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Concept of remote preconditioning 

Przyklenk K et al. Circulation 1993;87:893-9 
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Birnbaum Y et al. Circulation 1997;96:1641-6 

Kharbanda R et al. Circulation 2002;106:2881-3 
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Activation of endogenous cardioprotection: 
Remote Preconditioning by limb ischaemia  

Kharbanda et al, Circulation, 2002;106:2881-3 
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Remote ischemic conditioning 

• Coming from IPC 

• The concept 

• Mimicking claudication? 

• The warm-up phenomenon 
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Remote conditioning 

Remote perconditioning during ambulance transport in 
patients with acute myocardial infarction 
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Figure 6: Effect of RIperC on infarct size
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Figure 6: Effect of RIperC on infarct size

Clinical 

Schmidt MR et al. Am J Physiol Heart Circ Physiol 
2007;292:H1883-90.  

Bøtker et al. Lancet 2010; 373: 727-34 
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Efficacy of RIC in humans 
Study 

No of patients 
RIC regimen Endpoint Outcome 

(control/RIC) 

Bøtker et al. 2010  69/73 
Upper limb                       

4 cycles I/R (5/5 min) 

Salvage index 

(SPECT) 

20% increase in salvage 

index 

Munk et al. 2010  110/108 
Upper limb                       

4 cycles I/R (5/5 min) 
LVEF at 30 days 

5% increase in LVEF in 

anterior infarcts 

Rentoukas et al. 2010 30/33 
Upper limb                       

3 cycles I/R (5/5 min) 

ST-segment 

resolution 

20% increase in patients 

achieving full ST-

segment resolution 

Crimi et al. 2013  50/50 
Lower limb                       

3 cycles I/R (5/5 min) 

CK-MB                  

(AUC 72 h after PCI) 

20% reduction of CK-

MB release 

Prunier et al. 2014  17/18 
Upper limb                       

4 cycles I/R (5/5 min) 

CK-MB                  

(AUC 72 h after PCI) 

31% reduction of CK-

MB release 

Sloth et al. 2014  167/166 
Upper limb                       

4 cycles I/R (5/5 min) 
MACCE at 4 yr 

12% reduction in 

MACCE 

Yamanaka et al. 2014 62/63 
Upper limb                       

3 cycles I/R (5/5 min) 

Acute kidney injury  72 % reduction  

(rise in creatinine) in acute kidney injury 

 
  

Yellon et al. 2015  258/261 
Upper limb                       

4 cycles I/R (5/5 min) 

TnT                               

(AUC 24 h after PCI) 

17% reduction of TnT 

release 

Eitel et al. 2015 232/232/232 

Upper limb Salvage index 

23 % increase in salvage 

index 
3 cycles I7T (5/5 min) (MRI) 

+ local post CON   

White et al. 2015  40/43 
Upper limb                       

4 cycles I/R (5/5 min) 

Myocardial edema 

(MRI) 

27 % reduction in 

myocardial edema 

Olafiranye et al. 2016  92/127 
Upper limb                       

4 cycles I/R (5/5 min) 

Acute kidney injury  53 % reduction  

(rise in creatinine) in acute kidney injury 

 

  

Verouhis et al 2016  46/47 

Lower limb Salvage index No effect 

4+ cycles I/R (5/5 min) (MRI)   

Per + post 
  

  

    
Upper limb                       

3 cycles I/R (5/5 min) 
Oxidative stress 

100 % increase in 

Lotfollahi et al. 2016  29/32 total anti-oxidative 

    capacity 

Schmidt, 
Rasmussen, 
Bøtker. J 
Cardiovasc 
Pharmacol 
Ther 2017, 
22:302-309 



How does RIC work? 

• Multiple triggers 

• Parallel pathways 

• Dynamic course of protection 

• Systemic effects 

• Trigger, mediator, effector – Too 
simplified? 

 



Dialysate as a bioassay for 
RIC: Human to rabbit transfer 

Shimizu et al. Clin Sci 2009;117:191-200 

Michelsen et al. Basic Res Cardiol. 2012;107:260 



Cardioprotection with RIC and exercise 

Infarct size
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Human to rabbit transfer 



Mediating substance: 
endogenous opioids?? 

Infarct size
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Can biological performance and 
resilience be enhanced or extended? 

Jean-St-Michel et al. Med 
Sci Sports Exerc. 2011; 
43:1280-1286 

RIC improves 
maximal 
performance in 
highly trained 
athletes 



Effect of RIC on aerobic/anaerobic performance 



CONDI-HF 
Effect on RIC in chronic heart failure 

Baseline Follow-up CI p-value 

Patients with CHF  (n=22) 

LV ejection fraction (%) 44 ± 9.7 44 ± 9.2 -0.89 to 0.55 p=0.63 

LV end-diastolic volume (ml) 223 ± 61.1 220 ± 63.4 -10.01 to 4.09 p=0.39 

Stroke volume (ml) 94 ± 22.8 93 ± 21.7 -5.39 to 1.96 p=0.34 

GLS - strain rate (%) -8.9 ± 2.2 -9.5 ± 2.5 -1.18 to 0.13 p=0.11 

Systolic blood pressure (mmHg) 130 ± 14.2  124 ± 16.8 -10.03 to -2.67  p=0.0018 

Control subjects  (n=21) 

