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introduction
Heart failure (HF) is a common, but complex, clinical syndrome with a high morbidity 
and mortality risk. This increased risk is partly due to aging of the population and 
better survival of cardiovascular diseases.1 Over the past decades, treatment options 
for HF have improved importantly with the addition of beta-blockers, neurohormonal 
inhibitors like angiotensin converting enzyme inhibitors, and device therapy such 
as biventricular pacing with cardiac resynchronisation therapy. However, despite all 
these treatment options, morbidity and mortality rates are still increasing globally.1,2 
New therapeutic possibilities either focusing on the prevention of HF or on the 
improvement of signs and symptoms of already existing HF are therefore pivotal. 

anaEmia in hEart failurE
Anaemia in HF is a common co-morbidity, although its prevalence depends on the 
severity of HF and the definition of anaemia that is used.3

Causes of anaemia in HF are multifactorial. For example, a significant percentage of 
HF patients also suffers from chronic renal disease, which is an important contributor 
to the development of anaemia.4 A reduction in cardiac output leads to decreased 
renal perfusion. The kidneys act in response with vasoconstriction, in order to 
maintain a constant glomerular filtration rate (GFR). If the GFR decreases too much, 
it may lead to anaemia.5 Besides impaired renal perfusion, other causes of anaemia 
in HF are increased plasma volume, iron deficiency, and the use of ACE-inhibitors.6,7,8 
Activation of pro-inflammatory cytokines is also associated with chronic disease 
anaemia and is responsible for many mechanisms contributing to anaemia, including 
impaired regulation of iron-homeostasis, bone marrow suppression, and blunted 
erythropoietin (Epo) response.9,10,11 

EndogEnous ErythropoiEtin in 
hEart failurE
Epo is a hormone secreted in the kidney by peritubular fibroblasts in the renal cortex 
and medulla, in order to maintain a constant haemoglobin level. Transcription of 
the Epo gene is stimulated by hypoxia inducible factor-1, which is activated during 
low oxygen tension in the kidney. Epo binds to the transmembrane Epo-receptor 
on erythroid progenitor cells in the bone marrow, which results in the prevention 
of apoptosis and in the stimulation of differentiation and proliferation of these 
progenitor cells. 
In patients with HF, endogenous levels of Epo are increased and its correlation with 
haemoglobin is no longer obvious.9,12,13 The rise in Epo correlates with the severity 



introduction

11

1

of HF and is associated with an increased mortality risk. Explanations for the 
increased Epo levels are 1) the presence of anaemia, 2) increased activation of the 
renin-angiotensin system resulting in kidney hypoperfusion which increases Epo 
levels and angiotensin II also stimulates Epo production, 3) increased levels of 
inflammatory factors. Actually, the latter is associated with a negative effect on Epo 
production and function, but they can also cause a resistance of the bone marrow 
to Epo, which results in an increased stimulation of Epo-gene transcription.11,14 
Overall, increased levels of Epo are a reaction to the severity of the disease and 
these levels seem to have prognostic value. Perhaps the increase of endogenous 
Epo in HF is a reaction to the hypoxic state due to a decreased capillary density 
found in HF.15    
Epo-receptors are not only found in the bone marrow, but also in the vascu-
lature, muscle, brain, kidney, and cardiac tissue.16 Early animal experiments in 
the heart have shown that Epo not only regulates haemoglobin levels, but it also 
has non-haematopoietic effects which are cardioprotective. This became apparent 
through experiments with Epo-receptor gene knockout mice. These mice have an 
absent Epo-receptor only in the cardiovascular system. In an ischemia/reperfu-
sion model, the knockout mice had larger infarct sizes and an increased number 
of apoptotic cardiomyocytes compared to wild-type mice.17 In conclusion, in HF 
Epo levels are raised, which seems to be a reflection of disease severity and might 
even have a cardioprotective function.

ExogEnous ErythropoiEtin in 
hEart failurE
Since the 1980s, Epo treatment is prescribed to anaemic patients with chronic 
kidney disease. However, after the discovery of the expression of Epo and its 
receptor in other, non-haematopoietic tissues (e.g. the heart), preclinical studies 
that analysed the cardioprotective effects of Epo were initiated.
Our group performed a series of experiments using chronic heart failure- and 
ischemia/reperfusion-models in rat hearts.18,19,20,21 These showed that treatment 
with Epo decreased the infarcted area and increased new vessel formation in 
the heart, even with low doses of Epo, resulting in an enhanced left ventricular 
function compared to placebo treatment. From these and other experiments it 
was then hypothesised that Epo treatment may reduce infarct size and improve 
left ventricular function in a clinical setting as well. Therefore, a pilot study of 
Epo treatment in patients with acute myocardial infarction was conducted, which 
showed that Epo treatment was safe.22 This encouraging outcome resulted in 
the design of a large, randomized, multicenter trial in which the effect on left 
ventricular ejection fraction of a single intravenous bolus of Epo was evaluated in 
patients who suffered a first myocardial infarction.23 
The non-haematopoietic properties of Epo can also be effective in HF. From 
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experimental data, it is suggested that Epo therapy might improve cardiac function 
not so much by increasing haemoglobin levels, but perhaps mainly by stimulating 
angiogenesis and by protecting cardiomyocytes from apoptosis.21 Initial small scale 
clinical trials with Epo treatment in anaemic HF patients reported beneficial effects on 
cardiac function and exercise capacity.24,25 A pooled analysis of three larger, recently 
conducted clinical phase II trials showed that Epo treatment was neither associated 
with an increased mortality rate nor with more adverse events, and that it might 
even be beneficial in the reduction of hospitalisations for HF.26,27,28,29 Currently, a 
large randomized clinical trial evaluating the effect of darbepoetin alfa treatment on 
morbidity and mortality in chronic HF patients with anaemia is being conducted.30                        

   

aim of this thEsis
The aim of this thesis is to evaluate the role of Epo, both exogenous and endogenous, 
in left ventricular dysfunction. First, the effects of exogenous Epo on the preservation 
of left ventricular function after a myocardial infarction were studied. Chapter 2 
provides the design and rationale of the HEBE III study, while chapter 3 presents 
the results of this randomized, multicenter, trial which studies the effect of a single 
intravenous bolus of Epo within three hours after a successful percutaneous coronary 
intervention for an ST-elevation myocardial infarction. 
The following chapters evaluate the causes and prevalence of anaemia and the role of 
endogenous Epo in HF. Chapter 4 sheds light on the natural course of endogenous 
Epo and its prognostic implications in patients with impaired left ventricular function 
after a myocardial infarction. In chapter 5 the predictive and prognostic value of 
inflammation markers on the presence of anaemia in HF is analysed. Chapter 6 evaluates 
the levels of endogenous Epo measured at different time-points after a discharge for HF. 
Furthermore, for those patients with anaemia, the correlation between haemoglobin 
and Epo levels was evaluated and the effect of their Epo levels on prognosis was 
analysed. Chapter 7 provides an overview of related topics on Epo in HF and the use 
of Epo as a pharmacological treatment in chronic HF patients. 
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