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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 
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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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aBstract
Background 
Preclinical studies have consistently shown that erythropoietin (Epo), administered af-
ter an acute myocardial infarction (AMI), reduces infarct size and improves left ven-
tricular function. Furthermore, Epo promotes endothelial progenitor cell growth which 
increases angiogenesis. A recent pilot study in patients with an AMI suggested that a 
single bolus of Epo was safe and well tolerated. 

Methods 
The HEBE III is a multicenter, prospective, randomized open-label trial with blinded 
evaluation of the primary endpoint (PROBE). The primary objective is to study the 
effect on left ventricular ejection fraction (LVEF) of a single bolus of Epo, administered 
directly after a primary percutaneous coronary intervention (PCI) for a first AMI. A 
total of 466 patients with TIMI 0/1 flow before the PCI procedure and TIMI 2/3 after 
a successful PCI are randomly assigned to either receive standard medical care or one 
bolus with 60.000 IE of Epo on top of standard medical care within three hours of 
the PCI procedure. Primary endpoint of the study is LVEF after 6 weeks, assessed by 
planar radionuclide ventriculography. 

Implications
If an improvement of LVEF with a single bolus of Epo is demonstrated, this simple 
approach might further improve clinical outcome of AMI patients. 
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Background
Erythropoietin (Epo) is a hormone secreted by the kidney in response to hypoxia 
and plays a pivotal role in regulating plasma haemoglobin (Hb) concentrations. 
However, Epo and its receptor have not only been found in the kidney, but their pres-
ence is identified in neuronal, vascular and myocardial tissue as well.1 Recent studies 
have shown that Epo is not only beneficial in the treatment of anaemia, but it has 
also other important extra-haematopoietic effects. The two most important extra-
haematopoietic effects are reduction of apoptotic cells and stimulation of endothe-
lial progenitor cells (EPCs), which enhance new vessel formation.2 These properties 
are of potential benefit in the context of an acute myocardial infarction (AMI). 
In various experimental ischemia/reperfusion studies with Epo, it was consis-
tently found that Epo reduced the number of apoptotic cells, thereby reducing 
infarct size and improving left ventricular function.3, 4 
Silverberg et al. were the first who reported about the treatment of anaemic 
chronic heart failure (CHF) patients with Epo.5 They noted an improvement of 
both left ventricular function and quality of life. In similar clinical studies that 
followed, these results were consistently found.6-9 Clinical studies on the effect of 
Epo in non-anaemic patients are limited. A safety and efficacy study in patients with 
ischemic stroke conducted by Ehrenreich et al.10, showed that high doses of Epo 
(total 100.000 IU), administered intravenously in the first three days after the 
stroke, was well tolerated and safe. A strong trend towards a reduction of cerebral 
infarct size was observed by magnetic resonance imaging and clear improvements 
in clinical outcome were reported. 
We performed a safety study in our department on the effects of a single bolus of 
Epo (60.000 IU) in patients with an AMI.11 Epo administration was not associated 
with a raise in blood pressure, an increase in Hb and thrombocytes, or any adverse 
event, although serum Epo levels increased a 200-fold. Interestingly, EPCs were 
elevated in the Epo treated group.
Since Epo administration in experimental models consistently showed a reduction 
in myocardial infarct size and an improvement in left ventricular function, and 
since pilot results have demonstrated that a single bolus of Epo in AMI patients 
is safe, we initiated an efficacy study. In the present paper we will introduce the 
study design, and we will describe the rationale of this study by reviewing the 
current evidence for a beneficial effect of Epo in AMI patients. 
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mEthods
Study objectives
The primary objective of this study is to evaluate the effect of a single bolus of Epo 
administered after a successful percutaneous coronary intervention (PCI) for a first 
AMI on left ventricular ejection fraction (LVEF). The secondary objective of this study 
is to establish the effects of a single bolus of Epo on safety, myocardial infarct size and 
cardiovascular events in these patients. 

Study design
This is a prospective, randomized, open label with blinded endpoints (PROBE) study. 
In total, 466 patients with a first AMI will be included. After a successful PCI, pa-
tients will be randomly assigned to receive either optimal standard medical care or 
receive one single bolus of Epo on top of standard medical care. Six weeks after PCI, 
a period in which remodelling of the heart has completed 12, a planar radionuclide 
ventriculography (PVR) is performed in all patients to determine LVEF. PRV is a well-
recognised, validated and highly reproducible technique.13  

Study population
Patients with signs and symptoms of an AMI and TIMI (Thrombolysis in Myocardial 
Infarction) flow grade 0 or 1 on coronary angiography, who meet all the inclusion 
and none of the exclusion criteria (Table 1), are eligible for participation in this study. 
Patients with an Hb > 17.1g/dL before PCI are excluded for safety reasons. Directly 
after the PCI procedure, patients will be asked for their oral informed consent by an 
independent cardiologist and nurse and if they agree, patients will be immediately 
randomized by means of a computerised program. This system will randomly assign 
patients to either receive optimal standard medical care or receive one extra bolus of 
Epo. In a later stadium patients will sign the written informed consent. Patients will 
receive the study-drug as soon as possible, but at least within three hours after PCI.

treatment
Before starting the PCI procedure, standard medical treatment for an AMI consisting 
of aspirin, heparin, clopidogrel and possibly abciximab, is administered. 
Patients will be assigned to either receive optimal standard treatment or standard 
therapy including 60.000 IU of epoetin alfa (Ortho Biotech, a division of Janssen-
Cilag B.V.) intravenously in ten minutes within three hours after the PCI. Administra-
tion takes place at the coronary care unit, under constant monitoring of blood pres-
sure, heart rate and rhythm. 
Standard treatment after PCI includes a beta-blocker, aspirin, lipid-lowering thera-
py, an angiotensin-converting enzyme inhibitor or angiotensin II blocker and clopi-
dogrel. 
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Measurements
Blood pressure, heart rate, and ECG are monitored according to routine clinical 
practice at baseline and at regular time-points up until 48 hours. Blood will be 
sampled at baseline, and at 3, 6, 9, 12, 24, 36 and 48 hours after PCI, to monitor 
values of cardiac enzymes, Hb, hematocrit, platelets, and with less time-intervals, 
to evaluate kidney and liver function, HDL-, LDL- and total cholesterol and NT-
proBNP. After six weeks PRV is performed and blood samples, ECG, and blood 
pressure are obtained at the outpatient clinic. 

planar radionuclide ventriculography
To determine LVEF, PRV is performed. An injection of 500 MBq of 99mTc-pertech-
netate is administered to patients intravenously, 20 min after injection of 1 mg 
stannous chloride. PRV will be obtained on a commercially available single-detec-
tor gamma camera (Diacam, Siemens Medical Systems, Chicago, IL) with a low 
energy, all purpose collimator. The camera head will be positioned in the best sep-
tal left anterior oblique (LAO) projection, typically with a caudal tilt of 5-10 de-
grees. Left posterior oblique (LPO) projection will be performed to visualise the 
remaining regions of the left ventricle. R-wave triggering exists of a 20% beat ac-
ceptance window with 2/3 forward and 1/3 backward framing per cardiac cycle, 

Table 1. Inclusion and exclusion criteria HEBE III
Inclusion criteria
Successful primary PCI (TIMI 2/3) for a first acute myocardial infarction, diagnosed by:
- Chest pain suggestive for an acute myocardial infarction
- Symptom onset <12 hour before hospital admission, or <24 hour in case ongoing ischemia
- ECG with ST-T segment elevation >1 mV in 2 or more leads or new left bundle branch block
- TIMI flow 0/1 before primary PCI on diagnostic coronary angiography;
Exclusion criteria
- Previous acute myocardial infarction
- Haemoglobin levels >17.1 g/dL before PCI
- Anticipated additional revascularisation within 6 weeks
- Atrial fibrillation
- Cardiogenic shock
- End stage renal failure (creatinine >220 µmol/l)
- Malignant hypertension
- Previous treatment with rh-Epo
- Blood transfusion <12 weeks prior to randomisation
- Polycythemia vera
- Pregnancy/breast feeding
- Concomitant inflammatory or malignant disease
- Presence of other serious medical conditions
- Recent trauma or major surgery
- Unwillingness to sign informed consent

PCI: Percutaneous Coronary Intervention; TIMI: Thrombolysis In Myocardial Infarction
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for 20 frames per R-R interval for a total of 6 minutes. Data acquisition will be done 
by using 64 x 64 matrices in a 15% energy window centred on the 140 KeV photo-
peak. Processing will be performed on dedicated commercially available computers 
(ICON, Siemens medical systems, Chicago IL). For each of the 20 frames a region of 
interest (ROI) will be drawn automatically around the left ventricle using a validated 
fully automated, operator-independent, contour detection algorithm. Frames will be 
automatically corrected for background activity. Background activity ROIs are gener-
ated automatically. All LVEF values (%) will be generated without decimals. 
 
endpoints
The main study endpoint will be LVEF, measured with PRV at 6 weeks after the PCI 
procedure.
Secondary study endpoints defined a priori include the following:
- Myocardial infarct size, determined by (1) area under the marker curves of se-

rial computerised measurements of Creatinine Kinase (CK), and Creatinine Kinase 
muscle and brain (CK-MB) and (2) peak values of CK, CK-MB and troponin. 

- Incidence of cardiovascular events within six weeks after PCI, defined as cardio-
vascular death, re-myocardial infarction, re-PCI or coronary artery bypass graft 
(CABG), stroke and clear symptoms of heart failure. 

- Safety endpoint: Incidence of death, stroke, onset or worsening of heart failure, 
deep vein thrombosis, malignant hypertension (RR>250/125), re-myocardial in-
farction, pulmonary embolism and seizure. 

statistical considErations
Sample size calculation
No clinical data on the effects of Epo after AMI on left ventricular function are avail-
able. Several studies comparing streptokinase with primary PCI during an AMI re-
sulted in an absolute 6% increase in LVEF.14 Since randomized trials introducing new 
therapeutical options in AMI patients have shown a reduced morbidity and mortality 
with an LVEF increase of more than 3% 15, 16 and since mean infarct size is consider-
ably reduced during the last years, an absolute increase of 3% with Epo seems both 
feasible and clinically relevant. 
Based on the results of the pilot/safety study, a LVEF of 48% is expected in the control 
group, which will be increased to 51% in the Epo treated patients. To demonstrate 
this absolute 3% improvement of LVEF after Epo treatment, with a standard deviation 
of 11%, a power of 0.8 and a 2-sided p-value < 0.05, we will need 212 patients per 
group. With an estimated dropout rate of 10%, we will need approximately 233 pa-
tients in each group. Therefore, a total of 466 patients will have to be included in this 
study. Since these groups are large enough to be matched at baseline for infarct size, 
no baseline LVEF measurement is necessary. 
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Statistical analysis
Data will be analysed based on an intention-to-treat principle. Analysis of the primary 
endpoint will consist of assessing the difference in LVEF at six weeks between the treat-
ment group and the control group. The secondary endpoint myocardial infarct size 
will be analysed by comparison of infarct size between the two groups. For continuous 
variables, differences between group means will be analysed using the Students t-test 
if normally distributed and the Mann-Whitney U test if distribution is skewed. For 
comparison of categorical variables, the chi-square test will be used. To evaluate the 
effect of Epo treatment on cardiovascular events (composite of cardiovascular death 
and hospitalisation for cardiovascular events and stroke) a Cox regression analysis will 
be performed, with pre-specified potential covariates (including age, sex, smoking, a 
history of hypertension, diabetes and dyslipidemia). All analyses are two tailed and a 
p <0.05 is considered statistically significant. The Statistical Package for the Social Sci-
ences (SPSS Inc. Chicago, IL) version 12.0 will be used for all statistical analyses. 

Study monitoring
An independent data and safety monitoring board (DSMB) will closely monitor pa-
tients’ safety and will report possible safety problems every three months. Since there 
is no anticipated need for early termination of the study for overwhelming evidence 
of efficacy, the task of the DSMB is limited to that of safety monitoring only. Data pre-
sented to the DSMB will include enrolment, protocol compliance, adverse events and 
serious adverse events, baseline characteristics, and exploratory outcomes/key pa-
rameters. There are no formal (statistical) stopping rules for safety of this study. DSMB 
recommendations are based on a clinical assessment of the frequency and nature of 
the serious adverse events and their relation to the investigational treatment.

Interim analysis
After 40 randomized subjects, with 20 patients in each group, an interim analysis 
on the safety of the study product in the study population will be performed. This 
analysis will be repeated halfway through the study recruitment period. Furthermore, 
a safety report and progress report are presented annually to all parties involved, 
including the medical ethics committee.

discussion
The primary aim of this study is to evaluate the effect of a single bolus of Epo administered 
within three hours after reperfusion therapy for a first AMI on LVEF. There are several 
reasons to believe that this single dose of Epo will improve cardiac function. 
Epo is a hormone, primarily produced by the kidney in a reaction to hypoxia and 
prevents haematopoietic cells from apoptosis. The recombinant form of Epo (RhEpo) 
was developed in the late eighties for the treatment of anaemic renal failure patients 
and is nowadays commonly used. 
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Anaemia is not only frequently found in patients with renal failure, but in patients after 
a primary PCI for an AMI, a procedural related drop in haemoglobin is often observed.11 
Therefore, increasing Hb levels with Epo treatment during AMI might improve oxygen 
delivery to the jeopardised myocardium. However, we believe that RhEpo treatment in 
this population might be primarily beneficial through its non-haematopoietic proper-
ties which are demonstrated in numerous experimental studies.2 
Epo exerts its function by stimulating the Epo receptor (Epo-R). This receptor was 
originally found to be expressed only at the surface of EPCs, but interestingly, a lo-
cal tissue Epo/Epo-R system was also found in several other cell types, including 
myocardial and endothelial cells.1 Recently, Epo-R gene knockout mice were used 
to demonstrate the protective properties of Epo and its receptor in the heart.17 These 
mice have a functional Epo receptor only in their haematopoietic system, and not in 
other tissues, such as the heart. In an ischemia/reperfusion model in which mice 
were subjected to 30 minutes left coronary artery occlusion followed by reperfusion, 
it appeared that Epo-R knockout mice showed larger infarct sizes and an impaired left 
ventricular function. From these experiments we may draw the conclusion that Epo 
and its receptor have cardioprotective effects during an AMI. 
One of Epo’s interesting features is its ability to reduce apoptosis. In AMI, programmed 
cell death (apoptosis) exceeds cell necrosis, particularly in the first hours after coro-
nary occlusion.18 These apoptotic cells are primarily found in the peri-necrotic area, 
which is also defined as the area-at-risk of the myocardium. The amount of necrotic 
and apoptotic cells determine the final extent of the infarction.19 Preclinical ischemia/
reperfusion experiments have shown that Epo causes a reduction of apoptosis. In 
one of our experiments, we showed a 15% reduction in apoptotic cells in isolated 
rat hearts perfused with Epo. This decrease in apoptotic cells was accompanied by an 
improvement in cardiac function.3, 4 
In addition to reducing apoptosis, Epo also stimulates new vessel formation.20 This 
angiogenesis is promoted by Epo in several ways. First, Epo protects EPCs in the bone 
marrow from apoptosis, resulting in a rise of EPCs in the peripheral blood. After an 
AMI, an increase in EPC and Epo levels is consistently observed 21-23 and these two 
factors correlated positively.23 Second, Epo stimulates new vessel formation, both by 
a direct effect on the myocardial endothelial cells 24 and through stimulation of the 
activity of EPCs. We recently demonstrated that Epo mobilised EPCs from the bone 
marrow to the myocardium which were subsequently incorporated to form new ves-
sels.25 Similarly, in a rat model of heart failure post-myocardial infarction, treatment 
with RhEpo restored capillary density to sham values by increasing the capillary-to-
myocyte ratio.4 In addition, Wang et al.26 found that Epo treatment in a rat stroke 
model resulted in an increased capillary density around the ischemic lesion. 
In conclusion, Epo protects the heart by reducing apoptosis and by increasing capil-
lary density. These are the two main mechanisms by which Epo might reduce infarct 
size and improve left ventricular function after an AMI (Figure 1).27 
Indeed, the cardioprotective properties of Epo during an AMI have been demonstrat-
ed in multiple experimental in vitro and in vivo studies. We conducted a study using a 
rat ischemia/reperfusion model, in which animals were randomized to either sham, 
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MI, and three time points of administration of Epo: a) before ischemia; b) during 
ischemia; and c) during reperfusion.28 All three Epo groups demonstrated beneficial 
effects on cardiac hemodynamics and apoptosis. Moreover, there was no difference 
between the Epo groups. In other words, the beneficial effects of Epo when given 
after reperfusion in this experimental study were at least as good as when given prior 
to or during ischemia. We therefore believe that Epo administration during an AMI 
has a wide “window of opportunity”. These results confirmed similar results by Parsa 
et al.29, who demonstrated that in animal ischemia/reperfusion models, a low dose 
of RhEpo administered around the reperfusion period, not only reduced the number 
of apoptotic cells in the acute phase, but also increased the hemodynamic functions 
afterwards. Therefore, both studies showed that Epo administration in AMI patients 
has a broad “window of opportunity” for the short- as well as for the long-term 
beneficial cardiac effects. 
Only a limited number of clinical studies with Epo in non-anaemic ischemic patients 
have been performed. In a study evaluating the effect of Epo in patients with ischemic 
stroke, a reduction in infarcted area (Figure 2) and a clinical improvement of patients 
one month after the stroke were seen.10 Furthermore, the results of a recent safety 

Figure 1.  Cascade of effects during myocardial ischemia: from myocardial damage to the cardiac 
protective properties of Epo.
Epo=Erythropoietin, Epo-R= EPO receptor, EPC’s= endothelial progenitor cells
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and efficacy study suggests that Epo administration in patients with an acute coronary 
syndrome is safe and feasible.30 We performed a pilot study in which AMI patients 
received either Epo or no medication before PCI.11 Epo levels rose significantly, even 
in the control group. Furthermore, EPCs were significantly higher in the Epo group 
(Figure 3). Overall, a single bolus of Epo in AMI was well tolerated and safe. Neither 
study showed any adverse effect associated with Epo administration. No significant 
rise in hematocrit and platelets was found in these studies, indicating that short term 
therapy is safe and does not lead to any thrombo-embolic complications. In spite 
of this, two recently published trials using RhEpo treatment in chronic renal failure 
(CRF) patients, raised some concern about the safety of normalisation of Hb levels in 
these patients.31, 32 However, these results are not applicable to the present study. First, 
AMI patients differ substantially from CRF patients and second, in the present study, 
AMI patients only receive a single bolus of Epo. Finally, we believe that Epo treatment 
in AMI patients is not only beneficial by stimulating Hb levels, but merely through its 
non-hematopoietic properties.  
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Because of the consistent beneficial outcomes of numerous experimental ischemia 
studies on the effects of Epo and because of the encouraging results of clinical trials, 
we initiated the present HEBE III study in which AMI patients receive a single bolus 
of Epo within three hours after the PCI procedure. This single bolus proved to be safe 
and was not related with adverse outcome. Furthermore, through its broad “win-
dow of opportunity”, Epo seemed to be effective even hours after revascularisation 
and therefore, administration within three hours would seem appropriate. For these 
reasons, we believe that Epo therapy is effective, safe and can provide an additional 
favourable effect in AMI patients. Currently, a similar trial, the REVEAL study, is also 
ongoing.33 
In conclusion, through its cardioprotective properties, both in the acute phase (re-
duction of apoptosis), and during early follow-up (vasculogenesis), RhEpo adminis-
tration can provide an additional protective effect in the treatment of an AMI.

appEndix 1
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Dr W Nieuwland and Dr RA Tio
Nuclear Medicine Department: 
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Interventional cardiologists: 
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Dr F Zijlstra 
Participating centres and investigators: 
University Medical Center Groningen, Dr AA Voors; Leiden University Medical Center, 
Dr JW Jukema; Medical Center Alkmaar, Dr JOJ Peels; Isala Clinics Zwolle, Dr AWJ van 
‘t Hof
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summary
Background 
Cardioprotective effects of erythropoietin (Epo) have been shown in experimental and 
smaller clinical studies. We performed a prospective, multicenter, randomized trial to 
assess the effects of a single high dose of Epo after primary coronary intervention 
(PCI) for an ST-elevation myocardial infarction (STEMI). 

