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Abstract

Objective 

This study was a pilot trial to determine safety and feasibility of intracoronary infusion of 

mononuclear bone marrow cells (MBMC) in patients with acute myocardial infarction (MI).

Background 

Studies reporting the effect of MBMC therapy on improvement of left ventricular (LV) 

function have shown variable results. The HEBE trial is a large multicenter, randomized trial 

that currently enrolls patients. Prior to this trial we performed an uncontrolled pilot study.

Methods 

Twenty-six patients with a first acute MI were prospectively enrolled in 8 centers. Bone 

marrow aspiration was performed at a median of 6 days after primary PCI (interquartile 

range, 5 to 7 days). MBMC were isolated by gradient centrifugation and were infused 

intracoronary the same day. All patients underwent magnetic resonance imaging before cell 

infusion and after 4 months. Clinical events were assessed up to 12 months.

Results 

Within 10 hours after bone marrow aspiration, 246±133 x106 MBMC were infused, of 

which 3.9±2.3 x106 cells were CD34+. In one patient, this procedure was complicated by 

local dissection. LV ejection fraction significantly increased from 45.0±6.3% to 47.2±6.5% 

(p=0.03). Systolic wall thickening in dysfunctional segments at baseline improved with 

0.9±0.7 mm (p<0.001). Infarct size decreased 37% from 17.8±8.2 to 11.2±4.2 gram (p<0.001). 

During 12 months follow-up, 3 additional revascularizations were performed and an ICD was 

implanted in one patient 3 weeks after PCI.

Conclusion 

In patients with acute MI, intracoronary infusion of MBMC is safe in a multicenter setting. At 

4 months follow-up a modest increase in global and regional LV function was observed, with 

a concomitant decrease in infarct size. 
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Introduction

Survival and prognosis of patients with an acute myocardial infarction (MI) have improved 

substantially by therapies aiming at prompt reperfusion of the infarct-related artery. 

Nonetheless, myocardial necrosis starts rapidly after coronary occlusion. Despite sustained 

patency of the infarct-related artery, left ventricular (LV) remodeling after successful primary 

percutaneous coronary intervention (PCI) occurs in up to 30% of the patients leading to 

chamber dilation and contractile dysfunction (1;2). 

Cell therapy as an adjunctive therapy to promote myocardial function after an acute MI has 

been widely studied in both experimental and clinical conditions. Results from experimental 

studies have shown that injection of (selected) bone marrow cells can improve myocardial 

function by inducing angiogenesis, inhibiting apoptosis, enhancing scar tissue formation 

and possible myocardial regeneration (3-6). However, recent clinical randomized controlled 

trials investigating the effect of intracoronary infusion of unselected bone marrow cells on 

enhancement of functional recovery in patients with acute MI have shown equivocal results 

(7-12). In addition, the size of most trials was smaWe therefore designed the HEBE trial 

and are currently enrolling 200 patients in this multicenter, randomized controlled trial to 

evaluate the effect of bone marrow cell therapy on LV function after acute MI treated with 

primary PCI (13). Prior to the main trial, we performed a non-randomized pilot trial in which 

all patients were treated with mononuclear bone marrow cells (MBMC) to assess the safety 

and feasibility of intracoronary cell infusion in a multicenter setting.

Methods

Patients and study protocol

Between February and December 2005, 26 patients with first ST-segment elevation MI 

treated with primary PCI and stenting, were prospectively enrolled in 8 Dutch centers. 

Patients between 30 to 75 years of age were included if they met the following inclusion 

criteria: successful primary PCI with stent placement within 12 hours after onset of symptoms, 

three or more hypokinetic or akinetic LV segments observed on resting echocardiogram 
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performed at least 12 hours after PCI, and an elevation of creatine kinase (CK) or CK-MB 

more than 10 times the local upper limit of normal (ULN). Main exclusion criteria were 

haemodynamic instability, an anticipated PCI or CABG within the next 4 months, severe 

comorbidity, and contraindications for Magnetic Resonance Imaging (MRI). Patients were 

treated with aspirin, heparin, and clopidogrel, according to Dutch practice guidelines.

Figure 1 shows the study design. All patients received intracoronary infusion of autologous 

MBMC. MRI was performed before cell infusion and at 4 months after inclusion. Patients 

were continuously monitored with telemetry after cell infusion until discharge and 

underwent 24-hour ECG monitoring at 1 month after treatment. Patients were seen at the 

outpatient clinic at 1, 4 and 12 months to assess their clinical status.

