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    Abstract
Ischemic preconditioning (IPC) is an innate mechanism of tissue protection from ischemia, which is easily replicable in clinical settings in the form of remote IPC. The final protective effect of IPC comprises the induction of favorable anti-inflammatory and anti-thrombotic molecular pathways. Recent studies on humans have confirmed that IPC protocols may exert cardioprotective actions. Moreover, IPC was also found to be capable of reducing surgical lung injury through the contrast of inflammatory response. Hence, IPC seems an ideal candidate to be tested as an innovative therapeutic weapon against a disease as coronavirus disease 19 (COVID-19), in which inflammation plays a key role. Interestingly, the use of IPC protocols for COVID-19 patients, beyond the potentiality of reducing the cardiologic complications, could also prove useful for the attenuation of inflammatory phenomena that characterize the course of coronavirus disease.
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    Introduction


    Recent coronavirus disease 19 (COVID-19) pandemic has forced health systems worldwide to face the challenging task of preventing the contagion among the populations, even by adopting severe measures of public policy as quarantine and whole countries' lockdowns.[bookmark: ft1][1]


    Because of the rapid spread of the disease, pharmacological research has been hardly engaged in finding effective drugs for the treatment of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), pending the development of a specific vaccine. Meanwhile, a lot of molecules previously used for other viral diseases have been tested against SARS-CoV-2 infection in early randomized clinical trials, which have shown conflicting results.[bookmark: ft2][2],[bookmark: ft3][3]


    Unfortunately, in addition to affecting the respiratory system, SARS-CoV-2 has also proved capable of triggering serious cardiovascular complications, such as myocarditis, pericarditis, heart failure, and arrhythmias.[bookmark: ft4][4] Moreover, some drugs which have been used for the treatment of COVID-19 patients, as chloroquine and azithromycin, share the potentiality of prolonging the QT interval on electrocardiography, thereby predisposing to fatal heart arrhythmias.


    Surely, some pathogenic links between COVID-19 and cardiovascular diseases (i.e., the interactions of coronavirus with components of renin–angiotensin–aldosterone system) remain to be fully clarified.


    Therefore, given the very high epidemiological impact of the disease and the problematic clinical management, especially for cardiological patients, the need to test and introduce additional treatment options for COVID-19 is now well recognized.


    Ischemic Preconditioning: A Cardioprotective Promising Approach for COVID-19


    Ischemic preconditioning (IPC) represents a well-known nonpharmacological therapeutic approach for tissue and organ protection. Interestingly, it could prove to be an innovative weapon to utilize against SARS-CoV-2 infection.


    IPC can be defined as an adaptive physiological mechanism, whereby short periods of ischemia/reperfusion exerted on a vascular bed confer protection against a subsequent more prolonged ischemia.


    It has been described for the first time by Murry et al. in 1986 in a murine model of myocardial ischemia, in which the application of IPC was able to significantly reduce infarct area after a protracted ischemic period.[bookmark: ft5][5] IPC is defined as “remote” (RIPC) when initial short ischemic events, occurring in a vascular bed, provide protection from ischemia in a distant organ.[bookmark: ft6][6]


    RIPC protocols can be easily and safely performed in clinical contexts and so far have been investigated in numerous studies that examined the benefits of RIPC in various organs, especially heart, kidney, brain, and liver.


    In the last years, the clinical translation of RIPC has been questioned. Indeed, some large multicenter trials of patients undergoing heart surgery, have shown no advantages in RIPC arms as compared to controls.[bookmark: ft7][7],[bookmark: ft8][8]


    However, more recent studies have caused a revival of interest in the possible utility of RIPC when applied in the same clinical setting.


    In fact, a recent meta-analysis of 27 randomized clinical trials, including a total of 5652 patients undergoing cardiac or vascular surgery, observed that patients randomized to RIPC had significantly less myocardial infarctions.[bookmark: ft9][9] What is more, patients in the RIPC's arms had significantly less acute renal failure and a shorter hospital stay, even if the RIPC itself was not able to decrease the overall mortality.


    The protection of RIPC against myocardial infarctions as observed in subjects undergoing cardiac or vascular surgery could also be evaluated in people affected by COVID-19. If confirmed, this beneficial action would be of particular clinical importance for cardiological patients with SARS-CoV-2 infection. In fact, patients with COVID-19 and pre-existing cardiovascular disease are particularly frail. Their death rate is 10.5%, which is higher than in patients with COVID-19 and chronic respiratory disease or cancer in which it has been estimated to be 6.3% and 5.6%, respectively.[bookmark: ft10][10]


    Moreover, it has been estimated that between 8% and 28% of COVID-19 patients undergo an increase in troponin levels in the early stages of the disease, which would most likely result from myocardial injury.[bookmark: ft4][4]


    Taking into account the reported evidence, pioneering studies are desirable for investigating the capability of IPC in reducing both myocardial injury and mortality in individuals with COVID-19.


