management of patients with cirrhosis. It has 
important implications in clinical practice, suggesting that 
patients with compensated cirrhosis should be screened for 
development of CSPH, and that therapy with NSBB should be 
started from its detection, which nowadays can be done quite 
confidently using non-invasive tools, such as transient 
elastography (alone or associated with platelet count or spleen 
diameter measurements). This new indication of NSBB might 
have a major impact on patients’ outcomes, health-care burden 
and costs, which would likely influence future clinical 
guidelines. Future research should confirm that it is indeed 
possible to accurately detect CSPH in patients with 
compensated cirrhosis using simple non-invasive methods, 
and further define specific biomarkers of response to therapy.

For more on PREDESCI see 
http://www.santpau.es/en/web/

public/predesci

http://www.santpau.es/en/web/public/predesci
http://www.santpau.es/en/web/public/predesci
http://www.santpau.es/en/web/public/predesci
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Participants
Patients were enrolled at eight hospitals in Spain from 
Jan 18, 2010 to July 31, 2013. Followup was planned until 
Oct 31, 2016. Patients with cirrhosis aged between 18 and 
80 years inclusive, without any previous decom pensation 
of cirrhosis and without highrisk oesophageal varices 
(ie, no varices or small varices without red signs), 
who gave written informed consent were considered 
for inclusion. Cirrhosis was diagnosed on the basis of 
previous biopsy or compatible clinical, biochemical, and 
ultrasonographic findings. Varices were investigated by 
gastroscopy and absence of ascites by ultrasound (both 
performed within 3 months prerandomisation). Written 
informed consent was obtained from all patients.

Patients were excluded for any of the following criteria: 
previous decompensation of cirrhosis, absence of CSPH, 
portal thrombosis, hepatocellular carcinoma, baseline 
bilirubin greater than 3 mg/dL or platelets less than 
30 × 10³ or international normalised ratio of prothrombin 
time greater than 2∙7 (Quick prothrombin time test 
<30%), renal failure (creatinine >2 mg/dL), comorbidity 
with life expectancy less than 12 months, contraindication 
or hypersensitivity to β blockers, previous treatment with 
β blockers or nitrates, anticoagulant treatment, active 
antiviral therapy for hepatitis C, pregnancy, or lactation.

Randomisation and masking
Once the dose of β blockers (or placebo) to be used during 
the study had been determined, patients were randomly 
assigned to active therapy or placebo. Randomisation was 
performed in a 1:1 ratio by a centralised webbased system 
with doubleblinded assignment through an electronic 
code which was computergenerated in fixed random 
permuted blocks of ten and stratified according to the 
acute haemodynamic response to β blockers and to the 
participating centre. For each centre, blocks were created 
for the stratum propranolol–placebo and for the stratum 
carvedilol–placebo. The preparation of the study medi
cation, containing the formulation of either active 
β blocker or matched placebo, was centralised in one of 
the participating study centres and was performed by 
investi gational pharmacists who had access to the 
random isation code through a password protected 
website. The pills prepared by the investigational phar
macists with active therapy or with placebo were identical 
in appearance and organoleptic properties and were 
administered in a doubleblinded fashion.

Procedures
After random assignment, patients were seen at months 
1 and 3, and then every 6 months, investigating occurrence 
of endpoints and adverse events. Extra visits were allowed 
in case of events. At each visit, heart rate, pill count, 
occurrence of adverse events as assessed by the investi
gators, and alcohol consumption were determined. 
Adjustment of the medication dose was allowed in the 
followup controls by increasing or decreasing the number 

of pills. To maintain study blinding, heart rate was 
measured by a study nurse and not by the investigators 
who remained unaware. Only in case of extreme values in 
repeated measurements was it planned to contact the 
investigator. Adherence to the study drug was assessed on 
the basis of pill counts in dispensed boxes and was 
considered adequate with counts greater than or equal to 
70% and poor with counts less than 30%. Patients who 
failed a planned visit were contacted by telephone or 
email. Patients who discontinued the study drug were also 
contacted.

Treatment was considered to have failed and 
was discontinued when a patient reached the primary 
end point. In patients developing highrisk varices, 
endoscopic ligation was performed and treatment 
was continued. No preventive therapy for ascites (eg, 
diuretics) or for encephalopathy (eg, lactulose) was 
allowed before development of decompensation. Data 
collection was continued until the end of the study for 
all the patients included.

Every 6 months, blood samples were obtained for 
haematological and biochemical measurements and 
ultrasonography was performed. Upper endoscopy and 
haemodynamic studies were performed every year. 
Haemodynamic studies were performed following the 
recommended standards (appendix). Portal pressure was 
measured as the HVPG (the difference between wedged 
and free HVP). All intravascular pressure measurements 
were performed in triplicate. Permanent recordings of 
tracings were obtained. Cardiopulmonary pressures and 
cardiac output were measured.

Since the rate of events observed during the first years 
of study was lower than expected, an amendment of 
the initial protocol was introduced on Feb 15, 2013 to 
extend the followup. According to clinical guidelines 
no patient received antivirals for hepatitisC during 
the study. However, guidelines changed during the 
trial owing to newly licensed directacting antivirals.9 
Accordingly, to allow antiviral therapy without interfering 
in the assessment of the study medication, the study was 
finished in June, 2015, once Spain’s Ministry of Health 
approved treatment of patients with cirrhosis, instead of 
October, 2016 as planned.

Outcomes
The primary outcome measure was decompensation of 
cirrhosis or death. Decompensation was defined as 
appearance of ascites, gastrointestinal bleeding related 
to portal hypertension, or overt hepatic encephalopathy. 
Since in compensated cirrhosis, mortality before decom
pensation  is mostly nonliverrelated,10 a com  petingrisk 
framework was predefined considering decom pensation 
and liver related deaths as primary outcomes and nonliver 
related deaths as competing events.

Secondary outcomes included the development of 
each complication of portal hypertension individually 
(ascites, gastrointestinal bleeding, and overt hepatic 

See Online for appendix
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encephalopathy), development of spontaneous bacterial 
peritonitis and other bacterial infections, development 
of varices and of highrisk varices, changes in hepatic 
dysfunction assessed by ChildPugh and model for end
stage liver disease scores, development of hepatocellular 
carcinoma, adverse events, and survival.

Gastrointestinal bleeding was defined as any episode of 
haematemesis or melaena, or both and was evaluated by 
endoscopy. Variceal bleeding was diagnosed according to 
Baveno criteria.4 Ascites was defined by compatible signs 
on examination and was confirmed by ultrasonography 
or paracentesis. Intraperitoneal fluid only detectable 
by ultrasonography or the sole presence of ankle oedema 
was not considered an end point. Refractory ascites, 

hepatorenal syndrome, spontaneous bacterial perito
nitis, and overt hepatic encephalopathy were diagnosed 
according to guidelines.11 Encephalopathy was defined 
according to West Haven criteria as signs and symptoms 
compatible to grade greater than II. Varices were diagnosed 
by endoscopy and were classified as large (not flattened 
by insufflation) or small (flattened by insufflation). Large 
varices and small varices with red wale marks or occurring 
in patients with ChildPugh class C, were considered as 
highrisk varices according to Baveno criteria.4

Adverse events were defined as any event requiring 
diagnostic or therapeutic intervention. All adverse events, 
regardless of their possible association with study 
treatment, were recorded. An adverse event was judged 
if it was considered to endanger the health or safety of 
the patient.

