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Background and Aims: Previous studies have not been able to determine whether non-selective beta-blockers (NSBB) reduce the 
risk of sepsis in cirrhosis. We aimed to examine this question with data from 1198 patients with cirrhosis and ascites included in 
clinical studies of satavaptan, a vasopressin receptor antagonist with no effect on infection risk.
Methods: Risk of sepsis was estimated for NSBB users vs nonusers. Patients were examined every four weeks, or in relation to 
hospitalization, for the one-year duration of the trials. We computed the cumulative risk of sepsis for patients who did vs did not use 
NSBB at baseline. We used Cox regression to compare hazard rates of sepsis between current users and nonusers, accounting for 
changes in NSBB use over time. We adjusted for patient sex and age, MELD-Na score, albumin, use of antibiotics, use of proton pump 
inhibitors, cirrhosis etiology, history of variceal bleeding or SBP, severity of ascites and HE, HCC, other cancers, and diabetes, while 
stratifying on geographical region.
Results: Of the 1198 patients, 54% used NSBB at some time. There were 56 sepsis episodes. The 1-year risk of sepsis was reduced to 
5.7% (95% confidence interval [CI] 2.8–8.6) in baseline NSBB users vs 11.6% (95% CI 7.0–15.9) in baseline nonusers. The hazard 
ratio of sepsis for current NSBB users vs current nonusers was reduced to 0.5 (95% CI 0.3–0.8) and after adjustment to 0.7 (95% CI 
0.4–1.3).
Conclusion: NSBB use may reduce the risk of sepsis in patients with cirrhosis and ascites, but the precision of the estimate was 
limited by the number of episodes of sepsis.
Keywords: non-selective beta-blockers, NSBB, infection, decompensated, time-dependent, treatment

Plain Language Summary
To help patients with cirrhosis of the liver, we examined if non-selective beta-blockers, a prescription drug used to prevent bleeding 
from varices of the oesophagus or the stomach, may help prevent sepsis, a severe manifestation of bacterial infection. We found that 
non-selective beta-blockers may have some protective effect against sepsis, though the effect could not be precisely estimated because 
only few patients had a sepsis episode.

Introduction
In patients with cirrhosis, infections are a leading cause of mortality,1 and sepsis is the most severe manifestation of 
infection. The barrier of the gut is important in keeping the potentially invasive microbes residing in the intestinal tract 
separated from the host. In cirrhosis, portal hypertension is found to increase gut permeability, making bacterial 
components able to translocate across the barrier.2–4 Translocation of gut bacteria to the portal blood is a likely route 
to sepsis in these patients, and reduction of portal pressure with non-selective beta-blockers (NSBB) reduces intestinal 
permeability and therefore possibly the risk of bacterial translocation and sepsis.5 This is the proposed mechanism behind 
a protective role of NSBB against sepsis. A small cross-sectional single-center study examined the effect of chronic 
NSBB use (ie, initiated 4 weeks or more) before hospitalization on the in-hospital sepsis risk and indicated a degree of 
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protection. However, only hospitalized patients were included, follow-up was restricted by the length of their hospital 
stay, and the study may have underestimated the effects of NSBB use because it did not consider the possibility that 
patients could stop or start NSBB treatment during the follow-up.6

In light of the central prognostic importance of sepsis and the widespread use of NSBB in cirrhosis patients, we set 
out to study the effect of NSBB use on the risk of sepsis in a large, detailed database on cirrhosis patients with ascites. 
The study cohort comprised 1198 such patients prospectively recruited, and the database included comprehensive 
information on medications, potential confounders, and outcomes.

