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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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Epo-R activation in:
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Apoptotic EPC’s ↓
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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: 
Dr RHJA Slart, Dr RA Tio 
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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