Statistical analysis
Sample size was calculated assuming a 2year de com
pensation risk of 25% in untreated compensated 
cirrhosis with CSPH on the basis of previous studies,3 
and estimating a 15% absolute riskreduction (to 10%), as 
observed in compensated patients with HVPGresponse 
to β blockers in prophylactic studies.12 Using a twotailed 
test with an α value of 0·05 and β value of 0·2, and 
accounting for a 5% loss to followup, 105 patients were 
required in each group.

Statistical analysis was done according to general 
regulatory recommendations,13 and according to an 
intentiontotreat strategy (appendix). Categorical variables 
were compared with Fisher’s exact test and continuous 
variables with the Student’s t test (for paired data within 
each group). The Wilcoxon ranksum test was used for 
skewed or ordinal data. Continuous variables measured 
repeatedly over time were analysed by the mixedmodels 
repeated measure.

The primary and secondary outcomes were analysed as 
timetoevent variables, considering the stratum according 
to acute response to β blockers. Hazard ratios (HRs) and 
95% CI were estimated. Since in compensated cirrhosis, 
death is frequently due to nonliver related causes,10 a 
competingrisk analysis was predefined considering non
liver related deaths as competing events.13,14 Probabilities 
were estimated with the use of cumulative incidence 
functions and comparisons relied on Gray’s test. Data 
were censored at the time of death, liver transplantation, 
last visit, or end of followup period, whichever occurred 
earliest. Patients who received a liver transplant were 
censored as alive. Patients lost to followup, those who 
withdrew consent, and those who were withdrawn to 
receive antiviral therapy were censored as if they had not 
developed any outcome after the last visit documented. 
Cox models were used to compare the two study groups 
with respect to the primary endpoint, adjusting for 
baseline risk factors (ChildPugh, cause of cirrhosis, and 
baseline HVPG). When required, survival function was 
estimated by means of the KaplanMeier method and 

Figure 1: Study profile
HVPG=hepatic venous pressure gradient. DAA=direct acting antiviral.

9 withdrawn before random assignment

631 patients assessed for eligibility

201 randomly assigned

210 included
141 with acute HVPG response 

were titrated on propranolol
69 without acute HVPG response 

were titrated to carvedilol

100 assigned to β blockers
67 received propranolol
33 received carvedilol

100 included in the intention-to-treat 
analysis

101 included in the intention-to-treat 
analysis

101 assigned to placebo
68 received placebo of propranolol
33 received placebo of carvedilol

421 excluded
237 had ≥1 exclusion criteria

35 previous decompensation of cirrhosis
34 presence of high-risk aesophageal varices
13 previous treatment with β blockers
20 contraindications to β blockers
16 were on anticoagulants
16 aged <18 years or >80 years
14 baseline bilirubin >3 mg/dL

7 comorbidity with life expectancy <12 months
26 had more than one previous criteria
56 other reasons 

101 declined to participate
83 HVPG <10 mm Hg

13 discontinued participation in the trial
4 lost to follow-up
6 withdrew consent
3 withdrawn to receive DAA

6 discontinued study drug but continued 
follow-up
2 discontinued placebo of propranolol
4 discontinued placebo of carvedilol

17 discontinued participation in the trial
9 lost to follow-up
6 withdrew consent
2 withdrawn to receive DAA

8 discontinued study drug but continued 
follow-up
6 discontinued propranolol
2 discontinued carvedilol



Articles

www.thelancet.com   Vol 393   April 20, 2019 1601

event rates of endpoints were compared by use of the 
stratified logrank test for the time to the first event after 
randomisation.

Prespecified subgroup analyses were planned to assess 
the efficacy of therapy according to liver function, cause 
of cirrhosis, presence of varices, and baseline HVPG. 
Calculations were performed with the SAS9.4 statistical 
package. An independent Data Safety Monitoring Board 
committee over saw the study. This study is regis tered 
with ClinicalTrials.gov, number NCT01059396 and 
EUDRACT 200901039625.

Role of the funding source
The study received no commercial support and was 
supported by competitive grants from Instituto de Salud 
Carlos III. The funder of the study had no role in study 
design, data collection, data analysis, data interpretation, 
or writing of the report. The corresponding author had 
full access to all the data and had final responsibility to 
submit for publication.

Results
Between Jan 18, 2010, and July 31, 2013, 631 patients 
with compensated cirrhosis were screened, 320 were 
excluded, and 101 declined to participate (figure 1, 
table 1). The median length of followup was 37 months 
(IQR 27–47). 13 patients were lost to followup: most of 
them had a history of alcohol intake (table 1). Adherence 

Placebo group 
(n=101)

β-blockers 
group (n=100)

Baseline characteristics

Sex

Male 64 (63%) 59 (59%)

Female 37 (37%) 41 (41%)

Age (years) 59 (11) 60 (10)

Cause of cirrhosis

Alcohol 14 (14%) 19 (19%)

Hepatitis C virus 59 (58%) 54 (54%)

Alcohol and hepatitis C virus 8 (8%) 9 (9%)

NASH 8 (8%) 5 (5%)

Others 12 (12%) 13 (13%)

Diabetes 21 (21%) 22 (22%)

Dyslipidaemia 15 (15%) 12 (12%)

Arterial hypertension 34 (34%) 45 (45%)

Child-Pugh class

A 81 (80%) 80 (80%)

B 20 (20%) 20 (20%)

C 0 0

Child-Pugh score 5·8 (0·9) 5·7 (0·9)

Model for end-stage liver disease 
score

6·8 (0·3) 6·6 (0·3)

Oesophageal varices*

None 43 (43%) 44 (44%)

Small 58 (57%) 56 (56%)

Gastric varices† 1 (1%) 2 (2%)

Portal-systemic collaterals by 
ultrasound‡

11 (11%) 18 (18%)

Splenomegaly§ 67 (66%) 56 (56%)

Liver stiffness, kPa¶ 30·4 (16) 28·7 (13)

Weight, kg 76 (16) 76 (15)

BMI, kg/m² 27 (5) 27 (4)

(Table 1 continues in next column)

Placebo group 
(n=101)

β-blockers 
group (n=100)

(Continued from previous column)

Procedural characteristics

Duration of follow-up (months)

Mean 37 (16) 36 (16)

Median (IQR) 37 (27–47) 37 (26–47)

Lost to follow-up|| 4 (4%) 9 (9%)

Abstinence from alcohol** 88 (87%) 82 (82%)

Development of portal thrombosis 5 (5%) 3 (3%)

Liver transplantation†† 1 (1%) 3 (3%)

Randomised to propranolol (or identical tablets of placebo)

Number of patients 68 (67%) 67 (76%)

Dose (mg/day)

Mean 95 (81) 95 (76)

Median (IQR) 80 (40–90) 80 (40–120)

Withdrawal‡‡ 2 6

Randomised to carvedilol (or identical tablets of placebo)

Number of patients 33 (33%) 33 (33%)

Dose (mg/day)

Mean 20 (6) 19 (7)

Median (IQR) 18·8 (18·8–25) 18·8 (12·5–25)