This study complied with the principles set out in the Declaration of Helsinki. All patients 

gave informed consent to the study protocol, which was approved by the local ethics 

committees of all participating centers.

Cell harvesting and intracoronary cell infusion

Within 8 days after PCI, bone marrow aspiration and intracoronary cell infusion were 

performed on the same day. Bone marrow aspirate was collected in a sterile container 

with heparin (concentration of 20 I.E./mL) from the posterior iliac crest (approximately 50 

mL), and send to one of the six participating cell-processing laboratories. All laboratories 

are certified stem cell laboratories and are (or related to) a haematology laboratory 

that is qualified to perform FACS analysis for cell counting. Moreover, they are all 

engaged in programs for standardization of cell isolation procedures (by the “Werkgroep 

Stamcellaboratoria Nederland”, working group of the Dutch haemato-oncology association, 

HOVON) and for standardization of diagnostics including multiple tests of the same sample 

for CD34+ stem cell counting. MBMC were isolated by density gradient centrifugation using 

LymphoprepTM. After 2 washing steps, mononuclear cells were resuspended in 15 to 20 

ml saline supplemented with 4% human serum albumine and 20 I.E./ml sodium heparin. 

The number of nucleated blood cells was measured and the number of CD34+ cells and 

CD14+ cells were determined in the final cell suspension by FACS analysis according to the 

ISHAGE protocol (14). Bacterial and fungal cultures of the clinically used cell preparations 

were performed afterwards and proved to be negative in all cell preparations. The protocol 

specified that cell infusion must take place within 4 hours after preparation.
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Prior to cell infusion, stent patency of the culprit lesion was visually assessed by coronary 

angiography of the infarct-related artery. Cell suspension was infused into the infarct-

related artery through the central lumen of an over-the-wire balloon catheter as previously 

described (15;16). In three sessions of coronary occlusion, interrupted by three minutes of 

coronary reflow, a total of 15 to 20 ml of cell suspension was infused in the infarct territory.

Magnetic Resonance Imaging

Patients were studied on a clinical 1.5 or 3.0 Tesla scanner using a four-element phased 

array cardiac receiver coil. MRI acquisition involved a standardized protocol of which the 

details were published previously (13). In short, ECG-gated images were acquired during 

repeated breath-holds. Contiguous short axis slices were acquired using a segmented steady 

state free precession pulse sequence in multiple short axis views every 10 mm covering the 

entire left ventricle from base to apex, to examine regional and global LV function. Late 

gadolinium enhanced (LGE) images were acquired 10 to 15 minutes after administration of 

a gadolinium-based contrast agent (Dotarem, Guerbet; 0.2 mmol/kg) with a 2D segmented 

inversion recovery gradient-echo pulse sequence. All MRI images were sent to the core 

laboratory at VU University Medical Center for quality control and central analysis. 

MRI data were analyzed using a dedicated software package (Mass, Medis, Leiden, 

the Netherlands). On short axis cine slices, the endocardial and epicardial borders were 

outlined manually in end-diastolic and end-systolic images, excluding trabeculae and 

papillary muscles. From these left ventricular volumes, ejection fraction (EF) and mass 

were calculated. For analysis of segmental myocardial function each short axis slice was 

divided in 12 equi-angular segments, starting at the posterior septal insertion of the right 

ventricle. Systolic wall thickening is expressed in absolute values (end-diastolic wall thickness 

subtracted from end-systolic wall thickness, mm). Dysfunctional segments were defined 

as segments with systolic wall thickening of less than 3 mm. For analysis of LGE images, 

areas of hyperenhancement were outlined including central dark zones of microvascular 

obstruction, allowing calculation of total infarct size. Segmental extent of hyperenhancement 

was calculated by dividing the infarct area by the total area of the predefined segment (%). 

The extent was then graded according to the following classification: 0% to 25%, 26% to 

75%, and 76% to 100% hyperenhancement.
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Statistical analysis

Continuous baseline variables with normal distribution are expressed as mean ± SD and 

data with a non normal distribution are given as median value (25th to 75th percentile). The 

paired samples t test was used to compare concentrations of cardiac enzymes before and 

after cell infusion, and differences in global and regional LV parameters between baseline and 

follow-up. Linear non-parametric correlation was calculated by the Spearman correlation. 

