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Non selective beta-blocker in cirrhosis: not ‘whether’ but ‘who
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Non selective beta-blockers (NSBBs) have been used for
decades in patients with liver cirrhosis to reduce portal
pressure and the risk for portal hypertensive bleeding (1-3).
International guidelines recommend NSBB as primary and
secondary prophylaxis for variceal bleeding in cirrhosis (4).
Patients with liver cirrhosis and portal hypertension have
a distinct pathophysiological feature dominated by a
hyperdynamic circulation (5). This arises primarily from
a progressive splanchnic vasodilatation which causes an
increased portal inflow and as a consequence a raised
heart rate and cardiac index (5). NSBBs abrogate this
mechanism by inducing a splanchnic vasoconstriction and
reducing the inotropic and chronotropic competence of
the heart thereby reducing the portal inflow and portal
hypertension (6).

The protective effect of NSBBs correlates well with
the reduction in heart rate during NSBB treatment. As
this marker is non-invasive and simple to use it is used
in clinical practice to titrate NSBB, either to a heart rate
of 55-60 bpm or to the highest tolerated dose (4). Other
non-invasive markers defining a treatment response have
not been systematically evaluated and the hepatic venous
pressure gradient (HVPG) is not frequently used, as
invasive measurements are required.

In addition to this there are other NSBB related
effect, which are independent of hemodynamic actions.
NSBBs reduce the severity of bacterial translocation
from the intestine into the systemic circulation.
This is important as this mechanism has been shown
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to be up-regulated and substantially involved in
inducing a systemic immune dysfunction in liver
cirrhosis (6). It is therefore not surprising that NSBBs
reduce the frequency of infections, such as the spontaneous
bacterial peritonitis (7).

Once cirrhotic patients develop portal hypertension
and varices, the disease is most progressive and patients
have a high likelihood of decompensation with typical
complications such as ascites, infection, bleeding and
hepatic encephalopathy (8). As in these stages the
hyperdynamic circulation is further enhanced one might
expect that NSBBs exhibit an increasingly positive effect on
portal hypertension.

However, there is a growing body of evidence, that
NSBB can also be harmful in end stages of liver cirrhosis.
Sersté er al. (9) were the first to propose a reduced survival
probability in patients with refractory ascites treated with
NSBB. The same study group has shown a high risk for
AKI with NSBB in a retrospective cohort of 139 patients
with acute alcoholic hepatitis (10). In another small
retrospective cohort of 94 patients with advanced stages
of liver cirrhosis, NSBB was associated with a higher
number of patients developing hepatorenal syndrome if
they were in Child-Pugh stage C (11). Such data led to
the development of the ‘window hypothesis’ (12), which
proposed that there is only a short window in which NSBB
are beneficial. In early stages of cirrhosis without clinically
evident portal hypertension and hyperdynamic circulation,
NSBB neither prevents the formation of varices nor impacts
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on patient survival. If the disease progresses the portal
pressure increases and the sympathetic nervous system
stimulates the cardiocirculatory system, however, with a
preserved cardiac reserve. At this stage, NSBBs effectively
abrogate the hyperdynamic circulation, reduce the portal
pressure and improve patients’ survival. In end-stage
cirrhosis complicated by refractory ascites or hepatorenal
syndrome the cardiac response to stimuli such as bleeding,
paracenteses or infections is diminished. The treatment
window then closes as NSBB reduce patients’ survival and
increase the risk for kidney injury (12).

The recently published study from Kim er a/. (13)
adds more evidence on the detrimental effect of NSBB
on the development of complications, more precisely
renal failure, in patients with end-stage cirrhosis. They
performed a case-control study in patients awaiting liver
transplantation due to cirrhosis between 1990 and 2010
in Rochester, USA. From a total cohort of 2,361 waitlist
patients, 252 who developed acute kidney injury (AKI)
were matched with 205 patients without AKI by variables
that influence the occurrence of this complication (age,
serum creatinine, MELD-Na). The objective was to assess
the effect between NSBB exposure and AKI development.
The frequency of NSBB use was 45.9% in the AKI group,
which was insignificantly higher compared to 37.1% in the
control group. In order to assess the effect of NSBB on
AKI in different stages of cirrhosis they divided the cohort
according to the presence of ascites and the administration
of NSBB in four groups. After adjusting for demographic
data and MELD in a multivariate model, NSBB increased
the risk for AKI in patients with cirrhosis and ascites more
the 3-fold (HR 3.31) whereas patients without ascites and
NSBB had a risk reduction of about 5-fold (HZ 0.19).
This study is well in line with the ‘window hypothesis’
that there is a certain clinical threshold, which is defined
by Kim SG (13) as the occurrence of ascites, above which
NSBB should be discontinued due to an unfavourable
impact on the course of cirrhosis (12,13). This threshold
has been proposed as point of no return after which
haemodynamic compensatory mechanisms are irreversibly
impaired and re-introduction of NSBB after the resolution
of acute events such as hepatorenal syndrome should be
avoided (14).

However, interrelationships between NSBB and
end-stages of cirrhosis seem to be much more complex
and study results on NSBB in end-stage cirrhosis are
conflicting. There are several studies showing the
opposite effect on patients’ survival with NSBB and
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end-stage cirrhosis. Despite the presence of (refractory)
ascites (15-19) or severe liver dysfunction in acute-
on-chronic liver failure (20) patients with NSBB had a
significantly better survival. At this stage, it is unclear
as to whether the prevention of portal hypertensive
bleeding or the modulation of bacterial translocation or
even both can elucidate this observation. However, there
are two aspects, which have been inadequately considered
in this debate so far. Njei et 4/. performed a meta-analysis
showing that NSBB related mortality is dependent on the
type of beta-blocker (21). Whereas conventional NSBBs
such as propranolol and nadolol were not associated
with an increased mortality in patients with all grades
of ascites, carvedilol, which possesses an additional
vasodilating intrinsic anti-alpha-1-adrenergic activity,
decreased the survival probability with a number needed
to treat of eight (21). Another interesting analysis has
been published by Madsen et 4/. (22). They divided 81
patients with end-stage cirrhosis according to the NSBB
dose in three groups (high-dose 160mg, low-dose 80mg,
no NSBB). Whereas bleeding risks were similar among
groups, patients with low-dose NSBB had a significantly
better survival than patients with high dose or no NSBB.

All these results about the general survival benefit for
NSBB in end-stage cirrhosis and dose and treatment type
dependency suggest that the NSBB window is unlikely
to be closed in end-stage cirrhosis and the question is
therefore not about ‘whether’ to treat but rather ‘who and
how’ to treat with NSBB. Most probably, we have to get
away from a standardized treatment aiming at a maximum
dose but to a low-dose and individualized treatment with
conventional NSBB (Figure 1). (Bio)markers indicating
the transition from benefit to detriment during NSBB
treatment in cirrhosis would help to titrate NSBB in end-
stage cirrhosis as the commonly used biomarker, heart rate
is obviously inadequate. However, there are still patients
with low blood pressure and/or hepatorenal syndrome, in
which discontinuation of NSBBs is necessary (4).
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Figure 1 NSBB can be applied in compensated and decompensated cirrhosis as a standard treatment to prevent variceal bleedings aiming at

achieving a maximal tolerated dose in order to reduce the portal pressure. In end-stage cirrhosis an individualized treatment with a minimal

effect on the circulatory function should be preferred in order to avoid undesired side effects. NSBB, non-selective beta-blockers; RAAS,

renin-angiotensin-aldosterone system.
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