Withdrawal§§ 4 2

Values are mean (SD) or n (%), unless otherwise stated. NASH=non-alcoholic 
steatohepatitis. BMI=body-mass index. *None denotes absence of oesophageal 
varices on endoscopy and small varices denotes varices that were flattened by 
insufflation. †Patients with oesophageal and fundal varices (gastro-oesophageal 
varices type 2 according to Sarin’s classification). ‡Among patients with 
portal-systemic collaterals, small oesophageal varices were present in 13 (72%) of 
18 patients in the placebo group and in five (45%) of 11 in the β blockers group. 
§Spleen diameter >12 cm on ultrasound. ¶Liver stiffness by transient elastography. 
||For patients lost to follow-up, mean follow-up time in the placebo group was 
18 months (IQR 14–24) and in the β-blockers group was 18 months (IQR 9–20). 
Ten (77%) of the 13 patients lost to follow-up had history of active or previous 
alcohol intake versus 78 (41%) of 188 who were not lost to follow-up; there were no 
other significant differences between patients lost and not lost to follow-up. 
**In the placebo group 17 (77%) of the 22 patients with alcoholic cause of cirrhosis 
(14 alcohol only and eight alcohol plus hepatitis C virus) were abstinent, 
as compared with 15 (54%) of the 28 patients with alcoholic cause of cirrhosis in the 
β-blockers group (19 alcohol, nine alcohol plus hepatitis C virus). ††In the placebo 
group one patient received an orthoptic liver transplant at month 39 from inclusion 
and in the β-blockers group three patients received an orthoptic liver transplant 
between month 27 and 48 from inclusion. Previous decompensation of cirrhosis 
occurred in the four patients who received a liver transplantation (all had ascites and 
three of them also had encephalopathy). Two of them (one in the placebo group) 
also developed a hepatocellular carcinoma. ‡‡Withdrawal of placebo or propranolol 
(due to side-effects or non-compliance) occurred in two patients of the placebo 
group after a median period of 22 months (IQR 18–34) and in six patients of the 
β blockers group after a median period of 26 months (15–30). §§ Withdrawal of 
placebo  or carvedilol (due to side-effects or non-compliance) occurred in four patients 
of the placebo group after a median period of 24 months (IQR 19–37) and in 
two patients of the β blockers group after a median period of 28 months (21–33).

Table 1: Baseline and procedural characteristics
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to treatment was considered adequate in 83 (82%) of 
100 patients in the β blockers group (30 [91%] of 
33 treated with carvedilol and 53 [79%] of 67 treated 
with propranolol) and 83 (83%) in the placebo group. 
Adherence was poor in two (2%) patients in the 
βblockers group versus four (4%) in the placebo group. 
The study medication was withdrawn in eight patients 
in the βblockers group after a median period of 
27 months (IQR 15–33) and in six patients in the placebo 
group after a median period of 23 months (18–37).

Decompensation or death occurred in 27 patients 
(27%) of 101 in the placebo group and in 16 (16%) of 

100 in the βblockers group. The cumulative incidence 
of decompensation or death during followup was 
significantly lower in the βblockers group than in the 
placebo group (HR 0·51, 95% CI 0·26–0·97; p=0·041 by 
Gray’s test, figure 2), and remained unchanged after 
adjusting for baseline risk factors (0·47, 95% CI 
0·25–0·91; p=0·025). The difference was largely due to a 
significantly reduced incidence of ascites which occurred 
in 20 patients (20%) in the placebo group and in 
nine (9%) in the βblockers group (HR 0·42, 95% CI 
0·19–0·92, p=0·0297 by Graytest). The benefit of therapy 
with β blockers was consistent across prespecified 
subgroups and was particularly pronounced in patients 
with small varices and in patients with nonalcoholic 
cirrhosis (figure 2). The primary endpoint occurred in 
9 of the 33 patients (27%) treated with placebo of 
carvedilol and in 3 of the 33 (9%) treated with active 
carvedilol (HR=0·39, 95%CI 0·10–1·49; p=0·16), and 
occurred in 18 of the 68 patients (26%) treated with 
placebo of propranolol and in 13 of the 67 (19%) treated 
with activepropranolol (HR=0·69, 0·34–1·38; p=0·29).

Baseline haemodynamic parameters were similar in 
both groups (table 2). Patients in the βblockers group 
had a significant degree of β blockade, not observed 
in patients in the placebo group. This was shown by 
significant decreases in heart rate and cardiac index 
at all assessments throughout followup in the βblockers 
group (table 2). Mean arterial pressure decreased mildly 
and similarly in both groups and cardio pulmonary 
pressures increased slightly with β blockers.

HVPG was significantly decreased at each yearly asses
sment during followup in patients in the βblockers 
group whereas it did not change with placebo (table 2). 
Except at baseline, HVPG values were lower in the 
βblockers group than in the placebo group in each 
yearly control. The average reduction of HVPG from 
baseline in the βblockers group was 11% (2·1). In post
hoc analyses, the proportion of patients with an HVPG 
decrease greater than or equal to 10% from baseline 
at 1 year was higher in the βblockers group than in 
the placebo group (40 [51%] of 78 vs 23 [29%] of 78, 
p=0·0088), as well as the proportion of patients with an 
HVPG decrease greater than or equal to 20% (28 [36%] of 
78 vs 13 [17%] of 78, p=0·010). At 1 year, the HVPG was 
less than 10 mm Hg in 19 (24%) of 78 patients in the 
βblockers group versus 13 (17%) of 78 in the placebo 
group (p=0·32), and was less than 12 mm Hg in 41 (53%) 
of 78 cases in the βblockers group versus 28 (36%) of 
78 in the placebo group (p=0·053). Carvedilol decreased 
the HVPG more than propranolol, despite being given 
to nonresponders to intravenous propranolol, with 
significantly higher percentage decreases at 12 months 
(16% [3·7%] vs 10% [2·8%], p=0·036) and 24 months 
(15% [4·2%] vs 9% [3·4%], p=0·048).

More than twothirds of patients developing highrisk 
varices received oesophageal variceal ligation (table 3). 
Since this ligation could influence the incidence of 

Figure 2: Primary endpoint (decompensation or death) according to treatment group
(A) Cumulative incidence. (B) Forest plots. Benefit of β-blockers therapy was consistent across prespecified 
subgroups and seemed particularly pronounced in patients with small varices and in patients with non-alcoholic 
cirrhosis. *Risk of primary endpoint was greater in patients with small varices than in those without varices 
(HR 1·67, 95% CI 1·00–3·34). †In the subgroup of patients with alcoholic cirrhosis, in a post-hoc analysis adjusting 
for abstinence the HR was 1·02 with 95% CI 0·31–3·34.
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Baseline 12 months follow-up 24 months follow-up 36 months follow-up p values*

Patients†

β blockers 100/100 78/88 44/69 22/40 ··

Placebo 101/101 78/87 42/69 25/46 ··

Hepatic venous pressure gradient

Absolute values, mm Hg ·· ·· ·· ·· ptreat<0·001; ptreat*time=0·075; ptime=0·98; pstratum=0·94

β blockers 14·5 (14 to 15) 12·8 (12 to 14) 13·0 (12 to 14) 12·9 (12 to 14) ··

Placebo 14·8 (14 to 16) 15·0 (14 to 16) 14·9 (14 to 16) 14·6 (13 to 16) ··

Change from baseline, %

β blockers ·· −12 (−15 to −8) −10 (−12 to − 5) −10 (−15 to −4) ··

Placebo ·· 1·5 (−2 to 5) 1·2 (−3 to 6) −0·9 (−6 to 5) ··

Cardiac output

Absolute values, mm Hg ·· ·· ·· ·· ptreat=0·049; ptreat*time=0·056; ptime=0·86; pstratum=0·50