All statistical tests were two-tailed and statistical significance was set at p<0.05. Statistical 

analysis was done with the Statistical Package for Social Sciences software (SPSS 12.0 for 

Windows). Review Manager (RevMan 4.2 for Windows, The Cochrane Collaboration, http://

www.cc-ims.net/RevMan) was used for the meta-analysis.

Results

Baseline clinical and angiographic characteristics are shown in table I. Mean age was 54 

years; 85% were men; median time from symptom onset to PCI was 2.8 hours; TIMI III flow 

was documented in all patients after PCI; and two thirds of the patients had an anterior 

myocardial infarction. During hospitalization patients received medication according to the 

current guidelines for myocardial infarction. At discharge, all patients used clopidogrel and 

statins, 24 (92%) patients used aspirin, 3 (12%) oral anticoagulation, 21 (81%) ACE inhibitors 

or angiotensin-receptor antagonists, and 24 (92%) beta blockers.
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Table 1. Baseline Clinical and Angiographic characteristics. n=26
Age, years 54 ± 8
Male gender 22 (85%)
Body mass index, kg/m2 27 6 3
Diabetes mellitus 0 (0%)
Known hypertension 5 (19%)
Family history of ischemic heart disease 14 (56%)
Hypercholesterolemia 6 (23%)
Current cigarette smoking 12 (46%)
Median time from symptom onset to PCI, hr 2.8 (2.0 - 4.5)
Infarct-related artery
Left anterior descending artery 16 (62%)
Left circumflex artery 4 (15%)
Right coronary artery 6 (23%)
Multivessel disease 6 (23%)
TIMI flow grade III after PCI 26 (100%)
Type of stent
Bare metal 23 (88%)
Drug eluting 3 (12%)
Median number of stents (range) 1 (1 2 4)
Size of stent, mm 3.3 ± 0.4
Length of stent, mm 24 ± 13
Platelet glycoprotein IIb/IIIa inhibitors 19 (73%)
Median maximum serum creatine kinase
MB divided by local upper limit of normal 24 (16 - 40)

Values are expressed as number (%), mean ± SD, or median (25th-75th 
percentile), unless otherwise specified. TIMI, thrombolysis in myocardial
infarction; PCI, percutaneous coronary intervention; MB, myocardial band.

Cell infusion

Bone marrow aspiration was performed 3 to 8 days after primary PCI (median 6, interquartile 

range, 5 to 7 days). The final cell suspension contained 246 ± 133 x 106 cells. This consisted 

of 3.9 ± 2.3 x 106 (1.7 ± 0.9 %) CD34+ cells and 20.5 ± 11.4 x 106 (8.8 ± 4.0 %) CD14+ cells. The 

total number of cells in the final cell suspension did not differ between laboratories (data 

not shown). No complications of the bone marrow aspiration procedure were noted. At the 

same day, intracoronary injection of MBMC into the infarct-related artery was performed. 

Median time from bone marrow harvest to cell infusion was 7 hours (range 5 to 10). 

Concentration of CK or CK-MB divided by the local ULN was 0.66 ± 0.26 before cell infusion, 

0.80 ± 0.59 (p=0.21) at 12 hours after cell infusion, and 0.80 ± 0.52 (p=0.15) at 24 hours after 

cell infusion. A CK or CK-MB elevation between 1 and 2 times the ULN was detected in 4 

patients and between 2 and 3 times the ULN in 1 patient.
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In one patient, cell infusion procedure was complicated by local dissection of the infarct-

related artery, which was successfully treated by immediate stent implantation and no peri-

procedural CK or CK-MB elevation occurred. No sustained ventricular arrhythmias were 

detected during in-hospital telemetric monitoring after cell infusion. 

Follow-up

At 4 months follow-up, 22 patients (85%) were in New York Heart Association (NYHA) class 

I and 4 patients (15%) were in class II. Twenty-three (88%) patients used aspirin, 5 (19%) 

oral anticoagulation, 15 (50%) clopidogrel, 24 (92%) ACE inhibitors or angiotensin-receptor 

antagonists, 25 (96%) beta blockers, and 25 (96%) statins. 