Methods 
Patients with a successful PCI for a first STEMI randomly received either standard 
medical care alone, or in combination with a single bolus with 60,000 IU i.v. of 
epoetin alfa within 3 hours after PCI.  Primary endpoint was Left Ventricular Ejec-
tion Fraction (LVEF) after 6 weeks, assessed by planar radionuclide ventriculography. 
Pre-specified secondary endpoints included enzymatic infarct size and major adverse 
cardiovascular events.

results 
529 patients were enrolled in the study (Epo n=263, control n=266). At baseline 
(before Epo administration), groups were well-matched for all relevant characteris-
tics. After a mean of 6.5 (±2.0) weeks, LVEF was 0.53 (±0.10) in the Epo group and 
0.52 (±0.11) in the control group (p=0.41). Median area under the curve (IQR) af-
ter 72 hours for CK was 50,136 (28,212-76,664) U/L per 72 hours in the Epo group 
and 53,510 (33,973-90,486) U/L per 72 hours in the control group (p=0.058). 
More major adverse cardiac events occurred in the control than in the Epo group (27 
vs.10; p=0.032). 

Conclusions 
A single high dose of Epo after a successful PCI for a STEMI did not improve global 
LVEF after six weeks. However, the observed beneficial effects on the secondary end-
points suggest a potentially relevant cardioprotective effect and a favourable clinical 
safety profile. (NCT00449488)
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introduction
Erythropoietin (Epo) is commonly known as an effective treatment for anaemia, 
partly caused by an inadequate production of endogenous Epo in patients with 
renal disease. Experimental studies have suggested cardioprotective effects of 
Epo, which might be beneficial in the setting of a myocardial infarction.1 In an 
ischemia-reperfusion model, mice lacking an Epo-receptor in the heart developed 
larger infarcts compared with wild type mice.2 In addition, a number of animal 
studies provided consistent evidence for a reduced infarct size and improved left 
ventricular function caused by Epo administration.3-9 

Two important cardioprotective mechanisms of Epo have been described that pro-
vide a rationale for potential beneficial effects of Epo during a myocardial inf-
arction.1 First, Epo decreased apoptosis in ischemia-reperfusion models, poten-
tially leading to smaller infarct sizes.3,6 Second, Epo stimulates neovascularization, 
through the stimulation of vascular endothelial growth factor (VEGF).5,10

In the last two years, a few studies have investigated the effects of Epo in patients 
with a myocardial infarction. In a first safety and feasibility study from our group, 
a single high dose bolus of Epo (60.000 IU) in patients with a first ST-elevation 
myocardial infarction, resulted in a 200-fold increase in serum Epo levels, without 
hypertension, thrombotic, or other adverse events.11 Ferrario et al. demonstrated a 
significant reduction in CK-MB release in 30 myocardial infarction patients treated 
with Epo (33.000 IU before PCI, and at 24 and 48h after admission), but effects 
on left ventricular function were not reported.12 Binbrek et al. showed a small and 
non-significant effect of a single bolus of 30.000 IU Epo on infarct size in 236 
myocardial infarction patients, although effects on left ventricular function were 
again not reported. 13 In 138 ST-elevation myocardial infarction patients, 30.000 
IU of Epo administered during the first three days did not improve left ventricular 
function after 6 months, although these data have as yet not been published.14 We 
present data from a multicenter, prospective, randomized trial on the effects of a 
single high dose of Epo in 529 patients after a successful angioplasty for a first 
ST-elevation myocardial infarction. 
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mEthods
patients and study design
This is a prospective, randomized, open-label with blinded endpoints study.  A de-
tailed design of the study has been published elsewhere. 15 In brief, patients were 
eligible for the study if they had a successful primary PCI (Thrombolysis in Myo-
cardial Infarction (TIMI) flow 2/3 after the procedure, TIMI flow 0/1 before) for 
a first ST-elevation myocardial infarction. Myocardial infarction was defined as de-
scribed before 15,16, by a) suggestive chest pain; b) symptom onset 12 h before hos-
pital admission or 24 h in case of ongoing ischemia; c) electrocardiogram (ECG) 
with ST-T segment elevation ≥1 mV in 2 or more leads or new left bundle branch 
block. The most important exclusion criteria were a previous myocardial infarction, 
haemoglobin levels >17.1 g/dL before PCI, anticipated additional revascularization 
within 6 weeks, a history of persistent or permanent atrial fibrillation, cardiogenic 
shock, and a serum creatinine > 2,5 mg/dL. 

procedures and treatment
Patients were screened at the cardiac catheterisation laboratory of the 7 participat-
ing centres. In the ambulance, patients received aspirin, clopidogrel and heparin as 
per protocol. Before starting the PCI procedure, an ECG was performed and stand-
ard medical treatment was initiated consisting of aspirin, heparin, clopidogrel, and 
possibly a glycoprotein IIb/IIIa inhibitor. Patients were asked for their oral informed 
consent by an independent interventional cardiologist and nurse. If they agreed, 
patients were immediately randomized by means of a computerized program. This 
system randomly assigned patients to either receive optimal standard medical care 
with or without a bolus of 60,000 IU i.v. of epoetin alfa (Ortho Biotech, a division 
of Janssen-Cilag B.V.) intravenously in 10 minutes. After randomization, patients 
were then transported to the cardiac care unit, where written informed consent 
was signed and a second ECG was acquired. Blood pressure, heart rate, and ECG 
were monitored according to routine clinical practice at baseline and at regular 
time points up until 48 hours. After 6 weeks, a clinical visit was performed, and 
blood samples, ECG, and blood pressure were obtained at the outpatient clinic. The 
research protocol was approved by the central ethics committee of the University 
Medical Center Groningen, and by the local ethics committees of each participating 
center.

planar radionuclide ventriculography 
Planar radionuclide ventriculography was performed to determine left ventricular 
ejection fraction (LVEF). An injection of 500 MBq of 99mTc-pertechnetate was ad-
ministered to patients intravenously, 20 min after injection of 1 mg stannous chlo-
ride. Planar radionuclide ventriculography was obtained on a gamma camera. The 
camera head was positioned in the best septal left anterior oblique (LAO) projec-
tion. Data acquisition was done by using 64 x 64 matrices in a 15% energy window 
centred on the 140 KeV photopeak. Processing was performed on dedicated com-
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mercially available computers. In 24 patients (12 Epo and 12 control) a gated 
99mTc sestamibi was used instead of planar radionuclide ventriculography.

Laboratory measurements
Measurements of CK, CKMB, troponin, haemoglobin, haematocrit, creatinine, 
were determined at baseline (immediately before PCI), and at 3, 6, 9,12, 18, 24, 
36, 48, 72 hours and 6 weeks after the PCI procedure. At baseline and after 6 
weeks, NT-proBNP measurements were performed in plasma using a commercially 
available electrochemiluminescent sandwich immunoassay (Elecsys proBNP, 
Roche Diagnostics, Mannheim, Germany). The intra- and interassay coefficients 
of variation were 1.2-1.5% and 4.4-5.0% respectively, with an analytical range of 
5-35,000 pg/ml.

endpoints and blinding
Primary endpoint of the study was LVEF assessed at 6 weeks after the primary PCI 
procedure by planar radionuclide ventriculography.
Secondary study endpoints were the following:
– Myocardial infarct size: determined by (1) area under the marker curves and 

(2) peak values of serial computerized measurements of creatinine kinase (CK) 
and CK-MB and troponin-T.

– Incidence of a cardiovascular event within 6 weeks after PCI: defined as cardio-
vascular death, reinfarction (any ST-elevation or non-ST-elevation myocardial 
infarction), emergency re-PCI or coronary artery bypass grafting, stroke, and 
clear symptoms of heart failure.

All endpoints were assessed blindly. First, the primary endpoint was assessed by 
nuclear physicians that were blinded for the treatment arm of the patient. Sec-
ond, an independent and blinded endpoint committee adjudicated all clinical 
endpoints. Safety data were periodically reviewed by an independent data safety 
monitoring committee. 

Sample size considerations
At the start of the study, no clinical data were available on the effects of Epo on 
left ventricular function. We assumed an absolute LVEF increase of 3% with Epo as 
both feasible and clinically relevant. To demonstrate this absolute 3% improvement 
of LVEF after Epo treatment, with a standard deviation of 11% 10,11, a power 
of 0.8 and a p-value < 0.05, 2-sided, 212 evaluable patients per group were 
needed. From the first 100 patients, we observed that for several reasons (Figure 
1) a primary endpoint could not be obtained in 20% of patients. Therefore, we 
aimed to include approximately 264 patients in each group. Therefore, to obtain 
424 evaluable endpoints, a total of 528 patients (264 in each group) had to be 
included in this study.
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Statistical analysis 
Statistical analysis was performed by the department of epidemiology of the Univer-
sity Medical Center Groningen. Summaries of quantitative continuous variables are 
presented as means ± standard deviation or medians and interquartile ranges (IOR) 
if appropriate. Categorical data are presented as absolute frequencies. Baseline patient 
characteristics between Epo and control were compared with use of the χ2 test or 

Patients randomized
N=529

Randomized to Control 
N=266

Randomized to EPO
N=263

Did not recieve EPO (5)
Premature discontinuation (5) 

Total dropped 
out

N=62

N=239
Completed 

study

N=27 
Dropped out

N=35 
Dropped out

N=218
Completed 

study

Adverse event (6)
Premature discontinuation (20)
Technical problem (1)

Adverse event (6)
Premature discontinuation (28)
Protocol violation (1)

Control
N=235

EPO
N=213

Treated as Control
N=266

Treated with EPO
N=253

Primary 
endpoint 
not within 

4-16 weeks
N=4

Primary 
endpoint 
not within 

4-16 weeks
N=5

Figure 1. 
Flow-chart representing number 
of patients randomized to 
erythropoietin (Epo) or control, 
and patients that dropped out 
for provided reasons.  
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Fisher exact test (binary variables), Students t-test (continuous variables), and the 
Wilcoxon rank-sum (Non-Gaussian data).  To estimate the treatment effect on the 
primary endpoint, differences in means and corresponding 95% confidence interval 
(CI) were calculated based on the analysis of variance model. In addition, between-
group differences were also computed using 3-way ANOVA with terms for group, 
time and a group × time to measurement interaction.
For the separate analyses on clinical events, the event-free survival was estimated ac-
cording to the Kaplan-Meier method and compared between the 2 treatment groups 
by the log-rank test.  For differences in NT-proBNP levels and enzymatic infarct size 
the Wilcoxon rank-sum test was used.  
Unless stated otherwise, all secondary endpoint analyses were performed using the 
same patients included in the primary endpoint analysis. Secondary variables were 
analysed using an appropriate statistical test, depending on the nature of the vari-
able.
Safety was assessed by summarizing incidence and type of adverse events (AE’s) dur-
ing the follow-up duration. All patients were included in the safety assessment. The 
safety analysis focussed in particular on AE’s, serious AE’s, and mortality. No formal 
statistical hypothesis testing was performed. Treatment regimens were compared on 
the incidence of adverse drug reactions.  
All analyses were done two-sided with a p-value < 0.05 indicating statistical signifi-
cance. All analyses were based on intention-to-treat principle. With regard to missing 
data, no replacement of missing data was performed. Statistical analyses were per-
formed using SPSS 16 (SPSS Inc, Chicago, IL).

rEsults
patients
Clinical characteristics of the patients are presented in table 1. At baseline, groups 
were well-matched for all relevant characteristics. Mean (±SD) age of the patients was 
60.9 (±11.1) years and 78% were male. Median (IQR) time from onset of symptoms 
to start of the PCI procedure was 180 (120-270) minutes. Although baseline hae-
moglobin was higher in the control group, there were no differences in changes in 
haemoglobin over the first 48 hours between the groups.
Patients were treated according to the guidelines, and had received aspirin, clopidog-
rel and heparin in the ambulance as per protocol. After a successful PCI procedure 
(TIMI flow 2-3), patients were randomized. After randomization, immediately before 
Epo-infusion, a 12-lead ECG was performed. Median (IQR) cumulative ST-segment 
deviation (ST-elevation and ST-depression), was 5.1 (2.6-8.5) mm in the Epo group 
and 5.1 (2.7-8.5) mm in the control group (p = 0.88). 
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endpoints
After a mean of 6.5 (±2.0) weeks, planar radionuclide ventriculography was obtained 
in 448 patients (85%). Reasons for not being able to obtain the primary endpoint are 
described in figure 1. Mean (±SD) LVEF was 0.53 (±0.10) in the Epo group and 0.52 
(±0.11) in the control group (p=0.41).  
Data on myocardial infarct size are presented in table 2. Overall, myocardial infarct 
size was slightly larger in the control group, compared with the Epo group, although 

Table 1. Baseline characteristics of 529 patients with a successful PCI for a first ST-elevation 
myocardial infarction randomized to erythropoietin (Epo) or control (*mean±SD; Ŧmedian±IQR)

Total cohort
N=529

Epo
N=263

Control
N=266

P-value

Age (yrs) * 60.9 ± 11.1 60.8 ± 10.9 61.0 ± 11.3 0.847

% Male 77.7 75.7 79.7 0.265

BMI (kg/m2) * 27.3 ± 4.2 27.4 ± 4.3 27.3 ± 4.0 0.669

History of Hyperlipidaemia Ŧ 98 (19.0) 53 (21.0) 45 (17.2) 0.276

Diabetes Ŧ 47 (9.1) 25 (9.9) 22 (8.4) 0.559

History of Hypertension Ŧ 174 (33.8) 84 (33.2) 90 (34.4) 0.782

Current smoker Ŧ 116 (22.7) 58 (23.2) 58 (22.2) 0.894

Fam history of CAD Ŧ 186 (36.1) 95 (37.5) 91 (34.7) 0.506

History of revascularisation Ŧ 13 (2.5) 5 (2.0) 8 (3.1) 0.436

Hb at baseline (g/dL) * 14.2 ± 1.37 14.0 ± 1.35 14.3 ± 1.29 0.029

Ht at baseline (L/L) * 0.41 ± 0.04 0.40 ± 0.04 0.41 ± 0.03 0.011

Serum Creatinine (mg/dL) Ŧ 0.86 (0.75-1.0) 0.85 (0.74-1.0) 0.87 (0.76-1.01) 0.345

Systolic BP (mmHg) * 128.5 ± 24.1 127.2 ± 24.9 129.7 ± 23.3 0.244

Diastolic BP (mmHg) * 76.8 ± 14.4  76.3 ± 15.0 77.3 ± 13.8 0.419

Heart rate (beats/min) * 74.5 ± 15.8 74.9 ± 15.5 74.2 ± 16.0 0.632
Time from symptom onset to PCI 
(minutes) § 180 [120-270] 180 [126-288] 174 [120-251] 0.292

Platelet glycoprotein IIb/IIIa inhibitor Ŧ 411 (77.7) 199 (75.7) 212 (79.7) 0.265

No. of diseased vessels Ŧ

1 
2
3

348 (66.8)
131 (25.1)
42 (8.1)

170 (66.1)
65 (25.3)
22 (8.6)

178 (67.9)
65 (24.8)
19 (7.3)

0.608

Infarct Related Artery Ŧ

LAD 
RCA
RCx       

209 (40.1)
226 (43.4)
85 (16.3)

105 (40.9)
112 (43.6)
40 (15.6)

104 (39.4)
114 (43.2)
45 (17.0)

0.720

Medication at follow up Ŧ

Aspirin
Oral anticoagulants
Clopidogrel
Beta-blockers
ACE-inhibitors
ARB
Statins

468 (94.6)
33 (6.7)

425 (85.9)
460 (92.9)
348 (70.3)

37 (7.5)
478 (96.6)

226 (93.8)
16 (6.6)

209 (86.7)
225 (93.4)
163 (67.6)

19 (7.9)
235 (97.5)

242 (95.3)
17 (6.7)

