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Plaque rupture and
myocardial ischemia

Acute plaque rupture
(Stary VI)
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Ischemic myocardium
(ACS, NSTEMI, STEMI)



Plaque ruptur, thrombosis and |ﬁ

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



Myocardial damage

Ischemic injury
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Ischemia-reperfusion injury
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Schaper et al., Prog Cardiovasc Dis 31: 57-77,1988



Patient

Myocardial infarction and prognosis (ﬁ)
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Burns et al., J Am Coll Cardiol 39:30-36, 2002



Duration of ischemia
and mortality

Cumulative mortality (Kaplan-Meier) in patients with STEMI and PCI (n=6.209)
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0 1 2 3 4 5 6 7 Follow up (years)

0-60 347 311 278 230 192 138 87
61-120 2643 2339 1906 1420 1006 667 375
121-180 2092 1836 1503 1183 843 533 278
181-360 1127 923 765 647 491 332 172

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



Reperfusion
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Ischemia-reperfusion injury (ﬁ)
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Myocardial damage

Ischemia-reperfusion injury

A Treatment options:
Before, during, following ischemia
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Ischemia-reperfusion injury (ﬁ}

A Treatment options before ischemia:

plaque stabilization, collateralization, preconditioning
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Development of an unstable plaque

Non-atherosclerotic 'Wulnerable' plague 'Stable' plaque
Fibrous cap Lipid poal

Macroph aée Lymphocyte

= Thin fibrous cap = Thick fibrous cap

* Large lipid pool = Smaller lipid pool

* Many inflammatory cells » Few inflammatory cells

* Few smooth muscle cells illﬂl_. * Dense extracellular matrix

¥ Angiatensin i
Insulin resistance?

J' Oxidative stress?
¥ Blood pressure

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



Avoiding plaque rupture: statins (1976) ﬁ
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A. Endo, Journal of Antibiotics 29:1346-1348, 1976

Meta-Analysis: 69000 Patients
Death or myocardial infarction
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Cheung et al., Br J Clin Pharmacol 57:640-651, 2004



Collateral vessel growth (ﬁ/

Postmortem angiograms of rabbit hindlimbs

control 7/d occlusion of the femoral artery




Collateral vessel growth




Collateral vessel growth (ﬁ/
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Endogenous cardioprotection:
Ischemic Preconditioning

I Coronary occlusion Infarct size
(% Area at risk)
30 -
First window (<2 hrs) 25
Second window (>24hrs)
20 - p<0.05
Pre-con 15 - _|_
oschemia/ || [
Drugs) hrs 0
5 -
O -

Control Pre-con



Endogenous cardioprotection:
Remote Preconditioning
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Endogenous cardioprotection:
Ischemic Preconditioning

Death

Heart failure/shock

Death/shock
CK-release (24 h)

Collaterals

Pre-infarction angina

Yes

4/155 (3%)
1/155 (1%)
4/155 (3%)

115 U

8/85 (9%)

No

18/254 (6%)
15/254 (6%)
25/254 (10%)

151 U

33/146 (23%)

Kloner et al., Circulation 91: 37-47, 1995
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Endogenous cardioprotection:
Ischemic Pre- and Postconditioning

(031 GETATE004 418 45RE20.00

Americon Secisty for Phomoeolgy and Expsrimental Therapsutios

Interaction of Cardiovascular Risk Factors with
Myocardial Ischemia/Reperfusion Injury,

Preconditioning, and Postconditioning

CHUTLZ, AMD GARY F. BAXTER
. o —_—

, ... both phenomena work perfectly in healthy hearts,
however, protection might be lost with co-morbidities...! *



Preconditioning: Signal transduction (ﬁ/

bradyklnln ANP
UCN BNP

Heinzel et al.. Circ Res 97:583-586, 2005

I Boengler et al., Cardiovasc Res 67: 234-244, 2005

Zgleynosine @

4

Rodriguez-Sinovas et al., Circ Res 99:93-101, 2006

Boengler et al., Basic Res Cardiol 104: 141-147, 2009

Gorbe et al., Am J Physiol Heart Circ Physiol. 2011 Mar 11

mitochondrium

Heusch, Boengler, Schulz, Circulation 118: 1915-1919, 2008; Boengler, Schulz, Heusch, Cardiovasc Res 2009




Ischemia-reperfusion injury (ﬁ)

A Treatment options during ischemia:
hemodynamics, per-conditioning
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Infarct size
reduction [%]

Ischemia-reperfusion injury:
[3-blockade

@® Patient
Creatine kinase release

Kjekshus, Am J Cardiol 57: 43F-49F (1986)
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Endogenous cardioprotection:
Perconditioning

Remote ischaemic conditioning before hospital admission,
as a complement to angioplasty, and effect on myocardial
salvage in patients with acute myocardial infarction:

a randomised trial

Hans Erik Batker, Rajesh Kharbanda, Michael R Schmidt, Morten Bettcher, Anne K Kaltoft, Christian | Terkelsen, Kim Munk, Niels H Andersen,
Troels M Hansen, Sven Trautner, Jens Flensted Lassen, Evald Hej Christiansen, Lars R Krusell, Steen D Kristensen, Leif Thuesen, Seren S Nielsen,
Michael Rehling, Henrik Toft Serensen, Andrew N Redington, Torsten T Nielsen

Lancet 2010; 375: 727-34
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Cardioprotective Role of Remote
Ischemic Periconditioning in Primary
Percutaneous Coronary Intervention
Enhancement by Opioid Action

Ihas Rentoukas, M1 '[;L:nr!_r,'l-:ui f;i..Lnlm[mu[-l::, MDDt Andreas Kaouks,




Endogenous cardioprotection: ﬁ
Perconditioning ; /
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Ischemia-reperfusion injury (ﬁ)

A Treatment options following ischemia:
Postconditioning
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Endogenous cardioprotection:
Pre- and Post-conditioning ﬁ
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Endogenous cardioprotection:
Ischemic Postconditioning
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Staat et al., Circulation 112: 2143-2148, 2005_
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Pre- and Post-conditioning:
Signal transduction

bradykinin ANP
UCN BNP

only
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Heusch, Boengler, Schulz, Circulation 118: 1915-1919, 2008; Boengler, Schulz, Heusch, Cardiovasc Res 2009




Ischemic Postconditioning:
Signal transduction

I control
EE PosiC
F7 Debio-025 (Cyclosporine A analogue)

Gomez et al., Am J Physiol 293: H1654-H1661, 2007
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Pharmacological Postconditioning [ﬁ/

Cyclosporine A (or saline)

Coronary artery occlusion BICa&SICIlilgle
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Piot et al., New Engl J Med 359, 473-481, 2008



Myocardial damage

Ischemia-reperfusion injury

A Treatment options:
Before, during, following ischemia
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