β blockers 6·0 (5·6 to 6·5) 5·3 (4·8 to 5·7) 5·4 (4·9 to 5·9) 5·5 (4·9 to 6·1) ··

Placebo 5·9 (5·5 to 6·4) 5·9 (5·5 to 6·4) 5·7 (5·1 to 6·1) 5·9 (5·3 to 6·5) ··

Change from baseline, %

β blockers ·· −12 (−15 to −7) −8 (−13 to −2) −7 (−13 to −1) ··

Placebo ·· 0·6 (−3 to 4) −5 (−11 to −1) −0·3 (−6 to 6) ··

Cardiac index

Absolute values, mm Hg ·· ·· ·· ·· ptreat=0·010; ptreat*time=0·074; ptime=0·29; pstratum=0·58

β blockers 3·4 (3·1 to 3·6) 2·9 (2·7 to 3·2) 2·9 (2·7 to 3·3) 3·0 (2·7 to 3·4) ··

Placebo 3·2 (3·0 to 3·4) 3·5 (3·2 to 3·8) 3·2 (2·8 to 3·5) 3·2 (2·9 to 3·6) ··

Change from baseline, %

β blockers ·· −15 (−21 to −7) −11 (−19 to −3) −10 (−20 to 0) ··

Placebo ·· 11 (4 to 18) −3 (−14 to 4) −2 (−12 to 8) ··

Mean arterial pressure

Absolute values, mm Hg ·· ·· ·· ·· ptreat=0·007; ptreat*time=0·227; ptime=0·28; pstratum=0·70

β blockers 98 (95 to 100) 92 (89 to 95) 92 (89 to 96) 95 (91 to 99) ··

Placebo 96 (93 to 98) 91 (88 to 94) 92 (88 to 95) 93 (88 to 97) ··

Change from baseline, %

β blockers ·· −5 (−7 to 2) −5 (−8 to −2) −2 (−6 to 2) ··

Placebo ·· –3 (–5 to –1) −2 (−5 to 1) −2 (−5 to 2) ··

Heart rate

Absolute values, mm Hg ·· ·· ·· ·· ptreat=<0·001; ptreat*time=0·80; ptime=0·004; pstratum<0·001

β blockers 74 (72 to 76) 61 (59 to 64) 62 (59 to 65) 60 (57 to 64) ··

Placebo 73 (71 to 75) 72 (69 to 74) 69 (65 to 72) 71 (67 to 74) ··

Change from baseline, %

β blockers ·· −16 (−19 to 14) −16 (−18 to −12) −17 (−21 to −13) ··

Placebo ·· −1 (−3 to 1) −5 (−7 to −2) −3 (−6 to 1) ··

Pulmonary artery pressure

Absolute values, mm Hg ·· ·· ·· ·· ptreat=0·81; ptreat*time=0·97; ptime=0·08; pstratum=0·67

β blockers 16·5 (15 to 18) 17·3 (16 to 19) 18·6 (17 to 20) 21·6 (19 to 24) ··

Placebo 16·5 (15 to 18) 17·0 (15 to 18) 18·7 (17 to 21) 17·0 (15 to 19) ··

Change from baseline, %

β blockers ·· 7·5 (−1 to 16) 18 (5 to 29) 19 (17 to 21) ··

Placebo ·· 5 (−3 to 13) 18 (5 to 31) 4 (−11 to 19) ··

Pulmonary wedge pressure

Absolute values, mm Hg ·· ·· ·· ·· ptreat=0·37; ptreat*time=0·89; ptime=0·35; pstratum=0·10

β blockers 8·8 (8 to 10) 10·3 (9 to 11) 10·9 (9 to 12) 13·4 (11 to 15) ··

Placebo 9·7 (9 to 11) 10·0 (9 to 11) 10·6 (9 to 12) 10·1 (8 to 12) ··

Change from baseline, %

β blockers ·· 35 (21 to 53) 66 (39 to 93) 81 (46 to 117) ··

Placebo ·· 13 (−7 to 32) 29 (1 to 57) 22 (−11 to 56) ··

(Table 1 coninues on next page)
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bleeding, we performed a posthoc exploratory analysis 
excluding bleeding which showed a greater benefit 
favouring the βblockers group. The primary outcome 
occurred in 14 patients (14%) of the βblockers group and 
in 27 (27%) of the placebo group (HR 0·42, 95% CI 
0·21–0·84; p=0·012 by Gray’s test).

Thirtysix patients (24 treated with placebo) developed 
decompensation of cirrhosis and 13 of them died 
(nine treated with placebo). Six patients died without 
decompensation and in four of them (two treated with 

placebo) death was liver related. Two patients, both in 
the βblockers group, died of nonliver related causes: 
one myocardial infarction and one haemorrhagic stroke. 
At death, both patients had compensated cirrhosis and 
preserved liver function (both were ChildPugh class A 
and had a Model for Endstage Liver Disesase score <8). 
Such cardiovascular deaths are unlikely to be related 
to β blockers. Specific causes of death are provided 
(appendix). The four patients who received liver trans
plantation had decompensated previously (table 1).

Baseline 12 months follow-up 24 months follow-up 36 months follow-up p values*

(Continued from previous page)

Right atrial pressure

Absolute values, mm Hg ·· ·· ·· ·· ptreat=0·94; ptreat*time=0·44; ptime=0·066; pstratum=0·64

β blockers 5·6 (5 to 6) 6·1 (5 to 7) 7·0 (6 to 8) 8·2 (7 to 10)

Placebo 6·4 (6 to 7) 6·5 (5 to 7) 6·8 (6 to 8) 6·6 (5 to 8)

Change from baseline, %

β blockers ·· 45 (12 to 78) 87 (45 to 129) 103 (49 to 158)

Placebo ·· 24 (−8 to 55) 65 (20 to 110) 64 (21 to 117)

Serum creatinine

Absolute values, mg/100 mL ·· ·· ·· ·· ptreat=0·35; ptreat*time= 0·47; ptime=0·61; pstratum=0·44

β blockers 0·8 (0·5 to 1·1) 0·8 (0·5 to 1·1) 0·8 (0·5 to 1·1) 0·9 (0·6 to 1·4) ··

Placebo 1·1 (1·0 to 1·5) 0·9 (0·5 to 1·1) 0·8 (0·5 to 1·1) 0·8 (0·4 to 1·2) ··

Change from baseline, %

β blockers ·· 0·2 (−7 to 8) 0·5 (−4 to 10) 4 (−7 to 12) ··

Placebo ·· −4 (−16 to 7) −4 (−17 to 8) −3 (−14 to 8) ··

Weight

Absolute values, kg ·· ·· ·· ·· ptreat=0·072; ptreat*time=0·083; ptime=0·26; pstratum=0·91

