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Ischemic myocardium
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Plaque rupture and 
myocardial ischemia

Acute plaque rupture
(Stary VI)



Stable plaque

Unstable plaque, plaque ruptur

Plaque ruptur and thrombosis

0

15

30

45

60

75

< 50 50-70 > 70
Diameter stenosis (%)

% MI-Patients

68

18 14

Falk et al., Circulation 92: 657-671, 1995



Virmani et al., ESC Stockholm September 2010

Aging and plaque ruptur
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Schaper et al., Prog Cardiovasc Dis 31: 57-77,1988
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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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Ischemia Reperfusion
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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)
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Cheung et al., Br J Clin Pharmacol 57:640-651, 2004
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Coronary occlusion

Control

Pre-con
(Ischemia/
Drugs) hrs

hrs

Infarct size
(% Area at risk)

Control Pre-con

30

25

10

20

15

5

0

p<0.05

Endogenous cardioprotection: 
Ischemic Preconditioning

First window (<2 hrs)
Second window (>24hrs)
Third window (>6hrs)



STOMACH

LUNGS

LIVER

SKIN FLAP UPPER LIMB

LOWER LIMB

KIDNEY

SMALL INTESTINE

SKELETAL
MUSCLE

BRAIN

Endogenous cardioprotection: 
Remote Preconditioning



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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Rottlaender et al., J Clin Invest 120:1441–1453, 2010

Görbe et al., Am J Physiol Heart Circ Physiol. 2011 Mar 11
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Treatment options during ischemia:
hemodynamics, per-conditioning



Heart rate reduction [1/min]

Infarct size 
reduction [%] 

-50

-40

-30

-20

-10

0

Propranolol
Atenolol

Timolol

Metoprolol

Metoprolol

Propranolol

Ischemia-reperfusion injury: 
ß-blockade  

-4 -8 -12 -16 -20 -24

Patient
Creatine kinase release
Kjekshus, Am J Cardiol 57: 43F-49F (1986)

Patient

CHD



Patient

CHD

Endogenous cardioprotection: 
Perconditioning
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Treatment options following ischemia:
Postconditioning, spreading of injury
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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
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Pharmacological Postconditioning
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Treatment options:
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