Table II summarizes the adverse clinical events during one year follow-up. All patients 

were alive at one year after MI, and none had been lost to follow-up. None of the patients 

suffered a recurrent myocardial infarction, and three patients underwent a second 

percutaneous revascularization. The reasons were one stent thrombosis in a bare metal 

stent 11 weeks after inclusion and two de novo interventions. One patient required an 

implantable cardioverter-defibrillator 3 weeks after primary PCI because of non-sustained 

ventricular tachycardia and a severely depressed LV function. In the same patient, a non-

sustained ventricular tachycardia was recorded during 24-hour ECG monitoring at 1 month. 

No episodes of sustained ventricular tachycardia or appropriate shocks were recorded 

during follow-up. In all other patients no ventricular arrhythmias occurred during 24-hour 

ECG monitoring.

Table 2. Clinical Events During 1-year Follow-Up. n = 26.

Death 0
Recurrent myocardial infarction 0
Revascularization 3
Acute stent thrombosis 1
Target vessel, nontarget lesion revascularization 1
Nontarget vessel revascularization 1
Documented ventricular arrhythmia treated by ICD 1
Hospitalization for heart failure 0
Stroke 0
Cancer 0

ICD, implantable cardioverter-defibrillator.
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Figure 1. Study design and trial profile

PCI = percutaneous coronary intervention; MRI = magnetic resonance imaging

Magnetic Resonance Imaging

Paired cine MRI images for global and segmental function were available in 24 patients and 

paired LGE images for infarct size in 19. Baseline MRI was performed at 4 ± 1 days after 

PCI and at 136 ± 18 days of follow-up. There was a significant increase in global LV EF from 

45.0 ± 6.3% to 47.2 ± 6.5% (p=0.03) (table III). There was no significant correlation between 

the change in EF and the total number of injected cells (r=-0.03, p=0.89), the number of 

CD34+ cells (r=-0.19, p=0.38), or the time from PCI to cell infusion (r=-0.07, p=0.76). Infarct 

size decreased 37% from 17.8 ± 8.2 to 11.2 ± 4.2 gram (p<0.001). The mean percentage of 

dysfunctional segments at baseline was 49 ± 15%. Figure 2 shows the observed changes in 

















Ch
ap

te
r 

7

108

systolic wall thickening during follow-up stratified by baseline function and by the extent of 

hyperenhancement. Systolic wall thickening in dysfunctional segments at baseline improved 

with 0.9 ± 0.7 mm (from 1.3 ± 0.4 mm to 2.2 ± 0.8 mm, p<0.001). 

Table 3. Quantitative data from magnetic resonance imaging (n = 24)

Baseline Follow-up Change P-value
LV ejection fraction (%) 45.0 ±6.3 47.2 ± 6.5 2.2 ± 4.6 0.03
LV end-diastolic volume index (mL/
m²)

95.2 ± 15.4 101.6 ± 16.0 6.4 ± 10.2 0.005

LV end-systolic volume index (mL/m²) 52.9 ± 14.0 54.3 ± 13.8 1.4 ± 7.6 0.39
LV mass (g/m²) 65.3 ± 14.0 59.2 ± 11.1 -6.1 ± 6.6 <0.001
Late gadolinium enhancement (gram), 
n=19

17.8 ± 8.2 11.2 ± 4.2 -6.6 ± 5.7 <0.001

Late gadolinium enhancement
(% of LV), n=19

13.2 ± 5.7 9.4 ± 3.8 -3.8 ± 3.3 <0.001

LV, left ventricular

Figure 2. Change in systolic wall thickening after bone marrow cell injection in (A) dysfunctional 

segments at baseline versus normal segments (n=24) and in (B) dysfunctional segments stratified by 

extent of hyperenhancement (n=19). Improvement in systolic wall thickening was 1.0 ± 0.6 mm in 

segments with 0-25% hyperenhancement, 0.9 ± 1.2 mm in 26-75% and 1.0 ± 1.4 mm in 76-100%.

Base = baseline; ES = end-systolic; ED = end-diastolic; FU = follow-up; LGE = late gadolinium 

enhancement
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Figure 3. Estimation of the effect of intracoronary injection of non-mobilized bone marrow cells on 

left ventricular ejection fraction after acute myocardial infarction. Meta-analysis including current 

randomized controlled trials. Test for heterogeneity p=0.68 and test for overall effect p=0.002. 