216 (85.0)
235 (92.5)
185 (72.8)

18 (7.1)
243 (95.7)

0.463
0.981
0.691
0.715
0.206
0.736
0.261
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most of these differences did not reach statistical significance. Cardiovascular events 
within 6 weeks are presented in table 3. Overall, 10 cardiovascular events occurred in 
8 patients in the Epo group, versus 27 events in 19 patients in the control group (Log-
rank for time to first event: p=0.031). Figure 2 demonstrates Kaplan-Meyer curves of 
cardiovascular events in the Epo and control group. 
In a subgroup of 214 patients, NT-proBNP was available at baseline and follow-up. 
Median (IQR) NT-proBNP increased from 81 (40-394) to 380 (198-853) pg/ml 
in the Epo group and from 106 (45-286) to 470 (217-1010) pg/ml in the control 
group (p for difference in change from baseline to 6 weeks=0.025)

Safety analysis
Overall, 49 Serious Adverse Events (SAE’s) were reported in 40 control patients, and 
33 SAE’s were reported in 29 Epo patients. Heart failure related events (7 vs. 1; p = 
0.034) and reinfarctions (mainly caused by acute stent thrombosis; 7 vs. 2; p = 0.096) 

Table 2. Secondary study endpoint: enzymatic infarct size, determined by serial CK, CKMB, and 
troponin T measurements in 529 acute myocardial infarction patients treated with erythropoietin 
(Epo) or control

Epo
N=263

Control
N=266

P-value

Mean (±SD) Peak CK (U/L) 2077 (±1513) 2385 (±1996) 0.048

Median (IQR) Peak CK (U/L) 1750 (895-2970) 1726 (967-3300) 0.293

Median AUC (IQR) CK (U/L per 72h) 50,136 (28,212-76,664) 53,510 (33,973-90,486) 0.058

Mean (±SD) Peak CKMB (U/L) 246 (±161) 275 (±255) 0.15

Median (IQR) Peak CKMB (U/L) 214 (116-344) 219 (109-322) 0.955

Median AUC (IQR) CKMB (U/L per 72h) 5622 (3487-8204) 5931 (3757-8801) 0.16

Mean (±SD) peak Troponin T (µg/L) 5.56 (±4.83) 5.90 (±5.20) 0.47

Median (IQR) peak Troponin T (µg/L) 4.30 (1.94-7.89) 5.90 (2.20-8.00) 0.564

Median AUC (IQR) Troponin T (µg/L per 72h) 157.5 (77.6-257.4) 153.0 (88.3-256.3) 0.96

Table 3. Secondary study endpoint: incidence of cardiovascular events within six weeks after a 
successful PCI for a first acute myocardial infarction in erythropoietin (Epo)-treated and control 
patients

Epo
N=263

Control
N=266

P-value

All cardiovascular events 10 27 0.032*1

Cardiovascular death 1 2 0.569
Emergency re-PCI for 
     In-stent thrombosis
     Unstable angina

2
3

7
2

0.288

Reinfarction 2 7 0.096

Stroke 1 2 0.569

Heart failure 1 7 0.034

*1 More than 1 event occurred in several patients (e.g. reinfarction after in-stent thrombosis), but the 
statistical analysis was reported on the first event that had occurred. 
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were found more frequently in the control group. Epo was well tolerated and there 
were no reports of malignant hypertension, seizure, or deep vein thrombosis. Only 
one pulmonary embolism was reported in the control group and none in the Epo 
group. In addition, cardiovascular deaths and strokes were comparable between both 
groups (table 3). 

discussion
A single high dose i.v. bolus of Epo immediately after a successful PCI for a first ST-eleva-
tion myocardial infarction did not improve left ventricular function after 6 weeks. How-
ever, Epo tended to decrease enzymatic infarct size and resulted in significantly fewer 
major adverse cardiovascular events. 
Four earlier smaller studies have reported on the effects of Epo in myocardial infarc-
tion patients. 11-14 One of these studies was a pilot study 11, two others did not report 
the effects on left ventricular function 12,13, and in one (unpublished) study in 138 
ST-elevation myocardial infarction patients, intravenous infusion of Epo (3.3 x 104 IU 
of epoetin beta at 3 successive days) did not improve left ventricular function at 6 
months. 14  These findings are similar to our study and might be explained by a relatively 
preserved left ventricular function, since patients were very well treated, and received a 
successful primary PCI procedure shortly after onset of symptoms. Therefore, in the cur-ter onset of symptoms. Therefore, in the cur-
rent setting, left ventricular function might not be the best marker of cardioprotection of 
Epo during a myocardial infarction. 
Myocardial infarct size was measured with cardiac enzymes, which was one of the pre-
specified secondary outcomes in this study. We demonstrated a modest reduction in 
cardiac enzymes with Epo, although most of the differences did not reach statistical 
significance. These results are similar to the results published by Binbrek et al, who only 
showed a modest and non-significant reduction of Epo treatment on myocardial infarct 

Time to event (days)

0 10 20 30 40 50
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t-
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0,0

0,8

0,9

1,0

Control group
Epo group Log rank P=0.031

Figure 2. Secondary outcome: 
Kaplan-Meier curves indicating 
pre-defined cardiovascular 
events within six weeks after 
a successful primary PCI for 
a first ST-elevation myocardial 
infarction in patients treated 
with a single high dose of 
erythropoietin (Epo) or control 
patients. 
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size in 236 patients who received thrombolysis.13 In a small study in 30 patients, Epo sig-
nificantly reduced CK-MB release after an ST-elevation myocardial infarction.12 In a small 
pilot study in 51 patients with a non-ST elevation myocardial infarction, a single intrave-
nous dose of 40.000 IU of Epo had no significant effect on enzymatic infarct size.17

The second pre-specified secondary outcome marker in this study was the effect of Epo 
on pre-defined cardiovascular events.15 A significant reduction in cardiovascular events 
was observed in the Epo-treated patients. This difference was primarily caused by sig-
nificantly fewer cases of heart failure in the Epo group. Interestingly, similar findings of 
less heart failure events in the Epo group were reported in non-ST-elevation myocardial 
infarction patients.17 These findings are further supported by data on NT-proBNP in a 
subgroup of patients from the present study, which showed that the increase of NT-
proBNP from baseline to 6 weeks was significantly smaller in the Epo-treated patients, 
further supporting the potential cardioprotective effects of Epo in ST-elevation myo-
cardial infarction patients. The NT-proBNP results should however be interpreted with 
caution, since this was a secondary outcome in a subgroup of patients. 
Taken together, our findings partly support the concept that Epo might have specific 
cardioprotective effects. With the discovery of a functional Epo receptor in the heart, 
it was hypothesised that Epo elicits cardioprotective effects.2 Exogenous stimulation 
of these receptors in animal models with human recombinant Epo proved to de-
crease infarct size and ameliorated ejection fraction.1-10 Furthermore, stimulation of 
the Epo receptor in the heart increases neovascularisation through increase of VEGF 
and endothelial progenitor cells (EPC) homing to the myocardium.10 In addition, 
anti-apoptotic effects of Epo have been described in similar animal studies.7 
Recently, concerns have been expressed regarding safety of the use of Epo, in par-
ticular in patients with renal anaemia.18 In Trial to Reduce Cardiovascular Events with 
Aranesp Therapy (TREAT), the use of Epo in patients with renal anaemia was associ-
ated with an increased risk of stroke.19 In addition, Epo treatment in patients with an 
acute ischemic stroke was associated with an increased mortality risk.20 It should be 
noted however that in each of the studies reporting potentially hazardous effects of 
Epo, multiple doses were used, and doses were haemoglobin targeted, in contrast to 
the present study, where a single dose was used. Also, in a placebo-controlled study in 
myocardial infarction patients treated with aspirin and clopidogrel, Epo did not alter 
markers of platelet and endothelial cell activation associated with thrombosis.21 In the 
present study, Epo treatment was associated with significantly fewer serious adverse 
effects, mainly due to fewer heart failure related events and re-myocardial infarctions 
due to acute stent thrombosis. Therefore, the present study indicates that the current 
safety concerns about Epo cannot be translated to single dose administration in ST-
elevation myocardial infarction patients treated with primary angioplasty. 
In conclusion, a single high dose of Epo after a successful PCI for an ST-elevation 
myocardial infarction did not improve LVEF after six weeks. However, the use of Epo 
was related to a trend towards smaller enzymatic infarct size, and significantly less 
major adverse cardiovascular events and a favourable clinical safety profile. These find-
ings suggest potential cardioprotective effects of Epo in patients with an ST-elevation 
myocardial infarction. 
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aBstract
Background 
In patients with chronic heart failure (CHF), erythropoietin (Epo) levels are increased 
and related to a poor prognosis. Furthermore, Epo levels in these patients show a weak 
correlation with haemoglobin (Hb) levels.

Methods
This is a retrospective analysis of a subgroup of the OPTIMAAL trial in which serum 
Epo levels were measured at baseline, at 1 month, and at 1 and 2 years in 224 patients 
with an acute myocardial infarction (AMI) complicated by signs or symptoms of 
heart failure. We investigated the determinants and the prognostic role of elevated Epo 
levels in these patients and we studied the change in Epo levels by either captopril or 
losartan.

results 
The correlation between Epo and Hb at baseline (r=-0.348;p<0.001) and after 1 month 
(r=-0.272;p<0.001) disappeared after 1 year of follow up (r=-0.129;p=0.102). 
At 1 year, CRP was the only factor associated with Epo levels. Higher Epo levels at 
baseline were independently related to a higher mortality during 2-years follow-up 
(Hazard Ratio 2.84;p=0.014). In the captopril group, logEpo levels decreased from 
1.19(±0.26) to 0.95(±0.20) mlU/ml and in the losartan group from 1.19(±0.27) 
to 1.01(±0.17) mlU/ml (p=0.036 between groups). 

Conclusion
In this substudy of the OPTIMAAL trial, the correlation between Epo and Hb disap-
peared in early post AMI heart failure patients. Furthermore, elevated Epo levels at 
baseline predicted increased mortality. 
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introduction
In patients with chronic heart failure (CHF), erythropoietin (Epo) levels are often in-
creased and related to a poor prognosis.1,2,3 In contrast to healthy subjects or patients 
with primary renal disease, elevated Epo levels in CHF patients only show a mild 
correlation with haemoglobin (Hb).2,4,5 This finding seems to be a discrepancy, but 
can be explained by several other conditions besides anaemia influencing Epo levels 
in CHF.6

Epo levels are elevated during the initial phase of an acute myocardial infarction 
(AMI).7,8,9 However, both the changes and determinants of Epo levels from the acute 
phase of an AMI to early post-AMI heart failure are as yet unknown. 
Several investigators suggested a relation between Epo levels and activity of the renin-
angiotensin system. It was demonstrated that angiotensin II increased Epo by stimu-
lating the AT1-receptor,10,11,12 and in smaller studies the use of both Angiotensin Con-
verting Enzyme (ACE)-inhibitors and angiotensin receptor blockers (ARB) have been 
related to a reduction of serum Epo levels.13,14,15,16 This present study is the first to 
evaluate the long term prognostic value of Epo levels in patients who show signs and 
symptoms of heart failure after an AMI. Furthermore, we looked at the determinants 
of Epo levels and we studied the modulation of ACE-inhibition versus ARB on serial 
serum Epo levels. 
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mEthods
The OPTIMAAL (Optimal Trial in Myocardial Infarction with Angiotensin II Antago-
nist Losartan) trial compared the effect of the ACE inhibitor captopril (50mg three 
times daily) and the ARB losartan (50mg daily) on all cause mortality in patients 
with an AMI who showed signs or symptoms of heart failure within the first 10 days 
of hospitalisation.17 The primary endpoint was all-cause mortality. The background, 
rationale and results of the main study were previously described.18 
The present study analyses the data of the prospectively designed neurohormonal 
substudy of the OPTIMAAL. Baseline characteristics of 224 patients in the substudy 
were similar to those of the OPTIMAAL in most aspects. However, in the OPTIMAAL 
main trial more patients had a history of dyslipidemia or CHF, more were in Killip 
Class I, more were diabetic and less used a statin.19 Blood samples of routine labora-
tory measurements, Epo, N-terminal pro B-type natriuretic peptide (NTproBNP) and 
C-reactive protein (CRP) were obtained at 4 time points: baseline (days 1-10, median 
day 3), 30 days, 1 year and at 2 years after AMI. 

Blood sampling
Blood samples were collected using pyrogen-free tubes containing EDTA (Becton 
Dickinson. San Jose, CA) and were immediately centrifuged at 2000g for 30 minutes 
at 4°C. The platelet poor plasma was separated and stored at -80°C until analysis. 
Plasma Epo levels were measured using the IMMULITE EPO assay (Diagnostic Prod-
ucts Corporation (DPC), Los Angeles, California), which has been described before.20 
The DPC assay consists of a ligand-labeled monoclonal anti-Epo capture antibody, an 
alkaline phosphatase-labeled polyclonal conjugate antibody, and solid-phase anti-li-
gand–coated polystyrene beads. The amount of plasma Epo was quantified by chemi-
luminescent measurement in a luminometer. 
NTproBNP in plasma was determined by an immunoassay, as described previously.16   
A noncompetitive assay was used with the capture antibody directed to the C-terminal 
of human N-BNP and the biotinylated N-terminal directed antibody as the detector 
antibody. Quantification of NTproBNP was done by chemiluminescent measurement 
on a Dynatech MLX Luminometer (Dynex Technologies Ltd, Worthington, UK). 
The estimated Glomerular Filtration Rate (eGFR) was calculated using the abbreviated 
MDRD equation: 186 x (Creat / 88.4)-1.154 x (Age)-0.203 (x 0.742 if female). Chronic 
kidney disease (CKD) was defined as eGFR < 60 ml/min/1.73m2.

Statistical analyses
Results are presented as mean ± SD when normal distributed and as median and 
interquartile range (IQR) when non-normal distributed. Normality was tested by 
comparing a histogram of residuals to a normal probability curve. If the distribution 
of the residuals did not resemble the normal distribution, variables were log-trans-
formed. Comparisons of continuous variables between groups were made by un-
paired Student’s t-tests, and, if distributed non-normally, by Mann-Whitney U tests. 
The relationship between Epo and Hb levels was analysed using scatter plots and by 
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calculating Pearson’s correlation coefficients. Linear regression identified univariable 
factors which showed an association with logarithmically transformed Epo levels at 
baseline, at 1 month and at 1 year (p < 0.10). These factors (age, gender, CRP, NT-
proBNP, and Hb) were put into a multivariable model, using a backward stepwise 
selection procedure, in order to identify the predictors of Epo levels. 
A Kaplan-Meier survival plot was constructed with Epo levels dichotomized according 
to the median and the log rank test was performed. The association between param-
eters and mortality was assessed by Cox proportional hazards regression. Univariable 
factors with a trend towards an increased risk of mortality (p < 0.10) were identi-
fied (gender, age, CKD and Hb, NTproBNP, and Epo dichotomized according to their 
median) and were included in a multivariable Cox regression model based on the 
strength of their univariate association. The assumption of proportional hazards was 
checked by comparing the estimated log-minus-log survival curves for parallelism. 
All tests were 2-tailed and a p-value < 0.05 was considered statistically significant. All 
analyses were performed with SPSS for Windows version 14.0.1. (SPSS, Chicago, IL).  

rEsults
patient demographics
Baseline characteristics of patients randomized to either captopril or losartan did not 
differ significantly (Table 1). Mean age was 67.8 ± 10.4 years and 70% of subjects 
was male. During follow up (mean 939 days, range 3-1222), a total of 32 patients 
died (15 in the captopril and 17 in the losartan group). Of these deaths, 13 occurred 
during the first month (7 in the captopril and 6 in the losartan group). Laboratory 
values at each time-point (baseline, 1 month, 1 and 2 years) are presented in Table 2. 
Median Epo levels were 15.4 mlU/ml (IQR 10.3-21.4); (reference range 2.6 to 34 
mlU/ml 20). At baseline, CRP and NT-proBNP were elevated and declined to normal 
values in the first year of follow up. 

Correlation between hb and epo
An inverse correlation between Hb and Epo was found at baseline (r=-0.348;  
p<0.001) and at 1 month (r=-0.272; p<0.001). In contrast, no correlation between 
Hb and Epo was found after 1 year (r=-0.129; p=0.102) and after 2 years of follow 
up (r=-0.152; p=0.063). 

Determinants of epo levels 
Epo levels at 1 month, 1 year and 2 years differed significantly from baseline (p<0.001). 
Table 3 shows the outcomes of a multivariable linear regression analysis for determi-
nants of Epo levels at baseline and at both 1 month and 1 year post infarction. At base-
line, the multivariable regression model showed lower Hb (Beta -0.319; p<0.001) as 
well as higher logNT-proBNP (Beta 0.206; p=0.003) to be independent determinants 
of higher Epo levels. At 1 month, the correlation between Hb and Epo became less 
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pronounced, while at 1 year, no correlation between Hb and Epo was found. At 1 
year, higher Epo levels were predicted by higher CRP levels (Beta 0.209; p=0.006).     

prognostic value of epo levels
Kaplan Meier survival curves demonstrated that higher Epo levels at baseline were re-
lated to an increased mortality in the subsequent follow-up period (Log rank p=0.05; 
Figure 1). For the primary endpoint, multivariable Cox regression analyses demon-
strated that at baseline a higher age (Hazard Ratio (HR) 7.44; p=0.001), CKD (HR 
2.88; p=0.008) and higher logEpo (HR 2.84; p=0.014), were independently associ-
ated with an increased risk of mortality (Table 4). 

