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A Global Problem

Heart failure affects at least 26 million 
people worldwide and the prevalence 
is increasing. Predominantly seen in 
those over 65 years old, the incidence 
increases with age and is more likely 
to be seen in those with conditions 
such as diabetes and obesity, which 
can lead to narrowed arteries and high 
blood pressure. As such, heart failure 
is characterised by the reduced ability 
of the heart to pump and/or fill with 
blood, commonly leading to the pooling 
of blood in the left ventricle and the 
patient suffering from fatigue, shortness 
of breath, nausea, rapid weight gain 
because of fluid retention and chest 
pain. 

Heart failure can present as either acute 
or chronic, and treatments are tailored 
accordingly. Insertion of a pacemaker 
to restore and correct the heart rhythm, 
heart surgery to improve blood flow 
and correct valve defects, or medication 
are the most used options, alongside 
recommended lifestyle changes such 
as keeping to a healthy weight and diet, 
limiting alcohol consumption, quitting 
smoking and keeping active.

Treatment for Heart Failure

One of the mainstay treatments 
for cardiovascular issues is the 
administration of ß-adrenoceptor 

blockers. Approximately 30 million 
adults in the United States use these 
beta-blockers for cardiovascular 
conditions such as angina, heart 
failure, atrial fibrillation, heart attacks 
and high blood pressure. These drugs 
target ß-adrenoceptors (ß-AR) which 
are found on the surface of cells and 
are subcategorised as ß1, ß2 and ß3 
receptors, depending on their function. 

In healthy cardiovascular cells, ß1-
receptors represent 75–80% of all 
beta receptors while ß2-receptors 
represent only 15–18%. But when the 
heart starts to fail the receptors reach 
a 50/50 balance. These receptors work 
together to mediate increases in heart 
chronotropy (rate), inotropy (power 
of contraction), dromotropy (rate of 
electrical impulse) and bathmotropy 
(influence of a stimulus on excitability). 
Therefore, blocking these receptors 
can have several benefits for patients 
with chronic heart failure, including a 
reduction in heart rate and arrhythmia 
(abnormal heart rhythm) management.

Though initial studies in patients 
with reduced cardiac function raised 
concerns about the functionality of 
beta-blockers as a treatment for those 
with contractile problems, a series of 
low-dose studies with several different 
beta-blockers found that ß1-AR 
blockade can improve contractility and 
prolong survival when administered 

long-term. But despite their acceptance 
for use in chronic treatment, their 
benefits are not currently acknowledged 
in relation to acute heart failure. This is 
in part due to their potential to inhibit 
the effects of other drugs that are used 
to help treat patients experiencing acute 
heart failure. It may be thought that 
ß-blockers inhibit the effects of positive 
inotropic agents used intravenously for 
the treatment in the acute situation. 
With regards to unwanted side effects of 
usual ß-blockers, their longer duration 
of action may also lead to significant 
difficulties in acute situations.

Professor Thomas Feuerstein of 
University Hospital Freiburg in Germany 
and Dr Günther Krumpl of the Medical 
Research Network in Vienna argue that 
all the arguments raised in support 
of the use of beta-blockers in chronic 
treatment also point to their useful 
applicability in the acute context. They 
argue that what needs to be determined 
is the most appropriate dosage, type of 
beta-blocker and method of delivery. 

Earlier studies have already shown that 
extremely short-acting beta-blockers 
can provide significant advantages in 
patients with acute heart failure by 
helping to preserve blood pressure. 
This was true despite the absence of a 
convincing rationale for the use of short-
acting beta-blockers which are assumed 
to act in a negative inotropic fashion 
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(i.e. they decrease the force of heart contractions at rather low 
concentrations of the endogenous agonists, noradrenaline and 
adrenaline, at theß1-AR in the heart). However, their negative 
inotropic effect may be reversed with high concentrations 
of endogenous agonists. The condition of highly elevated 
concentrations of endogenous agonists is typical for heart 
failure.

Currently, Landiolol is the most effectiveß1-blocker given 
intravenously for acute heart failure and is now used alongside 
so-called positive inotropic agents to increase the force of heart 
contractions in intensive care patients. 

Building on this work, Professor Feuerstein and Dr Krumpl set 
out to provide a rationale as to why aß1--blocker might not 
act as a negative inotropic agent but have a positive inotropic 
effect in the acute setting.

