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Two Phases of Protection  Patterns of protection 

Ischemia Reperfusion 

Remote ischemic preconditioning 

Proof-of-
Principle RCT’s 

Cardiac Surgery 
Coronary Angioplasty 
Contrast nephropathy 

Renal Tx 



 Applications: Cardiac surgery 

Cheung et al. JACC 2006 
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37 patients, randomised, double blind 

P=0.004 



 Signaling – Peripheral 



 Applications: Cardiac surgery 



 Applications: Cardiac surgery 

   POST-OP AF 
- 50% Controls 
- 14% RIPC 
          p<0.01 

Circ Res 2014; 114:851-9 



 Applications: AAA Surgery 

Ali et al. Circulation 2007:98-105 

• Postop MI reduced from 39% to 12%, P=0.005 
• Postop renal dysfunction from 30% to 7%, P=0.009 



 Applications: Elective PCI 



 Applications: Elective PCI 

Circulation (Cardiovasc Interv) 2013 ;6(3); 246-51 



 Applications: Contrast nephropathy 

Circulation 2012;126:296-303 



Two Phases of Protection  Timing of protection 

Ischemia Reperfusion 

Remote ischemic perconditioning 

Proof-of-
Principle RCT’s 

Primary PCI 
Evolving stroke 

Schmidt et al. Am J Phys 2007 



 
Botker et al. Lancet 2010 

 Applications: Evolving MI 



 Late outcomes       Fondation Leducq 



 Neuroprotection 

 
• 2 hours occlusion 
• 24 hours reperfusion 

      Fondation Leducq 

Rat MCAO Model Infarct and Edema Volumes
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Hahn et al. Stroke 2011 



Perfusion-weighted Imaging acute (N=149) NIHSS acute (N=285) 

   - rPerC: 5 (3;11) 
  + rPerC: 4 (2;7) 
 Median (IQR) 

- rPerC:  16.55 ml (1.71;170.16) 
 + rPerC:  17.35 ml (1.01;87.18) 
  Median (IQR) 

P = 0.016 

The Danish National Research Foundation’s 
Center of Functionally Integrative Neuroscience 
University of Aarhus / Aarhus University Hospital 

 Thrombolysed Stroke 



Two Phases of Protection 

Degree of 
infarct size 
reduction 

Time after preconditioning stimulus (hours) 

0 12 24 36 48 60 72 84 96 

 
First Window or Early PC 

Potent cardioprotection 
 Transient 

Post-translational modifications 
 

Second Window or  
Delayed PC 

Less robust cardioprotection 
Prolonged 

De novo protein synthesis 

Adapted from Hausenloy et al. Preconditioning the myocardium: from cellular physiology to clinical cardiology. Physiol. Rev. 2003  

 Patterns of protection 

                                                      
      Chronic RIC? Neutrophil/monocyte/inflammation 

Experimental 
Evidence 

Post-MI Remodeling 
RCT 

Stroke Recovery 
 



Konstantinov I  et al. JTCVS 2005 

 Remote IPC – Genomic responses 



 RIPC - Autophagy 
10-Days repeated RIC 

Sagar Rohailla 2014 



Konstantinov et al. Physiol Genom 2004 Shimizu et al. J Surg Res: 2009  

 Signaling – Reperfusion injury 



Shimizu et al. J Surg Res: 2009  

 Signaling – Reperfusion injury 

Phagocytosis (%) 
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-4.837 5 -2.955 .0317
-1.875 5 -.824 .4475
7.850 5 3.599 .0156
3.466 9 1.626 .1384

13.587 9 9.377 <.0001
10.121 9 4.937 .0008
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 Post-MI Remodeling 

• ‘Inflammatory’ process 
evolving over days and 
weeks 
• Innate immune system 
• Degree of post MI 
remodeling relates to 
biomarkers of inflammation 
 
 Timmers L et al. Circulation Research 2008;102:257-264 

Toll-Like Receptor 4 Mediates Maladaptive Left Ventricular 
Remodeling and Impairs Cardiac Function After 

Myocardial Infarction 



 Post-MI Remodeling 

‘Perconditioning’ 

‘Per + ‘post’conditioning’ 

‘Per + ‘post’conditioning’ 

 Daily pentobarbital control 

LAD Infarct 
45’ ischemia 
Reperfusion 



 Post-MI Remodeling 

Wei et al. Circulation Research 2011 



 Post-MI Remodeling 

Wei et al. Circulation Research 2011 

Monocyte Chemo-attractant protein 

Neutrophil numbers 

Macrophagenumbers 



 Post-MI Remodeling: Proinflammatory signaling 

Wei et al. Circulation Research 2011 

Malondialdehyde 



 Post-MI Remodeling: Fibrosis signaling 

Wei et al. Circulation Research 2011 



      Fondation Leducq 

Wei et al. Circulation Research 2011 

RIPC every 3 days RIPC every day Pentobarbital Control 

 Mechanisms- Chronic RIC 



50 Rats in 
treatment groups 
25 rats in Sham 

      Fondation Leducq  Mechanisms- Chronic RIC 

Wei et al. Circulation Research 2011 

     No Statins, Beta blocker, ACE    



 Neuroprotection 

Modified Rankin Score 



 Neuroprotection 



Exercise       Fondation Leducq 

Michelsen. Bas Res Cardiol 2012 

Infarct Size 



 Applications: Exercise       Fondation Leducq 

Marie Michelsen: Preliminary data 

Sham RIPC 

Ti
m

e 
(s

) 

RIPC in Elite Swimmers 

64.9+3.9 64.0+3.7 

P<0.05 

Jean-St Michel et al: MSSE 2011 

Average reduction 0.6s 
P<0.009 



 Applications: Exercise       Fondation Leducq 

Med Sci Sports Exerc 2012 Nov;44(11):2084-9.. 

Average 30s reduction in 5K run-time 



Heart Failure: Already preconditioned? 
Already preconditioned? 
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RIPC in Adult Heart Failure 

N=20, DB, Randomised x-over 

MacDonald et al. In press 2014 

   Improved              Not improved 

p=0.04 



 Conclusions  
• Remote conditioning has acute, delayed 
and ‘chronic’ effects 
• Rapid translation into proof-of-principle 
studies 
• Definitive RCT’s awaited in major clinical 
areas 
• Emerging potential areas of application 
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