Materials and Methods
Data Sources
Three multicenter randomized controlled trials were conducted between 2006 and 2008 to examine the effect of 
satavaptan on ascites in patients with cirrhosis.7 The three trials were performed to a common design and examined 
patients with, respectively, diuretic-manageable ascites (N = 462), ascites managed by diuretics and occasional ther-
apeutic paracentesis (N = 496), and diuretic-resistant ascites managed primarily by therapeutic paracentesis (N = 240). 
The primary outcomes were worsening of ascites in the first trial, and 12-week cumulative number of large volume 
paracenteses in the other two. The planned treatment duration was 52 weeks, but in all three trials some patients 
discontinued treatment earlier, and the second and third trials were stopped early due to expected poor risk–benefit ratio. 
All patients were followed for an additional week after their study medication was discontinued to assess drug safety, and 
patients experiencing an adverse event were followed until the event resolved or stabilized.7,8

Patients were excluded from participating in the trials if they had a functioning transjugular intrahepatic portosys-
temic shunt (TIPS), hepatic encephalopathy (HE) grade ≥2, variceal bleeding within 10 days prior to randomization, 
spontaneous bacterial peritonitis (SBP) within 10 days prior to randomization, serum creatinine >150 μmol/L, 
serum potassium >5.5 mmol/L, serum sodium >143 mmol/L, serum bilirubin >150 μmol/L, International Normalized 
Ratio (INR) >3.0, platelets <30,000/mm3, neutrophils <1000/mm3, hepatocellular carcinoma (HCC) beyond the Milan 
criteria (ie, 1 nodule >5 cm, 2 or 3 nodules with one or both >3 cm, or more than 3 nodules), used a potent modifier of 
the cytochrome P450 3A drug metabolism pathway, or used drugs with a risk of Q-T interval prolongation.7,8

Definitions
All diagnoses and medications were given by trained specialists in hepatology.

Follow-Up and Variable Update
Follow-up started on the date of randomization and ended one week after the study medication was discontinued, at 
which point surviving patients left the study.

At inclusion, investigators recorded cirrhosis etiology and whether patients had refractory ascites, a history of variceal 
bleeding, a history of HCC or other cancer, a history of diabetes mellitus (type 1 or type 2), or a history of SBP, as well as the 
patients’ sex and age; those variables were considered as constants in the analyses. Every four weeks, patients were seen in the 
outpatient clinic where clinical data and current medications were recorded, and blood samples were taken for serum 
biochemistry. Further, variables were updated at hospital contacts and during hospital admissions. Variables that were updated 
during the follow-up period were as follows: NSBB use, Model for End-stage Liver Disease Sodium (MELD-Na) score 
(according to United Network for Organ Sharing policy note 20159), serum albumin, antibiotics use, PPI use, and HE grade 
(grade 1–4).

Sepsis
Sepsis diagnoses were given according to guidelines at the treating hospitals. At the time, sepsis was defined in 
international literature according to the second revision of the sepsis criteria, ie, meeting at least two of the Systemic 
Inflammatory Response Syndrome (SIRS) criteria while having an infection.10,11 SIRS criteria, as defined by Bone 
et al: 1) Temperature >38°C/<36°C; 2) Heart rate >90 beats per minute; 3) Respiratory rate >20 breaths per minute/ 
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PaCO2 <32mm Hg; 4) White blood cell count >12,000 per mm3/<4000 per mm3/>10% immature (band) forms.11 The 
trial protocols did not instruct clinicians to specify the infection resulting in sepsis.

NSBB
Patients were considered NSBB users if they were prescribed either propranolol, carvedilol or nadolol. NSBB doses were 
evaluated in NSBB-type-dependent categories [annotated as propranolol/nadolol or carvedilol daily dose]: low: ≤40 or 
<12.5mg; medium: 41–80 or 12.5–24mg; high: >80 or ≥25mg.

Antibiotics
Antibiotics were defined as “any antibiotics except rifaximin or paromomycin” (which does not have systemic effects) 
and were considered prescribed simultaneously with (ie, against) sepsis if prescribed on the day of the sepsis diagnosis.

Statistical Analyses
NSBB treatment was instituted or discontinued at the attending physicians’ discretion as the trial protocols did not 
provide any instructions related to NSBB use. With respect to the effect of NSBB use, consequently, the trials were one 
large observational study.

We considered death as a censoring, not a competing, event, as a previous study of this same cohort found that NSBB 
use did not affect mortality.12 Satavaptan was not considered a confounding variable, as another study of this same cohort 
found that satavaptan use did not affect the risk of infections.7

Patient characteristics were compared using chi-square test for dichotomous variables, Wilcoxon Mann–Whitney rank 
sum test for comparing two medians, and Kruskal–Wallis test for comparing multiple medians.

