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Pharmacotherapy in CHF:
What are the guidelines ?

NYHA 
II–III

NYHA 
IV

NYHA 
I

Post-MI
LV Dysfunktion

SOLVD Prevent / Treat 
(Enalapril)

CONSENSUS
(Enalapril)

US Carvedilol / MERIT HF/ CIBIS II
(Carvedilol / Metoprolol / Bisoprolol)

COPERNICUS
(Carvedilol)

RALES
(Spironolactone)

CHARM Added 
(Candesartan)

ValHeft 
(Valsartan)

AIRE / SAVE / TRACE 
(Ramipril/Captopril/

Trandolapril)

VALIANT 
(Valsartan)

CAPRICORN 
(Carvedilol)

EPHESUS 
(Eplerenone)
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ß-Blocker Treatment in NYHA III-IV: 
The COPERNICUS Trial

Packer et al., N Engl J Med 2001;344:1651-1658
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Placebo n= 1.133

Carvedilol n= 1.156

p = 0,0014

n= 2.289
NYHA III-IV 
EF < 25 % (Ø 20 %)

2289 NYHA III-IV patients
(LV-EF <25%) randomised to

Placebo

Carvedilol

Initial dose 3.125 mg BID with 
doubling of dose every 2 wks 
until target dose of 25 mg BID 
was reached.

Mortality remains still high > 20%/2a
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Medium
human human

EPCsMedium mature EC EPCs

MNCs

7 days in culture

Animal model of
Hind limb ischemia Kalka C et al., PNAS 2000; 97:3422

Application of ex vivo cultivated EPCs
- Results from animal models -

Immediately
after ischemia 

28 days after
EPC appli-
cation

European Society of Cardiology - EuroPRevent 2009



Ziegelhöffer T et al., Circ Res 2004; 94:230

No Evidence of Vasulogenesis by Progenitor Cells
- Results from animal experiments in hind limb ischemia -

WT mice

lethal
irradiation

Transplantation
of GFP+ BM

Ligation of
femoral artery

Histolog. analysis
of hind limb

European Society of Cardiology - EuroPRevent 2009



Progenitor Cells Regenerate Damaged Endothelium
- Results from animal experiments -

Friedrich E et al., Circ Res 2006; 98:e20

European Society of Cardiology - EuroPRevent 2009



Progenitor Cells Induce Vasculogenesis
- Results from animal experiments in myocardial ischemia -

Nude Rats

LAD ligation vs. Sham-OP

CD34+ EPC
(human)

Tissue analysis

Saline od. CD34-

Cells (human)

Tissue analysis

Kocher AA et al., Nat Med 2001; 7:430
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G-CSF-induced Mobilization of Stem Cells
- Results from animal experiments in myocardial ischemia -

Deten A et al., Cardiovasc Res 2005

Cardiac Regeneration No Cardiac Regeneration

G-CSF

Orlic D et al., PNAS 2001
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Contribution of Circulating Stem Cells to Myocardial Lineages
- Results from humans after bone marrow transplantation -

Muller P et al., Circulation 2002

Endogenous Cardiac Regeneration

Quaini et al., New Engl J Med 2002   

Lineage commitment: cardiomyocytes
smooth muscle cells
endothelial cells

Significance?
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Circulating Progenitor Cells – Prognostic Implications
- Results from humans with CAD-

Werner et al., New Engl J Med 2005   

Death from cardiovascular cause Major cardiovascular events
(MI, hospitalization, revascularization, 

death from cardiovascular cause)
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What are the effects of intracoronary reinfusion
of autologous stem cells in patients with 

acute AMI ?
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Application of CPCs in ischemic heart disease
- A novel therapeutic concept in humans -

Autologous
progenitor
cells 

Homing of 
CPCs to 
the 
ischemic 
border 
zone

Migration of 
CPCs into 
the necrotic 
tissue

Perfusion
balloon

European Society of Cardiology - EuroPRevent 2009



p=0.005 vs. begin

Begin 3 Months
0

10

20

30

40

50

BMC
non-randomized control

In
fa

rc
t A

re
a 

(%
)

Strauer et al., Circulation 2002 

*

*

Intracoronary Application of  Autologous Stem Cells in AMI
- First results from non-randomized trials -

Assmus et al., Circulation 2002 
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Application of PCs in acute myocardial infarction
- First results from randomized trials -

Wollert K. et al.; Lancet 2004 

European Society of Cardiology - EuroPRevent 2009



Double-blind, placebo-controlled, randomized multicenter trial

Reinfusion of Enriched Progenitor cells And Infarct Remodeling 
in Acute Myocardial Infarction
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Study Design
- Double-blind, Placebo-controlled, Randomized, Multicenter Trial -

day 3 - 5

day 3 - 6

4 months

intracoronary infusion
(& baseline LV angiography)

acute ST elevation MI
(successful acute reperfusion therapy)

bone marrow aspiration
(under local anesthesia)

Placebo
medium

Bone marrow
progenitor cells

follow up LV angiography

randomization
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EF above median
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Doppler 
wire

(Flowire®)

NTG 
(epicardial 

vessel 
dilation)

Adenosine 
(140 µg/kg/min i.v.)