Table 1. Baseline characteristics of captopril and losartan treated patients with heart failure after an 
acute myocardial infarction

Variable Entire cohort
(n=224)

Captopril
(n=112)

Losartan
(n=112)

p-value

Age (yrs) * 67.8 ± 10.4 67.8 ± 10.4 67.8 ± 10.3 0.995

Male 157 (70.1%) 77 (68.8%) 80 (71.4%) 0.662

Smoking 89 (39.7%) 40 (35.7%) 49 (43.8%) 0.219

BMI * 26.0 ± 3.7 25.8 ± 3.5 26.2 ± 3.9 0.473

History     

Hypertension 72 (32.1%) 42 (37.5%) 30 (26.8%) 0.086

AMI 26 (11.6%) 16 (14.3%) 10 (8.9%) 0.211

PTCA 4 (1.8%) 1 (0.9%) 3 (2.7%) 0.313

CABG 3 (1.3%) 2 (1.8%) 1 (0.9%) 0.561

Diabetes 26 (11.6) 16 (14.3%) 10 (8.9%) 0.211

Dyslipidemia 52 (23.2%) 23 (20.5%) 29 (25.9%) 0.342

Atrial Fibrillation 28 (12.5%) 17 (15.2%) 11 (9.8%) 0.225

CHF 5 (2.2%) 3 (2.7%) 2 (1.8%) 0.651
Killip Class
   I  
   II 
   III
   IV

43 (19.2%)
147 (65.6%)
29 (12.9%)
5 (2.2%)

23 (20.5%)
73 (65.2%)
13 (11.6%)
3 (2.7%)

20 (17.9%)
74 (66.1%)
16 (14.3%)
2 (1.8%)

0.611
0.888
0.550
0.651

Medication

Warfarin 38 (17%) 21 (18.8%) 17 (15.2%) 0.479

Aspirin 216 (96.4%) 107 (95.5%) 109 (97.3%) 0.474

Loop-diuretic 164 (73.2%) 79 (70.5%) 85 (75.9%) 0.368

ß-blocker 169 (75.4%) 88 (78.6%) 81 (72.3%) 0.279

Statin 143 (63.8%) 65 (58%) 78 (69.6%) 0.071

BMI=Body-Mass Index; AMI=Acute Myocardial Infarction; CABG=Coronary Artery Bypass Grafting; 
PTCA=Percutaneous Transluminal Coronary Angioplasty; CHF=Chronic Heart Failure; * Mean±SD
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Table 2. Laboratory values at baseline, at 1 month, and at 1 year and 2 years in patients with heart 

failure after an acute myocardial infarction 

Variable Baseline 1 month 1 year 2 year

Hb (g/dL) * 12.9 ± 1.4 13.7 ± 1.3 13.3 ± 1.4 13.6 ± 1.4

Epo (mlU/ml) § 15.4 (10.3-21.4) 10.5 (7.6-14.7) 9.0 (7.1-12.5) 9.5 (7.4-13.2)

CRP (mg/L) § 49 (22-98) 2.3 (1.2-4.3) 1.7 (1.0-3.2) 1.6 (0.9-3.5)

NT-proBNP (ng/L) § 1034 (613-1647) 645 (377-1033) 323 (138-6567) 310 (137-607)

Creatinine (µmol/L) § 89 (77-102) 93 (86-106) 91 (82-104) 93 (85-108)

CRP=C-Reactive Protein; Hb=Haemoglobin; NTproBNP= N-Terminal pro-B-type Natriuretic Peptide; 
*Mean±SD; §Median (IQR)

Table 3. Independent predictors of (log)erythropoietin levels at baseline, 1 month and at 1 year

LogEpo at baseline LogEpo at one month LogEpo at one year

Variable Beta B (95%CI) p Beta B (95%CI) p Beta B (95%CI) p

Hb (g/dL) -.319 .00 (.00,.00) <0.001 -.201 .00 (.00,.00) 0.014

logNTproBNP
(ng/L)

.206 .21 (.07,.34) 0.003 .179 .12 (.01,.23) 0.029

logCRP (mg/L) .222 .11 (.04,.18) 0.003 .209 0.10 (.03,.16) 0.006

Gender .010 .00 (-.07,.08) 0.883 .050 .03 (.05,.11) 0.519 .165 .07 (.00,.13) 0.034

Age (years) -.072 .00 (.00,.00) 0.303 -.050 .00 (.00,.00) 0.545 .143 .00 (.00,.00) 0.064

CRP=C-Reactive Protein; Hb=Haemoglobin; NTproBNP=N-Terminal pro-B-type Natriuretic Peptide
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Figure 1.
Kaplan Meier survival 
curves for high vs low Epo 
at baseline.
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effects of aCe-I and arB on epo levels
At baseline, Epo and Hb levels in both the captopril and the losartan group were similar 
(Table 5). However, after 2 years, Epo levels were significantly lower in the captopril 
treated patients (0.95±0.20 vs 1.01±0.17; p=0.019). In addition, compared to the 
losartan group, Epo reduction from baseline to 2 years was larger in the captopril 
group (p=0.036; Table 5). Multivariable linear regression analyses showed that Hb 
change between baseline and two years (Beta -0.243; p=0.003), age (Beta 0.168; 
p=0.04), and captopril treatment (Beta 0.204; p=0.01) were independent predictors 
of the change in Epo from baseline to 2 years (Table 6). Interestingly, a time-dependent 
analysis of the difference in Epo values from 1 month to 2 years showed that the only 
independent predictor was a change in CRP (Beta 0.332; p<0.001). 

Table 4. Results of a multivariable Cox regression analysis of markers of all cause mortality in patients 
with heart failure after an acute myocardial infarction

Univariable Multivariable

Variable HR (95%CI) p-value HR (95%CI) p-value

High Age* 10.45 (3.2,34.3) <0.001 7.44 (2.2-25.6) 0.001

Gender 1.08 (0.51,2.29) 0.832 2.28 (0.9,5.7) 0.080

CKD 4.43 (2.2,8.9) <0.001 2.88 (1.3,6.3) 0.008

Low Hb* 1.97 (0.94,4.1) 0.071

High logNTproBNP* 2.3 (1.1,4.9) 0.026

High logEpo* 1.90 (0.91,4.0) 0.087 2.84 (1.2,6.5) 0.014

*variables dichotomized according to their median: Age > 68 years; logEpo > 1.02 mlU/mL; Hb < 13.0 g/
dL; logNTproBNP > 3.09 ng/L; CKD=Chronic Kidney Disease; Hb=Haemoglobin; NTproBNP=N-Terminal 
pro-B-type Natriuretic Peptide

Table 5. Difference between baseline and 2 years of follow up of levels of erythropoietin, haemoglobin, 
and eGFR rate between captopril and losartan treated patients.  

Variable Captopril Losartan p-value

logEpo (mlU/ml) baseline* 1.2 ± 0.26 1.2 ± 0.27

logEpo 2 year* 0.95 ± 0.20 1.0 ± 0.18

∆logEpo Bl-2y* -0.26 ± 0.26 -0.17 ± 0.26 p=0.036

Hb (g/dL) baseline* 12.9 ± 1.4 13.0 ± 1.4

Hb 2 year* 13.4 ± 1.4 13.7 ± 1.4

∆Hb Bl-2y 0.54 ± 1.2 0.55 ± 1.1 p=0.928

eGFR (ml/min) baseline* 72.2 ± 18.6 72.5 ± 15.3

eGFR 2 year* 66.9 ± 20.4 68.8 ± 13.7

∆eGFR Bl-2y* -6.56 ± 14.2 -6.12 ± 9.96 p=0.805

Epo=Erythropoietin; Hb=Haemoglobin; eGFR=estimated Glomerular Filtration Rate; 
Bl=Baseline; * Mean ± SD
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discussion
The present study showed that in patients with signs and symptoms of heart failure 
early after myocardial infarction, the correlation between Epo and Hb disappeared 
during the follow up period. Also, higher Epo levels at baseline predicted increased 
mortality and in addition, treatment with captopril reduced Epo levels to a larger 
extend compared to losartan.    

epo levels after aMI
Laboratory findings showed an initial increase of CRP and NT-proBNP which declined 
to normal values in the first year of follow up. Creatinine levels did not change over 
time. These results reflect the acute phase of an AMI and subsequent early post-AMI 
heart failure with normalisation of laboratory values. 
Epo levels were elevated during the first days after AMI, though still within the nor-
mal range, and declined significantly in the following weeks. The pathophysiological 
mechanisms behind the increase in Epo levels during and after AMI are not well un-
derstood. One explanation is that Epo levels are increased as a response to a decrease 
in Hb due to treatment interventions during an AMI.7 Our current observation that 
baseline Epo levels correlate well with Hb levels supports this hypothesis. Another 
explanation may be that Epo levels are increased due to myocardial hypoxia, as has 
been shown in a mouse myocardial infarction model.21 However, Namiuchi et al.8 
found a relationship between high endogenous Epo levels and smaller infarct sizes, 
which seems to argue against this hypothesis. We and others have repeatedly shown 
that exogenous Epo reduced cardiomyocyte apoptosis and increased angiogenesis and 
capillary density.22,23,24,25,26 However, the present study does not prove that Epo levels 
are causally linked to morbidity and mortality. Although Epo treatment in anaemic 
chronic renal failure patients has raised concerns about the safety of increasing Hb 
to higher levels 27,28, larger randomized clinical trials with Epo treatment in cardiac 
patients are ongoing. 29,30

Table 6. Multivariable linear regression analyses of the change in Epo between baseline and 2 years 

∆ logEpo baseline – 2 years ∆ logEpo 1 month – 2 years 

Variable Beta B (95%CI) p Beta B (95%CI) P

Age (yrs) .168 .00 (.00,0.01) .042 .072 .00(.00,.00) .870

Gender .057 .03(-.06,.12) .472 .033 .02(-.06,.09 .692
Captopril 
treatment

.204 .11 (.03,.19) .010 

∆ Hb (g/dL) -.243 -.06 (-.09,-.02) .003 

∆ logCRP (mg/L) .332 0.14 (.07,.21) <0.001

CRP=C-Reactive Protein; Hb=Haemoglobin;
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Determinants of epo
Another interesting finding of this present study is that at baseline, a correlation be-
tween Epo and Hb was found, which decreased over time and had disappeared at 1 
year. This observation is in line with previous studies,3,2 and this consistent finding 
implies that in heart failure Epo levels are driven by other factors than anaemia. In 
worsening heart failure, cardiac output decreases and through the significant reduc-
tion in renal blood flow, Epo levels increase. Also, Epo production is influenced by 
chronic inflammation.31 A correlation between high Epo and high CRP levels in CHF 
was previously described by our group32  and is now confirmed in the current study. 
In addition, high Epo levels in CHF could suggest bone marrow resistance to the ef-
fects of endogenous Epo.33 
In summary, from AMI to early post-AMI heart failure, different factors seem to deter-
mine Epo levels at different points in time.

prognostic value of epo      
Our results demonstrated that higher Epo levels were related to increased mortality, 
though interpretations should be made with caution, since the number of events was 
small. This finding is supported by previous findings from our group in a different 
population of patients with CHF.2 Also, in a study with 188 CHF patients, serum Epo 
was a strong predictor of both mortality and heart failure hospitalisation.3 Further-
more, Volpe et al.1 studied Epo levels in 108 CHF patients and found a positive cor-
relation with functional New York Heart Association (NYHA) class. All these studies 
suggest that higher Epo levels are a reflection of disease progression. 

effects of aCe-inhibitors vs arBs on epo levels
Plasma Epo levels were compared between patients who were treated with either cap-
topril or losartan. After 2 years, captopril treatment demonstrated a significantly stron-
ger reduction of Epo levels compared to losartan. Interestingly, this effect was found 
without a parallel change in Hb or kidney function. 
The interaction between Epo and the RAS system is well described.34,35,36,37 CHF pa-
tients often show elevated levels of angiotensin II, a hormone that stimulates eryth-
ropoiesis via the AT-1 receptor. In contrast to ARBs, which block the activation of 
AT-1 receptors, ACE-inhibitors only partially block the formation of angiotensin II. 
In a study with 72 healthy subjects, Freudenthaler et al.10 showed that angiotensin II 
raised Epo levels, a process which losartan, a specific AT-1 receptor antagonist, was 
able to block, and captopril was not. 
The difference in Epo levels between the captopril and losartan treated patients in 
the present study is difficult to explain. Several smaller studies have demonstrated 
that both ACE-inhibitors and ARBs can reduce Epo levels, although conflicting re-
sults have been described. In dilated cardiomyopathy patients, captopril reduced Epo 
levels which correlated with improved clinical and haemodynamic parameters.13 In 
addition, the ARB valsartan reduced Epo levels in CKD patients.16 On the other hand, 
Robles et al.14 showed that in hypertensive patients irbesartan reduced Epo levels in 
contrast to fosinipril, which did not influence Epo levels. And in patients with and 
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without post transplant erythrocytosis, neither enalapril nor losartan treatment had 
an effect on Epo levels.15 In the OPTIMAAL trial, losartan 50 mg once daily was com-
pared to captopril 50 mg three times daily. A trend towards an improved survival of 
the captopril group was seen 18, which could have been a reflection of the low dose of 
losartan that was used. Although highly speculative, this difference might have trans-
lated into different haemodynamic effects that could explain the difference in Epo 
levels. Other explanations might be related to the increased stimulation of the AT2 
receptor with ARBs, the effects of ACE-inhibitors on Ac-SDKP 38 (a strong inhibitor of 
haematopoiesis), or the increase of bradykinin with ACE-inhibitors.39

Limitations
Several limitations of the present study have to be acknowledged. Although labora-
tory parameters in this study do not reflect severe heart failure in these patients, all 
patients that were included did show signs and/or symptoms of heart failure at the 
time of inclusion. Unfortunately, data on heart failure class or left ventricular ejection 
fraction during follow up are lacking. Although after two years the difference in Epo 
levels between captopril and losartan treated patients reached statistical significance, 
these differences are small and may represent chance.   

In conclusion, in patients with early signs or symptoms of heart failure after an AMI, 
the correlation between Epo and Hb disappeared in the post-infarct state. Also, el-
evated Epo levels were independently related to a higher 2-year mortality. Finally, 
captopril reduced Epo levels to a larger extend compared to losartan.
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aBstract 
aims 
Anaemia is a co-morbidity in heart failure (HF) that negatively influences prognosis. 
Inflammation is assumed to be an important cause of anaemia. However, the relation-
ship between anaemia, inflammatory markers and prognosis in patients with HF is 
still unclear.

Methods 
We used data from the COACH trial, a multicenter randomized clinical trial in which 
patients were assigned to a specific HF management program. Patients were eligible 
if > 18 years and admitted for HF (NYHA II-IV). In a subset of 326 patients, haemo-
globin, haematocrit, high sensitive C-Reactive Protein (hsCRP), Interleukin-(IL) 6, 
Tumour Necrosis Factor alfa, and Erythropoietin (Epo), were measured at discharge. 
Patients were followed for up to 18 months.

results 
At discharge, anaemia (Hb < 13 g/dL (men) and < 12 g/dL (women)) was present 
in 40% (130/326) of the study population. At baseline, median levels of IL-6 and 
hsCRP were significantly higher in anaemic patients compared to non-anaemic pa-
tients. Logistic regression demonstrated that each doubling of hsCRP values was in-
dependently associated with anaemia (odds ratio 1.06; 95%CI:1.02-1.11; p=0.002). 
Cox proportional hazards model showed that the hazard ratio for all cause mortality, 
adjusted for covariates, was 1.88 (95%CI:1.10-3.20; p=0.020) in patients with anae-
mia and high hsCRP levels and 2.38 (95%CI:1.34-4.24; p=0.003) for patients with 
anaemia and high levels of IL-6.

Conclusion 
Anaemia was present in 40% of patients, and was independently associated with in-
flammation. The presence of elevated inflammatory factors was an independent pre-
dictor of mortality in anaemic, but not in non-anaemic patients. 
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introduction
Anaemia is a frequent co-morbidity in patients with heart failure (HF) and its pres-
ence is associated with an impaired prognosis.1 Various recent studies have shown 
that causes for anaemia in HF are multifactorial.2,3,4,5 Several mechanisms may con-
tribute to lower haemoglobin levels, such as an inadequate production of eryth-
ropoietin (Epo) due to chronic kidney failure 6, haematinic abnormalities and 
elevated levels of inflammatory factors.7 Inflammatory cytokines seem to play an 
important role in the cause of anaemia. Firstly, cytokines have a damaging effect 
on Epo producing cells in the kidney, thereby causing a reduction of the renal 
secretion of Epo and as a consequence, an inadequate Epo response for the de-
gree of anaemia.8 In addition, cytokines directly affect bone marrow function, by 
impairing proliferation and differentiation of erythroid precursor cells.9,10 Finally, 
cytokines exert a negative effect on iron-homeostasis, resulting in a reduction of 
the iron availability for haemoglobin synthesis.11 
Although inflammation has been proposed as an important cause of anaemia in 
HF, to date only a few studies have looked into the association between pro-in-
flammatory cytokines and anaemia in HF.4,12,13 Moreover, the prognostic value of 
inflammatory markers in anaemic HF patients has not been evaluated yet. There-
fore, we used a large cohort of HF patients and studied the association between 
anaemia and inflammatory cytokines and their effects on prognosis.  
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mEthods
patient selection
The COACH (the Coordinating study evaluating Outcomes of Advising and Counsel-
ing in Heart failure) study was a multicenter, randomized nurse-led trial to evaluate 
the effect of two interventions (basic support vs. intensive support) compared with 
care as usual in HF patients. Background, rationale and results of the main study are 
published elsewhere.14 Patients were eligible for trial inclusion if they were at least 18 
years of age, had a hospital admission for HF (New York Heart Association class II-IV), 
and had evidence of structural underlying heart disease. Participants were random-
ized during hospitalisation for HF. The primary outcome was a composite endpoint 
of hospitalisation for HF or all cause mortality. A total of 1023 patients were included 
in COACH and were followed for up to 18 months. Additional blood samples were 
collected at baseline (hospital discharge) for measurement of Epo and cytokine levels. 
The 326 patients included in this substudy had levels of inflammatory factors and 
haemoglobin available at baseline. Patients did not belong to a specific intervention 
group. Baseline characteristics from the patients in COACH did not differ significantly 
from the 326 subjects included in this subanalysis (data not shown).  