Risk of Sepsis
Baseline NSBB Use 
We used the cumulative incidence function to examine the cumulative risk of sepsis for patients who did or did not use 
NSBB at baseline. Cirrhosis severity was likely to influence the probability of discontinuing NSBB, since complications 
or adverse events from cirrhosis might result in premature termination of treatment. To correct the cumulative incidence 
estimate for such informative censoring, we used stabilized inverse probability of censoring weights (the method is 
described in detail in Supplementary Material 1).13–15

Current NSBB Use 
Use of NSBB may change during the disease course, and to utilize this information we used Cox proportional hazards regression 
to estimate the hazard rate ratio (HR) of sepsis based on current NSBB use, treating NSBB use as a time-dependent variable. The 
effect of current NSBB use was adjusted for patient sex, baseline age, current MELD-Na score, current serum albumin, current 
and recent antibiotics use (ie, currently using or stopped within the previous 7 days) (yes/no), current PPI use (yes/no), cirrhosis 
etiology (categorical: “alcohol-related” as reference category), refractory ascites (yes/no), history of variceal bleedings (yes/no), 
history of HCC (yes/no), history of cancer (excluding HCC) (yes/no), history of diabetes mellitus type 1 or type 2 (yes/no), 
history of SBP (yes/no), and HE grade (grade 1–4) while stratifying on geographical region (to account for clustering, ie, 
differences in baseline mortality hazard across regions).

NSBB Dose 
Only few patients used carvedilol or nadolol, so we could not compare the effects between the different types of NSBB. 
We did, however, examine the impact of NSBB dose.16 To examine the association between NSBB dose at inclusion and 
risk of sepsis, we repeated the analysis of cumulative risk in the three different categories of daily NSBB dose: low, 
medium and high. Then, we repeated the Cox proportional hazards regression analysis treating NSBB dose as a time- 
dependent categorical variable.

Antibiotics Use 
The trial protocols did not define sepsis, so criteria may have differed between centers. To account for this possibility, we 
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repeated the Cox proportional hazards regression, defining sepsis as a simultaneous diagnosis of sepsis and prescription 
of antibiotics.

Sepsis Type 
NSBB use is believed to reduce the risk of sepsis by reducing the risk of bacterial translocation from the gastrointestinal 
tract. Although the origin of sepsis episodes can be elusive, we repeated the Cox regression analysis with increasingly 
narrow definitions of “sepsis possibly attributable to bacterial translocation from the gastrointestinal tract (GI)”. The 
definition was narrowed down by removing sepsis episodes no longer fitting the definition, however, note that this only 
removed the sepsis episode, not the patient. First, we left out sepsis episodes from sepsis types not compatible with 
bacterial translocation from the GI tract (definition 1). Secondly, we left out sepsis episodes with either a sepsis type or an 
underlying infection not compatible with bacterial translocation from the GI tract (definition 2). Third, sepsis was defined 
as sepsis episodes from sepsis types compatible with bacterial translocation from the GI tract (definition 3). Fourth, sepsis 
was defined as sepsis episodes from both a sepsis type and an underlying infection compatible with bacterial transloca-
tion from the GI tract (definition 4). Criteria are listed in Table S1.

Refractory Ascites 
Use of NSBB in patients with refractory ascites has been debated. Therefore, we repeated the Cox regression analysis in 
the 595 patients with refractory ascites.

Mortality
Patients with Sepsis, After Sepsis Episode 
Mortality for patients who developed sepsis was estimated from the date of sepsis diagnosis, using the Kaplan–Meier 
estimator. We used Cox regression to estimate the effect of NSBB use on the mortality hazard, and here we adjusted for 
the same confounders as in our analysis of sepsis risk.

Results
Our 1198 patients had a median follow-up time of 246 days and a total follow-up time of 779 person-years. The median age 
was 57 years, and the proportion of females was 30% in both groups at inclusion. At baseline, 47% used NSBB, and 54% 
used NSBB at some point during the follow-up. Only one user discontinued NSBB during the 1-week period before a sepsis 
episode, so discontinuation had no impact on our findings. At inclusion, more NSBB users than nonusers had a history of 
variceal bleeding. Of the NSBB users, 65% used ≤40mg propranolol/nadolol or <12.5mg carvedilol daily (Table 1).

