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“Keep your friends close, but your enemies closer.”
-   Dialogue spoken by Michael Corleone in “The Godfather Part 

II,” Paramount Pictures 1974

INTRODUCTION

Nonselective beta-adrenergic blockers (NSBBs) have been used 

in the management of portal hypertension in patients with cirrho-
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Nonselective beta-adrenergic blocker (NSBB) therapy for the prevention of initial and recurrent gastrointestinal bleeding 
in cirrhotic patients with gastroesophageal varices has been used for the past four decades. NSBB therapy is considered 
the cornerstone of treatment for varices, and has become the standard of care. However, a 2010 study from the group 
that pioneered β-blocker therapy suggested a detrimental effect of NSBBs in decompensated cirrhosis, especially in 
patients with refractory ascites. Since then, numerous additional studies have incompletely resolved whether NSBBs are 
deleterious, although more recent evidence weighs against a harmful effect. The possibility of a “therapeutic window” 
has also been raised. We aimed to review the literature to analyze the pros and cons of using NSBBs in patients with 
cirrhosis, not only with respect to bleeding or mortality but also to other potential benefits and risks. β-blockers are 
highly effective in preventing first bleeding and recurrent bleeding. Furthermore, NSBBs improve congestion/ischemia 
of the gut mucosa, decrease intestinal permeability, and therefore indirectly alleviate systemic inflammation. β-blockers 
shorten the electrocardiographic prolonged QTc interval and may also decrease the incidence of hepatocellular 
carcinoma. On the other hand, the possibility of deleterious effects in cirrhosis has not been completely eliminated. 
NSBBs may be associated with an increased risk of portal vein thrombosis, although this could be correlational artifact. 
Overall, we conclude that β-blockers in cirrhosis are much more of a friend than enemy. (Clin Mol Hepatol 2021;27:425-
436)
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sis for the past 40 years.1,2 In 1980, Lebrec and colleagues1 con-

ducted a randomized trial and found that propranolol, at doses 

reducing the heart rate by 25%, significantly decreased the portal 

pressure in cirrhotic patients with portal hypertension. They spec-

ulated that the portal-hypotensive effect of propranolol might be 

useful in the prevention of recurrent bleeding caused by esopha-

geal varices. This seminal study helped usher in the “golden age” 

of cardio-hepatology through research on cardiovascular anoma-

lies in liver disease and vice-versa. Nowadays, NSBBs have been 

established as the standard of care to prevent variceal bleeding 

and rebleeding.3

What was not to like about β-blockers in cirrhosis? Numerous 

studies clearly demonstrated their efficacy in reducing the inci-

dence of a first variceal bleed (primary prophylaxis) and rebleed-

ing (secondary prophylaxis), with relatively few serious adverse 

effects (reviewed in Lebrec,4 Jakab and Garcia-Tsao,5 Korean As-

sociation for the Study of the Liver,6 and Brunner et al.7). The the-

oretical risk of reducing cardiac output and thereby inducing arte-

rial hypotension and tissue ischemia proved to be generally 

unfounded, as the chronic β-blockade allowed unopposed 

α-adrenergic vasoconstriction to offset the reduction in cardiac 

output and maintain arterial pressure in most patients.4,8 Only a 

small percentage of cirrhotic patients showed significant hypoten-

sion after starting β-blockade. Furthermore, known adverse ef-

fects such as precipitation/worsening of asthma, increasing elec-

trocardiographic first-degree heart block and reduced exercise 

tolerance were clinically insignificant in the vast majority of pa-

tients.

Therefore, in the world of liver research, it was surprising when 

Lebrec’s group published a study suggesting that β-blocker thera-

py in patients with advanced cirrhosis and refractory ascites was 

associated with significant harms, such as decreased survival.9 As 

this came from the acknowledged “founding father” of β-blockers 

in portal hypertension, Lebrec’s study received great attention, 

and several institutes attempted to confirm or refute this hypothe-

sis.

β-blockers may exert harmful effects in cirrhotic patients by 

several potential mechanisms: 1) decreasing the mean arterial 

pressure (MAP), heart rate, and ventricular contractility, and thus 

diminishing organ perfusion; 2) precipitating acute kidney injury 

(AKI);10 3) triggering paracentesis-induced circulatory dysfunction 

(PICD) after large-volume paracentesis; and 4) inducing a portal-

hypotensive effect that may increase the risk of occlusive portal 

vein thrombosis (PVT).11 Besides the effects on variceal bleeding 

and the kidney, other potential benefits and harms have also been 

suggested (Table 1). See Figure 1 for an overview of β-blockers’ 

mechanisms of action. Here, we have reviewed the pros and cons 

of using non-selective β-blockers in patients with cirrhosis.