    Ischemic Preconditioning and Contrast of Inflammation


    COVID-19 is a viral disease in which the initial inflammation in the lungs can rapidly intensify and become systemic through a cytokine storm, provoking even fatal complications, such as shock and multiorgan failure.


    The rationale for the use of IPC-based protocols to counteract the inflammation due to SARS-CoV-2 infection lies in the pleiotropic molecular and cellular mechanisms thought to be on the basis of the IPC itself. In particular, the protection conferred from IPC after short ischemic periods seems triggered by chemical (nitric oxide, autacoids, etc.) and physical (myocardial stretch, mild hypothermia) stimuli, which promote intracellular signaling. Subsequently, components of the mitochondria and cytoskeleton appear involved as key effectors of the protection.[bookmark: ft11][11]


    Regarding RIPC, it has been shown that, in humans, its defensive effect includes the prevention of inflammation through the positive modification of the expression of the inflammatory gene.[bookmark: ft12][12]


    Congruently, in a systematic review of clinical randomized and controlled trials, Zheng et al. found that RIPC protocols were helpful even for the prevention of lung injury in patients who underwent cardiovascular surgery via the reduction of the pulmonary inflammatory responses.[bookmark: ft13][13]


    In addition, initial evidence from animal models suggests that IPC could prove beneficial also when it is used for counteracting septic cardiomyopathy.[bookmark: ft14][14]


    These findings are not surprising as, in previous studies, IPC also reduced circulating levels of tumor necrosis factor-alpha and interleukin-6.[bookmark: ft15][15],[bookmark: ft16][16] Interestingly, these two cytokines are known to enhance systemic inflammation and contribute to lung inflammation in COVID-19.


    Ischemic Preconditioning: Beyond Anti-inflammatory Effects for COVID-19


    Beyond favoring tissue resistance to ischemia and counteracting inflammation, IPC could antagonize other pathogenic key players of COVID-19 as the altered immune response and the pro-thrombotic state.[bookmark: ft17][17],[bookmark: ft18][18],[bookmark: ft19][19],[bookmark: ft20][20]


    In addition, radical damage, endothelial dysfunction, and apoptosis, which occur during SARS-CoV-2 infection, could be potentially mitigated by IPC.[bookmark: ft21][21],[bookmark: ft22][22],[bookmark: ft23][23],[bookmark: ft24][24]


    However, it is reasonable thinking that IPC would reveal most effective in the early phases of the coronavirus disease, preventing hypothetically the progression from mild to severe forms [Figure - 1].
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        	Figure 1: At the initial stages of coronavirus disease 19, IPC-based protocols might produce maximal clinical benefits. When used in this phase, in most responsive patients, IPC could arrest or slow the progression from mild to severe form of the disease. After cytokines' storm has started, the helpful effects of IPC might become less and less clinically relevant. ARDS: Acute respiratory distress syndrome; MOF: Multiple organ failure; PIC: Pulmonary intravascular coagulopathy; IPC: Ischemic preconditioning.

        

        Click here to view
      

    


    Conclusions


    Conceptually, the use of IPC-based protocols for the treatment of COVID-19 offers the intriguing potential of exerting benefits on various organs, such as the heart and lungs, especially during the early stages of the SARS-CoV-2 infection.


    However, although theoretically promising, the evaluation of clinical efficacy of IPC for the treatment of COVID-19 may not be very simple. In fact, the best preconditioning protocol in terms of duration and timing remains to be defined. Moreover, some patients like the elderly seem to be less responsive to IPC. Finally, in clinical studies, the benefits of IPC are often confounded by other variables, as the use of certain drugs such as anesthetics. On the other hand, should future trials confirm the usefulness of RIPC protocols for the treatment of COVID-19, clinicians could quickly include it among their treatment options. In fact, RIPC is widely and inexpensively reproducible in clinical settings by only inflating/deflating a blood pressure cuff.
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  Figure 1: At the initial stages of coronavirus disease 19, IPC-based protocols might produce maximal clinical benefits. When used in this phase, in most responsive patients, IPC could arrest or slow the progression from mild to severe form of the disease. After cytokines' storm has started, the helpful effects of IPC might become less and less clinically relevant. ARDS: Acute respiratory distress syndrome; MOF: Multiple organ failure; PIC: Pulmonary intravascular coagulopathy; IPC: Ischemic preconditioning.
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