Risk of Sepsis
Overall, 56 sepsis episodes were registered during the follow-up period. Half of the sepsis patients had a recorded 
infection at the time of the sepsis episode (Table S1 gives information on types of infections). Thirty-seven of the sepsis 
patients (66%) received antibiotics on the day of the diagnosis, and an additional 11 received antibiotics within the 
following two days, reaching 86% of all sepsis patients. The pathogen of the sepsis episodes was unrecorded in 46 cases 
(82%), 8 were bacterial, and 2 were fungal. Baseline patient characteristics for the subset who later developed sepsis are 
presented in Table S2. Biochemistry from the time of sepsis diagnosis was not available.

Baseline NSBB Use
Patients using NSBB at the baseline of the study had a 1-year risk of sepsis of 5.7% (95% confidence interval [CI] 2.8– 
8.6) and those who did not had a risk of 11.6% (95% CI 7.0–15.9) (Figure 1).

Current NSBB Use
The crude HR of sepsis for current NSBB users vs current nonusers was 0.5 (95% CI 0.3–0.8), and the adjusted HR was 
0.7 (95% CI 0.4–1.3).
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Table 1 Characteristics of the 1198 Patients from the Satavaptan Trials at Inclusion 
Based on Use of Non-Selective Beta-Blockers (NSBB) at Inclusion

NSBB Users NSBB Nonusers p-value

N = 562 N = 636

Female, (%) 165 (29.4) 199 (31.3) 0.469

Age, median (IQR) 57 (51–64) 57 (50–64) 0.702

Follow-up (days), median (IQR) 242 (115–370) 250 (109–370) 0.644

Albumin, median (IQR) 33 (29–37) 33 (29–38) 0.041

MELD-Na score, median (IQR) 14 (11–19) 15 (11–21) 0.316

HE grade 1, (%) 38 (6.8) 39 (6.1)* 0.657

Cirrhosis etiology, (%)

Alcohol-related (alone) 314 (55.9) 378 (59.4) 0.213

Hepatitis B (alone) 23 (4.1) 30 (4.7) 0.600

Hepatitis C (alone) 79 (14.1) 82 (12.9) 0.556

Cryptogenic (alone) 32 (5.7) 42 (6.6) 0.514

Other (alone) 29 (5.2) 39 (6.1) 0.468

Multiple etiologies 85 (15.1) 65 (10.2) 0.010

Refractory ascites, (%) 261 (46.4) 334 (52.5) 0.036

History of HCC, (%) 19 (3.4) 23 (3.6) 0.825

History of cancer (excluding HCC), (%) 18 (3.2) 22 (3.5) 0.805

History of diabetes mellitus, (%) 145 (25.8) 145 (22.8) 0.226

History of SBP, (%) 90 (16.0) 87 (13.7) 0.256

History of variceal bleeding, (%) 169 (30.1) 81 (12.7) <0.001

Antibiotics, (%) 127 (22.6) 159 (25.0) 0.330

PPI, (%) 255 (45.4) 269 (42.3) 0.284

Geographic region, (%)

Asia 3 (0.5) 31 (4.9) <0.001

Eastern Europe 193 (34.3) 146 (23.0) <0.001

North/Western Europe 116 (20.6) 170 (26.7) 0.014

Southern Europe 80 (14.2) 139 (21.9) 0.001

North America 69 (12.3) 71 (11.2) 0.549

South America 74 (13.2) 45 (7.1) <0.001

Other 27 (4.8) 34 (5.3) 0.670

(Continued)
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NSBB Dose
We found no dose–response relationship between NSBB dose and development of sepsis. Patient characteristics by 
NSBB dose are presented in Table S3.

Antibiotics Use
With sepsis defined as both a sepsis diagnosis and initiation of antibiotics on the same day, 52 patients experienced 
a sepsis episode. Using this definition, the crude and adjusted HR’s for current NSBB users vs current nonusers were 0.5 
(95% CI 0.3–0.9) and 0.8 (95% CI 0.4–1.5), respectively, essentially the same as in the primary analysis.

