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These changes are initially reversible; however with coronary ischemic
intervals longer than 15–20 min, an increasing number of
cardiomyocytes are unable to preserve their structure and exhibit irre-
versible changes that lead to their death. It has been suggested that is-
chemia activates a “wavefront” of death, mediated through
stimulation of necrotic and apoptotic pathways, ultimately leading to
Early initiation of mechanical circulatory support improves survival
massive loss of cardiomyocytes in the area at risk. Lowering end-
diastolic pressures and volumes throughmechanical unloading reduces
in patientswith acutemyocardial infarction (MI) complicated by refrac-
tory cardiogenic shock. In contrast, the potential benefits of mechanical
support in MI patients without overt cardiogenic shock remain unclear.
In patients with acute anterior ST elevation MI (STEMI), early mechan-
ical support through intra-aortic balloon counterpulsation (IABC) prior
to percutaneous coronary intervention (PCI) did not affect infarct size.
However, 6 months after the acute event, the exploratory composite
endpoint of time to death, shock or new or worsening heart failure
was significantly reduced in the IABC+PCI group, raising the intriguing
possibility for lasting beneficial effects of early mechanical support in
patients with large anterior STEMI [1].

In the current issue of the journal, Baldetti and co-workers [2] provide
an interesting and provocative perspective on the potential role of me-
chanical unloading performed prior to reperfusion in acute MI. This ap-
proach, termed primary unloading may exert potent cardioprotective
actions. The authors review the published evidence, discuss the highly
promising experimental animal studies, and propose the need for new
clinical studies to test this new approach. However, the mechanistic
basis for the proposed protection remains unclear. Considering the com-
plexities of the cell biological and molecular responses in the ischemic
myocardium, how can early mechanical unloading attenuate injury?

1. Effects on ischemic cardiomyocytes and on the microvasculature

Sudden coronary occlusion results in immediate cessation of aerobic
metabolism, inducing rapid ATP depletion and accumulation of metab-
olites. Severe systolic dysfunction occurs within seconds, whereas
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wall stress, and may protect vulnerable cardiomyocytes from death by
limitingmetabolic activity [3], or by attenuatingmechanosensitive acti-
vation of apoptotic signals. Unloading-mediated activation of
cytoprotective cascades that inhibit cardiomyocyte apoptosis has also
been proposed [4]; however, specificmechanisms remain unclear. Pres-
ervation of calcium handling through unloading [5] may also improve
contractility. Moreover, reduction in end-diastolic pressuresmay signif-
icantly improve coronary arteriolar flow, resulting in better perfusion of
the myocardium, thus amplifying protection. These beneficial effects
may significantly reduce the size of the infarct [6,7].
2. Unloading may preserve the cardiac extracellular matrix (ECM)
under conditions of stress

Often overlooked, the cardiac ECM network plays a critical role in
preserving myocardial structure and function, not only by providing
mechanical support, but also by transducing key survival signals in
cardiomyocytes. In the ischemic myocardium, rapid release and activa-
tion of matrix-degrading proteases generates matrix fragments, termed
matrikines [8]. Increased ECM fragmentation has been suggested to trig-
ger inflammation, while promoting cardiomyocyte death under condi-
tions of stress, thus accentuating myocardial dysfunction [9].
Mechanical unloading reduces matrix metalloproteinase (MMP) ex-
pression and activity in the ischemic heart [10] and may preserve the
ECM network, inhibiting ischemia-induced cell death responses and at-
tenuating inflammatory activation. It should be emphasized that MMPs
have numerous substrates in addition to ECM proteins, and maymodu-
late levels and activity of pro-inflammatory chemokines and
cytoprotective signals. For example, it has been suggested that lower
MMP activity in unloaded hearts may results in decreased degradation
of the “cardioprotective” chemokine CXCL12/stromal cell-derived factor
(SDF)-1α, promoting cardiomyocyte survival [10]. Considering the
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Fig. 1. Cellular mechanisms remediating the proposed protective effects of primary unloading in the infarcted heart. Cardiomyocytes, vessels, and the extracellular matrix (ECM) may be
themain targets of primary unloading. Reduced end-diastolic pressures may improve coronary arteriolar flow, increasing perfusion. In addition to an increase in blood supply, unloading
may also reduce demand by decreasing left ventricular wall stress, thus attenuating metabolic activity in cardiomyocytes. Unloading may reduce infarct size, by decreasing activation of
mechanosensitive pro-apoptotic pathways, and by stimulating cytoprotective signals. Primary unloading may also inhibit matrix metalloproteinase (MMP) expression and activity,
preserving the cardiac ECM, and reducing generation of pro-inflammatory matrix fragments (matrikines). In addition to ECM proteins, MMPs also process cytokines and chemokines.
Thus, decreased MMP activity may exert protective actions by modulating the cytokine milieu in the infarcted heart. Although direct effects of unloading on resident cardiac fibroblasts
and immune cells cannot be excluded, the timing and brief duration of the intervention may limit any consequences on the inflammatory and reparative response.
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wide range of injurious and protective mediators processed by MMPs,
the relative significance of this very specific pathway is unclear.
Unloading may also act by modulating levels of matricellular proteins,
macromolecules that do not play a major direct structural role, but en-
rich the ECM following injury and regulate signaling responses.

3. Does early unloading affect immune and reparative responses fol-
lowing infarction?

Mechanosensitive signaling has been implicated in activation of im-
mune cells, and plays a critical role in stimulating both reparative and
fibrogenic actions of cardiac fibroblasts. To what extent early mechani-
cal unloadingmay act bymodulating phenotype and function ofmacro-
phages or interstitial cells remains unclear. Effects of primary unloading
on these cells may be relatively limited due to the early timing of the in-
tervention. In the infarcted myocardium, recruitment of inflammatory
leukocytes occurs in response to cardiomyocyte necrosis, whereas
myofibroblast activation follows, after the peak of the inflammatory re-
action. Thus, infarctmacrophages andmyofibroblasts are unlikely direct
targets of an early and brief mechanical support intervention.

4. Conclusions

From a theoretical mechanistic perspective, primary unloading of
the infarcted heart would be expected to stimulate pro-survival re-
sponses in cardiomyocytes, while improving myocardial perfusion and
preserving the cardiac ECM (Fig. 1). Some of the proposed effects are
supported through experimental evidence in animal models. Obviously,
the current evidence is insufficient to support primary unloading as an
effective adjunctive strategy in high-risk patients with acute MI. Both
robust clinical studies and well-executed mechanism-oriented experi-
mental investigations are needed to test the effectiveness of this prom-
ising new therapeutic approach.
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