Follow-up was 4 months in REPAIR-AMI trial and in the study by Janssens et al., 6 months in ASTAMI 

trial and in the study by Ge et al., and 18 months in the BOOST.  Base = baseline; EF = ejection fraction; 

Δ = change from baseline to follow-up; WMD = weighted mean difference

Discussion

The findings of this study indicate that intracoronary infusion of autologous MBMC after 

recent myocardial infarction is safe in a multicenter setting. At 4 months follow-up a modest 

but significant increase in global and regional LV function was observed, with a concomitant 

decrease in infarct size.

Since the first preliminary clinical studies of cell therapy in patients after acute MI have 

been published (15;16), more than four hundred patients were treated with intracoronary 

injection of (selected) bone marrow cells in several non-randomized and randomized 

controlled trials (7;9-12;15-23). In none of these studies complications of bone marrow 

aspiration were reported. In our pilot study one local dissection of the infarct-related artery 

occurred during cell infusion. This complication has been reported previously by others in 

four patients using the same technique for cell infusion (23;24). One patient in the study by 

Meluzin et al. developed a thrombus in the infarct-related artery in relation to cell infusion 

procedure (23). We noted a mild elevation of CK or CK-MB concentration above the ULN 

in five patients after cell infusion procedure corresponding to minor myocardial damageA 
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potential arrhythmogenic effect of cell therapy has been described after autologous 

transplantation of cultured skeletal myoblasts (25). After intracoronary bone marrow cell 

infusion, one patient developed ventricular fibrillation one day after cell infusion in the 

ASTAMI trial (9), and a sustained ventricular arrhythmia occurred two days after infusion 

in the study by Bartunek et al. (17). In our trial, one of the 26 treated patients had a non-

sustained ventricular tachycardia during follow-up. We cannot exclude the possibility that 

cell treatment contributed to the observed arrhythmias in the different trials. However, in 

the randomized trials performed to date the occurrence of ventricular arrhythmias was 

not different between the bone marrow and control group and the number of observed 

arrhythmias in the non-randomized trials was not unexpectedly high.

Concerns have been raised about safety of cell therapy on the long-term because of reports 

of high rates of in-stent restenosis (17;26;27). Kang et al. reported in-stent restenosis in 

7 of the 10 patients treated with granulocyte-colony stimulating factor with or without 

additional intracoronary infusion (26). Bartunek et al. also observed in a non-randomized 

pilot trial a surprisingly high rate of 37% in-stent restenosis and 11% reocclusion in 19 

patients treated with intracoronary injection of selected CD133+ bone marrow cells (17). 

The injected CD133+ cells carry a high angiogenic potential, and this might be an explanation 

for the pro-atherogenic effect in that study (27). None of the other trials reported higher 

rates of clinical or angiographic restenosis after injection of unselected bone marrow 

cells. In the double-blind REPAIR-AMI trial even a trend towards a reduction in target 

vessel revascularization was observed at one year follow-up (28). In our study, we did not 

perform routine catheterization during follow-up, but in only one patient a target lesion 

revascularization was performed during one year follow-up. In spite of these results, the 

possibility that specific types of cell therapy may induce progression of atherosclerosis has 

been reported in preclinical studies (29). In conclusion, the number of patients that have 

been treated until now is only sufficient to derive preliminary data about the safety and 

feasibility of intracoronary injection of bone marrow cells. Large studies and long-term 

follow-up are needed to definitely establish its safety profile. 

The treatment effect of bone marrow infusion after MI reported in the first non-randomized 

trials was promising and suggested an improvement in global EF of approximately 6%. 

However, the results of the first randomized clinical trials are conflicting (7;9-11). Figure 3 
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shows a summary of the change in LV EF between baseline and follow-up in the published 

randomized controlled trials of intracoronary infusion of non-mobilized unselected bone 

marrow cells. The follow-up of these studies ranged from 4 to 18 months. Compared with 

control, bone marrow cell therapy significantly improved global LV EF by 2.2% (95% CI 0.8% – 

3.8%; p=0.002). None of the trials were powered to detect differences in clinical endpoints. 

However, the REPAIR-AMI trial showed a significant reduction in the occurrence of major 

adverse cardiovascular events. This raises the possibility that clinical benefits may exceed 

the modest improvement seen in ventricular function (28). 

We observed a modest increase in LV EF of 2.2%. This trial was not designed to test efficacy 

and we did not include a control group. Therefore, we can not determine the role of the 

additional treatment with bone marrow cells on the observed change in LV EF. This modest 

increase that we observed may be part of the natural course in patients treated by primary 

PCI and optimized medical therapy. However, the change in EF in the control group in the 

published randomized trials varied substantially and ranged from -1.9% to +7.0% (9;12). 