Sepsis Type
When using an increasingly narrow definition of sepsis, we found that the point estimate indicated a protective effect of 
NSBB use against sepsis, however, estimates grew very imprecise. Adjusted HRs of sepsis for current NSBB users vs 
current nonusers were, in the respective groups: definition 1 (53 sepsis episodes): HR 0.6 (95% CI 0.3–1.3); definition 2 
(39 sepsis episodes): HR 0.5 (95% CI 0.2–1.2); definition 3 (14 sepsis episodes): HR 0.8 (95% CI 0.2–3.0); definition 4 
(3 sepsis episodes): HR 0.2 (95% CI 0.002–21.3).

Refractory Ascites
Among the 595 patients with refractory ascites, comparing current NSBB users vs current nonusers yielded an adjusted 
HR for sepsis of 0.8 (95% CI 0.3–1.8), which is comparable to the estimate in the primary analysis.

Mortality
Patients with Sepsis, After Sepsis Episode
The sepsis patients had a 30-day mortality from onset of sepsis of 55.4% (95% CI 43.0–68.6). We could not determine 
the effect of NSBB use on this mortality because of the small number of patients.

Table 1 (Continued). 

NSBB Users NSBB Nonusers p-value

N = 562 N = 636

NSBB type, (%)**

Propranolol 468 (84.2) – –

Nadolol 69 (12.4) – –

Carvedilol 19 (3.4) – –

NSBB dose, (%)

Non – 636 (100) –

Low 368 (65.5) – –

Medium 133 (23.7) – –

High 61 (10.9) – –

Notes: “History of” indicates before inclusion. Antibiotics were defined as “any antibiotics except rifaximin or 
paromomycin”. Patients included had HE grade ≤ 1. Patient characteristics were compared using: chi-square test for 
dichotomous variables and Wilcoxon Mann–Whitney rank sum test for medians. *Some patients may have been 
screened, in regards of meeting the inclusion criteria, the day before inclusion in the study, resulting in two patients 
having HE grad 2 at the day of inclusion. **NSBB type was not available for six patients at inclusion (only their NSBB 
dose) and characteristics of NSBB type are therefore based on the remaining 556 patients. Percentages have been 
rounded and may hence not accumulate to 100%. 
Abbreviations: N, number of patients; IQR, interquartile range (ie, 25th–75th percentile); INR, international 
normalized ratio; MELD-Na, model for end-stage liver disease sodium; HE, hepatic encephalopathy; HCC, 
hepatocellular carcinoma; SBP, spontaneous bacterial peritonitis; PPI, proton pump inhibitors; NSBB dose, 
(annotated as propranolol/carvedilol daily dose) low: ≤40/<12.5mg; medium: 41–80/12.5–24mg; high: >80/≥25mg.
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Discussion
In this study, based on 1198 well-characterized trial participants with cirrhosis and ascites, we found that those who used 
NSBBs had a lower risk of sepsis. It must be noted, however, that there were a limited number of sepsis episodes and 
many relevant factors to adjust for. As a consequence, the adjusted estimate was not statistically significant. The point- 
estimate of relative risk, ie, the effect most compatible with the data, indicated a protective effect, a 30% relative risk 
reduction. The data were also reasonably compatible with an even larger relative risk reduction or even a risk increase, ie, 
the 95% confidence interval included strong protective effects and weak detrimental effects.

This is the first large multicenter study of its kind, and its results are in accordance with previous smaller studies. A cross- 
sectional study of 400 hospitalized cirrhosis patients found that patients on NSBB treatment for the previous 4 weeks had half 
as many sepsis episodes as those not on NSBB.6 Our study expands previous findings by showing that the protective effect 
may be present in established as well as newly initiated NSBB treatment. The latter observation supports the notion that 
a protective effect of NSSBs is indeed related to the drug and not to other unknown circumstances present at the study start.