β blockers 76 (73 to 79) 77 (75 to 79) 77 (74 to 81) 78 (75 to 81) ··

Placebo 76 (73 to 80) 77 (75 to 79) 77 (74 to 80) 77 (74 to 80) ··

Change from baseline, %

β blockers ·· 2·3 (1 to 4) 1·7 (0·2 to 3) 2·9 (1 to 4) ··

Placebo ·· 1 (−0·4 to 2) 1 (−0·6 to 2) 0·5 (−1·3 to 2) ··

Child-Pugh score

Absolute values ·· ·· ·· ·· ptreat=0·21;  ptreat*time=0·63; ptime=0·020; pstratum=0·023 

β blockers 5·7 (5·5 to 5·9) 5·9 (5·7 to 6·1) 5·7 (5·5 to 5·9) 5·8 (5·4 to 5·9) ··

Placebo 5·8 (5·5 to 5·9) 5·8 (5·5 to 5·9) 5·7 (5·5 to 5·9) 5·9 (5·6 to 6·2) ··

Change from baseline, %

β blockers ·· 6 (3 to 10) 2 (−2 to 5) 3 (−2 to 6) ··

Placebo ·· 2 (−1 to 5) −1 (−3 to 2) 3 (−1 to 7) ··

Model for end-stage liver disease score‡

Absolute values ·· ·· ·· ·· ptreat=0·085; ptreat*time=0·56; ptime=0·35; pstratum=0·11

β blockers 6·6 (5·9 to 7·3) 7·2 (6·5 to 7·9) 7·2 (6·4 to 8·1) 7·5 (6·6 to 8·5) ··

Placebo 6·8 (6·1 to 7·5) 6·1 (5·3 to 6·8) 6·5 (5·6 to 7·3) 7·8 (6·7 to 9·8) ··

Change from baseline, %

β blockers ·· 26 (−8 to 51) 19 (−18 to 55) 30 (−13 to 66) ··

Placebo ·· −11 (−27 to 42) 24 (−15 to 64) 68 (20 to 116) ··

Values are mean (95% CI). A second haemodynamic study at 1 year of follow-up was performed in 156 patients (86%) of the 181 remaining in the study. A third haemodynamic study at 2 years was performed in 
86 patients (61%) of the 141 remaining in the study. A fourth study at 3 years was performed in 47 patçients (52%) of the 90 remaining in the study. *p values from the mixed model for repeated measurements 
analysis for the terms treatment effect, treatment-by-time interaction, time effect, and randomisation stratum. p values for the baseline measurement term were always <0·001. †At each time period, 
haemodynamic studies and laboratory controls were performed in patients who remained in the study and accepted to repeat the procedure. In the β-blockers-group, 94 patients remained in the study at 1 year of 
follow-up, 72 at 2 years, and 42 at 3 years of follow-up. In the placebo group, 87 patients remained in the study at 1 year of follow-up, 69 at 2 years, and 48 at 3 years of follow-up. ‡Liver function was assessed at each 
time period by Child-Pugh score and model for end-stage liver disease score. During follow-up, these scores were available in patients remaining in the study, not in those with previous decompensation or death.

Table 2: Baseline and follow-up haemodynamic variables and liver and renal function
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Overall, in a posthoc analysis HVPG decreased in 
patients surviving without decompensation (treated with 
either β blockers or placebo) but not in those developing 
the primary endpoint, with greater percentage changes at 
12 months (−10% [1%] vs 3% [2%], p=0·001) and 
24 months (−9% [2%] vs 1% [4%], p=0·020). In a posthoc 
analysis, the cumulative incidence of the primary 
endpoint was lower in patients who at 1 year had an 
HVPG decrease greater than 10% from baseline or to less 
than 10 mm Hg than in patients without such decreases: 
6 (9%) of 67 patients versus 26 (29%) of 89 patients 
(HR 0·32, 95% CI 0·13–0·75; p=0·0077).

The incidence of decompensation was lower in the 
βblockers group than in the placebo group. Decom
pensation occurred in 12 patients (12%) of the βblockers 
group and in 24 (24%) of the placebo group (HR 0·49, 
95% CI 0·24–0·98, p=0·047). Ascites was the most 
frequent decompensation, occurring in 29 patients (14%) 
whereas variceal bleeding occurred in seven (3%) and 
ence phalopathy in nine (4%).

During followup, fewer patients in the βblockers 
group than in the placebo group developed ascites 
(table 3). In a posthoc analysis, the risk of ascites was 
lower in patients with an HVPG decrease greater than 
10% or to less than 10 mm Hg at 1 year (treated with 
either β blockers or placebo) than in patients without 
such decreases: four (6%) of 67 versus 21 (24%) of 
89 (HR 0·27, 95% CI 0·09–0·75, p=0·012).

Incidence of high risk varices, death from any cause, 
and other secondary outcomes, did not differ between 
groups (table 3). Liver function, assessed by ChildPugh 
score and model for endstage liver disease score, was 
unchanged in both groups (table 2).

Regarding ascites, the benefit of β blockers versus 
placebo was slightly more apparent in the carvedilol 
stratum (HR 0·22, 95% CI 0·02–1·94) than in the 
propranolol stratum (0·50, 95% CI 0·22–1·18). Regarding 
death from any cause, the benefit of β blockers was also 
slightly greater in the carvedilol stratum (0·44, 95% CI 
0·08–2·43) than in the propranolol stratum (0·94, 95% CI 
0·31–2·78).

172 patients (86%) reported adverse events. The overall 
incidence was similar in each group, as were the incidences 
of adverse events considered by the investigator to be 
probably or very probably related to treatment (table 4). 
Severe adverse events occurred in six patients (four in the 
βblockers group); none was fatal.

Discussion
In patients with compensated cirrhosis and CSPH, long
term treatment with nonselective β blockers improves 
decompensationfree survival, mainly by decreasing the 
incidence of ascites. This finding might represent a new 
indication for β blockers in patients with compensated 
cirrhosis.4,5

Survival without developing any decompensation of 
cirrhosis was the primary endpoint of the study. However, 

in cirrhosis, most deaths occur after decompensation, 
whereas in compensated cirrhosis, liver function is 
preserved and deaths are few and usually non
liverrelated.10,14 Therapies targeting prevention of decom
pensation of cirrhosis cannot avoid nonliver related 
deaths. Accordingly, we used competingrisk analysis to 
assess the primary outcome, considering nonliver related 
death as a competing event.

Beyond this observation, the most relevant finding 
of the study was the improvement in decompensation 
risk observed with β blockers. To our knowledge, this 
outcome has not been shown in any randomised 
controlled trial. Our findings do not appear to be due to 
any selection bias, as the risk of decompensation that we 
observed in the placebo group was similar to that 
reported in previous studies assessing the natural history 
of cirrhosis of different causes.15–20 Furthermore, the 
decompensation risk that we observed with β blockers is 
in keeping with previous observational studies suggesting 
a lower risk of decompensation in patients with good 
haemodynamic response to β blockers.21–23

Our results indicate that pharmacological therapy to 
decrease portal pressure can effectively prevent the 
progression of cirrhosis to decompensation, and is 
associated with marked prognostic improvement. The 
study shows that this benefit is mainly due to a decreased 
likelihood of developing ascites, the most common and 
severe decompensating event, for which no preventive 
drug therapy has previously shown efficacy.5,11 In addition, 
the study indicates that a longterm sustained decrease of 
portal hypertension is associated with reduced incidence 
of ascites, which underlines the pathogenic relevance of 

Placebo group 
(n=101)

β-blockers 
group (n=100)