NSBBS REDUCE PORTAL PRESSURE 

It is well-known that β-adrenoceptors increase cardiac conduc-

tion, heart rate, and contractility, and thereby increase cardiac 

output. Patients with cirrhosis are characterized by decreased ar-

Table 1. Summary of effects of β-adrenergic blockers

Beneficial effects Deleterious effects

Decrease variceal bleeding risk
a) Primary prophylaxis
b) Secondary prophylaxis

Decrease survival in 
decompensated cirrhosis?

Decrease portal hypertensive 
gastropathy

Decrease renal perfusion

Decrease prolonged QTc interval Increase portal vein thrombosis?

Decrease systemic inflammation? 

Decrease hepatocellular 
carcinoma risk?

QTc, corrected QT interval; ?, controversial or unproven.

Figure 1. Mechanisms underlying the effects of β-adrenergic blockade 
in cirrhotic patients. CO, cardiac output; HR, heart rate; PV, portal vein; 
AKI, acute kidney injury.

← β-adrenergic blocker

↓ 
CO↓ HR↓

Unopposed α-adrenergic
vasoconstriction

Gut blood flow↓
PV blood flow↓
PV pressure↓
Hepatic artery flow↓

Variceal blood flow↓
Variceal pressure↓

Renal blood flow↓
AKI?
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terial pressure and increased cardiac output, which is called hyper-

dynamic circulation. Among the multiple causes of hyperdynamic 

circulation, the adrenergic system plays a critical role, and the car-

diovascular β-adrenoceptor is overdriven. The blockade of 

β-receptors should protect the heart from damage due to sympa-

thetic overactivation which promotes catecholamine cardiotoxicity.

On the other hand, portal venous hypertension is derived from 

increased blood flow resistance in the liver and portal vein (back-

ward flow theory), as well as increased mesenteric blood flow 

(forward flow theory). The hydrodynamic formula, P= Q × R (por-

tal pressure = mesenteric blood flow × liver resistance), implies 

that the blockade of β1-receptors decreases cardiac output, which 

reduces mesenteric blood flow and portal pressure. Another tar-

get of NSBBs is the β2-adrenergic receptor, which vasodilates 

mesenteric circulation. The blockade of β2-receptors allows an un-

opposed vasoconstrictive α-adrenergic effect in the splanchnic 

vasculature,12 which also decreases blood flow and thus reduces 

pressure in the portal vein.

Poynard and colleagues13 analyzed four randomized controlled 

trials (RCTs) and found that in 2 years of follow-up, 78% of 

β-blocker treated-patients (two RCTs used propranolol, two nado-

lol) did not have upper gastrointestinal bleeding; this percentage 

was 65% in the controls (P<0.01). About 90% of the patients on 

NSBB treatment had no fatal bleeding; this percentage was 82% 

in patients without NSBB treatment (P=0.01). Moreover, 62% of 

the survivors in NSBB group did not experience variceal hemor-

rhage after 2 years; this percentage was 53% in patients without 

NSBB treatment (P<0.05). After adjustment for the cause, severity 

of cirrhosis, ascites, and variceal size, NSBB groups still had fewer 

total bleeds (P<0.01) and fatal bleeds (P<0.01) compared to pla-

cebo controls. The authors concluded that β-blockers are effective 

for preventing first bleeding and reducing the mortality rate asso-

ciated with gastrointestinal bleeding, regardless of the cirrhosis 

severity.13

Patients with acute-on-chronic liver failure (ACLF) who present 

with variceal bleeding represent a special subpopulation. In this 

particular group, a recent study reported by Shin and colleagues14 

from the Korean ACLF consortium demonstrated that the pres-

ence of ACLF was associated with significantly increased mortality 

compared to those without ACLF.

Furthermore, Kumar and colleagues15 demonstrated that NSBB 

improves survival, and decreases the number of AKI and sponta-

neous bacterial peritonitis events in patients with ACLF. Therefore, 

NSBB may be a useful therapeutic agent for ACLF patients with 

variceal bleeding.

It is documented that a sizable minority, approximately  

30–50% of patients with cirrhosis, do not respond to NSBB ther-

apy hemodynamically with a significant drop in portal pressure.4,5,7 

Interestingly, NSBBs have remained effective in the prevention of 

variceal hemorrhage in a large proportion of hemodynamic non-

responders.4,5,7 This suggests that NSBBs may prevent other trig-

gers of variceal bleeding, such as inflammation and infection.16

NSBBS ALLEVIATE SYSTEMIC INFLAMMATION

Moreau and colleagues17 investigated the relationship between 

NSBBs and systemic inflammation in patients with ACLF, and 

found that the intensity of systemic inflammation (as judged by 

markers such as high leukocyte count and plasma C-reactive pro-

tein (CRP) concentration) parallels the severity of ACLF. The de-

gree of inflammatory reaction was an independent predictor of 

post-enrolment development of ACLF and ACLF-associated mor-

tality. Jalan et al.18 also found that, in patients with ACLF, the abil-

ity to resolve inflammation (reduce CRP) was correlated with the 

prognosis. Cazzaniga and coworkers19 studied not only patients 

with ACLF but also cirrhotic patients consecutively admitted to 

the hospital, and found that systemic inflammation is closely as-

sociated with the severity of liver disease, portal hypertension-re-

lated complications, and poor survival.