We describe the sepsis-protective effect of NSBB under standard-of-care conditions, which is a strength in the sense that it 
promotes clinical generalizability of the effect. The effect is further supported by our access to comprehensive data on potential 
confounders updated during the study period. We found that the risk estimate for the effect measure of anytime NSBB use (HR), 
was most compatible with a protective effect, and that the risk estimate remained robust to extensive confounder adjustment, with 
an expected loss of precision. Further, some registered NSBB users may in fact not have taken their NSBB which would lead to 
underestimation of the benefit of NSBB. Additionally, when using increasingly narrow definitions of sepsis to reflect “sepsis 
possibly attributable to bacterial translocation from the GI tract”, the association remained with an anticipated loss of precision. 
We did not find a dose–response relationship between NSBB dose and sepsis risk, which was expected, as the NSBB effect on 
portal pressure is reported to not be dose-dependent.17 However, when analyzing associations between sepsis and NSBB dose, we 
were not able to assess titration of NSBB. Consequently, we cannot disentangle if NSBB dosage reflects different treatment 
intensities or simply differences in concentration needed to obtain a similar response. Therefore, while we did not find a dose– 
response relationship dependent on absolute dose of NSBB, a relationship may still exist based on treatment response. History of 

Figure 1 Cumulative risk of sepsis based on use of non-selective beta-blocker (NSBB) at the beginning of the study while applying inverse probability of censoring weights.
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infections and of immune deficiencies are potential confounders that we could not adjust for, but there is no reason to expect that 
these conditions were skewed between the groups.

Some limitations of the current study warrant mentioning. The study protocol did not specify a sepsis definition, 
therefore, sepsis was diagnosed according to usual clinical practice. Further, we did not have data to calculate the 
Sequential Organ Failure Assessment score (SOFA-score). However, all diagnoses were given by trained specialists, we 
stratified our regression analyses on geographical region, and the estimates were unaffected in our sensitivity analysis 
after applying a stricter sepsis definition (sepsis diagnosis and antibiotic prescription). Even so, we cannot rule out that 
geographical variation in guidelines or clinical practice may have influenced our estimates.

The proposed mechanism for a protective effect of NSBB against sepsis should apply equally to SBP, as has been suggested.18 

Further support of the proposed mechanism can therefore be found in a case–control study of 2165 patients with cirrhosis, which 
found that patients not using NSBB had higher rate of hospitalization for SBP (odds ratio: 4.2 [95% CI 1.6–11.0]).19

Use of NSBB in patients with refractory ascites has been heavily debated, and we found that estimates on current 
NSBB use and sepsis were comparable with those of the entire cohort.

The suggested mode of action of NSBBs on sepsis risk is via their effect in lowering the portal pressure, but up to 59% of 
cirrhosis patients are hemodynamic non-responders to NSBB.20 It is likely that the effect of NSBBs on preventing sepsis is even 
stronger in those identified as hemodynamic responders to NSBBs. Further, because the proposed pharmacodynamic mechanism 
is still the same today, it does not undermine the validity of our findings that data were collected more than a decade ago.

Clinical trials of NSBBs to prevent cirrhotic decompensation in patients with clinically significant portal hypertension 
showed that NSBBs reduce the risk of decompensation and that the effect is mainly mediated through an effect on portal 
hypertension;21,22 our findings may provide further arguments in favor of NSBB treatment in patients with cirrhosis and ascites.

Conclusions
In conclusion, NSBB treatment on clinical indication seems to provide a meaningful reduction in the risk of sepsis among 
patients with cirrhosis and ascites. While the risk estimate did not maintain statistical significance, it remained most 
compatible with a protective effect of NSBB use after extensive confounder adjustment and in multiple sensitivity 
analyses. We take this to mean that the protective effect was truly present while its estimate became less precise by the 
analyses. However, to obtain more precise estimates, studies with more patients or longer follow-up are needed.

Abbreviations
NSBB, non-selective beta-blocker; SBP, spontaneous bacterial peritonitis; TIPS, transjugular intrahepatic portosystemic 
shunt; HE, hepatic encephalopathy; INR, international normalized ratio; HCC, hepatocellular carcinoma; MELD, model 
for end-stage liver disease; PPI, proton pump inhibitor; HR, hazard rate ratio; GI, gastrointestinal; SOFA-score, 
Sequential Organ Failure Assessment score; HVPG, hepatic venous pressure gradient.
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