Risk (95% CI)* p value†

Decompensation or death

Overall‡ 27 (27%) 16 (16%) 0·51 (0·26–0·97) 0·0412

Secondary outcomes

Ascites 20 (20%) 9 (9%) 0·42 (0·19–0·92) 0·030

Gastrointestinal bleeding 3 (3%) 4 (4%) 1·52 (0·34–6·82) 0·61

Overt hepatic encephalopathy 5 (5%) 4 (4%) 0·92 (0·40–2·21) 0·98

Death from any cause 11 (11%) 8 (8%) 0·54 (0·20–1·48) 0·23

Varices 56 (56%) 58 (58%) 1·15 (0·65–2·02) 0·72

High-risk varices§ 25 (25%) 16 (16%) 0·60 (0·30–1·21) 0·15

Spontaneous bacterial peritonitis 4 (4%) 2 (2%) 0·49 (0·10–2·70) 0·40

Other bacterial infections¶ 19 (19%) 15 (15%) 0·81 (0·41–1·59) 0·54

Hepatorenal syndrome 1 (1%) 1 (1%) 0·99 (0·06–15·96) 0·96

Hepatocellular carcinoma 17 (17%) 13 (13%) 0·76 (0·37–1·54) 0·43

Percentages are crude incidences of events occurring at any time during the follow-up. *Values indicate the hazard 
ratio of an outcome in the β-blockers group as compared with the placebo group. †Comparison of cumulative 
incidences by competing-risk analysis (differences assessed by Gray’s test). ‡The absolute reduction in the incidence of 
the primary outcome was of 11% (95% CI 0–22). §Among patients with high-risk varices, oesophageal variceal ligation 
to prevent bleeding was performed in 18 (72%) of 25 patients in the placebo group versus 11 (69%) of 16 in the 
non-selective β-blockers group. ¶Including spontaneous bacterial peritonitis, and other documented bacterial 
infections during follow-up.

Table 3: Long-term outcomes
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portal hypertension in the development of ascites. In 
keeping with this finding, portalsystemic shunts (either 
surgical or transcutaneous intrahepatic portosystemic 
shunt), which markedly decrease portal pressure, 
improve the management of ascites.24 Our study shows 
that ascites can be effectively prevented by decreasing 
portal pressure with β blockers, without administering 
diuretics, resulting in an improved decompensationfree 
survival. In addition, our results show that patients 
remaining compensated have lower portal pressure 
during followup than those developing decompensation.

We observed a significant reduction in heart rate and 
cardiac index, indicating an adequate β blockade, in 
patients receiving active therapy but not in those 
receiving placebo. Furthermore, patients treated with 
β blockers had an improvement in HVPG during 
followup not observed with placebo. Baseline portal 
pressure was similar in both groups, but the HVPG was 
significantly lower at each yearly assessment in patients 
receiving β blockers whereas it did not change in the 
placebo group. The proportion of patients with sustained 
HVPG decreases with clinical prognostic significance, 
such as a reduction of greater than 10% from baseline or 
to less than 10 mm Hg, was greater in those treated with 

β blockers. It is probable that such an effect on portal 
pressure might have accounted for the beneficial effects 
that we observed with β blockers on prevention of 
cirrhosis decompensation.12,22

Our results contrast with a previous randomised 
controlled trial showing inefficacy of timolol to prevent 
the development of varices in compensated cirrhosis 
with HVPG either greater than or equal to 10 mm Hg or 
less than 10 mm Hg.6 A major finding in that study was a 
lower risk of developing varices when the HVPG was 
below 10 mm Hg. A subsequent nested study confirmed 
a much greater risk of decompensation when HVPG was 
greater than or equal to 10 mm Hg.3 Furthermore, the 
current study shows that in compensated cirrhosis with 
HVPG greater than or equal to 10 mm Hg the presence 
of varices confers a higher risk of decompensation, and 
only patients without varices were included in the timolol 
trial. Thus, the timolol trial included a considerable 
proportion of lowrisk patients. Precisely because of the 
findings of that trial, in the current study, inclusion was 
restricted to patients with HVPG greater than or equal to 
10 mm Hg. Moreover, the effect of β blockers decreasing 
HVPG is due to the attenuation of the increased portal 
inflow which follows hyperdynamic circulation.7,8 In 
cirrhosis with HVPG less than 10 mm Hg, the hyper
dynamic syndrome is still underdeveloped and β blockers 
induce a much lower effect on portal pressure than when 
CSPH develops.8 Concordantly, the present study showed 
a reduction in portal pressure at each yearly control with 
β blockers but not with placebo. This was not achieved at 
any timepoint in the timolol trial. Altogether, the available 
data suggest that patient selection might have contributed 
to the different results observed in both randomised 
controlled trials. In the timolol trial, as in the current 
study, patients decreasing the HVPG by more than 
10% of baseline had a decreased risk of decompensation.3,6

Observational studies suggest that HVPG monitoring 
might be useful to stratify risk and guide therapy.21,22 
Accordingly, we incorporated monitoring of the acute 
HVPG response to β blockers in order to treat responders 
with propranolol and nonresponders with carvedilol, 
because carvedilol has a greater HVPG decreasing effect 
than propranolol and might achieve response in non
responders.25,26 Certainly, the longterm HVPGreduction 
that we observed with carvedilol in nonresponders was 
better than that obtained with propranolol in responders. 
Moreover, studies suggest that carvedilol might be 
particularly adequate in early compensated cirrhosis,27,28 
since its intrinsic vasodilator activity (due to antiα
adrenergic activity and enhanced release of nitric oxide) 
might decrease hepatic vascular resistance, the pre
dominant mechanism of portal hypertension in the early 
stages of cirrhosis.7,8 Indeed, we observed a slight 
improvement in outcomes and better adherence to 
therapy with carvedilol than with propranolol, altogether 
suggesting that carvedilol might be the preferable 
β blocker in this setting. All these data gained after this 

Placebo 
group 
(n=101)

β blockers 
group 
(n=100)

Overall 88 (87%) 84 (84%)

Probably related to treatment* 30 (30%) 39 (39%)

Very probably related to treatment† 15 (15%) 16 (16%)

Total number of adverse events‡ 45 57

Major adverse events§ 2 (2%) 4 (4%)

Syncope 1 2

Bradyarrhythmia 0 1

Heart failure 0 1

Acute coronary syndrome 1 0

Minor adverse events¶ 28 (28%) 36 (36%)

Weakness 17 23

Shortness of breath 2 4

Dizziness or hypotension 9 9

Bradycardia 2 3

Headache 1 2

Impotence 3 2

Gastrointestinal symptoms 3 2

Other 6 7

*Adverse events that were subjectively considered by the investigator to be 
probably related to drug treatment. †Adverse events that were subjectively 
considered by the investigator to be very probably related to drug treatment. 
‡Some patients had more than one type of adverse event probably or very 
probably related to treatment: in the placebo group, 101 patients had 45 adverse 
events and in the β-blockers group 100 patients had 57 adverse events. 
§Adverse effects were considered severe if the health or safety of the patient was 
endangered. ¶In the placebo group, 28 patients had 43 minor adverse events. 
In the β-blockers group, 36 patients had 52 minor adverse events and, in this 
group, two patients had both minor and major complications.