The mechanism underlying these changes may be the so-called 

“inflammatory phenotype” of cirrhosis. Patients with cirrhosis are 

prone to develop increased levels of bacteria and bacterial toxins 

in circulation. This is in part due to the defective innate immune 

function in cirrhosis, including defective bactericidal and opsonic 

activities, chemotaxis, phagocytosis, monocyte function, and low 

serum complement levels.20 In addition, the combination of portal 

hypertension congesting the gut mucosa and impaired bowel mo-

tility leads to increased intestinal permeability and bacterial over-

growth.21,22 As a result, these factors induce gut translocation of 

bacteria and endotoxin, and unleash a humoral and cell-mediated 

inflammatory response, known as the “inflammatory pheno-

type”.21,23 In cirrhosis, the inflammatory phenotype may be in-

volved in the pathogenesis of several cardiovascular complica-

tions, including cirrhotic cardiomyopathy.24

Several studies have found that NSBBs alleviate systemic inflam-

mation.22,25,26 β-blockers may exert this effect by reducing mesen-

teric venous congestion, as well as directly decreasing intestinal 

permeability.16,22,26 Mookerjee and coworkers26 demonstrated that 

NSBB treatment was associated with lower grades of ACLF, and 
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significantly more patients with ongoing β-blocker treatment ex-

perienced improvement. This improvement was associated with a 

considerably lower white cell count. In comparison, patients who 

were not treated with β-blocker tended to show worsening of 

ACLF during their hospital stay. Furthermore, the patients who 

discontinued NSBB treatment had significantly higher 28-day and 

3-month mortality rates.26

NSBBS DECREASE ELECTROCARDIOGRAPHIC 
QT INTERVALS

The QT interval on an electrocardiogram (ECG) is a measure of 

ventricular depolarization and repolarization. The QT interval must 

be corrected for the heart rate (QTc); and although there are sev-

eral methods for doing this, the commonly-used Bazett formula 

should be avoided in favor of the more stringent Friedericia meth-

od.27 Approximately 30–60% of patients with cirrhosis have a 

prolonged QTc interval.28,29

Two previous studies reported that cirrhotic patients with pro-

longed QTc had significantly lower survival rates than those with 

normal QTc interval.30,31 However, these results must be confirmed 

by larger prospective observational studies, as this association 

may merely reflect that QT intervals generally correlate with the 

degree of liver dysfunction; in other words, more advanced cirrho-

sis shows greater prolongation of QTc. Peter and colleagues dem-

onstrated that QTc, serum Na+ concentration, and β-blocker use 

predicted the development of hepatorenal syndrome (HRS) in 78 

consecutive patients who were admitted for variceal bleeding.32 

However, as there were only 14 cases of HRS, this small study 

should be confirmed by larger trials.

β-blockers are known to decrease the QTc interval.33,34 Henrik-

sen and colleagues33 found that acute β-blockade reduced cardiac 

output, heart rate, hepatic venous pressure gradient (HVPG), and 

QTc 90 minutes after an oral dose of propranolol. The decrease of 

QTc was observed only in cirrhotic patients with prolonged QTc, 

and not controls. Furthermore, the percentage decrease in QTc 

correlated with the reduction in HVPG and cardiac output.33 Zam-

bruni et al.34 reported a similar result with nadolol dosed chroni-

cally over 1–3 months, with only the patients with prolonged QTc 

showing a decrease.

Although prolonged QTc has been associated with increased 

risk of ventricular arrhythmias and even sudden cardiac death in 

several noncirrhotic heart diseases, whether this still holds true in 

patients with cirrhosis is doubtful. To date, there is no convincing 

evidence that prolonged QT interval in cirrhosis is anything more 

than an electrophysiological curiosity, nor whether correcting the 

prolonged QT interval conveys any definite clinical benefit.

