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Timely reperfusion is the only way to rescue ischemic

myocardium from impending infarction. However, reper-

fusion also adds a component of injury to that incurred

during ischemia and thus contributes to final infarct size [6,

20, 28]. It appears that all conditioning strategies which

delay infarct size development and/or reduce infarct size

act through attenuation of such reperfusion injury [7].

Apart from its contribution to cardiomyocyte necrosis,

reperfusion is frequently also characterized by the develop-

ment of areas of no-reflow within the previously ischemic

myocardium [10]. Evidence for microvascular no-reflow by

angiography or MRI despite successfully reopened epicardial

coronary arteries in patients with myocardial infarction is

associated with impaired recovery of ventricular function and

worse survival [19].

The coexistence of infarcted cardiomyocytes and areas

of coronary microvascular no-reflow in reperfused myo-

cardium is well established [13]; however the underlying

mechanisms are not really clear. Several mechanisms can

initiate no-reflow in previously ischemic myocardium:

(a) embolization of particulate atherosclerotic debris from

the culprit lesion into the coronary microcirculation, both

after mechanical or thrombolytic reopening of epicardial

coronary arteries [9]; (b) platelet and platelet/leukocyte

aggregates which are either released from the culprit lesion

or form in the microcirculation [2]; (c) intense vasocon-

striction in response to soluble factors (endothelin, sero-

tonin, thromboxane) which are released from the culprit

lesion [12]; (d) extravascular compression of the capillary

bed by edema of the surrounding myocardium and inter-

stitium [15]; and (e) edema and physical disintegration of

the capillary vascular structures per se [13]. These patho-

mechanisms are not mutually exclusive, and their contri-

bution to the no-reflow phenomenon may vary temporally

and spatially as well as between different experimental

models and individual patients.

The analysis of temporal and spatial relationships

between infarcted myocardium and no-reflow is largely

limited by methodological restraints. By definition,

infarcted myocardium and no-reflow are confined to the

previously ischemic area at risk. This appears trivial, but

when analyzed by clinical imaging technology, the area at

risk is often not determined or not clear. Slow/no-flow

phenomena outside the area at risk may also occur but have

a different underlying pathophysiology, e.g., reflex-medi-

ated coronary vasoconstriction [4, 8]. Myocardial infarc-

tion develops progressively during ischemia, and a separate

component of irreversible injury is added during early

reperfusion; the relative contribution of infarction which

develops during ischemia and during reperfusion varies and

depends on the duration of ischemia [3]. Even with gold

standard technology (TTC staining) in the experiment,

infarcted tissue is only recognized as such after several

hours of reperfusion, and no distinction between myocar-

dium infarcting during ischemia and during reperfusion is

possible. No-reflow, as evidenced by lack of endothelial

staining by thioflavin in the experiment [13], develops

rapidly during early reperfusion and progresses over time

[1, 22, 23]. Most studies indicate that no-reflow areas are
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confined to areas of infarcted myocardium [1, 13]. How-

ever, this notion of a confinement of no-reflow to infarcted

myocardium is based on experimental studies with

mechanical occlusion and reperfusion of virgin coronary

arteries or clinical studies using MRI several days after

established reperfusion. In such experimental studies, cor-

onary microembolization with subsequent microinfarcts

into not grossly infarcted myocardium of the area at risk

does not occur, and in such clinical studies using MRI

coronary microembolization might occur but not be

detected, as MRI identifies no-reflow areas as areas of

hypoenhancement within areas of hyperenhancement, i.e.,

grossly infarcted myocardium [11, 23]. Microinfarction

after microembolization is only detected by MRI when

affecting more than 5 % of myocardium [18].

The available studies indicate a close correlation

between infarct size and that of no-reflow areas [21, 22].

Still, correlations cannot resolve questions of causality, and

the lack of adequate techniques to make serial measure-

ments of infarcted tissue and no-reflow with reasonable

spatial resolution is largely responsible that causality

between myocardial infarction and coronary microvascular

no-reflow is not established. With microembolization of

atherosclerotic debris, plugging of platelet/leukocyte

aggregates and vasoconstriction in response to soluble

mediators, the resulting coronary microvascular obstruc-

tion could be a cause to myocardial infarction. With this

rationale, thrombaspiration, protection devices and coro-

nary vasodilators are used to reduce peri-interventional

reperfusion injury [9]. However, vice versa there may be

primary damage to cardiomyocytes which only subse-

quently progresses to coronary microvascular damage, as

seen in animal models with mechanical occlusion/reper-

fusion of virgin coronary arteries without a culprit lesion

[14]. Whether cardiomyocyte damage per se is causal for

subsequent coronary microvascular damage or both are con-

sequences of the same fundamental pathomechanism, e.g.,

excessive reactive oxygen species formation, remains unclear.

Clinically, gadolinium contrast-enhanced MRI is usually

performed no earlier than a few days after reperfusion, when

both infarct size and no-reflow areas are fully developed; still

then the accuracy of area at risk size delineation from

T2-weighted edema visualization remains questionable [27].

Ischemic postconditioning not only reduces infarct size [7],

but also myocardial edema and in consequence the area at risk

when delineated by T2-weighted MRI in pigs [16], and it also

improves coronary microvascular perfusion in dogs [29],

again emphasizing the intimate relationship between cardio-

myocyte infarction and coronary microvascular obstruction

and leaving potential causality unresolved.

In the present issue, Mewton et al. [17] confirm their pio-

neering original studies that a postconditioning maneuver of

four cycles of 1 min re-occlusion/1 min reperfusion when

performed at immediate reperfusion reduces infarct size in

patients with acute ST segment elevation myocardial infarc-

tion (STEMI) [25, 26]. In a carefully selected and character-

ized small cohort of patients with STEMI who presented

within 12 h of symptom onset and had no collaterals, suc-

cessful primary percutaneous coronary intervention with

direct stenting and a postconditioning maneuver performed

proximal to the stent not only reduced infarct size, but also the

size of areas with coronary microvascular obstruction, as

delineated by gadolinium contrast-enhanced MRI. Thrombus

aspiration was no confounder of the observed protection,

largely excluding coronary microembolization as an impor-

tant pathomechanism of no-reflow in the present study. Yet, a

recent study in pigs demonstrated the extension of myocardial

infarction with superimposed coronary microembolization,

but protection by ischemic postconditioning from infarction

was even more pronounced when there was superimposed

microembolization [24]. As previously shown for hypother-

mia [5], the present study by Mewton et al. also suggests a

somewhat greater protection by ischemic postconditioning

from coronary microvascular obstruction than from myocar-

dial infarction, but still a close correlation between infarct size

and size of areas with coronary microvascular obstruction.

In conclusion, ischemic postconditioning reduces infarct

size, but also edema and areas of no-reflow; the patho-

physiological relationships between edema, infarction and

no-reflow are close, but mechanistically not clear.
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