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12
13 IntroductionQ3

14 Q4 First described in 1993 [1], remote ischaemic preconditioning

15 (RIPC) describes the phenomenon whereby brief, non-harm-

16 ful insults to remote tissues can protect against ischaemia-

17 reperfusion (IR) injury in a tissue or organ of interest such as

18 the heart. The observation that RIPC can confer cardiac

19 protection through an ischaemic stimulus to the limbs has

20 facilitated its clinical application in humans including its use

21 prior to percutaneous coronary intervention (PCI) and coro-

22 nary artery bypass grafting surgery (CABG).

23 Recent negative studies in CABG necessitate a reappraisal

24 of the clinical benefits. Consideration of the mechanisms

25implicated in RIPC may help explain discrepant results

26and outline future studies. A clinical reappraisal and mecha-

27nistic considerations are therefore the focus of the present

28review.

29What is RIPC and How is it Delivered?
30Remote ischaemic preconditioning involves the delivery of

31repeated non-harmful ischaemia to a tissue remote from the

32heart. In contemporary clinical studies, RIPC is most com-

33monly delivered with a sphygmomanometer inflated on the

34upper limb to 200 mmHg for five minutes, followed by defla-

35tion for five minutes with the cycle performed three to four

36times [2–12]. Ischaemia to upper and lower limbs may differ
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37 in relation to RIPC [13], and variations in the interval

38 between RIPC and subsequent myocardial IR may also influ-

39 ence the effectiveness of RIPC [14].

40 While RIPC is delivered prior to the onset of myocardial

41 ischaemia, remote ischaemic perconditioning (RIPerC) refers

42 to intermittent limb ischaemia occurring after onset of myo-

43 cardial ischaemia such as is the case during efforts to condi-

44 tion the myocardium during acute myocardial infarction,

45 prior to primary PCI. Remote ischaemic postconditioning

46 refers to intermittent limb ischaemia occurring after myocar-

47 dial reperfusion (Figure 1).

48 Potential Mechanisms
49 Given the mixed results in recent clinical studies, it is impor-

50 tant that the candidate mechanisms underlying RIPC are

51 understood. Mechanistic considerations may allow the dif-

52 ferences between study results to be evaluated and guide the

53 design of future studies better defining optimal administra-

54 tion and the clinical populations that might benefit. Finally,

55 novel therapies which recapitulate the favourable effects of

56 RIPC could be developed in their own right once mecha-

57 nisms are elucidated.

58 Neural Pathways
59 There are two predominant theories explaining the cardio-

60 protective effects of RIPC. The humoral hypothesis proposes

61 that a substance is released from the remote organ or tissue

62 after RIPC and this is transferred to the heart in the circula-

63 tion. Conversely, advocates of the less widely studied neural

64 hypothesis suggest that RIPC protection is transduced from

65 the remote organ or tissue via somatosensory nerves to the

66 spinal cord and then to the heart via autonomic nerves [16]

67 (Figure 2).

68 The contribution of neural pathways in conveying a

69 protective stimulus to the heart after RIPC is suggested

70 by several animal studies. For example, transection of

71 the femoral nerve prior to RIPC delivered to the hind limb

72 of a rabbit abolished the protection RIPC conferred against

73 cardiac IR injury [17]. In rats, the administration of hexa-

74 methonium, a nicotinic acetyl choline ganglion blocker,

75 attenuated RIPC-mediated reduction in infarct size after

76cardiac IR injury [18]. It has also been suggested that opioid

77receptors may be involved in RIPC related neural pathways

78[19–21].

79Circulating Mediators
80Plasma from animals subjected to RIPC may be used to

81transfer cardioprotection to other animals and between spe-

82cies suggesting a protective factor in the circulation

83[19,20,22,23]. In some studies the mediator(s) appears to be

84hydrophobic, resistant to freezing and thawingwith a molec-

85ular weight between 15 and 30 kDa [19,24]. A number of

86molecules have been implicated in RIPC-mediated cardio-

87protection. Most studies have used specific inhibitors to

88elucidate the cellular pathways involved in RIPC. Most, if

89not all of these pathways relate to myocyte biology, but some

90relate to vascular tone.

91A study of the human plasma proteomic profile found 51

92proteins found to be differentially expressed in response to

93RIPC, including upregulation of albumin, a1-antitrypsin,
94apolipoprotein A1, haptoglobin, lipoprotein B100 and trans-

95ferrin [25]. In the same study, antithrombin III complex,

96complement C1r and immunoglobulin M, amongst other

97proteins, were found to be downregulated after RIPC. The

98change in proteomic profile after RIPC was apparent imme-

99diately after the protocol and increased further by 24 h.

100Similarly, a study of RIPC in children undergoing cardiac

101surgery found that RIPCwas associated with upregulation of

10248 peptides corresponding to six proteins compared to con-

103trol [26]. In contrast to the previously described study, the

104difference in the plasma proteome between the RIPC and
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Figure 1 Cardiac ischaemic conditioning
Temporal differences between preconditioning, percon-
ditioning and postconditioningwith examples of clinical
scenarios where the conditioning stimulus may be used.
CABG, coronary artery bypass grafting; MI, myocardial
infarction; PCI, percutaneous coronary intervention.
Adapted from Hausenloy D, 2016 [15].
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Figure 2 Mechanisms involved in remote ischaemic
preconditioning
Proposed mechanisms by which remote ischaemic pre-
conditioning may confer protection to the heart.
ATP, adenosine triphosphate; MAPK, mitogen activated
protein kinases; mPTP,mitochondrial permeability tran-
sition pore; RIPC; remote ischaemic preconditioning;
RISK, reperfusion injury salvage kinase; SAFE, survival
activating factor enhancement.
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