
original article

T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 355;12 www.nejm.org september 21, 20061222

Transcoronary Transplantation of Progenitor 
Cells after Myocardial Infarction

Birgit Assmus, M.D., Jörg Honold, M.D., Volker Schächinger, M.D., 
Martina B. Britten, M.D., Ulrich Fischer-Rasokat, M.D., Ralf Lehmann, M.D., 

Claudius Teupe, M.D., Katrin Pistorius, M.D., Hans Martin, M.D., 
Nasreddin D. Abolmaali, M.D., Torsten Tonn, M.D., Stefanie Dimmeler, Ph.D., 

and Andreas M. Zeiher, M.D.

From the Division of Cardiology and Mo-
lecular Cardiology, Department of Medi-
cine III (B.A., J.H., V.S., M.B.B., U.F.-R., R.L., 
C.T., K.P., S.D., A.M.Z.), Division of He-
matology, Department of Medicine II 
(H.M.), and the Department of Diagnos-
tic and Interventional Radiology (N.D.A.), 
Johann Wolfgang Goethe University; and 
the Institute for Transfusion Medicine 
and Immunohematology, Red Cross 
Blood Donor Service, Baden–Württem-
berg–Hessen (T.T.) — both in Frankfurt, 
Germany. Address reprint requests to Dr. 
Zeiher at the Department of Medicine III, 
J.W. Goethe University, Theodor-Stern-
Kai 7, 60590 Frankfurt, Germany, or at 
zeiher@em.uni-frankfurt.de.

Drs. Assmus and Honold contributed equal-
ly to the article.

N Engl J Med 2006;355:1222-32.
Copyright © 2006 Massachusetts Medical Society.

A bs tr ac t

Background

Pilot studies suggest that intracoronary transplantation of progenitor cells derived 
from bone marrow (BMC) or circulating blood (CPC) may improve left ventricular 
function after acute myocardial infarction. The effects of cell transplantation in 
patients with healed myocardial infarction are unknown.

Methods

After an initial pilot trial involving 17 patients, we randomly assigned, in a controlled 
crossover study, 75 patients with stable ischemic heart disease who had had a myo-
cardial infarction at least 3 months previously to receive either no cell infusion (23 
patients) or infusion of CPC (24 patients) or BMC (28 patients) into the patent coro-
nary artery supplying the most dyskinetic left ventricular area. The patients in the 
control group were subsequently randomly assigned to receive CPC or BMC, and the 
patients who initially received BMC or CPC crossed over to receive CPC or BMC, 
respectively, at 3 months’ follow-up.

Results

The absolute change in left ventricular ejection fraction was significantly greater 
among patients receiving BMC (+2.9 percentage points) than among those receiving 
CPC (−0.4 percentage point, P = 0.003) or no infusion (−1.2 percentage points, 
P<0.001). The increase in global cardiac function was related to significantly en-
hanced regional contractility in the area targeted by intracoronary infusion of BMC. 
The crossover phase of the study revealed that intracoronary infusion of BMC was 
associated with a significant increase in global and regional left ventricular func-
tion, regardless of whether patients crossed over from control to BMC or from CPC 
to BMC.

Conclusions

Intracoronary infusion of progenitor cells is safe and feasible in patients with healed 
myocardial infarction. Transplantation of BMC is associated with moderate but 
significant improvement in the left ventricular ejection fraction after 3 months. 
(ClinicalTrials.gov number, NCT00289822.)
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Chronic heart failure is common, 
and its prevalence continues to increase.1 
Ischemic heart disease is the principal cause 

of heart failure.2 Although myocardial salvage due 
to early reperfusion therapy has significantly re-
duced early mortality rates,3 postinfarction heart 
failure resulting from ventricular remodeling re-
mains a problem.4 One possible approach to re-
versing postinfarction heart failure is enhance-
ment of the regeneration of cardiac myocytes as 
well as stimulation of neovascularization within 
the infarcted area. Initial clinical pilot studies 
have suggested that intracoronary infusion of pro-
genitor cells is feasible and may beneficially af-
fect postinfarction remodeling processes in pa-
tients with acute myocardial infarction.5-9 However, 
it is currently unknown whether such a treatment 
strategy may also be associated with improvements 
in cardiac function in patients with persistent left 
ventricular dysfunction due to healed myocardial 
infarction with established scar formation.

Therefore, in the prospective TOPCARE-CHD 
(Transplantation of Progenitor Cells and Recovery 
of LV [Left Ventricular] Function in Patients with 
Chronic Ischemic Heart Disease) trial, we inves-
tigated whether intracoronary infusion of pro-
genitor cells into the infarct-related artery at least 
3 months after myocardial infarction improves 
global and regional left ventricular function.