Table 4: Adverse outcomes
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study was planned, suggest that instead of selecting the 
drug on the basis of its effects on portal pressure, all 
patients could have been treated upfront with carvedilol, 
thus omitting the need to assess HVPG response.

In compensated cirrhosis, the presence of CSPH either 
with or without varices, is associated with an increased 
risk of decompensation.3,10 The preplanned subgroup 
analysis of this study showed that patients with CSPH 
could be subdivided according to the presence or absence 
of small varices, as varices carry a higher risk of de
compensation. Among patients with CSPH, those with 
varices have a more developed hyperdynamic circulation 
and higher portal pressure than those without varices.8 
These haemodynamic disturbances might account for 
the increased risk of decompensation. It is important to 
note that in our study, treatment with β blockers was 
particularly successful in patients with small varices, 
who up to now received no treatment until developing 
highrisk varices according to existing guidelines. These 
guidelines recommend prophylactic treatment with 
β blockers or oesophageal variceal ligation to prevent 
bleeding once highrisk varices develop.4,5 Our study 
shows that β blockers can also prevent ascites, which 
occurs more frequently than bleeding. This additional 
benefit should be considered when advising therapy for 
highrisk varices since it is not afforded by endoscopic 
band ligation. Furthermore, our findings support use of 
β blockers in patients with small varices, in concordance 
with studies suggesting that β blockers might prevent the 
progression of small to large varices.5,28

In this study the benefit of β blockers was mainly 
apparent after the first 24 months of followup, 
progressively increasing thereafter. This suggests that a 
longer followup might have detected a greater benefit. 
However, a substantial proportion of our patients had 
hepatitis C virusrelated cirrhosis with active infection 
and the new directacting antivirals were introduced 
during the last year of the study.9 These agents are safe 
and highly effective to achieve sustained virological 
response, which can improve liver fibrosis and portal 
hypertension and can prevent decompensation.29 This 
prompted study termination before planned, to allow the 
treatment of patients with hepatitis C viruscirrhosis 
without jeopardising the results of the study by the 
potential benefit of directacting antivirals on disease 
progression and on preventing decompensation. Never
the less, studies have shown that despite achieving 
sustained virological response a large proportion of 
patients with cirrhosis and CSPH still maintain CSPH 
and are at risk of decompensation, even if HVPG 
improves.29 This finding suggests that β blockers might 
still be needed after virological response, which should 
be investigated in future studies that are adequately 
powered and with appropriate followup length.

Our trial has several limitations. The results cannot be 
generalised to all patients with cirrhosis, because we 
excluded those with highrisk varices who are known to 

benefit from prophylactic therapy. Using HVPG to select 
patients also constitutes a limitation. At present, this is the 
goldstandard to identify CSPH.5,22 However, several non
invasive tools, such as elastography, are now available to 
accurately identify this specific population (liver stiffness 
≥20–25 kPa by transient elastography is highly suggestive 
of CSPH in virus related cirrhosis).4,30 Furthermore, 
imaging techniques by detecting varices or portalsystemic 
collaterals can also identify CSPH.4 These observations 
suggest that patient selection might soon be easier and 
noninvasive. Factors such as the openlabel titration 
period or heartrate changes might affect inadvertently 
study blindness. To limit this, a study nurse measured 
vital signs to keep investigators unaware. Even if 
assessment of blinding effectiveness was not planned, 
observer bias is unlikely owing to the objectivity of 
the primary outcome. Some eligible patients refused 
participation which might introduce inadvertent selection 
bias. Nevertheless, the study was double blind and placebo 
controlled which should have minimised this and other 
frequent sources of bias in clinical trials. Finally, although 
the study is relatively small, the sample size assumption 
was reached, and the HR and 95% CI observed regarding 
the primary outcome and the main secondary outcome 
(ie, ascites) clearly favours β blockers and confers 
robustness and consistency to our results.
Contributors
CV and JB conceived and designed the study and wrote the protocol. 
AA, JG, JCGP, JGA, RB, SA, CA, and JLC made substantial 
contributions to the study design and protocol. All authors participated 
in inclusion of study participants and in acquisition of data. CV, FT, 
and JB were responsible for the statistical analysis plan and data 
analysis, and all authors contributed to data interpretation. CV and JB 
wrote the first draft, and all authors revised the manuscript critically for 
important intellectual content. All authors approved the final version to 
be published and they all agreed to be accountable for all aspects of the 
work in ensuring that questions related to the accuracy or integrity of 
any part of the work are appropriately investigated and resolved. 
No one who is not an author contributed to the manuscript. CV and 
JB made equal contributions and share first and senior authorship.

Declaration of interests
JCGP reports grants from Novartis, Gore, and Exhalenz, outside the 
submitted work. JGA reports personal fees from Theravance and Lupin, 
outside the submitted work. JB reports grants from Instituto de Salud 
Carlos III, the European Commission, and Centro de Investigacion 
Biomedica en Red de Enfermedades Hepaticas y Digestivas (Ciberehd), 
during the conduct of the study; grants from BioVie, Exallenz, Inventiva, 
Barcelona Liver Biosystems, personal fees from Gilead, Actelion, 
Chiasma, Brudy Lab, and grants and personal fees from Conatus, outside 
the submitted work. All other authors declare no competing interests.

Acknowledgments
This investigatorinitiated trial received no commercial support and has 
been supported by competitive grants from the Instituto de Salud 
Carlos III (Spanish Ministries of Health and of Economy; EC08/00087, 
PI10/01552, PI13/02535, PS09/00485, PI14/00876, and PI15/00066). 
The CIBERehd is funded by the Instituto de Salud Carlos III (ISCiii). 
EA is a recipient of a Río Hortega fellowship grant from the Instituto de 
Salud Carlos III. We thank Sara Varea, Joan A Arnaiz, and the Clinical 
Trials Unit at the University of Barcelona for monitoring the study and 
for the support to the study sites; Ainhoa RodriguezArias and the 
Department of Pharmacology of the Hospital de Sant Pau (Barcelona) 
for the preparation and distribution of the study medication; 
the independent Data Safety Monitoring Board committee members 



Articles

1608 www.thelancet.com   Vol 393   April 20, 2019

Annalisa Berzigotti from the Liver Unit, Institut Malalties Digestives I 
Metaboliques, IDIBAPS, Hospital Clínic (Barcelona) and José Ríos from 
the Clinical Trials Unit and the Biostatistics Unit, at the Faculty of 
Medicine, Universitat Autònoma de Barcelona (Barcelona); and the 
following participants from all study sites (appendix) for their excellent 
cooperation and for their effort in the PreDesCI study: X Torras, 
J Cadafalch, A Ardevol, I Graupera, O Pavel, X Diez, H Vargas, 
JC Pernas, M Barcons, A Gallego, G Soriano, J Gordillo, M Santaló, 
S Benito, and C Guarner from Hospital Santa Creu I Sant Pau 
(Barcelona); L Téllez, J Martínez, M Á RodríguezGandía, F Mesonero, 
and C Martín from Hospital Universitario Ramón y Cajal (Madrid); 
L Millán, M Pons, and M Torrens from Hospital Vall d’Hebron 
(Barcelona); A Berzigotti, S Seijóo, V HernandezGea, F Turon, J Llach, 
C Bru, and A Escorsell from Hospital Clínic (Barcelona); E Llop, 
and C Perello from Hospital Universitario Puerta de Hierro (Madrid); 
JM Miñana, N Zaragoza, J Buenestado, and JM Reñé from Hospital 
Arnau de Vilanova (Lleida); C Ripoll, J GarcíaLledó, MV Catalina, 
and D Rincón from Hospital Gregorio Marañón (Madrid) and R Planas 
from Hospital Germans Trias (Badalona).

