Cyclosporine reduces reperfusion injury 
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Montpellier, France - The administration of cyclosporine at the time of reperfusion was associated with a reduction in infarct size in a small pilot study [1]. Although these data are preliminary and require confirmation in larger clinical trials, these results suggest that cyclosporine has the potential to become an effective treatment for reperfusion injury. 

The study, published in the July 31, 2008 issue of the New England Journal of Medicine, was conducted by a group led by Dr Christophe Piot (Hôpital Arnaud de Villeneuve, Montpellier, France). 

Senior author Dr Michel Ovize (INSERM, Lyon, France) commented to heartwire: "We have produced important new information that opens up a new perspective on reperfusion injury. There have been many failed attempts at preventing reperfusion injury in the past, leading some to suggest that this may not be a real target, but I think our current results will shake the field up again."


Novel target 

Ovize believes that this approach might be successful where others have failed because it is targeting a new mechanism only recently discovered—a pore in the mitochondria of the myocyte opens during reperfusion, triggering a series of events that lead to cell death. "Of course, our results will have to be confirmed in a larger study, but I am optimistic, as we believe our approach targets a novel mechanism. While the existence of this pore has been known for years, its importance in cell death after ischemia/reperfusion has only recently been realized. And we have drugs that can inhibit it. That's very exciting," he said. 

In their paper, the researchers explain that although reperfusion of the infarct artery is undoubtedly beneficial in patients suffering an MI, it also has detrimental effects, which might include reperfusion injury. Experimental studies suggest that this can be mediated by calcium overload and excessive production of reactive oxygen species in the early minutes of reflow, triggering the opening of a nonspecific high-conductance channel (called the mitochondrial permeability-transition pore) in the inner mitochondrial membrane, which leads to metabolic alterations and cardiomyocyte death.

They note that in addition to its well-known immunosuppressive properties, cyclosporine is a potent inhibitor of the opening of this pore, and experimental evidence from animal studies suggests that cyclosporine attenuates lethal myocardial injury that occurs at the time of reperfusion. 

To investigate whether this could also be shown in humans, they conducted the current pilot study in patients with ongoing MI. In the study, they assigned 58 patients with acute ST-elevation MI to receive either an intravenous bolus cyclosporine (2.5 mg/kg) or normal saline (control group) immediately before undergoing PCI. Infarct size was assessed in all patients by measuring the release of creatine kinase (CK) and troponin I and, in a subgroup of 27 patients, by performing magnetic resonance imaging (MRI) on day 5 after infarction.

Results showed that the cyclosporine and control groups were similar with respect to ischemia time, the size of the area at risk, and the ejection fraction before PCI. Infarct size, as measured by CK release, was significantly lower in the cyclosporine group (by about 40%) than in the control group, but there was no significant difference in the release of troponin I. 

Infarct size, as measured by CK and troponin I release 
	Median area under the curve 
	Cyclosporine 
	Control 
	p 

	Creatine kinase (arbitrary units) 
	138 053
	247 930
	0.04

	Troponin I (arbitrary units) 
	112 312
	129 320
	0.15


The MRI substudy on day 5 showed that the absolute mass of the infarcted tissue was significantly lower in the cyclosporine group than in the control group.

Absolute mass of infracted tissue on MRI 
	
	Cyclosporine 
	Control 
	p 

	Median mass of infarct tissue (g) 
	37
	46
	0.04
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The researchers investigated these observations further by comparing the infarct size, as measured by the release of cardiac biomarkers, with the size of the area at risk, as determined by left ventricular angiography. The slope of this relation was not as steep in the cyclosporine group as it was in the control group, regardless of whether measurements of CK or troponin I were used to assess infarct size.

They say that their results support the argument that reperfusion necrosis is a major component of infarct size after prolonged ischemia and reperfusion, and raise the possibility that lethal reperfusion injury is an important new pharmacologic target for the treatment of patients with ongoing acute MI. 

They note that although the long-term use of cyclosporine can cause serious adverse effects, including renal and hepatic toxicity and increased susceptibility to infections and cancers, there was no evidence of acute renal or hepatic injury, hypertension, or other short-term adverse effects with the single intravenous bolus used in this study.


Time to take reperfusion injury seriously 

In an accompanying editorial [2], Drs Derek Hausenloy and Derek Yellon (University College Hospital, London), who are also working in this field, say the findings from the current study confirm the existence of myocardial reperfusion injury in humans and suggest that the mitochondrial permeability-transition pore is a new target for protecting the heart against this form of injury and reducing the size of the myocardial infarct in patients who are undergoing primary PCI. "We believe it is now time to take myocardial reperfusion injury seriously, since it provides a new target for reducing the size of a myocardial infarct and potentially improving the clinical outcomes in patients with ST-elevation myocardial infarction," they write.

Yellon commented to heartwire that "reperfusion in MI patients has always been considered a success story, which of course it is, but it is thought that about 10% of the MI injury is actually caused by the reperfusion." He explained that the focus of reperfusion injury has recently shifted toward the mitochondrial permeability-transition pore in cardiac muscle cells. "After reperfusion, this pore opens, and this is associated with cell death. If we can keep this pore closed in the first few minutes after reperfusion, it appears that we can salvage heart muscle," he said, adding that this approach might also offer protection in other clinical contexts, such as stroke, cardiac surgery, and organ transplantation.

Yellon noted that in addition to cyclosporine, erythropoietin has also been shown to keep this pore closed, and he is conducting a small clinical erythropoietin study similar to the cyclosporine study. He is also collaborating with the French team in the planning of a larger clinical-outcomes trial with cyclosporine.

Yellon explained that a procedure called postconditioning can also keep the pore closed. "This involves inducing several bouts of ischemia immediately after perfusion, which has been achieved with a few inflations of the angioplasty balloon; this sets off a process that ultimately results in the pore staying closed. But a pharmacologic agent that brought about the same result would be more convenient all round, and could also be used in patients not undergoing PCI," he added. 

	Ovize reports serving as a consultant to Novartis. Yellon reports receiving lecture fees from Sanofi-Aventis and grant support from Novartis, Merck Sharp & Dohme, and GlaxoSmithKline. 
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