NSBBS AND HEPATOCELLULAR CARCINOMA 
(HCC)

There are several possible theoretical pathways by which NSBBs 

may reduce the incidence of HCC: 1) NSBBs decrease the portal 

pressure. Ripoll and colleagues demonstrated that HVPG is an in-

dependent predictor of HCC development. They divided patients 

into two groups based on a cut-off value of 10 mmHg of HVPG, 

and found that patients whose HVPG were more than 10 mmHg 

had a 6-fold increase in the HCC incidence;35 2) β-blockers inhibit 

the effect of catecholamines. It is well-known that catecholamines 

can stimulate cancer cell migration, invasiveness, and prolifera-

tion. Studies have demonstrated that NSBBs prevent or have ther-

apeutic effects on different cancers such as gastric, pancreatic, 

and breast cancers;36-38 3) β-blockers inhibit the inflammatory 

phenotype. Inflammation is a key driver of malignant transforma-

tion in hepatocytes;39 and 4) β-blockers have anti-angiogenic ef-

fects.40

Herrera and colleagues41 reported on 173 HCV-related cirrhotic 

patients in a Spanish national registry over a median follow-up 

period of 11 years. Among them, 73 patients were treated with 

NSBBs. They reported that the likelihood of HCC diagnosis was 

significantly higher in patients who were not taking β-blockers. 

The multivariate survival analysis using a Cox regression model 

showed that chronic treatment with β-blockers was the only inde-

pendent predictor for the development of HCC (hazard ratio [HR], 

0.30; 95% confidence interval [CI], 0.12–0.79; P=0.015). These 

results, although promising, must be interpreted cautiously, since 

the two groups were not randomized and selection bias cannot 

be ruled out. For example, one can easily imagine that patients on 

long-term NSBB treatment are monitored more regularly and 

closely than those not taking any vasoactive drug therapy. It is 

possible that closer monitoring of one group may have improved 

the outcomes.

 In 2015, a meta-analysis of 12 trials showed that NSBB reduced 

HCC incidence by a statistically significant but tiny margin 

(–2.6%). Therefore, the number needed to treat in order to pre-

vent one case of HCC was 38. It remains unclear whether this tiny 

reduction in incidence was biologically meaningful. Moreover, the 

meta-analysis was severely underpowered, as there were not 
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enough patients nor HCC cases. Of 1,391 total patients, only 112 

developed HCC. The authors estimated that a robustly powered 

meta-analysis would require approximately 3,700 patients.42 

Therefore, they emphasized that more clinical trials are required.

NSBBS AND PVT

Xu and colleagues43 performed a meta-analysis to examine 

whether β-blockers increase the risk of PVT. The theoretical un-

derpinning for this hypothesis was that a decrease in portal ve-

nous pressure and blood flow may cause turbulent or sluggish 

flow in this vessel, and thus increase the risk of clotting. These 

authors analyzed a total of nine studies after eliminating case re-

ports and small series. They concluded that there is a significant 

4.6-fold increased risk of PVT in patients taking β-blockers. How-

ever, the quality of these studies was relatively low, with signifi-

cant heterogeneity in the available dataset.

Therefore, this issue should be resolved through a large con-

trolled prospective observational study. However, even a perfect 

meta-analysis cannot answer the key question of why such an as-

sociation exists. Is the association truly cause-and-effect or a cor-

relational artifact? We believe the latter; the association simply 

reflects the nature of the population being treated with 

β-blockers, those with advanced cirrhosis. The risk of PVT is also 

known to be correlated with the stage of liver failure. Therefore, it 

may be that β-blockers do not actually cause PVT, but both are 

simply associated with advanced liver disease.

NSBBS AND SURVIVAL IN ADVANCED CIRRHO-
SIS

In portal hypertension research, probably the major scientific 

“shockwave” of 2010 was the aforementioned  study by Lebrec’s 

group.9 Sersté et al.9 reported that NSBBs were associated with a 

deleterious effect on mortality in patients with refractory ascites. 

The median survival period was 20 months in patients who were 

not treated with propranolol, and 5 months in those treated with 

propranolol (95% CI, 4.8–35.2 vs. 3.5–6.5 months; P<0.01). Fur-

thermore, the 1-year survival rate was significantly lower in pro-

pranolol-treated patients compared to untreated subjects (64% 

vs. 19%; 95% CI, 52–76% vs. 9–29%; P<0.01). However, this 

study was retrospective and not randomized, which raises a sig-

nificant possibility of selection bias. In particular, an issue that 

may explain the survival difference was the variceal status of the 

two groups. All of the NSBB-treated patients had esophageal var-

ices, while this percentage in the NSBB-untreated group was only 

4%. The third issue was that liver function (total bilirubin) was 

worse in the β-blocker-treated group.

After this study was reported, other centers tried to test the hy-

pothesis of possible harm. The literature is now full of conflicting 

studies (Table 2), and at first glance, drawing even a tentative 

conclusion about possible harms of β-blockers seems very diffi-

cult. Some studies have shown beneficial effects,26,44,45 no differ-

ence,46,47 or deleterious effects.10,48,49 However, we believe that a 

large literature dataset is best examined by systematic review and 

meta-analyses. Two technically well-performed meta-analyses 

have been published in the past 5 years, and these will be dis-

cussed below.

