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There is consistent evidence among diverse models and species that
brief ischemia/reperfusion applied in a remote tissue or organ confers

cytoprotection against ischemia/reperfusioninjury.

In remote ischemic conditioning (RIC), mild and transient episodes of
ischemia with reperfusion in one vascular bed, tissue or organ confers overall
protection and render remote tissues and organs resistant to

ischemia/reperfusion injury.

RIC by repeated brief inflation/deflation of a blood pressure culf
protects against endothelial dysfunction and myocardial injury in
percutaneous coronary interventions, coronary artery bypass grafting and
reperfused acute myocardial infarction. Moreover, a number of studies
documented RIC-induced attenuation of ischemia/reperfuion injury in brain,

lungs, liver, kidney, intestine, skin and other tissues!.

Botker et al. reported that RIC performed before percutaneous
coronary intervention increased myocardial salvage in patients with acute
and evolving myocardial infarction?.Zografos et al investigated the effect of
RIC on myocardial injury in patients undergoing percutaneous coronary
intervention. They found that RIC significantly reduced periprocedural

troponin I release and the incidence of PCI-related myocardial infarction3.

Thielmann et al. reported that RIC provided perioperative
myocardial protection and improved the prognosis of patients undergoing
elective CABG surgery* Hausenlogy et al investigated the effect of RIC on
myocardial injury in patients undergoing coronary artery bypass graft
surgery. They found that RIC significantly reduced ovrall serum troponin I

release after surgery®.



RIC remains a potential treatment modality for the reduction of
myocardial injury in defined settings, which is also suggested in the 2014
ESC/EACTS guidelines on myocardial revascularization®.

RIC reduced systolic blood pressure by >6mmHg, of the diastolic blood
pressure > 3 mmHg, and of the pulse pressure by 3mmHg, with some
evidence for a delayed effect in the ensuing days following RIC. Therefore
RIC could be considered a therapeutic adjunct to the pharmacological
management of hypertension. Also RIC could be considered as the sole
therapeutic maneuver for the management of prehypertension, along with

prescription of low salt, DASH diet and exercise’.

RIC has antiarrhythmic effect on atrial fibrillation. Candillio et al
observed a significant reduction in the incidence of new-onset atrial
fibrillation after cardiac surgery by 54%38. Han et al demonstrated that RIC
reduced the incidence of early recurrent atrial fibrillation after catheter
ablation®. Slagsvold et al observed a postoperative reduction in atrial
fibrillation after bypass surgery in the remote ischemic preconditioning
groups!?. Furthermore, Kosiuk et al investigated the impact of RIC on
electrophysiologic parameters related to nonvalvular paroxysmal atrial
fibrillation. They reported that RIC reduced the inducibility and
substanability of atrial fibrillation, which is possibly mediated by changes in
electrophysiological properties of the atria. Therefore, RIC may be used as a

simple noninvasive procedure to reduce atrial fibrillation burden?.

RIC induced protection against the increase inplatelet reactivity in
patients with stable coronary artery disease, thereby reducing the

thrombogenic burden'2.

RIC also have neuroprotective effects in human. The safety and
feasibility of RIC in patients with aneurysmal subarachnoid hemorrhage have
been confirmed?3. Preclinical and clinical studies have provided evidence of
benefits when apply RIC in the prevention, treatment and recovery of strokel4.
Chronic RIC may promote neural repair for stroke recovery, including
neurogenesis, angiogenesis, axon regeneration, synaptogenesis and
remyelination’®. Although the effects of RIC mainly focused on ischemic
vascular disease, intracerebral hemorrhage shares similar pathophysiologic

responses such as endothelial dysfunction, impaired cerebral autoregulation,



mitochondrial dysfunction, or proinflammatory state'®. Therefore, the
therapeutic benefits of RIC on ischemic stroke may also be applied in

hemorrhagic stroke.

RIC also protects against kidney injury. About 30% of patients
develop acute kidney injury after cardiac surgery. Zarbock et al confirmed
that RIC reduced the rate of acute kidney injury after cardiac surgery
inhigh-risk patients. RIC could thus represent a simple and promising
strategy to provide protection to the kidney and improve postoperative

outcomes?’.

RIC may affect immune cells and reduce the inflammatory response’s.
RIC improve mitochondrial function against oxidative stress, modify
autophagy regulation, and increase cerebral and cardiovascular blood flow

and collateral circulation?.

RIC increased myocardial salvage in patients with ST elevation
myocardial infarction undergoing primary percutaneous coronary
intervention. This beneficial effects was substained long-term after 3.8
years?. RIC reduced major adverse cardiac and cerebral events after elective
percutaneous coronary intervention at 6 months. This beneficial effects was

sustained long-term after 6 years?l.

Recently, chronic heart conditioning, the daily use of RIC for a period

of weeks, is investigated.

It is well established that oxidative stress and inflammation is pivotal
in the process of post-myocardial infarction remodeling??23. Remote
conditioning, when delivered daily for 10 days, reduced neutrophil adhesion,

phagocytosis, and proinflammatory cytokine responses?*.

Seven days RIC leads to bilateral adaptation of the brachial artery
endothelial function and forearm skin microcirculation in healthy, young

men?.



Wei et al?® investigated the effect of chronic, repeated remote
conditioning on infarct size and long-term remodeling after myocardial
infarction in rats. They reported that chronic conditioning, when delivered
daily for 28 days, reduced adverse left ventricular remodeling and improved
survival after myocardial infarction, associated with attenuated myocardial

inflammatory responses and oxidative stress.

Chen et al*” investigated the effect of chronic conditioning, when
delivered daily for 6 weeks, on heart rate variability and cardiac function in
patients with mild heart failure. They reported that chronic conditioning

improved cardiac function and heart rate variability in heart failure patients.

Shyu and Lee?® investigated the effect of remote heart conditioning as
healthy strategy, when delivered daily for one year, on the cardiovascular
function in patients with heart failure. They reported that a one-year course
of remote heart conditioning treatment as healthy regimen could improve
cardiovascular function in patients with heart failure, supporting widespread

use of remote heart conditioning in the daily lives of these patients.

Lee et al®. investigated RIC as healthy strategy in management of
patients with cardiomegaly. They reported that RIC, when delivered daily
for one year, reduced heart dimension in cardiomegaly patients without any
adverse effects, supporting the widespread use of heart conditioning in the
daily lives of these patients. Ventricular reverse remodeling was also

observed, probably accounts for the reversion of cardiomegaly.

RIC may also reverse valvular heart disease. Lee et al3 reported an
82-year-old man with severe aortic stenosis. He denied surgical or
transcatheter aortic valve replacement, and prefer conservative medical
treatment. RIC as an adjunctive management was also applied. After 27
months, to our surprise, follow-up transthoracic echocardiography showed
aortic valve area of cm? Ventricular reverse remodeling was also

observed, probably accounts for the reversion of aortic stenosis.



There are three hypotheses linking the protective effects of heart
conditioning: 1. Neural hypothesis: Preconditioning of organs remote from
the heart generate the release of endogenous substances such as adenosine,
bradykinin or calcitonin gene-related peptides which activate local afferent
neural pathways terminating at the heart and mediate cardioprotection3.

1. Humoral hypothesis: Endogenous substances generated in the organs
remote from the heart enter the blood stream, and activate specific myocardial
receptors that eventually recruit intracellular pathways of cardioprotection3?.
2. Systemic hypothesis: Peripheral transient ischemia is able to cause a

systemic suppressionof inflammatory and apoptotic pathways33.
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