Laboratory assessments
The abbreviated Modification of Diet in Renal Disease equation was used to estimate 
the glomerular filtration rate (eGFR).15 Anaemia was defined according to the World 
Health Organization (WHO) criteria as a haemoglobin level < 13.0 g/dL in men 
and a haemoglobin level < 12.0 g/dL in women.16 Plasma Epo levels were measured 
using the IMMULITE EPO assay (Diagnostic Products Corporation, Los Angeles, Cali-
fornia).17 

plasma cytokine assays 
Levels of Interleukin (IL)-6, tumour necrosis factor-alpha (TNF-α), and high sen-
sitive C-Reactive Protein (hsCRP) were measured in plasma samples using Search-
Light® Proteome Arrays (Aushon BioSystems, Billerica, MA). The SearchLight Pro-
teome Array is a quantitative multiplexed sandwich ELISA containing up to 12 dif-
ferent capture antibodies spotted on the bottom of a 96-well polystyrene microtiter 
plate. Each antibody captures a specific protein present in the standards and samples 
added to the plate. The bound proteins are then detected with a biotinylated detec-
tion antibody, followed by the addition of streptavidin-horseradish peroxidase (HRP) 
and lastly, a chemiluminescent substrate. The luminescent signal produced from the 
HRP-catalyzed oxidation of the substrate is measured by imaging the plate using the 
SearchLight Imaging System which is a cooled charge-coupled device (CCD) camera. 
The data is then analysed using SearchLight Array Analyst software. The amount of 
luminescent signal produced is proportional to the amount of each protein present 
in the original standard or sample. Concentrations are extrapolated off a standard 
curve.
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Statistical analysis
Results are presented as mean ± standard deviation (SD) when normally distributed 
and as median and interquartile range (IQR) when non-normally distributed. Com-
parisons of differences between groups were made by unpaired Student’s t-test, χ2-test 
or Mann-Whitney U testing when appropriate. Independent predictors of anaemia 
were assessed using logistic regression analysis. Univariate factors predicting anaemia 
with p<0.10 (age, eGFR, N-terminal pro B-type natriuretic peptide (NT-proBNP), Epo 
and hsCRP) were entered in a multivariate model to study their influence on the pres-
ence of anaemia. To make interpretation of results easier for clinical relevance, variables 
with a non-normal distribution were transformed to a 2-log scale (Epo and hsCRP). 
This means that odds ratios (OR) should be interpreted as the odds if values were 
doubled (e.g. 510 mg/L). Kaplan-Meier survival plots were constructed to study the 
influence of anaemia and elevated cytokine levels on all cause mortality. Groups were 
compared using the log rank test. The association between parameters and all cause 
mortality was assessed by Cox proportional hazards regression. A categorical variable 
was computed including the presence or absence of anaemia and hsCRP dichotomized 
based on a cut-off value of 3 mg/L, representing the upper limit of normal value of 
hsCRP. In the same way, we constructed a categorical variable with anaemia and IL-6, 
dichotomized by the median, since no clinically relevant normal value is yet estab-
lished. Univariate Cox proportional hazard regression models were used to estimate 
the hazard ratio (HR) and 95% confidence interval (CI) associated with baseline hsCRP 
or IL-6, anaemia and death from any cause. Multivariate Cox regression models were 
then constructed to study the effect of hsCRP or IL-6 and anaemia on mortality after 
adjusting for known predictors of mortality in HF (age, eGFR, NT-proBNP). The as-
sumption of proportional hazards was assessed by graphing the log-minus-log survival 
curves. Data were complete for haemoglobin and eGFR measurements. The following 
variables had data missing: IL-6 (patients with missing data n=24), TNF-α (n=52), 
hsCRP (n=22), and NT-proBNP (n=16). All missing data were excluded for analyses. 
All tests were 2-tailed and a p-value<0.05 was considered statistically significant. All 
analyses were performed with SPSS for Windows version 16.0 (SPSS, Chicago, IL). 

rEsults
patient characteristics
Baseline characteristics of all 326 patients with values of both inflammatory fac-
tors and haemoglobin available at baseline are presented in Table 1. Mean age was 
71±11 years, 61% was male and mean left ventricular ejection fraction (LVEF) was 
0.35±0.14. At discharge, 40% of patients (82 men, 48 women) were anaemic. These 
patients were significantly older, had worse renal function, and higher NT-proBNP 
levels (Table 1). During 18 months of follow up, 49 (38%) patients died in the anae-
mic cohort. In the non-anaemic group 46 (24%) patients had died after 18 months 
(p=0.006 between anaemic and non-anaemic patients). 
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Table 1. Baseline characteristics of the total population

Variable Total Non-Anaemic Anaemic p-value

N 326 196 130

Age (years) † 71 ± 11 70 ± 12 73 ± 11 0.021*

Female gender 127 (39%) 79 (40%) 48 (37%) 0.540

LVEF (%) † 35 ± 14 34 ± 15 36 ± 14 0.112

NYHA class III+IV (n/%) 159 (49%) 98 (50%) 61 (47%) 0.570

BMI kg/m2 † 26.8 ± 5.5 27.0 ± 5.2 26.4 ± 5.9 0.262

Diabetes II (n/%) 62 (19%) 32 (16%) 30 (23%) 0.128

History of hypertension 138 (42%) 83 (42%) 55 (42%) 0.994

Medication at discharge (n/%)

ACE inhibitor/ARB 257 (79%) 166 (85%) 91 (70%) 0.001*

Beta blocker 221 (68%) 138 (70%) 83 (64%) 0.214

Diuretics 308 (95%) 188 (96%) 120 (92%) 0.162

Routine laboratory at discharge

Haemoglobin (g/dL)† 13.2 ± 2.0 14.4 ± 1.4 11.2 ± 1.0 <0.001*

Haematocrit (L/L)† 0.40 ± 0.06 0.44 ± 0.04 0.34 ± 0.03 <0.001*

Creatinine (µmol/L)§ 115 (90-146) 109 (89-136) 131 (97-160)   0.001*

eGFR (ml/min/1.73m2)§ 53.5 (39.4-67.3) 57.3 (42.1-71.1) 46.4 (33.8-63.8)   0.002*

NT-proBNP (pmol/L)§ 2532 (1327-5552) 2227 (1113-4430) 3802 (1671-7507) <0.001*

Epo (U/L) § 10.8 (5.6-17.4) 8.2 (4.3-16.3) 13.2 (9.4-20.2) <0.001*

LVEF= Left ventricular ejection fraction; NYHA=New York Heart Association; BMI= Body mass 
index; ACE=angiotensin converting enzyme; ARB=Angiotensin receptor blocker; eGFR=estimated 
glomerular filtration rate; NTproBNP=N-Terminal pro B-type Natriuretic Peptide; Epo=erythropoietin; 
§median/IQR; †mean ± sd; *p <0.05; P-value: anaemic vs non-anaemic

Circulating levels of cytokines
Baseline levels of IL-6 and hsCRP were significantly higher in anaemic patients com-
pared to non-anaemic patients (Table 2). Logistic regression analysis was performed 
to study the relation between anaemia and inflammatory cytokines. Anaemia was 
independently associated with a higher NT-proBNP (OR 1.06 per 1000 pmol/L; 
95%CI:1.01-1.10; p=0.009) and with each doubling of hsCRP levels (OR 1.06; 
95%CI:1.02-1.11; p=0.002; Table 3). 

prognostic value of cytokines
To evaluate whether inflammatory markers predicted adverse outcome at the univariate 
level, Kaplan Meier plots were constructed. Patients were divided in four groups, 
based on the presence or absence of anaemia at baseline and low or high levels of IL-6 
(median as the cut-off value) or hsCRP (cut-off value 3mg/L) (figure 1A+B). Patients 
with anaemia and high levels of IL-6 or hsCRP showed the worst survival compared to 
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Table 2. Inflammatory markers at baseline

Variable Total
(n=326)

Non-Anaemic
(n=196) 

Anaemic
(n=130)

p-value

IL-6 (pg/ml) 12.0 (7.1-25.5) 10.6 (5.9-23.2) 14.8 (9.3-31.0) 0.002

TNF-α (pg/ml) 42.8 (1.5-106.5) 44.8 (1.6-104.9) 39.2 (0.2-120.3) 0.851

hsCRP (mg/L) 2.3 (0.9-5.2) 2.0 (0.8-4.6) 3.4 (1.3-6.6) 0.001

The presence of anaemia was defined at baseline (hospital discharge); Cytokine values in median/
IQR; IL=Interleukin; TNF=tumour necrosis factor; hsCRP= high sensitive C-Reactive Protein; P-value: 
anaemic vs. non-anaemic

Table 3. Logistic regression analysis; independent predictors of anaemia at baseline

Variable Univariable Multivariable

OR (95% CI) p-value OR (95% CI) p-value

Age, year 1.02(1.003-1.05) 0.022 1.02(1.0-1.05) 0.065

Female sex 0.87(0.55-1.37) 0.540

eGFR, 10 ml/min/1.73m2 0.84(0.75-0.94) 0.002

NT-proBNP, 1000 pmol/L 1.06(1.02-1.10) 0.001 1.06(1.01-1.10) 0.009

hsCRP 1.07(1.03-1.11) 0.001 1.06(1.02-1.11) 0.002

Epo 1.01(1.0-1.02) 0.051

All covariates were measured at baseline (hospital discharge); the odds ratios for hsCRP 
and Epo refer to the odds if values are doubled; eGFR=estimated glomerular filtration rate; 
NTproBNP= N-Terminal pro B-type Natriuretic Peptide; hsCRP=high sensitive C-reactive protein; 
Epo=Erythropoietin

the three other groups (Log Rank P<0.001). Multivariate Cox regression analyses in 
the anaemic cohort showed that, besides older age and higher NT-proBNP, high hsCRP 
was an independent predictor of mortality (HR 1.82 per log mg/L; 95%CI:1.08-
3.09; p=0.025). However, hsCRP was not an independent predictor of mortality in 
the non-anaemic cohort (data not shown in table). Univariate Cox-regression analysis 
of the total cohort demonstrated that the combination of anaemia and high hsCRP 
(> 3mg/L) was associated with an increased risk of mortality from all cause (HR 
2.58; 95%CI:1.55-4.29; p<0.001). After adjustment for covariates that are known to 
influence prognosis (age, NT-proBNP and eGFR), the presence of anaemia and high 
hsCRP levels remained a significant predictor of mortality (HR 1.88; 95%CI:1.10-
3.20; p=0.02) (Table 4). The same model was constructed for the variable based on 
the presence of anaemia and IL-6 dichotomized by the median. The HR (95%CI) for 
the combination of anaemia and high IL-6 levels after adjustment for covariates was 
2.38 (1.34-4.24) with a p=0.003 (data not shown in table).  
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Figure 1.
Kaplan Meier curves 
representing four groups 
of patients divided by the 
presence of anaemia and the 
level of IL-6 (below or above 
the median) (A) or the level 
of hsCRP (B). 
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discussion
To our knowledge, the present study is the first to show an independent association 
between inflammatory factors, anaemia and their effects on prognosis in HF patients. 
Levels of hsCRP and IL-6 were significantly higher in anaemic HF patients compared 
to those without anaemia. Second, increased levels of hsCRP independently predicted 
anaemia, and patients with anaemia and elevated inflammatory factors had the worst 
prognosis. 
Anaemia was present in 40% of patients, which is high compared with other HF 
studies in which anaemia rates from 9.3% up to 42.6% are reported. 18,19,20,21,22 Since 
patients in the present study were included while hospitalised for HF, the higher 
prevalence of anaemia might be explained by haemodilution.5,23 However, laboratory 
measurements were taken just before discharge, when patients were already stabi-
lised. Another explanation for the presence of anaemia in HF is an impaired renal 
function.24 Due to a decreased cardiac output, renal blood flow is decreased. Low 
renal perfusion may eventually lead to renal ischaemia and finally this will lead to 
anaemia due to decreased Epo production. Other causes of decreased haemoglobin 
levels are a disturbed iron homeostasis and elevated levels of circulating cytokines. 10

The association between anaemia and inflammation in HF has been previously stud-
ied. Opasich et al. reported that patients with anaemia and chronic HF had higher 
cytokine levels and that haemoglobin values were inversely related to IL-6 levels.4 In 
a study by Dunlay et al., TNF-α levels were measured in 486 patients with HF. They 
established an association with higher TNF-α and anaemia.12 In another study, higher 
fibrinogen levels were found to be an independent predictor of anaemia.13 However, 
these studies did not investigate a variety of inflammatory factors in a multivariate 
analysis nor did they study the prognostic value of elevated cytokines in anaemic HF 
patients. 
In the present study, we investigated several inflammatory factors which are known 
to influence haemoglobin levels negatively. For example, TNF-α and IL-6 are involved 
in different processes concerning iron-homeostasis.10  TNF-α induces the synthesis of 
ferritin, thereby stimulating iron storage in macrophages and it also blocks the release 
of iron from these cells. IL-6 stimulates hepcidin expression, a protein that inhibits 
duodenal iron absorption. Taken together, inflammation leads to impaired iron avail-
ability for haemoglobin synthesis. 
Pro-inflammatory cytokines are also involved in the suppression of erythropoiesis in 
the bone marrow. TNF-α is associated with impairment of the proliferation and dif-
ferentiation of erythroid progenitor cells, possibly by the induction of apoptotic cell 
death and by stimulating free radical formation which has a toxic effect on erythroid 
precursor cells.9,10,25,26 More Epo is therefore needed in order to reach the same level 
of erythrocytes, but despite the higher Epo levels often seen in anaemic HF patients, 
they are still insufficient for the haemoglobin level.3,8 An inadequate production of 
Epo might also be caused by increased levels of TNF-α, which have a direct negative 
effect on Epo gene transcription and can also damage Epo-producing cells in the kid-
ney.10 We recently described in a study on Epo levels in HF patients, that 80% of anae-
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mic patients had Epo levels lower than expected on the basis of their haemoglobin 
compared to 30% in the non-anaemic group.8 However, we acknowledge that both 
pro-inflammatory cytokines and renal function may influence Epo production. 
Another interesting finding of the present study was that in HF, the presence of anae-
mia and elevated inflammatory factors is associated with an increased risk of mortal-
ity. In patients with anaemia, multivariate Cox regression analysis demonstrated that 
hsCRP was an independent predictor of mortality. Moreover, an adjusted multivari-
able Cox-regression model showed that the prognosis of anaemic patients with high 
levels of hsCRP and/or IL-6 was significantly impaired. 

Study limitations
This was a retrospective analysis of a large cohort of HF patients of whom 40% were 
anaemic. Unfortunately, haematinic parameters were not measured to further eluci-
date the cause of anaemia in these patients. Inflammatory factors were only assessed at 
hospital discharge and no further information was available regarding other underly-
ing diseases which are known to increase cytokines (e.g. malignancies, infections or 
autoimmune diseases).

In summary, anaemia was present in 40% of patients at discharge of a HF hospitalisa-
tion. Anaemia was associated with increased inflammation and in those patients with 
anaemia, inflammation was associated with an increased mortality risk. 
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aBstract 
Background 
Endogenous erythropoietin is increased in patients with heart failure (HF). Previous 
small-scale data suggest that these erythropoietin levels are related to prognosis. This 
study aims to analyze the clinical and prognostic value of erythropoietin levels in 
relation to haemoglobin in a large cohort of HF patients.

Methods and results
In patients hospitalised for HF, endogenous erythropoietin levels were measured at 
discharge and after 6 months. In anemic patients, the relation between erythropoietin 
and haemoglobin levels was determined by calculating the observed/predicted (O/P) 
ratio of erythropoietin levels. 
We studied data of 605 patients with HF. Mean age was 71±11 years, 62% was male, 
and mean LVEF was 0.33±0.14. Median erythropoietin levels were 9.6 U/L at base-
line and 10.5 U/L at 6 months. Higher erythropoietin levels at baseline were inde-
pendently related to an increased mortality in 18 months (hazard ratio (HR)=2.06, 
95%CI:1.40-3.04; P<0.01). In addition, persistently elevated erythropoietin levels 
(> median at baseline and at 6 months) were related to an increased mortality risk 
(HR=2.24, 95%CI:1.02–4.90; P=0.044). The O/P ratio was determined in a subset 
of anemic patients of whom 79% had erythropoietin levels lower than expected and 
9% higher than expected on the basis of their haemoglobin. Multivariate Cox regres-
sion analysis revealed that a higher O/P ratio was related to an increased mortality 
risk (HR=3.52; 95%CI:1.53-8.12; P=0.003). 