A 2016 meta-analysis by Chirapongsathorn and colleagues50 in-

cluded studies published up to January 2015, and examined three 

RCTs and eight observational studies. There were 1,206 deaths in 

the total cohort of 3,145 patients with ascites. All-cause mortality 

was similar between the two groups (taking or not taking NSBB) 

in the overall cohort, as well the subgroups with non-refractory 

ascites and refractory ascites. Survival rates were similar in the 

two cohorts, whether examined at 6, 12, 18, or 24 months of fol-

low-up.50 The quality of evidence was low in the observational 

studies, but good in the three RCTs.

In 2019, Wong and coworkers performed another meta-analy-

sis.51 This analysis included eight studies, including the three RCTs, 

and 3,627 total patients with any grade of ascites. They reported 

that there was no significant increase in the all-cause mortality in 

patients treated with β-blockers.51 Subgroup analysis of only pa-

tients with severe or refractory ascites also showed no significant 

mortality differences. Only the three RCTs were graded as good 

quality, while five studies were considered to be fair quality.

Given that two independent and technically well-performed 

meta-analyses within the past 5 years have both shown a similar 

lack of harmful effect of β-blockers on survival in patients with 

ascites, we believe this issue, at least in cirrhosis with ascites, can 

now be “laid to rest,” and conclude that β-blockers are not an 

enemy in this population.

What about the subgroup of patients with compensated cirrho-

sis? In that regard, Villanueva and colleagues recently reported 

the results of a randomized, placebo-controlled, multicentric 

Spanish trial (PREDESCI) in patients with compensated cirrhosis 

but clinically significant portal hypertension, defined as HVPG >9 

mmHg.52 Patients were randomized to either propranolol or 
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Table 2. NSBB and survival in patients with cirrhosis 

Study Study population Drug dose Study design Sample size Authors’ conclusion

NSBBs decrease 
survival

Sersté et al.9 
(2010)

Cirrhotic patients with 
refractory ascites

Propranolol 113±46 mg Retrospective 151 NSBB deceased 1-year 
probability of survival

de Souza et al.73 
(2012)

Cirrhotic patients 
with acute variceal 
bleeding

Propranolol (40 mg to 
start), nadolol (20 mg to 
start)

Retrospective 89 Secondary prophylaxis 
decreased survival

Kalambokis et al.74 
(2016)

Child-Pugh B and C Propranolol (varying 
doses)

Retrospective Child-Pugh B 
(n=96), Child-Pugh 

C (n=75)

Decreased survival in 
2-year follow-up in 
Child-Pugh B group; 
and in 6-month follow-
up in Child-Pugh C 
group

NSBBs have no 
effect on survival

Sarin et al.75 (2013) Consecutive cirrhotic 
patients

Propranolol 20–360 mg RCT 152 No effect on variceal 
growth, bleeding, or 
mortality

Mandorfer et al.53 
(2014) 

Consecutive cirrhotic 
patients with 
paracentesis; groups 
with and without 
spontaneous 
bacterial peritonitis

Propranolol 20–120 mg, 
carvedilol 6.26–25 mg

Retrospective 607 Without SBP: increased 
LT-free survival; with 
SBP: decreased LT-free 
survival and higher risk 
of HRS

de Souza et al.47 
(2015)

Cirrhosis patients 
admitted with 
variceal bleeding

Propranolol 74 mg  
(±67 mg), carvedilol  
6.25 mg,  nadolol 80 mg

Retrospective 142 No effect on survival

Bhutta et al.76 
(2018)

Hospitalized patients 
with cirrhosis and 
ascites

Nadolol 20 mg, 
propranolol 40 mg, 
carvedilol 12.5 mg

Multi-center 
database; 
retrospective

718 (307/411) (with/
without β-blockers)

No effect on survival 
overall nor refractory 
ascites subgroup

NSBBs increase 
survival 

Tripathi et al.67 
(2009)

Grade II or larger 
esophageal varices

Carvedilol 12.5 mg/day RCT 152 Prevented the first 
variceal bleeding

Leithead et al.61 
(2015)

Ascites and refractory 
ascites on transplant 
waitlist 

Propranolol 80 mg 
(10–240), carvedilol 6.25 
mg (3.125–12.5)

Retrospective 322 NSBB reduced waitlist 
death 

Mookerjee et al.26 
(2016)

Acute-on-chronic liver 
failure

Propranolol 40 mg 
(20–80), nadolol  
40 mg (20–80), 
carvedilol 12.5 mg 
(6.25–25)