This underscores the necessity of a randomized trial for an appropriate interpretation of the 

effect of cell therapy.

The most notable result of our analysis of regional function is that improvement of systolic 

wall thickening in segments with 76-100% hyperenhancement is similar to segments with 

less transmural infarction. In the study by Janssens et al., cell therapy did not augment 

recovery of global LV EF, however they observed enhanced recovery of regional function in 

infarcted regions after cell transfer, especially in the most severely injured segments (10).

When comparing trials investigating bone marrow cell infusion, it is important to note 

that there are differences in patient selection and study design. For example there are 

differences in timing of bone marrow aspiration and cell infusion (one day to few weeks 

after reperfusion), cell types (nucleated cells, mononuclear cells or selected bone marrow 

cells), cell preparation protocol (overnight culture, storage medium), and used techniques 

to assess functional effects (echocardiography, LV angiography, gated SPECT, MRI). 

Although studies with intracoronary cell transplantation have used a similar technique to 

infuse bone marrow cells, the number of infused cells differs. Remarkable is the difference 

in recovery of MBMC by density gradient centrifugation from the same amount of bone 

marrow (36 million cells from 40 ml bone marrow in the study by Ge et al. to 236 million 
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from 50 ml bone marrow in the REPAIR-AMI trial). As shown by Seeger et al., isolation 

protocols are important and can have impact on the number of isolated cells and the 

functional activity of these cells (30). The number of injected MBMC and CD34+ cells in our 

current study were comparable with the REPAIR-AMI trial; 246 ± 133 x 106 versus 236 ± 174 x 

106 and 3.9 ± 2.3 x 106 versus 3.6 ± 3.6 x 106 (11). On the other hand, a recent meta-analysis 

found no relation between the number of cells and functional recovery (31).

The major limitation of this pilot trial is the lack of a randomized control group, which did 

not receive intracoronary infusion of MBMC. However this study was designed as a phase I 

safety and feasibility trial. Because multiple centers and stem cell laboratories are involved, 

this pilot study and the randomized HEBE trial allows a more general feasibility assessment, 

in contrast to all previous single-center studies. 

The aim of the HEBE trial is to include 200 patients, divided over 3 treatment arms. Patients 

will be randomized to be treated with either intracoronary infusion MBMC, mononuclear 

blood cells derived from peripheral blood, or standard therapy. The primary end point is the 

change in regional myocardial function in dysfunctional segments at 4 months relative to 

baseline, based on segmental analysis as measured by MRI (13).

In conclusion, our results of this uncontrolled pilot study show that intracoronary infusion 

of autologous MBMC in patients after acute myocardial infarction appears to be safe in 

a multicenter setting. At 4 months follow-up a modest increase in global and regional LV 

function was observed, with a concomitant decrease in infarct size. 



H
EB

E 
pi

lo
t

113

References

 (1)  Bolognese L, Neskovic AN, Parodi G, Cerisano G, Buonamici P, Santoro GM, et al. Left 
ventricular remodeling after primary coronary angioplasty: patterns of left ventricular 
dilation and long-term prognostic implications. Circulation 2002 Oct 29;106(18):2351-7.

 (2)  Cohn JN, Ferrari R, Sharpe N. Cardiac remodeling--concepts and clinical implications: 
a consensus paper from an international forum on cardiac remodeling. Behalf of an 
International Forum on Cardiac Remodeling. J Am Coll Cardiol 2000 Mar 1;35(3):569-82.

 (3)  Fuchs S, Baffour R, Zhou YF, Shou M, Pierre A, Tio FO, et al. Transendocardial delivery of 
autologous bone marrow enhances collateral perfusion and regional function in pigs with 
chronic experimental myocardial ischemia. J Am Coll Cardiol 2001 May;37(6):1726-32.

 (4)  Kocher AA, Schuster MD, Szabolcs MJ, Takuma S, Burkhoff D, Wang J, et al. Neovascularization 
of ischemic myocardium by human bone-marrow-derived angioblasts prevents 
cardiomyocyte apoptosis, reduces remodeling and improves cardiac function. Nat Med 2001 
Apr;7(4):430-6.

