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VALORIZATION

The social and economical relevance of atrial fibrillation

Atrial fibrillation (AF) is the rapid and irregular rhythm of the upper chambers of the heart 
and it is the most common sustained cardiac rhythm disorder.1 By itself AF is rarely life 
threatening, but the impact can be life altering. Patients suffering from AF complain about 
palpitations, chest-pain and heart failure-like symptoms. They are more likely to be admitted 
to the hospital for treatment of complications associated with their disease and can suffer 
side effects from the treatment that is supposed to help them. Blood clots that originate in 
the fibrillating atrium travel to the brain, which can lead to progressive cognitive decline, or, 
more fulminate, to lethal strokes.2 

Not only does AF impact the life of each individual patient, it is also presents a challenge for 
our healthcare system. The chronic nature of AF makes constant supervision and treatment 
over years necessary. 

Currently, 2% of the adult population suffer from AF. In Europe alone 10 million people are 
currently affected.3 With about one in four people expected to develop atrial arrhythmias dur-
ing their life time, the expected changes in demographic will lead to a doubling of AF cases 
by the middle of the century.4 The consequences for the healthcare system are substantial. 
In the Netherlands, the costs of AF amount to more than 583 million Euro annually. The 
direct costs amount to more than 2% of annual national healthcare costs, numbers that are 
comparable to diabetes or multiple sclerosis.5

The novelty of this research

This thesis is of a fundamental nature, and thus possible clinical applications or new treat-
ment strategies based on the work presented here are speculative. However, the findings can 
support other researchers in their quest to understand the pathophysiology of atrial fibrillation 
better and develop new treatment strategies.

In the late 1960s and early 1970s the work of Philippe Coumel, a pioneer in the field of 
electrophysiology, resulted in the concept of Coumel’s triangle of arrhythmogenesis. This 
concept postulates that for a clinical arrhythmia to arise three main ingredients need to be 
present. A trigger that initiates the arrythmia, the underlying substrate to maintain it and 
factors that modify the trigger and the substrate.6

Studying triggers and substrates of AF has led to the development of complex theories and 
equally complex treatment strategies, with varying success. On a cellular level modifying 
factors have not gotten as much attention. This thesis aims to help to fill the gaps in our 
understanding regarding some known modifying factors.

The first main topic of this thesis is the effect that mechanical stimulation can have on the 
heart in general and on the atrium in particular. The heart is in its essence a pump, that 
supplies the body with the necessary oxygen to function. Every heart beat starts with an 
electrical signal in the atria that is propagated throughout the heart and translated into muscle 
contraction. To adapt to the constantly changing demands of the body the cardiac muscle 
developed ways to sense mechanical cues and react to them.
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On a more general level, this thesis elaborates on the importance of considering mechano-
sensitive pathways when designing and conducting experiments and sensitizing researchers 
to potential pitfalls in translating findings in unloaded myocytes in-vitro to whole model 
organisms or even to humans. 

Most of the work regarding mechanosensitive mechanisms has been performed in ventricular 
preparations. The novelty of our research is that we were the first to describe stretch depen-
dent effects on subcellular Ca2+ release in the atria, which appears to differ from previously 
described pathways in the ventricle. Although, the molecular candidate for atrial mecha-
no-sensing is still elusive, it might offer an atrial selective treatment target in the future. 

We also found that on occasions sudden stretch of atrial myocytes led to spontaneous and co-
ordinated Ca2+ release events, similar to electrically evoked Ca2+ transients. Those transients 
could not be suppressed by our interventions, suggesting yet a different pathway that remains 
to be studied in detail. This phenomenon also illustrates that modifying factors can alter the 
substrate of AF and at the same time exert effects on the triggers of the arrhythmia.

The second major part of this thesis revolves around the effects of adrenergic stimulation 
on subcellular Ca2+ release after short term high activation rates. After short episodes of AF 
cardiac myocytes within the atria adapt to the fast rhythm by altering their Ca2+ handling in 
order to protect themselves from the deleterious and pro-arrhythmic effects off fast activation 
rates and Ca2+ overload. 

When stressed, the body release catecholamines, in what is commonly referred to as the 
“fight or flight” response. Adrenaline, the mediator of this response, leads to a more forceful 
heart beat but at the same time has been shown to be proarrhythmogenic, especially after 
episodes of AF. The anti-arrhythmic adaptations observed after sustained high activation 
rates are at odds with the increased susceptibility for the reinitiation of the arrhythmia in 
response to adrenaline. 

In Chapter four we investigated this inconsistency and found that the effect of catecholamines 
on atrial myocytes after pacing is more pronounced, effectively resulting in Ca2+ handling 
kinetics comparable to healthy myocytes. We could confirm the effects of adrenaline on Ca2+ 
proteins reported by other groups but could not substantiate an increased susceptibility for 
Ca2+ instabilities that could help explain the higher rates of AF reinitiation after catechol-
amine treatment in clinical practice. 

The last novel aspects of this thesis proposes a new way to analyse the contractile movements 
of cardiac myocytes on a subcellular level. In the past analysing such subcellular contrac-
tions was done manually or with highly specialized equipment. We propose a method that 
employees readily available tools in a semi-automated manner. Our method allowed us to 
analyse subcellular contraction in response to adrenergic stimulation or axial stretch. Linking 
local Ca2+ release to Ca2+ reuptake, or correlating Ca2+ dynamics to underlying contraction 
can now be routinely performed. Other staining protocols can potentially be used to link 
contractile heterogeneity to the cytoskeleton or other cell organelles, to unravel links between 
the structure of the cell and it’s function. 
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In conclusion, this thesis tried to elucidate the effects of two noteworthy modifying factors 
of atrial fibrillation on a subcellular level. We could demonstrate mechanosensitive pathways 
that differ from pathways present in the ventricle, studied the effects of adrenergic signalling 
in a model of atrial fibrillation and lastly proposed a  new method to analyse subcellular 
contraction in single myocytes. 

We believe that the results presented here are stepping stones for further efforts aimed at 
understanding the pathophysiology of atrial fibrillation in more detail and devise effective 
treatment strategies in the future.
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