References
1 Tsochatzis EA, Bosch J, Burroughs AK. Liver cirrhosis. Lancet 2014; 

383: 1749–61.
2 D’Amico G, GarciaTsao G, Pagliaro L. Natural history and 

prognostic indicators of survival in cirrhosis: a systematic review of 
118 studies. J Hepatol 2006; 44: 217–31.

3 Ripoll C, Groszmann R, GarciaTsao G, et al. Hepatic venous 
pressure gradient predicts clinical decompensation in patients with 
compensated cirrhosis. Gastroenterology 2007; 133: 481–88.

4 De Franchis R. Expanding consensus in portal hypertension. 
Report of the Baveno VI Consensus Workshop: stratifying risk and 
individualizing care for portal hypertension. Revising consensus in 
portal hypertension. J Hepatol 2015; 63: 743–52.

5 GarciaTsao G, Abraldes JG, Berzigotti A, Bosch J. Portal hypertensive 
bleeding in cirrhosis: Risk stratification, diagnosis and management: 
2016 practice guidance by the American Association for the Study of 
Liver Diseases. Hepatology 2017; 65: 310–35.

6 Groszmann RJ, GarciaTsao G, Bosch J, et al. Betablockers to 
prevent gastroesophageal varices in patients with cirrhosis. 
N Engl J Med 2005; 353: 2254–61.

7 Iwakiri Y, Groszmann RJ. The hyperdynamic circulation of chronic 
liver diseases: from the patient to the molecule. Hepatology 2006; 
43 (suppl 1): S121–31.

8 Villanueva C, Albillos A, Genescà J, et al. Development of 
hyperdynamic circulation and response to βBlockers in 
compensated cirrhosis with portal hypertension. Hepatology 2016; 
63: 197–206.

9 Poordad F, Hezode C, Trinh R, et al. ABT450/rombitasvir and 
dasabuvir with ribavirin for hepatitis C with cirrhosis. N Engl J Med 
2014; 370: 1973–82.

10 D’Amico G, Pasta L, Morabito A, et al. Competing risks and 
prognostic stages of cirrhosis: a 25year inception cohort study of 
494 patients. Aliment Pharmacol Ther 2014; 39: 1180–93.

11 European Association for the Study of the Liver. EASL clinical 
practice guidelines on the management of ascites, spontaneous 
bacterial peritonitis, and hepatorenal syndrome in cirrhosis. 
J Hepatol 2010; 53: 397–417.

12 HernándezGea V, Aracil C, Colomo A, et al. Development of ascites 
in compensated cirrhosis with severe portal hypertension treated 
with βblockers. Am J Gastroenterol 2012; 107: 418–27.

13 ICH E9 Statistical Principles for Clinical Trials 
(CPMP/ICH/363/96). http://www.ema.europa.eu/docs/en_GB/
document_library/Scientific_guideline/2009/09/WC500002928.pdf 
(accessed April 30, 2013).

14 Jepsen P, Vilstrup H, Andersen PK. The clinical course of cirrhosis: 
the importance of multistate models and competing risks analysis. 
Hepatology 2015; 62: 292–302.

15 Sanyal AJ, Banas C, Sargeant C, et al. Similarities and Differences 
in Outcomes of Cirrhosis Due to Nonalcoholic Steatohepatitis and 
Hepatitis C. Hepatology 2006; 43: 682–89.

16 Bruno S, Zuin M, Crosignani A, et al. Predicting mortality risk in 
patients with compensated HCVinduced cirrhosis: a longterm 
prospective study. Am J Gastroenterol 2009; 104: 1147–58.

17 Bhala N, Angulo P, van der Poorten D, et al. The natural history of 
nonalcoholic fatty liver disease with advanced fibrosis or cirrhosis: 
an international collaborative study. Hepatology 2011; 54: 1208–16.

18 Jepsen P, Ott P, Andersen PK, Sørensen HT, Vilstrup H. Clinical 
course of alcoholic liver cirrhosis: a Danish populationbased cohort 
study. Hepatology 2010; 51: 1675–82.

19 Trinchet JC, Bourcier V, Chaffaut C, et al. Complications and 
competing risks of death in compensated viral cirrhosis 
(ANRS CO12 CirVir prospective cohort). Hepatology 2015; 
62: 737–50.

20 Di Marco V, Calvaruso V, Ferraro D, et al. Effects of eradicating 
hepatitis C virus infection in patients with cirrhosis differ with 
stage of portal hypertension. Gastroenterology 2016; 151: 130–39.

21 D’Amico G, GarciaPagan JC, Luca A, Bosch J. Hepatic vein 
pressure gradient reduction and prevention of variceal bleeding in 
cirrhosis: A systematic review. Gastroenterology 2006; 131: 1611–24.

22 Bosch J, Abraldes JG, Berzigotti A, GarcíaPagan JC. The clinical 
use of HVPG measurements in chronic liver disease. 
Nat Rev Gastroenterol Hepatol 2009; 6: 573–82.

23 Villanueva C, Miñana J, Ortiz J, et al. Endoscopic ligation compared 
with combined treatment with nadolol plus isosorbide mononitrate 
to prevent recurrent variceal bleeding. N Engl J Med 2001; 
345: 647–55.

24 Salerno F, Cammà C, Enea M, Rössle M, Wong F. Transjugular 
intrahepatic portosystemic shunt for refractory ascites: 
a metaanalysis of individual patient data. Gastroenterology 2007; 
133: 825–34.

25 Bosch J. Carvedilol: the βblocker of choice for portal hypertension? 
Gut 2013; 62: 1529–30.

26 Reiberger T, Ulbrich G, Ferlitsch A, et al. Carvedilol for primary 
prophylaxis of variceal bleeding in cirrhotic patients with 
haemodynamic nonresponse to propranolol. Gut 2013; 62: 1634–41.

27 Tripathi D, Ferguson JW, Kochar N, et al. Randomized controlled 
trial of carvedilol versus variceal band ligation for the prevention of 
the first variceal bleed. Hepatology 2009; 50: 825–33.

28 Bhardwaj A, Kedarisetty CK, Vashishtha C, et al. Carvedilol delays 
the progression of small oesophageal varices in patients with 
cirrhosis: a randomised placebocontrolled trial. Gut 2017; 
66: 1838–43.

29 Lens S, AlvaradoTapias E, Mariño Z, et al. Effects of alloral 
antiviral therapy on hvpg and systemic hemodynamics in patients 
with hepatitis C virusassociated cirrhosis. Gastroenterology 2017; 
153: 1273–83.

30 Abraldes JG, Bureau C, Stefanescu H, et al. Noninvasive tools and 
risk of clinically significant portal hypertension and varices in 
compensated cirrhosis: the “Anticipate” study. Hepatology 2016; 
64: 2173–84.


	β blockers to prevent decompensation of cirrhosis inpatients with clinically significant portal hypertension(PREDESCI): a randomised, double-blind, placebo-controlled,multicentre trial
	Introduction
	Methods
	Study design
	Participants
	Randomisation and masking
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