 (5)  Murry CE, Soonpaa MH, Reinecke H, Nakajima H, Nakajima HO, Rubart M, et al. 
Haematopoietic stem cells do not transdifferentiate into cardiac myocytes in myocardial 
infarcts. Nature 2004 Apr 8;428(6983):664-8.

 (6)  Orlic D, Kajstura J, Chimenti S, Jakoniuk I, Anderson SM, Li B, et al. Bone marrow cells 
regenerate infarcted myocardium. Nature 2001 Apr 5;410(6829):701-5.

 (7)  Wollert KC, Meyer GP, Lotz J, Ringes-Lichtenberg S, Lippolt P, Breidenbach C, et al. 
Intracoronary autologous bone-marrow cell transfer after myocardial infarction: the BOOST 
randomised controlled clinical trial. Lancet 2004 Jul 10;364(9429):141-8.

 (8)  Meyer GP, Wollert KC, Lotz J, Steffens J, Lippolt P, Fichtner S, et al. Intracoronary bone 
marrow cell transfer after myocardial infarction: eighteen months’ follow-up data from 
the randomized, controlled BOOST (BOne marrOw transfer to enhance ST-elevation infarct 
regeneration) trial. Circulation 2006 Mar 14;113(10):1287-94.

 (9)  Lunde K, Solheim S, Aakhus S, Arnesen H, Abdelnoor M, Egeland T, et al. Intracoronary 
injection of mononuclear bone marrow cells in acute myocardial infarction. N Engl J Med 
2006 Sep 21;355(12):1199-209.

 (10)  Janssens S, Dubois C, Bogaert J, Theunissen K, Deroose C, Desmet W, et al. Autologous 
bone marrow-derived stem-cell transfer in patients with ST-segment elevation myocardial 
infarction: double-blind, randomised controlled trial. Lancet 2006 Jan 14;367(9505):113-21.

 (11)  Schachinger V, Erbs S, Elsasser A, Haberbosch W, Hambrecht R, Holschermann H, et al. 
Intracoronary bone marrow-derived progenitor cells in acute myocardial infarction. N Engl J 
Med 2006 Sep 21;355(12):1210-21.

 (12)  Ge J, Li Y, Qian J, Shi J, Wang Q, Niu Y, et al. Efficacy of emergent transcatheter transplantation 
of stem cells for treatment of acute myocardial infarction (TCT-STAMI). Heart 2006 
Dec;92(12):1764-7.

 (13)  Hirsch A, Nijveldt R, van der Vleuten PA, Biemond BJ, Doevendans PA, van Rossum AC, et 
al. Intracoronary infusion of autologous mononuclear bone marrow cells or peripheral 
mononuclear blood cells after primary percutaneous coronary intervention: rationale and 
design of the HEBE trial--a prospective, multicenter, randomized trial. Am Heart J 2006 
Sep;152(3):434-41.

 (14)  Sutherland DR, Anderson L, Keeney M, Nayar R, Chin-Yee I. The ISHAGE guidelines for CD34+ 
cell determination by flow cytometry. International Society of Hematotherapy and Graft 
Engineering. J Hematother 1996 Jun;5(3):213-26.

 (15)  Assmus B, Schachinger V, Teupe C, Britten M, Lehmann R, Dobert N, et al. Transplantation of 
Progenitor Cells and Regeneration Enhancement in Acute Myocardial Infarction (TOPCARE-
AMI). Circulation 2002 Dec 10;106(24):3009-17.

 (16)  Strauer BE, Brehm M, Zeus T, Kostering M, Hernandez A, Sorg RV, et al. Repair of infarcted 
myocardium by autologous intracoronary mononuclear bone marrow cell transplantation in 
humans. Circulation 2002 Oct 8;106(15):1913-8.



Ch
ap

te
r 

7

114

 (17)  Bartunek J, Vanderheyden M, Vandekerckhove B, Mansour S, De Bruyne B, De Bondt P, et al. 
Intracoronary injection of CD133-positive enriched bone marrow progenitor cells promotes 
cardiac recovery after recent myocardial infarction - Feasibility and safety. Circulation 2005 
Aug 30;112(9):I178-I183.

 (18)  Chen SL, Fang WW, Ye F, Liu YH, Qian J, Shan SJ, et al. Effect on left ventricular function 
of intracoronary transplantation of autologous bone marrow mesenchymal stem cell in 
patients with acute myocardial infarction. Am J Cardiol 2004 Jul 1;94(1):92-5.