Prospective, 
observational

349 Increased survival 
probability

Scheiner et al.55 
(2017)

Compensated 68.7% Propranolol 60 (95.6±31.2), 
carvedilol 30 (19.2±11.0)

Retrospective 176 Improved TIPS-/
transplant-free survival

Onali et al.77 (2017) Assessed for LT 
suitability

Propranolol 118 median  
80 mg, carvedilol  
10 median 6.25 mg

Retrospective 316 Improved overall survival; 
no effect on survival in 
patients with refractory 
ascites
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carvedilol groups, depending on if they demonstrated an ade-

quate portal-hypotensive response to an intravenous test dose of 

propranolol or not, respectively. Patients were maintained on 

chronic drug or placebo therapy over a median follow-up period 

of 36 months, and the main endpoints were decompensation 

events, defined as the onset of variceal bleeding, ascites, or en-

cephalopathy. Survival was also tracked.

This study found that long-term treatment with NSBBs improved 

decompensation-free survival, mainly by decreasing ascites on-

set.52 During the follow-up period, heart rate, cardiac index, and 

HVPG were significantly decreased in the β-blocker group com-

pared to the placebo group. Compensated cirrhotic patients with 

clinically significant portal hypertension, even those who had no 

or small varices, gradually progressed to develop decompensa-

tion. The early use of β-blockers for these patients reduced the 

number of decompensation events.52 This carefully-conducted 

RCT argues in favor of long-term NSBB therapy to prevent disease 

progression and improve survival in patients with compensated 

cirrhosis and portal hypertension; however, it still needs to be 

confirmed by other studies.

NSBBS AND KIDNEY FUNCTION

In 2015, Sersté et al.10 reviewed 139 patients with severe alco-

holic hepatitis and found that 86 patients (62%) developed AKI. 

Patients with NSBBs had comparable Model for End-Stage Liver 

Disease scores, Maddrey scores, and medical history. Out of 48 

NSBB users, 43 (90%) experienced AKI within 168 days, com-

pared to 50% in non-NSBB users (P=0.0001). They concluded 

that NSBB is an independent risk factor for AKI in these patients.10 

Mandorfer and colleagues53 found that β-blockers significantly in-

creased the risk of HRS in cirrhotic patients with spontaneous 

bacterial peritonitis. In a cohort of patients with advanced cirrho-

sis and ascites who were referred for transplantation, Kim and co-

workers54 also reported that NSBBs were associated with AKI. 

Scheiner et al.55 investigated patients with compensated cirrho-

sis. During a 3-year follow-up period, they found that renal func-

tion was comparable between patients with and without NSBB 

treatment; the incidence of AKI was similar, even when the pa-

tients had ascites and MAP <90 mmHg.55

Ngwa and colleagues56 recently reported on a cohort of 170 

consecutive patients referred to their center for liver transplant 

evaluation. Among them, 38 patients were taking β-blockers. 

Study Study population Drug dose Study design Sample size Authors’ conclusion

Sinha et al.45 
(2017)

Consecutive cirrhotic 
patients

Carvedilol 12.5 mg Retrospective 325 Increased overall 
survival and survival 
in patients with mild 
ascites; no effect 
on decompensated 
patients

Sharma et al.69 
(2019)

Large varices, no prior 
history of bleeding

NSBB, isosorbide-
mononitrate, carvedilol

Systematic review 
with network 
meta-analysis

3,362 Decreased mortality and 
first variceal bleeding 
with a lower risk of 
serious complications 

Villanueva et al.52 
(2019)

Compensated, 
significant portal 
hypertension without 
high-risk varices

Propranolol  
(<160 mg), carvedilol 
(≤25 mg/day) for non-
responders

RCT 201 Increased 
decompensation-free 
survival; reduced the 
incidence of ascites

Premkumar et al.71 
(2020)

Single-center cirrhosis 
clinic

Carvedilol (6.25–25  
mg/day)±ivabradine 
(5–15 mg/day)

RCT 189 Improved LV diastolic 
dysfunction; reduced 
decompensation risk; 
improved survival

Ngwa et al.56 
(2020)

Candidates for liver 
transplantation

Propranolol (20 mg/day) Retrospective 170 Improved short-term 
survival

NSBB, nonselective beta-adrenergic blocker; RCT, randomized controlled trial; SBP, spontaneous bacterial peritonitis; LT, liver transplantation; HRS, hepatorenal 
syndrome; TIPS, transjugular intrahepatic portosystemic shunt; LV, left ventricle. 

Table 2. Continued
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There was an increased risk of AKI in the group taking β-blockers 

compared to those who were not (22% vs. 11%, P<0.05). How-

ever, AKI episodes were mild stage 1, and all patients recovered. 