Conclusions 
Erythropoietin levels predict mortality in HF patients, and persistently elevated levels 
have an independent prognostic value. In anemic HF patients, the majority had a low 
O/P ratio. However, a higher O/P ratio may be related to an independent increased 
mortality risk. 
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introduction
In heart failure (HF) patients, erythropoietin levels are elevated and do not cor-
relate well with haemoglobin levels.1,2 In smaller studies, elevated erythropoietin 
levels were associated with increased mortality and morbidity.1,3 The results of 
these studies were based on single erythropoietin measurements. At present no 
data exists about the additional value of serially measured erythropoietin levels in 
the follow up of HF patients. 
The causes for higher erythropoietin levels in HF patients compared to normal 
subjects are multifactorial.4 One possible explanation is that the chronic inflam-
matory state in HF causes inhibition of erythropoiesis in the bone marrow.5 As 
a result, elevated erythropoietin levels may be caused by bone marrow resistance 
to endogenous erythropoietin. Recently, in a small cohort of anemic HF patients, 
our group demonstrated that higher than expected erythropoietin levels for a 
given haemoglobin value, were associated with higher mortality.6 This suggests 
that anemic HF patients, who are hypo-responsive to the effects of endogenous 
erythropoietin on the bone marrow, seem to have a worse prognosis compared to 
patients with normal or lower than expected erythropoietin levels. 
The aim of the present study is twofold. First, we investigated the prognostic 
role of both single and sequential erythropoietin measurements in a large cohort 
of HF patients. Second, we studied the prognostic role of higher than expected 
erythropoietin levels for a given haemoglobin in anemic HF patients.
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mEthods
patients
The COACH (the Coordinating study evaluating Outcomes of Advising and Counseling 
in Heart failure) study was a multicentre, randomized trial to evaluate the effect of two 
interventions (basic support vs. intensive support) compared with care as usual in HF 
patients. Participants were randomized during hospitalisation for HF (New York Heart 
Association class II-IV). The background, rationale and results of the main study are 
published elsewhere.7,8 In brief, inclusion into the main trial required a hospital admis-
sion for HF, and patients had to be at least 18 years of age with evidence of structural 
underlying heart disease. The primary outcome was a composite endpoint of hospitali-
sation for HF or all cause mortality. A total of 1023 patients were included in the main 
study, and follow up was performed at 1, 6, 12 and 18 months after discharge. Hos-
pitalisation for HF was defined as an unplanned overnight stay in a hospital (different 
dates for admission and discharge) due to progression of HF or directly related to HF. 
All events were adjudicated by an independent endpoint committee. Of the 17 partici-
pating centres, 16 centres agreed to collect additional blood samples. We did not apply 
specific criteria to select the included subjects. Baseline characteristics from the 1023 
subjects in the main COACH cohort did not differ significantly from the 605 patients in 
whom blood samples were taken pre-discharge. 
The study followed the principles outlined in the Declaration of Helsinki. Ethical ap-
proval was obtained from the Medical Ethical Committee and all subjects gave written 
informed consent.  

renal function and haemoglobin
The estimated glomerular filtration rate (eGFR) was measured by using the abbrevi-
ated Modification of Diet in Renal Disease equation: 186.3 x (creatinine/ 88.4)-1.154 
x (Age)-0.203 (x 0.742 if female).9  Anemia was defined according to the World Health 
Organisation criteria as an haemoglobin level < 13.0 g/dL in men and an haemoglo-
bin level < 12.0 g/dl in women. 

erythropoietin measurements
Blood samples for routine laboratory measurements and erythropoietin were mea-
sured at baseline (hospital discharge) and at 6 months of follow up. Blood samples 
were collected using pyrogen-free tubes containing EDTA (Becton Dickinson. San 
Jose, CA) and were immediately centrifuged at 2000g for 30 minutes at 4°C. The 
platelet poor plasma was separated and stored at -80°C until analysis. Plasma eryth-
ropoietin levels were measured using the IMMULITE EPO assay (Diagnostic Products 
Corporation, Los Angeles, California), which has been described before.10 This assay 
consists of a ligand-labeled monoclonal anti-erythropoietin capture antibody, an alka-
line phosphatase-labeled polyclonal conjugate antibody, and solid-phase anti-ligand–
coated polystyrene beads. The amount of plasma erythropoietin was quantified by 
chemiluminescent measurement in a luminometer. A reference range was provided 
with values ranging from 2.6 to 34 U/l.
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erythropoietin responsiveness
We used a validated approach to determine the response of endogenous erythro-
poietin to the level of haemoglobin in anemic patients.6,11 To avoid interference 
with erythropoietin production or erythropoietin activity, a sample of anemic 
patients without renal or cardiac disease was obtained to construct a regression 
equation as a reference. This equation, 4.460-(0.274 x haemoglobin) = logeryth-
ropoietin, was used to calculate the predicted erythropoietin values for a given 
haemoglobin level. The observed logerythropoietin levels of the anemic patients 
in the present study were divided by the predicted logerythropoietin levels to 
obtain the observed/predicted (O/P) ratio. The mean O/P ratio for the reference 
subjects was 1.003 (95% confidence interval (CI) 0.916-1.087). An O/P ratio 
below 0.916 suggests a lower than expected erythropoietin production. An O/P 
ratio above 1.087 implies a higher than expected erythropoietin production.    

Statistics
Results are presented as mean ± standard deviation (SD) when normally distrib-
uted and as median and interquartile range (IQR) when non-normal distributed. 
Comparisons of differences between groups were made by unpaired Student’s 
t-test, Mann-Whitney U test or ANOVA with Bonferroni post hoc testing when ap-
propriate. For the total population, Kaplan-Meier survival plots were constructed 
by dividing erythropoietin levels at baseline into quartiles to study the influence 
of erythropoietin levels on all cause mortality, cardiovascular mortality, and HF 
hospitalisation. To study the influence of change in erythropoietin levels from 
baseline to 6 months on all cause mortality, a Landmark analysis was done in 
which all events before 6 months of follow-up were excluded. Erythropoietin 
levels were divided at their median and groups were compared using the log rank 
test. For the anemic population, Kaplan Meier plots were constructed for the dif-
ferent groups of O/P ratio of erythropoietin levels at baseline and log rank testing 
was performed. The association between parameters and all cause mortality was 
assessed by Cox proportional hazards regression. Due to the relatively small num-
ber of events, only a limited number of univariable parameters which are known 
predictors of mortality in HF (age, sex, eGFR, N-terminal pro B-type natriuretic 
peptide (NT-proBNP) and haemoglobin) were used. Those univariable factors that 
had a p<.10 were identified. Finally, these factors were entered in the multivari-
able model to assess the impact of baseline erythropoietin levels and of continu-
ously elevated erythropoietin levels on all cause mortality. Hazard ratios (HR) with 
95% CI demonstrated the risk of death. The assumption of proportional hazards 
was checked by comparing the estimated log-minus-log survival curves for par-
allelism. No violations were found. All tests were 2-tailed and a p-value < 0.05 
was considered statistically significant. All analyses were performed with SPSS for 
Windows version 16.0 (SPSS, Chicago, IL).  
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rEsults
patient characteristics
Baseline characteristics of all 605 patients are presented in Table 1. Mean age was 71±11 
years, 62% was male and mean left ventricular ejection fraction (LVEF) was 0.33±0.14. 
The mean number of days from admission for acute HF to discharge was 13.3 days. 
During 18 months of follow up, 9 patients were lost to follow up and 173 (29%) pa-
tients died. These patients were older, had significant lower haemoglobin values, worse 
renal function, and higher NT-proBNP and erythropoietin levels. Also, more patients 
had diabetes mellitus type II and atrial fibrillation (Table 1).

prognostic value of erythropoietin
Median erythropoietin levels at baseline were 9.6 U/l (IQR 5.1-16.0). Kaplan Meier 
survival plots for all cause mortality, cardiovascular mortality and HF hospitalisation 
demonstrated that higher erythropoietin levels at baseline predicted a worse progno-
sis (Log Rank P<0.01, P<0.01 and P=0.066 respectively, Figure 1a-1c). Furthermore, 

Table 1. Baseline characteristics 

Variable Total population 
(n=605)

Survivors
(n=432)

Non-Survivors
(n=173) 

P-Value 

Age (years) † 71±11 69±11.4 74±9.9 <0.001‡ 

Sex (n/ % male) 374 (62) 258 (60) 116 (67) 0.094

LVEF (%) † 33±14 34±14 32±15 0.405

NYHA III +IV (n/%) 297 (51) 214 (52)  83 (48) 0.612

Hb (g/dL) * 13.2±2.0 13.4±2.0 12.6±1.9  0.001‡

eGFR (ml/min/1.73m2)* 53.2 (38.6-67.4) 56.6 (41.6-70.6) 44.9 (32.6-58.7)  <0.001‡

Epo (U/L) * 9.6 (5.1-16.0) 8.4 (4.7-14.5) 12.7 (7.1-21.4) <0.001‡

NTproBNP (pmol/L) * 2527 (1311-5834) 2186 (1130-4365) 4547 (2117-10182)   <0.001‡

O/P ratio * 0.93 (0.64-1.53) 0.90 (0.63-1.55) 0.96 (0.66-1.52)    0.075

History of (n/ %): 
   Hypertension 262 (43) 189 (44) 73 (42)    0.728
   Diabetes type II 117 (19)  69 (16) 48 (28)    0.001‡ 
   Atrial fibrillation 273 (45) 182 (42) 91 (53)    0.019‡

Medication (n/ %):
   Beta-blocker 388 (66) 262 (63) 126 (73)    0.013‡
   Ace-inhibitor/ARB 492 (83) 350 (84) 142 (83)    0.971
   Diuretics
 

568 (96) 405 (97) 163 (95)    0.281
 

LVEF= Left ventricular ejection fraction; NYHA=New York Heart Association; Hb=haemoglobin; 
eGFR=estimated glomerular filtration rate; Epo=Erythropoietin; NTproBNP=N-Terminal pro B-type 
Natriuretic Peptide; O/P= observed/predicted ratio; ARB=Angiotensin receptor blocker;
*median/IQR; †mean ± sd; ‡p <0.05; P-value: survivors vs. non-survivors
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multivariate Cox regression analysis showed that higher logerythropoietin levels (HR 
2.06 per U/L; 95% CI (1.40-3.04); P<0.001), lower eGFR (HR 0.90 per 10 ml/
min/1.73m2; 95% CI (0.82-0.99); P=0.025), higher NT-proBNP (HR 1.44 per 1000 
pmol/L; 95% CI (1.26-1.64); P<0.001) and higher age (1.19 per 5 years; 95% CI 
(1.09-1.30); P<0.001) were independent predictors for mortality (Table 2). 

At 6 months, erythropoietin levels were available in 330 patients. Median baseline values 
of these patients were 8.3 U/L (IQR 4.6-14.7) and at 6 months their median erythro-
poietin levels were slightly increased to 10.5 U/l (IQR 7.2-15.5). Kaplan Meier sur-
vival analysis showed that patients with persistently high (i.e. above the median) eryth-
ropoietin levels both at baseline and at 6 months were at the highest risk compared to 
patients with low (i.e. below the median) erythropoietin levels either at baseline or at 
6 months (Log Rank P=0.01; Figure 1d). Comparison between groups revealed that 
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Figure 1.
Kaplan Meier survival curves for all cause mortality (A), cardiovascular mortality (B) and 
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patients with persistent high erythropoietin levels had significant lower haemoglobin 
(P<0.001), higher age (P<0.001) and higher NT-proBNP levels (P=0.022; Table 3). 
Cox regression analyses showed that not only age, but baseline haemoglobin, NT-
proBNP and eGFR were also independent predictors of mortality. After adjustment for 
these variables in the multivariable analysis, repetitive erythropoietin levels above the 
median remained an independent predictor of mortality (HR 2.24; 95% CI (1.02-
4.90); P=0.044) (Table 4).  

Table 2. Cox regression for all cause mortality in the total population

Variable Univariable Multivariable

HR (95% CI) p-value HR (95% CI) p-value

Age, 5 year 1.21 (1.12-1.31) <0.001* 1.19 (1.09-1.30) < 0.001*

eGFR, 10 ml/min/1.73m2 0.79 (0.74-0.84) <0.001* 0.90 (0.82-0.99)    0.025*

NT-proBNP, 1000 pmol/L 1.50 (1.35-1.68) <0.001* 1.44 (1.26-1.64) < 0.001*

Hb, g/dL 0.85 (0.79-0.92) <0.001*

logEpo, U/L 2.50 (1.78-3.54) <0.001* 2.06 (1.40-3.04) <0.001*

eGFR=estimated glomerular filtration rate; NTproBNP=N-Terminal pro B-type Natriuretic Peptide; 
Hb=haemoglobin; Epo=Erythropoietin; *p <0.05

Table 3. Baseline characteristics between groups of high vs low erythropoietin levels during follow up 

Variable Low-Low
(n=120)

Low-High
(n=66)

High-Low
(n=51)

High-High
(n=93)

P-value

Age (Years) 67±11* 71±12 67±14† 73±11 <0.001

Sex (n/% male) 71 (59) 42 (64) 26 (51) 61 (66)   0.349

LVEF (%) 32±14 28±14 33±13 34±13   0.680

eGFR (ml/min/1.73m2) 59 (46-72) 58 (41-69) 57 (19-68) 52 (38-67)   0.276

Epo (U/L) 4.5 (2.4-6.5)* 5.6 (3.8-8.0)* 14.9 (12-18.4) 16.1 (12.4-25.6) <0.001

Hb (g/dL) 14.0±1.6* 14.1±2.4* 13.1±1.9 12.7±1.8 <0.001

NTproBNP (pmol/L)
1791

(835-3145)†

2070
(1046-4659)

2597
(1574-5103)

2785
(1442-4347)   0.022

Low-Low: both at baseline and at 6 months Epo levels below the median; Low-High: Epo levels at 
baseline below the median and at 6 months above the median; High-Low: Epo levels at baseline 
above the median and at 6 months below the median; High-High: both at baseline and at 6 months 
Epo levels above the median. 
LVEF= Left ventricular ejection fraction; eGFR=estimated glomerular filtration rate; 
Epo=Erythropoietin; Hb=haemoglobin; NTproBNP=N-Terminal pro B-type Natriuretic Peptide; 
*p <0.001 vs high-high; †p <0.05 vs high-high; p-values were calculated with ANOVA-testing.
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Table 4. Cox regression analysis for all cause mortality with erythropoietin levels > median at baseline 
and at 6 months   

Variable Univariable Multivariable

HR (95% CI) p-value HR (95% CI) p-value

Age, 5 year 1.21 (1.12-1.31) <0.001* 1.20 (1.03-1.40)  0.023*

eGFR, 10 ml/min/1.73m2 0.80 (0.73-0.87) <0.001*    

logNT-proBNP, pmol/L 1.41 (1.15-1.76) 0.001* 1.37 (1.02-1.85) 0.036*

Hb, g/dL 0.87 (0.78-0.97) 0.012*

Hb_change 0.95 (0.71-1.26) 0.701

Epo_low_low 1.00 - 1.00 -

Epo_high_low 0.77 (0.20-2.57) 0.599 0.59 (0.16-2.18) 0.432

Epo_low_high 1.54 (0.61-3.90) 0.363 1.14 (0.44-2.93) 0.784

Epo_high-high 3.32 (1.58-6.98) 0.002* 2.24 (1.02-4.90) 0.044*

eGFR=estimated glomerular filtration rate; NTproBNP=N-Terminal pro B-type Natriuretic Peptide; 
Hb=haemoglobin; Hb_change= absolute difference in haemoglobin between baseline and 6 months; 
Epo=Erythropoietin; Low-Low: both at baseline and at 6 months Epo levels below the median; Low-
High: Epo levels at baseline below the median and at 6 months above the median; High-Low: Epo 
levels at baseline above the median and at 6 months below the median; High-High: both at baseline 
and at 6 months Epo levels above the median; *p <0.05
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Figure 2.
Kaplan Meier survival curve for 
groups of patients divided by 
their O/P ratio of erythropoietin 
levels
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Table 5.  Baseline characteristics between groups of patients divided by their O/P ratio of 
erythropoietin levels

Variable Erythropoietin levels 
lower than expected 

(n=107)

Erythropoietin 
levels as expected 

(n=16)

Erythropoietin 
levels higher than 
expected (n=12)

P-value

O/P ratio 0.65 (0.54-0.77) 1.0 (0.97-1.03) 1.30 (1.18-1.40) -

Age (years) 73.2±11.5 68±10.7 70.7±5.9 0.188

Sex (n/ % male) 63 (58.9) 13 (81.3) 8 (66.7) 0.219

LVEF (%) 38±14 33±12 28±13 0.062

NYHA class III (n/ %) 53 (50) 7 (46.7) 8 (66.7) 0.447

eGFR (ml/min/1.73m2) 45.8 (31.7-66.2) 49.8 (42.9-66.5) 51.6 (44.3-78.5) 0.379

Epo (U/L) 11.3 (8.0-15.4) 20.1 (14.4-28.6) 57.3 (40.6-82.1) *† < 0.001

Hb (g/dL) 11.1±1.0 * 12.1±0.8 12.0±0.6 ‡ < 0.001

NTproBNP (pmol/L) 3524 (1639-7419) 4087 (1843-7432) 5616 (1454-12582) 0.271

History of (n/ %): 

   Hypertension 41(38.3) 9(56.3) 6(50) 0.332

   Diabetes type II 32(18.6) 8(22.9) 25(18.7) 0.835

   Atrial fibrillation 34(31.8) 6(37.5) 5(41.7) 0.739

Medication (n/ %):

   Beta-blocker 67(63.8) 11(73.3) 9(75) 0.608

   Ace-inhibitor 77(73.3) 12(80) 8(66.7) 0.740

   ARB 9(8.6) 1(6.3) 3(25) 0.074

   Diuretics 98(93.3) 14(93.3) 14(100) 0.659

O/P ratio=observed/predicted ratio; LVEF=Left ventricular ejection fraction; NYHA=New York Heart
Association; eGFR=estimated glomerular filtration rate; Epo=Erythropoietin; Hb=haemoglobin;
NTproBNP=N-Terminal pro B-type Natriuretic Peptide; ARB=Angiotensin receptor blocker; 
*p<0.001 vs. adequate Erythropoietin levels; † p<0.001 vs. lower than expected Erythropoietin levels;
‡ p<0.05 vs. lower than expected Erythropoietin levels; p-values were calculated with ANOVA-testing.

erythropoietin responsiveness 
An O/P ratio was determined in a subset of 135 anemic patients. In this population, 
median erythropoietin values were 12.8 U/L (IQR 9.0-19.5). Based on their O/P 
ratio, patients were divided in three groups; erythropoietin levels lower than expected 
(107 patients), erythropoietin levels as expected (16 patients) and erythropoietin lev-
els higher than expected (12 patients) (Table 5). Kaplan Meier survival analysis showed 
that patients with higher than expected erythropoietin levels had a higher mortality 
risk (Log Rank P=0.033; Figure 2). Cox regression analysis demonstrated that in the 
anemic cohort, mortality was independently predicted by higher age (HR 1.07 per 
year; 95% CI (1.03-1.11); P<0.01), higher NT-proBNP (HR 1.44 per 1000 pmol/L; 
95% CI (1.12-1.85); P=0.005), and higher than expected erythropoietin levels (HR 
3.52; 95% CI (1.53-8.12); P=0.003).    
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discussion
The present study investigated the prognostic role of erythropoietin in a large cohort 
of HF patients. The results showed that both elevated erythropoietin levels at baseline, 
and persistently elevated erythropoietin levels in particular, predicted impaired sur-
vival. Second, in most anemic HF patients, erythropoietin levels did not correspond 
well with the level of haemoglobin. The majority of patients had lower than expected 
erythropoietin levels. Interestingly, anemic patients with erythropoietin levels that 
were higher than expected given the haemoglobin value had a worse prognosis com-
pared to patients with normal or lower than expected erythropoietin levels. 
A few studies of our group and others have demonstrated that elevated erythropoietin 
levels in HF patients independently predicted impaired outcome.1,2,3,6 In the present 
study, we confirmed these findings in a larger cohort of HF patients. These patients 
were included after stabilisation of acute decompensated HF, and they are therefore 
at a much higher risk of future events in comparison to patients with stable chronic 
HF.12