Infarct artery and Reference vessel

• Coronary flow reserve: CFR  =   APVadenosine /  APVbasal

• Relative flow reserve: rCFR  =   CFRtarget vessel /  CFRreference vessel

Core Lab: Sandra Erbs / Rainer Hambrecht (Herzzentrum Leipzig)
3 Centers (54 patients): • Herzzentrum Leipzig (32),

• J. W. Goethe University Frankfurt (20),
• Herz- u. Diabeteszentrum Bad Oeynhausen (2)

APV

Doppler Substudy
- Mechanistic Insights from Coronary Flow Assessment -
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p < 0.001

p = 0.004
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p = 0.02
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Coronary Flow Reserve
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What are the effects of intracoronary reinfusion
of autologous progenitor cells in patients with 

chronic CAD?

European Society of Cardiology - EuroPRevent 2009



Primary End Point: Coronary flow reserve (CFR)

Sec. End Points: Endothelium-dependent vasodilation,
Hibernating segments,
Regional wall motion abnormality,
Left ventricular function

Study Design: Randomised, double-blind and 
placebo controlled

Application of CPCs following successful recanalisation 
of chronic coronary occlusions (EPACCO)

Circulation Research 2005
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Application of CPCs following successful recanalisation 
of chronic coronary occlusions (EPACCO)

Inclusion Criteria: Successful recanalisation of
chron. coronary occlusions (> 4 wks.)

Myocardial ischemia (ergometry) 
Regional wall motion abnormality

Exclusion Criteria: Unstable angina pectoris
Indication for CABG 
Malignant disease
Diabetic retinopathy
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Study Protocol

Recanalisation of chronic coronary occlusions

Echo, MRT, PET   

Stimulation with G-CSF for 4d (2 x 300 µg s.c. / d)  

Blood sampling (400 ml) and ex.vivo cell culture (4d)  

Treatment Group
CPC-application 

Control Group
NaCl/serum-application  

Clinical control of patients 1x per week  

Echocardiography, MRT, PET, and intracoronary flow measurement 
12 weeks after CPC application  

Intracoronary flow measurement  
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Cell Culture Characterization

Cell culture: Ficoll-density gradient centrifugation,
4 days of cell culture in endothelium-specific medium

Cell characterisation: FACS-analysis of cultured CPCs

Cell Application: Catheter-directed infusion (stop-flow technique) 
of 69±14x106 CPCs. 

CD-34

51,1 ± 6,1%

CD-133

35,1 ± 6,6%

CD-3

13,7 ± 5,0%

KDR

39,5 ± 7,0%

CXCR4

69,3 ± 3,0%

VeCad

51,6 ± 6,6%

Cell Viability: Trypan-blue exclusion 94± 1%.
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Endothelium-dependent
Coronary Flow

CFR (Adenosine)
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Effects of CPC Application on 
Coronary Blood Flow and Coronary Flow Reserve

Circulation Research 2005 
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Effects of CPC Application on 
Myocardial Hibernation (FDG-PET) and LV-EF
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What are the long-term results ?
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Results of the TOPCARE-AMI Trial
- Improvement of LVEF -

Initial 4 months
follow-up

12 months
follow-up
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p=0.003P<0.001

p<0.0001

Schächinger V. et al.;  JACC 2004;44:1690-99.
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Results of the TOPCARE-AMI Trial
- Reduction of late enhancement volume -

p=0.007
p=0.003

p<0.001
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Schächinger V. et al.;  JACC 2004;44:1690-99.
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Long-term Follow-up: Left-ventricular Ejection Fraction (EPACCO)

mean 
±SEM: 52±4% 59±3% 60±3% 56±3% 55±3% 57±3%
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3 months 15 months 3 months 15 months

CPC Control

* p<0.05 vs. begin      + p<0.05 vs. control for the change

* +* +
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Long-term Follow-up: Change in Regional Wall Motion Score
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* p<0.05 vs. begin
+ p<0.05 vs. Control for the change

* +

Δ begin vs. 3 months
Δ begin vs. 15±1months

% European Society of Cardiology - EuroPRevent 2009



Potential of Circulating Progenitor Cells Mobilized By G-CSF

Improvement No Improvement

Ripa RS et al., Circulation 2006, Zohlnhofer D et al., JAMA 2006Ince et al., Circulation 2005   

FIRSTLINE-AMI (n=30)

STEMMI Trial (n=78)

REVIVAL-2 (n=114)
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Change in LV-EF Induced by 
Primary PCI and Progenitor Cells

Δ
EF

 [%
]

Time from onset of chest pain

‚Golden time‘ for 
regenerative therapy

24 h 48 h 1 week 1 month0

2

4

6

0

‚Golden time‘ for 
reperfusion

European Society of Cardiology - EuroPRevent 2009



Contra Pro

ASTAMI

REPAIR-AMI
BOOST 

Chen et. al.
EPACCO
Strauer

Neutral, no side effects

Pro / Contra: Autologous Transplantation of Progenitor Cells

Stamm a.o. 
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