Short-term mortality at 90 days was actually superior in the NSBB 

group (6% vs. 15%; P<0.05).

Since all of these studies were nonrandomized and retrospec-

tive, the conclusions must be regarded with caution. For now, 

there is insufficient evidence to conclude that NSBBs increase the 

risk of AKI or HRS in patients with ascites.

A related question is whether β-blockers cause PICD in patients 

with cirrhosis and refractory ascites.48 PICD is usually defined as 

>50% increase in plasma renin activity after large volume para-

centesis. In 2011, a hemodynamic study from the Lebrec group 

showed that PICD developed in eight out of 10 patients with re-

fractory ascites after large volume paracentesis.48 The same pa-

tients acted as their own controls, and had repeated haemody-

namic and blood testing after being weaned off of β-blockers 

after their varices had been adequately treated. When these pa-

tients were no longer on β-blockers, only one out of 10 patients 

developed PICD.

Ferrarese and coworkers57 reported discordant results compared 

to the above study. These authors studied 10 patients with refrac-

tory ascites before and after starting NSBB therapy. They found 

that before β-blockers, large-volume paracentesis significantly  

decreased the systemic vascular resistance (1,896 to 1,348 

dyn·s·cm-5; P=0.028) and peripheral vascular resistance (measured 

in the forearm) (47 to 30 mmHg·min·dL·mL-1; P=0.04); and cardiac 

output also increased, but did not reach statistical significance 

(3.9 to 4.5 L/min; P=0.06). When patients were taking NSBB, 

large-volume paracentesis did not significantly decrease systemic 

vascular resistance (2,002 vs. 1,798 dyn·s·cm-5; P=0.1) or increase 

cardiac output (3.4 to 3.8 L/min; P=0.13). Only two patients de-

veloped PICD before taking β-blockers; this rose to three after the 

drug was started (P=nonsignificant). The authors suggested that 

the negative inotropic effect of NSBB may be compensated by a 

milder decrease of vascular resistance after paracentesis. There-

fore, this study concluded that β-blockers do not increase the inci-

dence of PICD.

We believe that the scant size of the available literature on PICD 

with β-blockers precludes any definitive conclusion at present. 

Moreover, PICD is a laboratory definition that may have relatively 

little direct clinical relevance. Therefore, we think it is more impor-

tant to track clinical and measurable hemodynamic outcomes, 

such as MAP, cardiac output, hyponatremia, glomerular filtration 

rate, and occurrence of AKI/HRS.

WINDOW THEORY

The window theory is based on the concept that the sympa-

thetic nervous system activity is nearly normal in the early stages 

of cirrhosis, so NSBBs will exert only modest effects at this stage. 

However, at the later end-stage, although the sympathetic system 

is highly active, NSBBs, by reducing cardiac contractility and arte-

rial pressure,58 may cause tissue hypoperfusion and death, espe-

cially when patients have refractory ascites.48 β-blockers are the 

only vasoactive drugs shown to improve survival in cirrhosis, and 

this beneficial effect may be limited to the window phase, which 

is the middle phase between mild and decompensated cirrhosis. 

However, the exact timing for when this middle phase window 

should be opened and closed remains unclear.

Krag et al.58 proposed that the indications for NSBB usage 

should be: 1) HVPG ≥10 mmHg, 2) development of medium-to-

large esophageal varices, and 3) ascites. D’Amico et al.59 divided 

patients with cirrhosis into four stages: stage 1, no varices or asci-

tes; stage 2, varices, no ascites; stage 3: ascites±varices; and 

stage 4: bleeding±ascites. Stages 1 and 2 are considered com-

pensated, whereas stages 3 and 4 are decompensated. Whether 

we can combine the window theory with the cirrhotic stage con-

cept should be further investigated.

Whether the therapeutic window even exists remains debat-

able.60 Leithead et al.61 evaluated 322 patients with end-stage liv-

er disease and ascites awaiting liver transplantation, of whom 

about half were on NSBB treatment. The MELD score, frequency 

of HCC, and refractory ascites were comparable between the two 

groups (taking or not taking NSBB). These authors demonstrated 

that patients on β-blockers had lower mortality compared to non-

NSBB patients. The beneficial effects on survival were even dem-

onstrated in the subgroup of patients with refractory ascites.61

β-BLOCKERS IN CIRRHOSIS: FRIEND OR EN-
EMY?

We believe that although the initial studies seemed to show 

deleterious effects of beta blockers in patients with refractory as-

cites, they had some crucial methodological limitations including 

the retrospective and nonrandomized study designs. On the other 

hand, more recent studies including carefully conducted prospec-

tive randomized trials and several meta-analysis have shown no 

deleterious effect of beta blockers on survival or even improved 

survival. Furthermore, the concept of a therapeutic window, while 
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interesting and theoretically attractive, is frustratingly difficult to 

actually test in any kind of clinical study design.

