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Interruption of the blood flow of an organ
submits this organ to ischaemia, which even-
tually leads to necrosis of the affected tissue.
Paradoxically, the restoration of blood flow,
i.e. reperfusion, also contributes to tissue
damage. This process is most extensively re-
searched in myocardium. Key processes in
the development of ischaemia-reperfusion in-
jury are resupply of oxygen, an increase in in-
tracellular calcium and correction of the pH.
Resupply of oxygen leads to the formation of
reactive oxygen species. Intracellular calcium
is increased during ischaemia and further
during reperfusion, causing hypercontracture
of the cardiomyocytes. The increased calci-
um, oxidative stress and corrected pH cumu-
late in the opening of the mitochondrial per-
meability transition pore (mPTP). The mPTP
is a nonselective channel in the inner mem-
brane of the mitochondrion, and its opening
leads to further depletion of the ATP stores
and ultimately cell death. Additionally, the
supply of blood brings neutrophils, attracted
to the infarcted area by chemo-attractants,
augmenting cellular damage. So, while reper-
fusion is essential to reduce cell death, its full
potential is reduced by the presence of reper-
fusion injury. (for review see [1])
Intriguingly, when a period of ischaemia is
preceded by a number of shorter periods of
ischaemia and reperfusion, the amount of
damage is significantly reduced [2]. This phe-
nomenon, called ischaemic preconditioning,
activates an intracellular pathway of kinases,
such as protein kinase C-ε (PKC-ε) and the
mitogen activated protein kinase (MAPK)
p38 and ERK 1/2. This cascade inhibits open-
ing of the mPTP during reperfusion, thereby
stabilizing the mitochondrial membrane. In
the presence of blockers of the aforemen-
tioned signalling proteins, direct inhibition of
the mPTP by cyclosporine A restores protec-

tion. However, in hyperglycaemic or diabetic
subjects, ischaemic preconditioning fails to
provide cardioprotection. (for review [3]).
Ischaemic preconditioning requires both ac-
cess to the coronary circulation and a pre-
dictable ischaemic event, reducing its value
in the clinical setting. However, it seems that
the protective effect of ischaemic precondi-
tioning is not limited to the vascular bed at
which it was applied. This was first demon-
strated by Przyklenk in an experiment in
dogs, when preconditioning the ramus cir-
cumflexus provided protection against my-
ocardial infarction in the left anterior de-
scending bed [4]. Later, inter organ transfer-
ability was demonstrated as well. For exam-
ple, preconditioning the kidney or even skele-
tal muscle protects the heart from subse-
quent infarction [5]. How this protection is
transferred is not fully understood, although
both humoral and neurological factors are in-
volved. Whether remote ischaemic precondi-
tioning provides a clinically relevant protec-
tive effect has to be examined. A number of
small trials have shown promising results,
however, a recent larger trial found no bene-
fit [6,7]. 
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