 (19)  Fernandez-Aviles F, San Roman JA, Garcia-Frade J, Fernandez ME, Penarrubia MJ, de la FL, 
et al. Experimental and clinical regenerative capability of human bone marrow cells after 
myocardial infarction. Circ Res 2004 Oct 1;95(7):742-8.

 (20)  Katritsis DG, Sotiropoulou PA, Karvouni E, Karabinos I, Korovesis S, Perez SA, et al. Transcoronary 
transplantation of autologous mesenchymal stem cells and endothelial progenitors into 
infarcted human myocardium. Catheter Cardiovasc Interv 2005 Jul;65(3):321-9.

 (21)  Kuethe F, Richartz BM, Sayer HG, Kasper C, Werner GS, Hoffken K, et al. Lack of regeneration 
of myocardium by autologous intracoronary mononuclear bone marrow cell transplantation 
in humans with large anterior myocardial infarctions. Int J Cardiol 2004 Oct;97(1):123-7.

 (22)  Schachinger V, Assmus B, Britten MB, Honold J, Lehmann R, Teupe C, et al. Transplantation 
of progenitor cells and regeneration enhancement in acute myocardial infarction: final one-
year results of the TOPCARE-AMI Trial. J Am Coll Cardiol 2004 Oct 19;44(8):1690-9.

 (23)  Meluzin J, Mayer J, Groch L, Janousek S, Hornacek I, Hlinomaz O, et al. Autologous 
transplantation of mononuclear bone marrow cells in patients with acute myocardial 
infarction: the effect of the dose of transplanted cells on myocardial function. Am Heart J 
2006 Nov;152(5):975-15.

 (24)  Assmus B, Honold J, Schachinger V, Britten MB, Fischer-Rasokat U, Lehmann R, et al. 
Transcoronary transplantation of progenitor cells after myocardial infarction. N Engl J Med 
2006 Sep 21;355(12):1222-32.

 (25)  Menasche P, Hagege AA, Vilquin JT, Desnos M, Abergel E, Pouzet B, et al. Autologous skeletal 
myoblast transplantation for severe postinfarction left ventricular dysfunction. J Am Coll 
Cardiol 2003 Apr 2;41(7):1078-83.

 (26)  Kang HJ, Kim HS, Zhang SY, Park KW, Cho HJ, Koo BK, et al. Effects of intracoronary infusion 
of peripheral blood stem-cells mobilised with granulocyte-colony stimulating factor on left 
ventricular systolic function and restenosis after coronary stenting in myocardial infarction: 
the MAGIC cell randomised clinical trial. Lancet 2004 Mar 6;363(9411):751-6.

 (27)  Mansour S, Vanderheyden M, De BB, Vandekerckhove B, Delrue L, Van H, I, et al. 
Intracoronary delivery of hematopoietic bone marrow stem cells and luminal loss of the 
infarct-related artery in patients with recent myocardial infarction. J Am Coll Cardiol 2006 
Apr 18;47(8):1727-30.

 (28)  Schachinger V, Erbs S, Elsasser A, Haberbosch W, Hambrecht R, Holschermann H, et al. 
Improved clinical outcome after intracoronary administration of bone-marrow-derived 
progenitor cells in acute myocardial infarction: final 1-year results of the REPAIR-AMI trial. 
Eur Heart J 2006 Dec;27(23):2775-83.

 (29)  George J, Afek A, Abashidze A, Shmilovich H, Deutsch V, Kopolovich J, et al. Transfer of 
endothelial progenitor and bone marrow cells influences atherosclerotic plaque size 
and composition in apolipoprotein E knockout mice. Arterioscler Thromb Vasc Biol 2005 
Dec;25(12):2636-41.

 (30)  Seeger FH, Tonn T, Krzossok N, Zeiher AM, Dimmeler S. Cell isolation procedures matter: a 
comparison of different isolation protocols of bone marrow mononuclear cells used for cell 
therapy in patients with acute myocardial infarction. Eur Heart J 2007 Mar;28(6):766-72.

 (31)  Abdel-Latif A, Bolli R, Tleyjeh IM, Montori VM, Perin EC, Hornung CA, et al. Adult Bone 
Marrow-Derived Cells for Cardiac Repair: A Systematic Review and Meta-analysis. Arch 
Intern Med 2007 May 28;167(10):989-97.