A novel finding of the present study is that a higher mortality risk is not only predicted 
by single high erythropoietin levels, but also by erythropoietin levels that remained 
high at sequential measurements during follow up. This may indicate that HF patients 
who show consistently high erythropoietin levels are doing clinically worse and have 
a more advanced state of the disease, which is also pointed out by the higher NT-
proBNP levels found in this group. 
Interestingly, only a minority of patients in the anemic cohort had erythropoietin 
levels as could be expected on the basis of their haemoglobin levels. Only 12% of 
anemic patients had erythropoietin levels as expected and 9% had erythropoietin 
levels higher than expected given their haemoglobin value. An important observation 
of the present study was that in the majority of patients, erythropoietin levels were 
lower than expected on the basis of their haemoglobin levels. There might be two ex-
planations for this finding. First, many acute HF patients are fluid overloaded, and may 
have dilutional anemia. Of note, blood samples of included patients were obtained 
before discharge, so patients were already stabilised. Hemodilution therefore does not 
seem to play a dominant role, but still might have contributed to this finding. Second, 
renal dysfunction is frequently present in HF, and may explain the relatively lower 
erythropoietin levels. In our study, patients with a low O/P ratio showed more renal 
dysfunction compared to the other O/P ratio groups, although this difference did not 
reach statistical significance. 
A small number of patients had erythropoietin levels higher than expected. This num-
ber is lower than recently reported in a smaller group of HF patients from the out-
patient clinic.6 As was mentioned previously, this distinction can be explained by a 
difference in volume status 13, since patients in our study were included while hospi-
talised for HF. However, impairment of renal function may have played a significant 
role as well. Several mechanisms may be responsible for these higher than expected 
erythropoietin levels. First, in HF, increased erythropoietin production by the kid-
ney may be a response to a reduction in renal perfusion due to a decreased cardiac 
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output and not as a response to lower haemoglobin levels. In our analysis, patients 
with a high O/P ratio tended to have lower LVEF and higher NT-proBNP levels. Sec-
ond, an altered metabolic state, causing the oxygen-haemoglobin dissociation curve 
to shift to the right, may influence erythropoietin production. Third, angiotensin is 
increased in HF, even in the presence of ACE-inhibitors, and angiotensin is known to 
stimulate erythropoietin production.14 Another potential explanation is that an active 
pro-inflammatory state in HF may cause a blunted response of the bone marrow to 
the effects of endogenous erythropoietin.4,15 Indeed, in our study, patients with a 
high O/P ratio show signs of more advanced HF which can negatively influence bone 
marrow function. Resistance to erythropoietin is also observed in studies correcting 
anemia with erythropoiesis-stimulating agents in chronic kidney disease.16,17,18 This 
hypo-responsiveness was associated with several factors, including inflammation, vi-
tamin deficiencies and blood loss.16 Currently, a large randomized, controlled clinical 
trial is ongoing with darbepoetin alfa treatment in anemic HF patients.19 Potential 
beneficial effects of exogenous erythropoietin administration in HF patients might 
not only be related to correcting anemia, but experimental studies have demonstrated 
that erythropoietin also improves cardiac function by stimulating neovascularisation 
and reducing apoptosis.20,21,22,23 These effects are seen even when erythropoietin is ad-
ministered in low doses that do not increase hematocrit.24 These extra-hematopoietic 
effects may not only be useful in HF, but may also prevent cardiac function loss after 
myocardial infarction. Presently, a randomized, multicentre trial evaluates the effect of 
a single bolus of erythropoietin on left ventricular function, administered after a first 
acute myocardial infarction.25   

Limitations
Several limitations of this study should be acknowledged. Although we analyzed data 
of a large cohort of HF patients, erythropoietin levels at 6 months were not measured 
in all patients, due to logistical reasons. The reference equation for defining O/P ratios 
for erythropoietin was constructed using a sample size of 20 patients. However based 
on a small number of patients, the reference equation was previously constructed 
by our group 6 and so it was used in the current analyses as well. Furthermore, the 
number of anemic HF patients in whom an O/P ratio could be assessed was small, 
as was the final number of patients with erythropoietin levels higher than expected. 
Therefore, this data should be interpreted with caution. Finally, no hematinic param-
eters were measured to assess the true nature of anemia.  

Conclusion
In conclusion, both elevated baseline erythropoietin levels, and persistently elevated 
erythropoietin levels were independently related to increased mortality. Furthermore, 
the majority of patients had erythropoietin levels lower than expected. Patients with a 
high O/P ratio showed an increased mortality risk compared to patients with normal 
or lower than expected erythropoietin levels.  
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Clinical perspective
Small-scale studies in patients with HF have suggested that single measurement of 
erythropoietin levels has prognostic value. In the present study, we sequentially mea-
sured erythropoietin levels in a large cohort of HF patients. We confirmed that elevated 
erythropoietin levels were independently related to a poor prognosis. Furthermore, 
patients in whom erythropoietin levels remained high at a second measurement had 
an even worse prognosis compared to patients with only one elevated erythropoietin 
measurement. Moreover, we showed that anemic HF patients with erythropoietin lev-
els higher than expected, i.e. suggesting erythropoietin-resistance, have an increased 
mortality risk.
Although erythropoietin might be used in everyday clinical practice as a prognostic 
marker in HF, we believe that these results may be potentially interesting for additional 
reasons. First, evaluation of erythropoietin levels in HF may help to better understand 
the pathophysiology of HF. Second, erythropoiesis-stimulating agents are currently 
studied as a possible novel therapy in HF and therefore insight into the natural course 
of erythropoietin in HF is essential. In this respect, a certain group of patients appear 
to be erythropoietin-resistant, and it may be speculated that this might also be associ-
ated with the response to exogenous erythropoietin.  
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aBstract
In patients with chronic heart failure (CHF), anaemia is common and is associated 
with adverse outcome. Correction of anaemia by erythropoiesis-stimulating proteins 
(ESP)s would thus seem attractive. Endogenous erythropoietin (Epo) levels are in-
creased in CHF and are associated with severity of the disease and with increased 
mortality. Furthermore, Epo levels poorly correlate with haemoglobin (Hb) levels, 
suggesting that elevated Epo levels are not only driven by anaemia, but by the condi-
tion of CHF per se as well. 
Several experimental studies have demonstrated ancillary cardioprotective effects of 
the recombinant form of Epo, including reduced apoptosis and increased neovascu-
larisation. Three early, small studies and three subsequent phase 2 trials with ESPs in 
anaemic CHF patients were found to be overall safe and potentially beneficial. Cur-
rently, a large phase 3 randomized clinical trial is ongoing (RED-HF) which evaluates 
the effects of darbepoetin alfa on morbidity and mortality in CHF. 
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introduction
Anaemia (defined by the World Health Organisation as haemoglobin (Hb) < 12 g/dl 
in women and <13 g/dl in men) is a strong predictor of adverse outcome in many dis-
eases, including chronic heart failure (CHF).1 Erythropoietin (Epo), a hormone secreted 
by the kidney, is essential in regulating plasma Hb concentrations and the recombinant 
form of Epo (RhEpo) has proven to be beneficial in the treatment of chronic disease 
anaemia. RhEpo was developed in the mid-80´s and was initially used in the treat-
ment of anaemic haemodialysis patients and in patients with anaemia and chronic renal 
failure (CRF).2 In 2000, Silverberg et al. were the first to use RhEpo in anaemic CHF 
patients.3 They observed a marked improvement in functional status of these patients. 
Two additional small studies confirmed these early favorable findings.4,5 Studies from 
other groups regarding endogenous Epo levels demonstrated that endogenous Epo 
levels were elevated in CHF patients, but these were not strongly related to decreased 
Hb concentrations, but rather to the severity of the disease 6,7, while the degree of Epo 
activation was also found to be associated with prognosis in CHF.8 In the meantime, 
studies in experimental CHF models had shown that  administration of erythropoie-
sis-stimulating proteins (ESP)s caused increased angiogenesis and inhibition of apop-
tosis in the heart.9,10 Given the fact that both apoptosis and decreased capillary density 
may play a role in the pathophysiology of CHF  11 it would appear that the increase 
in endogenous Epo in CHF is a compensatory mechanism similar to the increase in 
natriuretic peptides in CHF. This increase in Epo however, is insufficient, and it would 
seem attractive to administer exogenous Epo (or ESP) treatment in CHF. 
Recently, three phase 2 clinical studies in anaemic CHF patients were completed 
with darbepoetin alfa12,13,14, which were the first data after the three early smaller 
studies.3,4,5 The data were overall promising and have led to the design of a larger 
morbidity and mortality trial in CHF, which has recently started enrolling patients.15 
The present  review focuses on the pathophysiology and role of the elevated endogenous 
Epo levels in CHF and discusses the potential role of ESP treatment in CHF patients.   

pathophysiology of ChF 
CHF is a progressive disease in which initial cardiac damage leads to further dete-
rioration of cardiac function and finally leads to damage of other organs as well. The 
heart holds a series of adaptive mechanisms to maintain its pumping function in 
CHF, among which are the Frank-Starling mechanism, activation of the sympathetic 
nervous and renin-angiotensin systems and myocardial remodelling.16 An important 
factor to maintain the energy needed to preserve the heart’s pumping mechanism is 
an intact balance between myocardial oxygen supply and demand. An insufficient 
supply of oxygen to the heart causes hypoperfusion which can result in cardiac 
ischemia.11 Myocardial oxygen demand is determined by three major factors, namely 
heart rate, myocardial contractility and myocardial wall stress. Myocardial oxygen 
supply is provided by normal levels of Hb as well as coronary arterial and capillary in-
flow. In the myocardium, a dense network of capillaries ensures that each myocyte is 
adjacent to a capillary. In CHF however, the size of the myocardial cells increases, but 
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without a concomitant growth of the number of capillaries.11 Therefore, not only in 
patients with ischemic, but also in those with non-ischemic CHF, a reduced capillary 
density is present, which leads to a reduced myocardial perfusion. This diminished 
blood flow causes an oxygen shortage in the hypertrophied myocardium, which can 
lead to further aggravation of CHF. 

elevated epo levels in ChF
Epo is produced by peritubular fibroblasts of the renal cortex in response to local 
tissue hypoxia. Epo receptors (EpoR) are not only found in bone marrow, but also in 
the heart and vasculature.17 Patients with CHF often have elevated Epo levels which 
are related to the severity of their disease, and which predict prognosis.7,8,9 There are 
several possible explanations for the disproportionally high Epo levels in CHF. First, 
anaemia is present in many CHF patients and the elevated Epo levels are the result of 
anaemia, in line with the conventional hypothesis. Second, a decreased cardiac out-
put will activate the renin-angiotensin system and the sympathetic nervous system. 
Activation of these systems contributes to renal hypoperfusion, which in turn causes 
renal hypoxia and thereby stimulates Epo production.18 In addition, the increased 
angiotensin II (in CHF) directly stimulates Epo synthesis.19 Thirdly, elevated levels of 
inflammatory cytokines are found in CHF. Although these cytokines exert a negative 
effect on the synthesis of Epo, they also cause a resistance to Epo in the bone marrow, 
ultimately resulting in higher endogenous Epo levels.17 This is supported by recent 
work from our group which showed that high CRP levels and low Hb were the most 
powerful predictors of high Epo levels in CHF.20

Cardioprotective effects of erythropoietin (figure 1)
EpoR are not only present in bone marrow erythroid cells, but in a variety of other 
cell types as well, including neurons, endothelial cells, smooth muscle cells and car-
diomyocytes.17 
Interestingly, mouse embryos (completely) lacking Epo and EpoR do not survive, 
partly due to a failure of erythropoiesis in the fetal liver.21 EpoR gene knockout mice 
(EpoR-/-), which are characterised by the (selective) absence of EpoR in the car-
diovascular system, but which have a normal haematopoietic system, basically may 
survive. However, in an ischemia/reperfusion model, these transgenic mice show a 
larger infarct size, an increase in the number of apoptotic cardiomyocytes and a fail-
ing left ventricle (LV).22  Together, these findings support the hypothesis that activa-
tion of the myocardial EpoR has cardioprotective properties.
Furthermore, in an in vitro study using mouse cardiomyocytes, Burger et al.23 showed 
that Epo administration led to an increase in nitric oxide (NO) production and a sub-
sequent reduction of apoptosis in cardiomyocytes. Recently, we performed an isch-
emia/reperfusion experiment in isolated rat hearts in which hearts perfused with Epo 
showed a 15% reduction in apoptotic cells.24 One other important cardioprotective 
property of Epo is stimulation of new vessel formation. Capillary endothelial cells 
express Epo and EpoR and respond to local ischemia.25 An in vivo experiment with 
Epo- and EpoR-knockout mice showed that Epo and EpoR are regulators of angio-
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genesis, indicating the formation of new vessels on existing vessels.26 In a rat model 
of post-myocardial infarction CHF, treatment with RhEpo resulted in an improvement 
in cardiac function and it restored capillary density to sham values by increasing the 
capillary-to-myocyte ratio.10  This effect of RhEpo on neovascularisation may be the 
result of either endothelial cell mobilisation within the heart or recruitment of en-
dothelial progenitor cells derived from the bone marrow. 
These cardioprotective effects of RhEpo are for an important part independent of 
anaemia correction, as is shown by the finding that Epo analogues like carbamylated 
Epo (CEPO) show similar results compared to RhEpo. CEPO does not bind to the 
dimeric EpoR and lacks erythropoietic activity, but it is tissue-protective. In an experi-
mental model of myocardial infarction, cardiomyocyte loss was reduced after CEPO 
treatment. Furthermore, CEPO prevented increase in LV end-diastolic pressure and 
reduced LV wall stress.27 Therefore, the anti-apoptotic and angiogenetic properties of 
Epo may indeed be beneficial in CHF patients.

epo treatment in ChF patients
In recent years, several studies have shown that RhEpo treatment in anaemic CHF 
patients may be associated with beneficial clinical effects (table 1).
After a first open-label study in 26 patients  3, Silverberg et al. performed the first 
controlled study in 32 anaemic CHF patients, who received either RhEpo and intra-
venous (IV) iron therapy or no treatment.4 By correcting mild anaemia to a mean Hb 
of 12.9±1.1 g/dl, this treatment resulted in a significant improvement in New York 
Heart Association (NYHA) functional class and cardiac function. Mancini et al. 5 subse-
quently studied the effects of RhEpo therapy on exercise capacity in 26 CHF patients. In 
the treatment group, Hb increased from 11.0±0.6 g/dl to 14.3±1.2 g/dl and exercise 
capacity improved significantly, with a peak oxygen consumption rising significantly 
from 11.0±1.8 to 12.7±2.8. 
More recently, three randomized, double-blind, placebo-controlled studies were 

Epo

↑ Hb

↓ apoptosis

↑ NO

↑ capillary density ↑ myocardial perfusion

morbidity ↓
&

mortality ↓

↓ hypoxia

↑ functional class

↓ RAS

Figure 1. 
Potential beneficial effects of erythropoietin in chronic heart failure patients.
Epo = erythropoietin; Hb = haemoglobin; NO = nitric oxide; RAS = renin-angiotensin system
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conducted using darbepoetin alfa treatment in anaemic CHF patients. In the first 
study by Ponikowski et al. 19 out of 41 patients received RhEpo treatment. They 
could not find a significant improvement in peak oxygen consumption, but they did 
find a trend in the improvement of exercise duration after 26 weeks of therapy .12 
In the second study, 162 CHF patients were treated with RhEpo.13 Although there 
was no significant difference in exercise duration between the Epo group and the 
placebo group (p=0.46), a significant trend (p=0.003) towards longer exercise du-
ration with increasing Hb in response to Epo was found. The third study evaluated the 
effects of weight based and fixed dosing RhEpo treatment in 165 patients.14  After 26 
weeks, RhEpo treatment increased Hb levels and was associated with an improvement 
of quality of life. A pooled analysis of these last two studies suggests that, compared 
to placebo, treatment with RhEpo showed a trend in risk reduction of the combined 
endpoints, CHF-related hospitalisation and all-cause mortality.  28 
Based on these findings, a large multicentre, double-blind, randomized, placebo-con-
trolled trial was designed, which has recently started enrolling patients (RED-HF). 15 

Patients with NYHA class II-IV, a left ventricular ejection fraction (LVEF) <35% and 
Hb levels between 9.0 and 12.5 g/dl are included and results of this study are clearly 
awaited. 

discussion
Treatment with ESPs in CHF appears attractive as it may enhance cardiac performance 
and improve quality of life in (mild) anaemic patients.29  This improvement in cardiac 
function may be caused by factors related to normalisation of Hb, including increased 
oxygen supply to the myocardium and normalisation of heart rate. These factors 
contribute for an important part to the improvement of exercise capacity and the 
change in peak oxygen consumption in CHF patients as was demonstrated in several 
studies.5,12,13  Moreover, Epo can further enhance cardiac function by attenuating some 
of the pathophysiological features of CHF, such as a reduction in myocardial apoptosis 
and an increase in myocardial oxygen supply through angiogenesis (figure 1). 
Results from phase 2 trials have demonstrated that RhEpo improved quality of life 
and exercise capacity in patients with CHF. When these trials were pooled, the data 
showed a trend in favour of ESP treatment with regard to hard clinical endpoints 
although these trials were clearly not powered (and also not designed) to study these 
endpoints.28

In the first studies in which ESPs were used in the treatment of anaemic CHF patients, 
either intravenous or oral iron supplementation was prescribed besides study medica-
tion.  3,4,5 Moreover, one of the inclusion criteria for participation in the phase 2 trials 
was being iron replete.12,14     Together with Epo’s extra-hematopoetic properties, it thus 
seems likely that the positive study results are merely the effect of Epo treatment on 
top of iron therapy.
In contrast to the promising findings in CHF patients are the recent data from two 
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large randomized, controlled trials, which evaluated RhEpo treatment in anaemic pa-
tients with chronic renal failure.30,31  These studies have raised a concern about the safe-
ty (and efficacy) of increasing Hb to higher levels in anaemic patients with chronic 
kidney disease.15,32  Indeed, current guidelines do not include an upper limit for the 
target Hb concentration with RhEpo treatment. We believe that these findings do not 
immediately have an impact on treatment with ESP in CHF.  First of all, data in pa-
tients with CRF cannot be extrapolated automatically to patients with CHF since they 
differ importantly with regard to medication use, co-morbidities and aetiology of 
anaemia. In addition, the RhEpo used in these studies was different from RhEpo used 
in the CHF phase 2 trials (darbepoetin alfa), which has a longer plasma half life and a 
stronger affinity for the Epo receptor than the RhEpo used in the aforementioned CRF 
trials (epoetin alfa and epoetin beta). Furthermore, the data so far available in CHF 
suggest that normalisation of Hb with RhEpo in CHF patients is safe and does not lead 
to adverse cardiovascular events.

