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summary
Heart failure (HF) is a clinical syndrome, involving not only the heart, but many other 
vital organs as well, including the brain, muscles, and kidney. HF is associated with 
a serious risk of hospitalisation and mortality, and the economic burden of HF for 
health care systems and society is enormous.1 Atherosclerotic coronary disease is an 
important risk factor for the development of HF. New treatment options to preserve 
left ventricular function after a myocardial infarction are therefore of great interest. 
Furthermore, by increasing our understanding of the pathophysiological processes 
involved in HF, we may be able to improve pharmaceutical treatment options. The aim 
of this study was therefore twofold. We studied the role of erythropoietin (Epo), both 
as a therapeutic option after an acute myocardial infarction and as a prognostic marker 
to gain more insight into the pathophysiological processes involved in chronic HF.  

ErythropoiEtin trEatmEnt 
In order to translate the cardioprotective effects of Epo from an experimental to a 
clinical setting, a pilot study of Epo treatment in patients with an acute myocar-
dial infarction was conducted. From the results of this study it was concluded that a 
single bolus of 300 μg of the long-acting Epo analogue darbepoetin alfa was safe and 
well-tolerated. This encouraging outcome resulted in the design of a larger, random-
ized, multicenter trial, the HEBE III study (chapter 2). This study aimed to find a 3% 
increase of left ventricular ejection fraction (LVEF) with 60.000 IU of epoetin alfa 
administered after a successful percutaneous coronary intervention (PCI), compared 
to care as usual. The results of this study were presented in chapter 3. In total, 529 
patients were included in the study, with 263 patients assigned to the Epo and 266 
assigned to the control group. The HEBE III study failed to show a beneficial effect 
of Epo treatment on LVEF. However, Epo treatment did seem to be cardio-protective 
as was demonstrated by a) significantly less major cardiac adverse events in the Epo 
treated group compared to the untreated group and b) the increase in NT-proBNP 
from baseline to 6 weeks after the infarction was statistically significantly lower in 
the Epo group. These results therefore contradict recent concerns that were raised 
by studies in which anaemic renal failure patients received serial Epo infusions.2,3,4 In 
conclusion, whereas the result on improvement of LVEF after Epo treatment was not 
as promising as was expected on the basis of experimental findings, Epo treatment 
did seem to be cardioprotective. Presumably LVEF measurement may not be the first 
choice to study these cardioprotective mechanisms. 
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anaEmia and EndogEnous 
ErythropoiEtin in hEart failurE

The second aim of this thesis was to study anaemia and Epo levels in patients with 
HF. In Chapter 4, we studied the natural course of Epo in 224 patients with HF. 
Patients were selected from the OPTIMAAL trial, which was designed to study the 
effect of an angiotensin converting enzyme inhibitor (ACE-I) vs. an angiotensin 
receptor blocker (ARB) on all cause mortality in patients with an acute myocardial 
infarction who showed signs and symptoms of HF. Epo levels were measured at 
baseline, 1 month, 1 year, and 2 years. Higher Epo levels were independently asso-
ciated with a higher mortality risk. Interestingly, after 1 year, haemoglobin levels 
no longer correlated with Epo levels, and higher Epo levels at 1 year were only 
independently predicted by higher C-Reactive Protein (CRP) levels. This finding 
supported previous results which showed that elevated endogenous Epo levels in 
HF are stimulated by factors other than low haemoglobin levels.5,6 Not only el-
evated circulating inflammatory factors, but also cardiac ischemia may trigger Epo 
production. It is only in the presence of ischemia that Epo contributes to neovas-
cularisation.7  In patients with an acute myocardial infarction as well as in patients 
with ischemic stroke, Epo levels increase directly after the ischemic period and 
decline within 30 days after the event.8,9 The next two chapters were set out to 
investigate underlying pathophysiologic mechanisms of anaemia and Epo levels 
in HF. Chapter 5 evaluated the role of inflammation in the presence of anaemia in 
HF. In 326 patients, levels of the inflammatory factors Interleukin (IL)-6, Tumour 
Necrosis Factor Alfa (TNF-α) and high sensitive (hs) CRP, and haemoglobin were 
measured. Results showed that patients with anaemia had significantly higher lev-
els of IL-6 and hsCRP. Furthermore, a higher level of hsCRP was an independent 
predictor for the presence of anaemia and elevated levels of IL-6 and hsCRP influ-
enced prognosis negatively in the anaemic cohort only. From these data we may 
conclude that inflammatory factors that are known to have a negative influence on 
haematopoiesis, are not only associated with anaemia, but also with an increased 
mortality risk in the anaemic cohort. In Chapter 6, Epo levels were analysed in 
605 patients recently admitted for HF. It was found that increased levels of Epo 
at baseline (discharge) were an independent predictor for impaired prognosis. 
These findings confirmed previously reported results on Epo levels in HF.10,11,6  
The novel finding of this research was that patients with persistently high Epo 
levels (i.e. above the median) at baseline and at 6 months were at the greatest 
risk. To determine the adequacy of the Epo response for the level of haemoglobin, 
the observed/predicted (O/P) ratio of Epo was determined in 135 patients with 
anaemia. Whereas higher than expected Epo levels predicted impaired outcome, 
almost 80% of anaemic HF patients had Epo levels lower than expected on the 
basis of their haemoglobin level. Therefore, patients with Epo levels that were par-
ticularly elevated and that could not be explained well by reduced haemoglobin, 
were at the highest risk. Together with previous findings, this suggests that fac-
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tors other than haemoglobin drive Epo levels, and again, cardiac ischemia may be an 
interesting candidate. This is also illustrated by the fact that patients with higher than 
expected Epo levels tend to have more severe signs of heart failure 6,12 with most likely 
increased cardiac ischemia as well.13 Finally, in Chapter 7 recent research on endog-
enous and exogenous Epo in HF is reviewed. Endogenous levels in HF are elevated 
and the correlation with haemoglobin has disappeared. Factors that are known to in-
fluence Epo levels in HF are obviously haemoglobin levels and renal function, but also 
bone marrow dysfunction and circulating inflammatory factors.14,15  Since the level of 
Epo is often inadequate for the level of haemoglobin,6,12  therapy with exogenous Epo 
might be beneficial in these patients. Early small, randomized clinical studies in anae-
mic HF patients have found positive effects on clinical endpoints.16,17,18   The results of 
a large, randomized, controlled clinical trial are therefore hopefully awaited.19

