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Schaper et al., Prog Cardiovasc Dis 31: 57-77,1988
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Burns et al., J Am Coll Cardiol 39:30–36, 2002
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Duration of ischemia 
and mortality

Terkelsen et al., JAMA 304: 763-771, 2010

Cumulative mortality (Kaplan-Meier) in patients with STEMI and PCI (n=6.209)
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Treatment options:
Before, during, following ischemia 
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Treatment options before ischemia:
plaque stabilization, collateralization, preconditioning  



Development of an unstable plaque

Libby und Aikawa, Nature Med 8: 1257-1262, 2002 



A. Endo, Journal of Antibiotics 29:1346-1348, 1976

Avoiding plaque rupture: statins (1976)

4S 1994
WOSCOP 1995
CARE 1996
AFCAPS 1998
LIPID 1998
HPS 2002
LIPS 2002
PROSPER 2002
ASCOT 2003
combined

Statin Plazebo
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Meta-Analysis: 69000 Patients
Death or  myocardial infarction

Cheung et al., Br J Clin Pharmacol 57:640-651, 2004



Collateral vessel growth

Postmortem angiograms of rabbit hindlimbs

control 7d occlusion of the femoral artery
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Coronary occlusion
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Endogenous cardioprotection: 
Ischemic Preconditioning

Kloner et al., Circulation 91: 37-47, 1995

Death

Heart failure/shock

Pre-infarction angina

Yes No

Death/shock

CK-release (24 h)

Collaterals

4/155 (3%) 18/254 (6%)

1/155 (1%) 15/254 (6%)

4/155 (3%) 25/254 (10%)

115 U 151 U

8/85 (9%) 33/146 (23%)



Endogenous cardioprotection: 
Ischemic Pre- and Postconditioning

„ … both phenomena work perfectly in healthy hearts, 
however, protection might be lost with co-morbidities…! “



Heusch, Boengler, Schulz, Circulation 118: 1915-1919, 2008; Boengler, Schulz, Heusch, Cardiovasc Res 2009
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Treatment options during ischemia:
hemodynamics, per-conditioning
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Endogenous cardioprotection: 
Perconditioning



Patient
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Endogenous cardioprotection: 
Perconditioning

Perconditioning

RIPC RIPC + morphine
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Treatment options following ischemia:
Postconditioning
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Endogenous cardioprotection: 
Ischemic Postconditioning



Heusch, Boengler, Schulz, Circulation 118: 1915-1919, 2008; Boengler, Schulz, Heusch, Cardiovasc Res 2009
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Gomez et al., Am J Physiol 293: H1654-H1661, 2007
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Ischemic Postconditioning: 
Signal transduction

(Cyclosporine A analogue)

P<0.05
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Treatment options:
Before, during, following ischemia 