The subgroup question of whether β-blockers impair renal func-

tion in patients with moderate or advanced cirrhosis remains un-

resolved. There are no existing RCTs in this topic, and the few 

available studies suffer from significant methodological limita-

tions. The prudent approach espoused by almost all clinicians is to 

stop β-blockers in the relatively small percentage of patients who 

experience a significant drop in arterial pressure. It is likely that 

this is the group at risk of developing renal dysfunction on NSBB 

therapy.

Our overall conclusion is that β-blockers are probably not dele-

terious; in fact, they may even exert beneficial effects on survival 

and reducing decompensation. Accordingly, the benefits probably 

significantly outweigh potential harms.

CARVEDILOL

Carvedilol is discussed separately as it is a β-blocker with addi-

tional intrinsic α-1-blocking effects, which may be superior to tra-

ditional NSBBs in reducing portal pressure62 and risk of variceal 

bleeding.63,64 However, due to the additional α-blockade, it is 

much more prone to cause hypotension, so its doses need to start 

low and be carefully titrated upwards. Current guidelines recom-

mend the use of NSBBs, carvedilol, or variceal band ligation (VBL) 

for primary prevention of variceal bleeding.6,65,66 Carvedilol is ef-

fective for primary prevention of variceal bleeding, and some pa-

tients who do not respond to traditional NSBBs may respond to 

carvedilol.67

In a recent Cochrane meta-analysis to compare carvedilol with 

traditional NSBBs, which included 10 RCTs with 810 participants 

with esophageal varices, there were no clear beneficial or harmful 

effects of carvedilol versus traditional NSBBs on mortality, upper 

gastrointestinal bleeding, and adverse events.68 A systematic re-

view with network meta-analysis by Sharma et al.69 compared the 

efficacy of NSBBs, carvedilol, and VBL in the primary prevention 

of variceal bleeding and overall survival. Even though each treat-

ment decreased all-cause mortality and variceal bleeding risk, 

none was clearly superior to the others due to a lack of adequate-

ly powered studies. The ongoing CALIBRE trial will compare 

carvedilol vs. VBL as primary prophylaxis in patients with medium-

to-large esophageal varices,70 with preliminary results perhaps 

available in late 2021.

Sinha and coworkers45 evaluated the effects of long-term 

carvedilol therapy on mortality in 325 patients with ascites. The 

long-term overall survival was significantly better in the carvedilol 

group (n=132) than in the no-carvedilol group (adjusted HR 0.59; 

95% CI, 0.44–0.80). However, the survival benefit was no longer 

significant in the patients with moderate or severe ascites. Unfor-

tunately, like many other studies, this was a nonrandomized retro-

spective analysis, so possible selection bias significantly limits the 

robustness of any conclusions.

Recently, Premkumar and coworkers71 prospectively evaluated 

the effects of carvedilol on cardiac function and survival in pa-

tients with cirrhosis. Carvedilol alone or carvedilol combined with 

a novel drug ivabradine were administered to achieve the target 

heart rate, defined as heart rate reduction to 55–64 beats/min. 

Ivabradine selectively inhibits the cardiac pacemaker ion current 

(I f), and thus reduces the heart rate without affecting blood pres-

sure.72 This study found that left ventricular diastolic dysfunction 

was reversed in the carvedilol+ivabradine group. Various neuro-

hormones, such as norepinephrine, N-terminal brain natriuretic 

peptide, plasma renin activity, and aldosterone levels were re-

duced in patients who achieved the target rate reduction. The 

achievement of the target rate reduction reduced the risk of en-

cephalopathy and AKI, and improved the overall survival.71 There-

fore, combination therapies, especially with new drugs, show 

great promise and need further investigation.

CONCLUSION

In conclusion, the “friendly” qualities of NSBBs in the treatment 

of cirrhosis include preventing the primary and recurrent variceal 

hemorrhage, mitigating systemic inflammation, and possibly de-

creasing the progression of compensated cirrhosis to decompen-

sated. β-blockers may also slightly decrease the incidence of HCC, 

although more studies are needed to confirm this. The unfriendly 

aspects include the widely known adverse drug effects such as 

asthma, heart block, decreased exercise tolerance, as well as po-

tentially more serious effects such as hypotension and worsening 

of renal function. There is also a possible association between 

β-blockers and the risk of PVT.

Considering the indisputable proof of efficacy in variceal bleed-

ing and the probability or possibility of other significant benefits, 

we conclude that β-blockers are much more of a friend than ene-

my. Indeed, to quote the most famous line from “The Godfather,” 

β-blockers in patients with cirrhosis should be considered “an of-

fer you can’t refuse.” 
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