A Mathematical Approach to Understanding the Effects of 
Beta-blockers

Understanding the mode of action for beta-blockers is key for 
elucidating their impact at different doses. Critically,ß1-AR have 
a receptor reserve, meaning that only a fraction of the existing 
receptor population, i.e., 50% in our case, needs to be activated 
to produce the maximum response. Also,ß1-AR occur as 
receptors with two identical subunits (protomers) for binding. 
Binding only one of these subunits is sufficient to induce the 
maximum response from the receptor dimer. Subsequently, 
if another agent binds to the second subunit, this can be 
negatively influenced by the binding to the first protomer, 
decreasing the affinity for the agent to bind to the second 
subunit. Note that this negative influence is only true forß1-AR 
agonists, like noradrenaline, not for antagonists, like Landiolol.

Basing their work on ‘receptor theory’ of the interaction 
between an agonist or antagonist and a receptor, Professor 
Feuerstein and Dr Krumpl mathematically modelled the impact 
of agonist and antagonist binding toß1-AR in the real world. 
The Binomial Distribution describes the occupancy of dimeric 
ß1-AR best: This distribution reflects the number of successes, 
i.e., binding to one or two protomer(s), in a sequence of n 
independent experiments, each asking a ‘yes–no’ question, 
where ‘yes’ means ‘bound protomer’ and ‘no’ means ‘unbound 
protomer’. The number n of independent binding events is two 
in our case (a dimer is composed of two protomers). 

It is important to note that the above-mentioned negative 
influence, i.e., that agonist binding to the first protomer 
decreases the affinity for the same agent or another 
agonist to bind to the second subunit, is not compatible 
with the independence of the two binding processes in a 
single homodimer. This breach of the binomial principle 
of independence of individual experiments through the 
biologically most meaningful interaction of two protomers 
belonging together had to be modelled. Obviously, such 
an interaction may protect the heart muscle from harmful 
overstimulation due to massively elevated endogenous 
noradrenaline and adrenaline. 

The researchers assumed that, when all homodimers are 
doubly bound, this state is just about compatible with the 
basic pumping capacity of the heart. However, the basic 
pumping capacity does not represent the maximum pumping 
capacity of the heart, since a protomer bound by a first agonist 
decreases the binding of a second agonist to the partner 
protomer, thereby diminishing inotropy. Freeing up only one 
subunit via a beta-blocker molecule will then improve the 
inotropic condition at one dimeric receptor, as it ensures the 
receptor is no longer activated by two stimuli. The benefits of 
this displacement will prevail if the addition of beta-blocker 
molecules results in more receptors bound with one beta-
blocker and one agonist, versus receptors bound with two beta-
blocker molecules. 

Working on this principle, the researchers were able to show 
that highly selective and potent, short-acting beta-blockers 
such as Landiolol, when administered with other inotropes, 
can recruit positive inotropy in acute heart failure when used 
at rather low doses. Taking this a step further, they translated 
their model to demonstrate the optimum dose for Landiolol 
to maximise positive inotropy. They found that their predicted 
optimum dose is within the recommended range for the 
treatment of acute tachycardic atrial fibrillation (irregular and 
rapid heartbeat), which fits with having a positive inotropic 
influence on patients suffering from heart failure. 

It is important to remember, however, that the dose will have 
to be adapted for clinical treatment according to the level of 
cardiac dysfunction seen in the patient and that the ideal dose 
range will vary according to the elevated levels of endogenous 
catecholamines.

Challenging Sceptic Attitudes Through Data

Overall, Professor Feuerstein and Dr Krumpl’s approach 
demonstrated that during the co-administration ofß1-receptor 
agonists and antagonists (the latter stop the response of the 
receptor upon activation by an agonist), the antagonist may, 
based on the behaviours laid out in receptor theory, dose-
dependently induce a positive inotropic effect in patients with 
acute heart failure. As such, the negative inotropic effect that 
has been previously demonstrated with higher doses can be 
seen to be converted to positive inotropy at moderate to low 
concentrations of ß1 beta-blockers. 

In the case of Landiolol, a super-selective ß1 beta-blocker 
with 4 minutes half-life and specific dose recommendations 
for patients with left ventricular dysfunction, support the 
individual handling in the clinical setting. Professor Feuerstein 
and Dr Krumpl are confident that their work, along with the 
already existing clinical evidence, presents a strong case 
towards erasing sceptic attitudes towards the use of this ß1-AR 
antagonist in patients with acute left ventricular dysfunction.
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