Me thods

Patients

Between January 2002 and December 2004, a total 
of 92 patients who had had a myocardial infarc-
tion at least 3 months previously were recruited 
into the study at a single center. Patients be-
tween 18 and 80 years of age were eligible for 
inclusion in the study if they had had a document-
ed myocardial infarction at least 3 months before 
inclusion and had a well-demarcated region of 
left ventricular dysfunction and a patent infarct-
related artery. Exclusion criteria were the pres-
ence of acutely decompensated heart failure with 
a New York Heart Association (NYHA) class of 
IV, a history of other severe chronic diseases or 
cancer, or unwillingness to participate. The ethics 
review board of the Johann Wolfgang Goethe Uni-
versity in Frankfurt, Germany, approved the 
protocol; the trial was registered according to the 
German Drug Law (accession numbers, 0703/01 
and 0704/01); and the study was conducted in 

accordance with the Declaration of Helsinki. Writ-
ten informed consent was obtained from each 
patient.

Study Design

The study consisted of three phases: a pilot trial 
comprising 17 patients (7 receiving progenitor cells 
derived from bone marrow [BMC] and 10 receiv-
ing progenitor cells derived from circulating blood 
[CPC]); a second phase, in which 75 patients were 
randomly assigned to receive intracoronary infu-
sion of BMC (28 patients) or CPC (24) or no cell 
infusion (23); and a third phase, in which the 75 
randomly assigned patients crossed over to one 
of the active treatments if they had originally been 
in the control group or to the alternate cell type if 
they had initially received intracoronary cell infu-
sion (Fig. 1).

The primary end point of the study was the 
absolute change in global left ventricular ejection 
fraction (LVEF) as measured by quantitative left 
ventricular angiography 3 months after cell infu-
sion. Secondary end points included quantitative 
variables relating to the regional left ventricular 
function of the target area, as well as left ven-
tricular volumes derived from serial left ventric-
ular angiograms. In addition, functional status 
was assessed by NYHA classification. Finally, 
event-free survival was defined as freedom from 
death, myocardial infarction, stroke, or rehospi-
talization for worsening heart failure. Causes of 
rehospitalization during follow-up were verified 
by review of the discharge letters or charts of 
hospital stays.

Preparation and Transplantation 
of Progenitor Cells

For patients assigned to receive CPC, mononuclear 
cells were isolated by Ficoll density-gradient cen-
trifugation of 270 ml of venous blood and cultured 
for 3 days ex vivo, as previously reported.6,7,9-12 
A mean of 22×106±11×106 CPC were infused. For 
patients assigned to receive BMC, 50 ml of bone 
marrow aspirate was obtained while the pa-
tients were under local anesthesia on the morn-
ing of cell-transplantation day. BMC were iso-
lated by Ficoll density-gradient centrifugation, 
as previously reported.6,7,9 We infused a mean of 
205×106±110×106 BMC, of which on average less 
than 1% were positive for the hematopoietic 
progenitor-cell marker CD34.

For cell transplantation, arterial puncture 
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was followed by the administration of 7500 to 
10,000 U of heparin and (in 89% of the cell-treated 
patients) a bolus of abciximab (0.25 mg per kilo-
gram of body weight). Cells were infused into 
the vessel supplying the most dyskinetic left ven-
tricular area by means of a balloon catheter with 
a stop-flow technique, as previously described.6

Evaluation of Safety and Feasibility

Clinical, laboratory, and safety-related data were 
prospectively collected. Follow-up visits after 
3 months were performed by physicians. Proce-
dural complications were defined as any ventric-
ular arrhythmia, visible thrombus formation, dis-
tal embolization, or injury of the coronary artery 
associated with the cell-infusion catheterization 
procedure. For patients undergoing bone mar-
row aspiration, potential bleeding complications 
were assessed. During hospitalization, telemetry 
was routinely performed for 24 hours after the 
procedure in all patients.

Left Ventricular Angiography

Left ventricular angiograms were obtained at the 
time of the baseline procedure and at 3 months’ 
follow-up. Quantitative analysis of paired left ven-
tricular angiograms recorded in identical projec-
tions was performed by an investigator who was 
blinded to the individual patients’ treatments; the 
analysis was performed with QCA-CMS software 
(version 5.2, Medis), as described elsewhere.6,7,9

Magnetic Resonance Imaging

In a subgroup of 35 patients who did not have 
implanted defibrillators or pacemakers and who 
consented to and tolerated the imaging proce-
dure, cardiac magnetic resonance imaging (MRI) 
(a 1.5-T system; Magnetom Sonata, Siemens Med-
ical Solutions) was performed at baseline and at 
3 months’ follow-up. The results were analyzed 
as previously described7 by an experienced inves-
tigator who was blinded to the type of cells in-
fused.
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Figure 1. Design of the Trial.

Eligible patients with chronic ischemic cardiomyopathy had a severely hypokinetic area on the baseline left ventricu-
lar angiogram (LVA) and had had a myocardial infarction at least 3 months previously. 
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