LV ejection fraction (%) 71 ± 5.2 71 ± 5.3 -0.15 to 0.44 p=0.32 

LV end-diastolic volume (ml) 148 ± 32.9 147± 32.9 -3.40 to 1.59 p=0.46 

Stroke volume (ml) 104 ± 23.3 104 ± 24.0 -2.00 to 1.39 p=0.71 

GLS - strain rate (%) -14.1 ± 1.5 -14.6 ± 1.4 -1.07 to 0.24 p=0.20 

Systolic blood pressure (mmHg) 145 ± 15.2  140 ± 13.7  -9.30 to 0.73 p=0.09 

No effect of RIC on LV-EF (primary endpoint) 

Blood pressure reduced 

28 days of daily RIC 

Pryds et al. Basic Res Cardiol. 2017;112:67 



Exercise capacity and muscle strength 

BASELINE Follow-up CI P-value 

Patients with CIHF 

Peak cardiopulmonary exercise capacity: 

-         Workload (W/kg) 1.6 ± 0.31            1.6 ± 0.33 -0.02 to 0.08 p=0.26 

-         Oxygen uptake (ml/kg/min) 19.9  20.1  p=0.59 

Leg Extensor Power Rig (W/kg) 2.3 ± 0.8 2.5 ± 0.8 0.02 to 0.21 p=0.02 

Control subjects 

Peak cardiopulmonary exercise capacity: 

-         Workload (W/kg) 2.3 ± 0.5        2.2 ± 0.5 - 0.07 to 0.04 p=0.61 

-         Oxygen uptake (ml/kg/min) 28.2 ± 5.8 27.1 ± 5.4 -2.34 to 0.22 P=0.10 

Leg Extensor Power Rig (W/kg) 2.4 ± 0.8 2.6 ± 0.8 0.04 to 0.38 p=0.02 

No effect on CPX 

Skeletal muscle strength increased 
Pryds et al. Basic Res Cardiol. 2017;112:67 



NTPro-BNP and subgroup 

Baseline Follow-up CI p-value 

Patients with CHF and NT-proBNP > 350 ng/l (n=11) 

LVEF (%) 43 ± 10.8 43 ± 10.6 -0.41 to 0.55 p=0.75 

CO (ml/min) 4.6 ± 1.1 4.2 ± 1.2 -0.76 to 0.04  p=0.075 

GLS - strain rate (%) -8.8 ± 2.7 -9.8 ± 2.6 -2.09 to 0.03 p=0.055 

Systolic BT (mmHg) 132 ± 11.6 126 ± 14.9 -12.35 to -1.01 p=0.025 

Diastolic BT (mmHg) 78 ± 8.2 74 ± 7.8 -7.71 to 1.07 p=0.12 

MAP (mmHg) 96 ± 7.8 92 ± 9.5 -8.70 to -0.18 p=0.04 

NT-proBNP (ng/l) 724 556  - p=0.01 

• NT-proBNP reduction 

• BP decrease 

• Borderline increase in myocardial contractility 

Pryds et al. Basic Res Cardiol. 2017;112:67 



Human experimental models 



Influence of training and BFRE on 
mitochondrial respiration 
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Interorgan communication and 
transfer 

Lawson et al. J Endocrinol 2016;228:R57-71 

• Exosomes, microvesicles and apoptotic bodies are membrane-bound structures 
secreted by a wide range of mammalian cell types via distinct mechanisms. 

• Their content of multiple compounds including  proteins, mRNAs and microRNAs, 
renders EV ideal conveyors of inter-organ communication. 

Diameter: 100-1000 nm        30–100 nm      >1000 nm 



RIC, miRNA-144 and 
cardioprotection 

Circulating miRNA-144 increases 
after RIC in mice and humans 

Cardioprotection by RIC is abrogated by 
antisense miRNA-144 oligonucleotide  

Li et al. Basic Res Cardiol 2014;109:423 

miRNA-144 upregulates 
cardioprotective signaling pathways 

Myocardial miRNA-144 are increased 
after miRNA-144 adm. and RIC  



miRNA-144 transport in exosomes 
after RIC? 

Li et al. Basic Res Cardiol 2014;109:423 

Exosomal miRNA-144 
increment modest 

Exosomal precursor miRNA-144 
increment significant 

Exosomal free supernatant 
miRNA-144 increment 
significant 

Argonaute-2 bound miRNA-144 
increment significant in 
exosomal free supernatant 



Extracellular vesicles are 
cardioprotective 

Giricz et al. J Mol Cell Cardiol 2014;68:75-78 



miRNA-144 after RIC in patients 
stable coronary artery disease 
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Pryds et al. J Nucl Cardiol 2017, in press 

miRNA-144 increases in plasma after RIC in patients with IHD 



miRNA sequencing analysis 



Differential expression analysis before 
and after RIC in healthy volunteers 

Just et al. 2017 In prep 



DE miRNA, counts and p-values 

38 DE miRNAs 

Just et al. 2017 In prep 



DE miRNAs: Overrepresentation 
analysis (pathways) 



DE miRNAs: Overrepresentation 
analysis (target genes) 



Phases of Protection: 
Beyond IR 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  

                                                      

      Chronic RIC? Neutrophil/monocyte/inflammation 



Effect of extended period of 
conditioning 

Wei et al. Circ Res. 2011;108:1220-5.  

         

Repeated 
rIPostC improves 
survival in a rat 
model of 
myocardial 
infarction 
despite absence 
of further 
reduction of 
infarct size 
compared to 
rIPerC alone 
 



Conclusion 

• RIC and strenuous physical exercise induce cardioprotection (partially) 
mediated through blood borne factors 

• RIC may improve aerobic physical performance 

• RIC does not improve muscle strength 

• miRNA is a likely involved in the pathway 

• Is low intensity physical exercise cardioprotective? 

 

 