futurE pErspEctivEs
Early studies from the 1980s showed that administration of the recombinant form 
of Epo in patients with severe anaemia who underwent dialysis, was associated with 
improved quality of life and a decrease in the need for blood transfusions.20 From 
this point on, Epo was also prescribed in anaemic patients with less severe renal 
failure and cancer-associated anaemia.21 In 2002, our institute started with experi-
mental research into the effects of Epo treatment in animal ischemic- and heart fail-
ure models.22,23,24 To date, this has already resulted in the publication of three theses 
on the cardioprotective effects of Epo: dr. van der Meer (2006), dr. Lipsic (2007) 
and dr. Westenbrink (2008). From these results, we can suggest that the use of Epo 
in chronic heart failure (CHF) is safe and that it exerts positive effects on cardiac 
function. Indeed, the results of the first clinical studies with Epo treatment in anae-
mic CHF patients were promising.25,26 Two recent pooled-analyses of double-blind, 
placebo controlled studies of Darbepoetin alfa treatment in anaemic CHF patients 
showed that Epo treatment was safe and that in the Epo-arm, a trend was seen in the 
reduction of the composite endpoint of death and first hospitalisation for HF. 27,28 To 
evaluate this presumed beneficial effect of Epo treatment on mortality and morbidity 
in HF patients, the Reduction of Events with Darbepoetin alfa in Heart Failure (RED-
HF) trial was set up and is currently enrolling patients.19 
Results from Epo treatment in clinical HF studies appear to differ from those conduct-
ed in other patient groups. For example, in patients with acute ischemic stroke, the 
use of Epo was associated with a higher death rate.29 Furthermore, in chronic kidney 
disease (CKD), two randomized controlled trials were conducted from which results 
were not as positive as was predicted.2,4  The CHOIR and the CREATE study both failed 
to show a positive effect of Epo treatment to reach complete haemoglobin correction, 
compared to correction to a lower haemoglobin level in patients with an eGFR < 50 
and < 35 ml/min/1.73m2 respectively. The CHOIR study was even terminated pre-
maturely, since more adverse events were reported in the higher haemoglobin group. 
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Recently, results of the TREAT study (darbepoetin alfa or placebo treatment in pa-
tients with diabetes, chronic kidney disease and anaemia) were published. These 
showed that patients in the Epo group had a similar risk of the two composite end- 
points (death and cardiovascular event or death and end-stage renal disease) and 
they even had an increased risk of stroke.3 Interestingly, in a post-hoc analysis of 
Epo treatment in anaemic CHF patients, no increased risk was found in patients 
with renal insufficiency compared to patients with normal renal function.28 Fur-
thermore, secondary analysis of the CHOIR study, demonstrated that in anaemic 
CKD patients with HF, uptitration with Epo to higher haemoglobin levels did not 
show an increased risk compared to uptitration to lower haemoglobin levels.30 In 
conclusion, in patients with HF the use of Epo seems to be safe, even in the pres-
ence of renal failure.   
The reported results on safety of Epo therapy after an acute myocardial infarction 
appear to differ. First, in our study, the HEBE III trial, significantly more major 
adverse cardiac events were reported in the control group. Second a smaller study 
which included patients who were treated with coronary thrombolysis for an 
acute myocardial infarction and who were randomized to standard care or stan-
dard care plus a single bolus of epoetin beta before thrombolysis, did not find 
a difference in major adverse cardiac events between both groups.31 Finally, the 
REVIVAL-3 study 32, which included patients with an acute myocardial infarction 
who were randomized to either placebo or epoetin beta directly after PCI which 
was repeated after 24 and 48 hours, reported a higher incidence of adverse events 
in the Epo group, although these events were not specified. It seems therefore, 
that the difference in adverse events rate in patients with a myocardial infarction 
treated with Epo might be caused by the difference in administration regimen of 
Epo. To study the effects of Epo treatment on efficacy and safety in acute myocar-
dial infarction, a large randomized clinical trial is warranted.  
In summary, the present thesis firstly aimed to investigate acute myocardial infarc-
tion as a possible new target for Epo treatment. Results from our study and a few 
other smaller studies have raised the need to set up a large randomized controlled 
trial to investigate both efficacy as well as safety. Secondly, we have studied causes 
of anaemia and the natural course of Epo levels in HF. Our findings elucidate at 
least a modest part of the pathophysiological mechanisms involved in anaemia 
and Epo levels in HF. However, prospectively designed studies are needed to inves-
tigate the causes of anaemia in HF more thoroughly and to establish the possible 
role of Epo treatment in HF and potential other cardiac conditions.                                
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