Conclusion
In conclusion, the available evidence both from a pathophysiological and experimental 
standpoint are promising. Clinical studies so far show great potential, but we will have 
to wait for the results of ongoing large clinical trials on RhEpo treatment in patients 
with CHF before RhEpo can be routinely used in clinical practice.  
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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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inlEiding
Hartfalen is een syndroom, waarbij de pompfunctie van het hart achteruitgaat en dat 
onder andere gepaard kan gaan met klachten van kortademigheid bij inspanning en 
vochtophoping in enkels en benen. Door de verminderde pompfunctie wordt ook de 
doorbloeding van andere organen aangetast, waaronder de hersenen, spieren en de 
nieren. Ondanks verbeterde behandeling blijft hartfalen een veel voorkomende aan-
doening die gepaard gaat met een verhoogd risico op ziekenhuisopname en sterfte. 
Het is dan ook van groot belang de onderliggende mechanismen die ten grondslag 
liggen aan het ontstaan van hartfalen grondig te bestuderen teneinde nieuwe behan-
delingsstrategieën te ontwikkelen. Een relatief nieuw aandachtsgebied op het terrein 
van hartfalen is het onderzoek naar erytropoietine (Epo). Epo is een hormoon dat de 
aanmaak van rode bloedcellen stimuleert en wordt aangemaakt door de nieren wan-
neer het zuurstofgehalte in het bloed is verlaagd. Daarnaast blijkt het mechanismen te 
activeren die een beschermende werking hebben op het hartspierweefsel. 
Het doel van het onderhavige proefschrift is tweeledig. Ten eerste wordt het effect be-
studeerd van gesynthetiseerd Epo op de pompfunctie wanneer dit wordt toegediend 
aan patiënten met een acuut myocardinfarct. Ten tweede wordt bij hartfalenpatiënten 
het lichaamseigen Epo-gehalte onderzocht, alsmede de oorzaken van bloedarmoede. 

BEhandEling mEt ErytropoiEtinE
Experimentele studies waarbij onderzoek werd gedaan naar Epo-behandeling in hart-
falen- en myocardinfarct-diermodellen, toonden aan dat de pompfunctie van het hart 
verbeterde wanneer ratten werden behandeld met Epo. Twee manieren waarop Epo 
dit tot stand kan brengen zijn de aanmaak van nieuwe bloedvaten in het hart en  het 
verminderen van het aantal hartcellen dat een geprogrammeerde celdood (apoptose) 
ondergaat. Op grond van deze positieve resultaten in dierstudies werd een klinische 
pilotstudie opgezet, waarin patiënten met een hartinfarct Epo kregen toegediend. 
De behandeling met een eenmalige hoge dosering Epo na een succesvolle dotterbe-
handeling bleek goed te worden verdragen en was bovendien veilig. Om deze reden 
werd besloten een grotere, gerandomiseerde, multicenter studie op te zetten, de HEBE 
III studie, waarbij het effect van een eenmalige Epo-toediening op de pompfunctie 
van het hart werd onderzocht. (hoofdstuk 2) De resultaten van deze studie worden 
beschreven in hoofdstuk 3. Epo bleek geen effect te hebben op de linker ventrikel-
functie, maar hing wel samen met een verminderd aantal ‘adverse events’ (aantal 
ongewenste voorvallen tijdens de studie). 
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anEmiE En ErytropoiEtinE in 
hartfalEn

Een aandoening die vaak gepaard gaat met hartfalen is een te laag hemoglobine 
(Hb-) gehalte (anemie of bloedarmoede). Verminderde doorbloeding van de nie-
ren is een belangrijke oorzaak van het ontstaan van anemie in hartfalenpatiënten. 
Andere oorzaken zijn een verhoogd plasmavolume, ijzertekort, verhoogde ontste-
kingsfactoren in het bloed en een tekort aan lichaamseigen Epo. 
Behalve onderzoek naar het gebruik van gesynthetiseerd Epo, worden in dit proef-
schrift dan ook studies naar het lichaamseigen Epo gepresenteerd. In hoofdstuk 
4 wordt het natuurlijk beloop van Epo geanalyseerd bij 224 patiënten die na een 
myocardinfarct tekenen van hartfalen ontwikkelden. Epo-spiegels werden vastge-
steld bij -respectievelijk- het ziekenhuisontslag, na 1 maand en 1 en 2 jaar na het 
myocardinfarct. Na 1 jaar bleek de samenhang tussen Epo en Hb te zijn verdwe-
nen en werd de hoogte van de Epo-spiegels enkel nog verklaard door verhoogde 
waarden van de ontstekingsfactor C-Reactive Protein (CRP). In hoofdstuk 5 wordt 
de relatie tussen verhoogde ontstekingswaarden en de ontwikkeling van anemie 
bij 326 hartfalenpatiënten onderzocht. Van alle patiënten werden de waarden van 
Epo en Hb bepaald, alsmede drie ontstekingsfactoren die het Hb gehalte negatief 
kunnen beïnvloeden: high sensitive (hs)CRP, Interleukine (IL)-6 en Tumor Necro-
se Factor-alfa (TNF-α). Patiënten met anemie vertoonden verhoogde spiegels van 
hsCRP en IL-6. Daarnaast bleek een verhoogd hsCRP een onafhankelijke voorspeller 
van anemie. De aanwezigheid van een verhoogd hsCRP en IL-6 bleek voorts alleen 
bij de anemische patiënten samen te hangen met een slechte prognose. Verhoogde 
ontstekingsfactoren zijn dus niet alleen een oorzaak van het ontstaan van anemie, 
hun verhoogde aanwezigheid bij anemische hartfalen patiënten blijkt bovendien 
een slechte prognose te voorspellen. Ten slotte worden in hoofdstuk 6 de Epo-
spiegels van 605 hartfalenpatiënten onderzocht. Hieruit bleek dat een eenmalige 
meting van een verhoogde Epo-spiegel een verhoogde kans gaf op een nadelige 
prognose. Dit vormt een bevestiging van eerdere onderzoeksresultaten. Een nieuwe 
bevinding van deze studie was evenwel dat patiënten met een persisterend hoog 
Epo-gehalte (boven de mediaan bij aanvang én bij 6 maanden na het infarct), een 
nog slechtere prognose bleken te hebben. Voorts werd gekeken in hoeverre de Epo-
waarde passend was voor het Hb-gehalte. Hiertoe werd de verwachte Epo-waarde 
voor het gemeten Hb-gehalte vergeleken met de daadwerkelijk gemeten Epo-waar-
de. Met deze gegevens kon de ‘observed/predicted’ (O/P) waarde van Epo wor-
den berekend. Bijna 80% van de patiënten vertoonden een verlaagde O/P waarde, 
hetgeen duidt op een te lage Epo productie. Daarnaast hadden patiënten met een 
verhoogde O/P waarde een slechtere prognose dan patiënten met een normale 
of verlaagde O/P waarde. Uitgaande van deze resultaten en die uit voorgaande 
hoofdstukken, lijkt Epo bij hartfalen niet zozeer door het Hb-gehalte gestimuleerd 
te worden, maar veeleer door andere factoren, zoals verhoogde ontstekingsfactoren 
en mogelijk zuurstoftekort in het hartspierweefsel zelf. 
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toEkomstpErspEctiEvEn
Al bijna 10 jaar wordt er door onze afdeling onderzoek gedaan naar Epo en de ef-
fecten van Epo-behandeling op de linker ventrikelfunctie. Uit de resultaten van deze, 
voornamelijk experimentele, onderzoeken, bleek toediening van Epo veilig en bleek 
het een belangrijke bescherming te geven tegen het ontwikkelen van hartfalen na een 
hartinfarct. Klinische studies waarin werd gekeken naar de effecten van Epo-behan-
deling bij patiënten met hartfalen en anemie, toonden aan dat Epo-toediening veilig 
was en dat het een positief effect had op symptomen van hartfalen. Op dit moment 
wordt een grote studie uitgevoerd die het effect van Epo-behandeling op mortaliteit 
en morbiditeit bij anemische hartfalenpatiënten onderzoekt (RED-HF studie).
In tegenstelling tot de positieve effecten van Epo bij hartfalen, zijn resultaten van 
studies met andere patiëntengroepen minder positief. Zo bleek bij patiënten met een 
ischemisch cerebrovasculair accident (CVA) behandeling met Epo samen te hangen 
met een verhoogde overlijdenskans. Daarnaast toonde een tweetal studies bij ane-
mische nierfalenpatiënten aan dat toediening van Epo ter ophoging van het Hb naar 
normaalwaarden geen verbetering van symptomen gaf ten opzichte van ophoging 
naar lagere Hb-waarden. De behandeling met Epo ter ophoging van het Hb naar 
normaalwaarden leidde in 1 studie zelfs tot een verhoogd aantal ‘adverse events’. 
Een andere studie onder anemische nierfalenpatiënten met diabetes, liet zien dat Epo 
geen klinische verbetering gaf ten opzichte van placebo en zelfs een verhoogd CVA 
risico gaf. In conclusie, vergeleken met andere patiëntengroepen lijkt behandeling 
van anemische hartfalenpatiënten met Epo veilig. Er wordt dan ook vol verwachting 
uitgekeken naar de resultaten van de RED-HF studie.
Onlangs is een aantal studies verricht waarin het effect van Epo op de linker ven-
trikelfunctie na een myocardinfarct werd onderzocht. Onze studie liet zien dat de 
toediening van een eenmalige hoge dosering Epo veilig was en dat de met Epo be-
handelde groep zelfs een verminderd aantal ‘adverse events’ vertoonde. In een andere 
studie, waarbij op drie opeenvolgende dagen na het infarct Epo of placebo werd 
toegediend, vonden daarentegen wel meer ‘adverse events’ plaats in de Epo-groep. 
Mogelijk berusten deze contrasterende resultaten op verschillen in doseringsschema. 
Het is daarom wenselijk dat er een grote, gerandomiseerde, placebo-gecontroleerde 
studie wordt opgezet, die naast het beschermend effect van Epo op de pompfunctie 
ook de veiligheid van Epo-toediening na een infarct onderzoekt. 
Dit proefschrift samenvattend kan worden geconcludeerd dat bij patiënten met hart-
falen sprake is van verhoogde Epo-spiegels in het bloed hetgeen samenhangt met 
een ongunstige prognose. De hoogte van het Epo-gehalte lijkt niet zozeer te worden 
bepaald door het Hb-niveau, maar door verhoogde ontstekingsfactoren. Voorts kan 
worden geconcludeerd dat Epo-toediening bij patiënten met een acuut hartinfarct 
veilig lijkt en een beschermende werking op het hart lijkt te hebben. Toekomstige 
studies met Epo bij patiënten met hartaandoeningen zullen moeten uitwijzen in hoe-
verre Epo daadwerkelijk een toegevoegde waarde heeft voor de bescherming van de 
pompfunctie van het hart. 
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mentaar waardoor de boodschap van het artikel direct duidelijk werd. Verder wil ik je 
bedanken dat je mij de ruimte en het vertrouwen hebt gegeven de HEBE III studie te 
coördineren. Hoewel sommige momenten ronduit spannend te noemen waren, heb-
ben we het uiteindelijk tot een prachtig einde weten te brengen! 

De leden van de beoordelingscommissie, prof. dr. M.P. van den Berg, prof. dr. A.J. Ra-
belink en prof. dr. J.G.P. Tijssen wil ik bedanken voor het kritisch doorlezen van mijn 
proefschrift.

Beste Willem-Peter en Liza, wat een geruststelling dat jullie op deze dag zo dicht bij 
me staan. Willem, vanaf het moment dat je je intrek nam bij mij op de kamer was het 
goed en dat blijft het hopelijk nog lang… Liza, jouw pragmatisch commentaar bij op-
merkelijkheden in deze wereld gecombineerd met een onuitputtelijke snoep-la, heb-
ben het de afgelopen jaren zeer aangenaam werken gemaakt. Daarnaast ben ik je veel 
dank verschuldigd voor het overnemen van de HEBE III taken tijdens mijn verlof. 

Dankzij de ‘Greenhouse’ collega’s was er altijd wel tijd voor een grap, wat spuien 
of voor juist de broodnodige relativering, in ’t Feithuis of tijdens de colarondjes; 
ik ga jullie nog missen..! Jardi, Kevin, Pieter, Jasper, Daan, Rik, Lieuwe, Wim, Tøne, 
Michiel, Jessica, Sheba, Sandra, Marcelle, Hessel, Bart, Rob, Ismaël, Suzan, Ali, Len-
naert, Frank, Nicolas, Pieter-Jan, Jan Pieter, Marte, Youlan, Wouter, Marieke, Mirjam, 
Christiane, Martin en Mathijs. 
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Ook wil ik Tiny en de overige COACH-onderzoekers bedanken voor de prettige 
samenwerking.

De Cardio Research wil ik bedanken voor hun ondersteuning bij de vele hartfalen-
studies: Peter, Geert, Trienke, Karin, Anja, Carla. Greetje, Margriet en Carolien wil ik 
daarnaast heel erg bedanken voor de gezellige momenten tussen de bedrijven door.

De secretaressen van de 4e etage: Audrey, Magda en met name Alma wil ik bedan-
ken voor altijd het juiste antwoord op zo’n beetje elke vraag en Bauk, secretaresse 
van de CCU, bedankt voor de prettige samenwerking tijdens de HEBE III studie.  

Prof. dr. Zijlstra, beste Felix, bedankt voor je betrokkenheid en deskundige advie-
zen, waardoor de voortgang van de HEBE III studie altijd vloeiend heeft kunnen 
verlopen. Alle interventiecardiologen in het UMCG, bedankt voor jullie niet afla-
tende inzet om de juiste patiënten te includeren in de HEBE III studie.

Dit brengt mij bij het opschrijven van mijn grote waardering voor alle onderzoe-
kers en verpleegkundigen van de centra buiten het UMCG die mee hebben gewerkt 
aan- en zich enorm hebben ingezet voor de HEBE III studie. In het Leids Univer-
sitair Medisch Centrum: Leonie, Ellen, dr. M. Bootsma en prof. dr. J.W. Jukema. In 
de Isala Klinieken te Zwolle wil ik bedanken dr. A.W.M. van ’t Hof, en een speciaal 
woord van dank gaat uit naar Mirjam en Karin. In het Medisch Centrum Alkmaar 
dr. J.O.J. Peels, Yolanda en in het bijzonder Stella. In het Amphia Ziekenhuis te 
Breda dr. J. Vos, Manola en Suzanne. In het Academisch Medisch Centrum dr. J.P. 
Henriques en -bijna dr. -Wouter Kikkert en in het St. Antonius ziekenhuis te Nieu-
wegein Debby en dr. J.M. ten Berg.  

Voor de hulp bij de HEBE III studie-coördinatie wil ik Ilse en Mieke van het Trial 
Coördination Center bedanken en voor de ontwikkeling en ondersteuning van 
de database ben ik Marco Assmann dank verschuldigd. Hier wil ik ook prof. dr. 
Hans Hillege bedanken, voor de statistische ondersteuning van (o.a.) de HEBE III 
studie.

De onderzoekswerkzaamheden werden niet alleen afgewisseld door colarondjes, maar 
ook door klinische taken, waarvan die op de VO2max kamer altijd een hoog ge-
zelligheidsgehalte hadden. Hiervoor wil ik speciaal bedanken Lineke, Monique, 
Astrid, Ina, Gean en Jolanda.

Heel belangrijk in deze periode zijn voor mij mijn trouwe vrienden uit ‘het Wes-
ten’ geweest. Lieve Floortje, Sintha, Adine, Marjoleine, Vera, Marianne, Tjerk, Thijs 
en Lucas, bedankt dat jullie de absolute afstand altijd weer relatief konden maken!

Lieve Robbert en Lyvia, altijd stond jullie deur wijd open om ons te verwelko-
men wanneer we weer even zeelucht wilden komen opsnuiven. Wat een bijzonder 
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vooruitzicht om die zee binnenkort te kunnen delen! Bedankt voor jullie hartelijkheid 
en steun, op alle fronten.

Lieve papa en mama. “Daar gaat ze weer..”, hoor ik jullie denken. Nooit eens stil, 
nooit eens rust. Het volgen van je hart is wellicht niet de makkelijkste weg, maar 
mede door het vertrouwen dat ik van jullie keer op keer krijg, voel ik mij gesteund en 
gesterkt in mijn beslissingen. DANK! 
Lieve Joost, samen naar de VU, wie had dat gedacht… en ik kijk nu al uit naar lange 
Amsterdamse nachten aan de Utrechtsedwars!

En dan mijn twee stoere mannen… 
Liefste Gijs en Tobias, samen dansend naar het volgende avontuur, ik kan niet wach-
ten…!






