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One of the earliest events occurring in a
patient with ischemic heart disease is impairment
of myocardial perfusion brought about by
obstructive coronary artery disease (CAD). This
perfusion abnormality documented by
myocardial perfusion imaging studies (SPECT or
PET) may persist even in patients who have been
managed optimally with medical or invasive
means (PCI or CABG). The COURAGE trial
recently reported that as much as 26-28% of
patients who underwent optimal PCI and/or
optimal medical management still continued to
suffer from angina 5 years later 1. Another trial
showed similar results for those who have

undergone successful CABG 2.

Extracorporeal shockwave myocardial
revascularization (ESMR) involves the focused
application of shockwaves (SW) to an area of
ischemia. It has 2 main physiologic effects: local
vasodilatation, which is the immediate/short-term

effect; and angiogenesis, which is the long-term
result.

Each SW is composed of an initial large or
positive pressure wave followed by a series of
small waves called negative or tensile pressure
waves. Positive pressure waves serve as
compression forces and negative pressure waves
serve as expansion forces. On the cell membrane,
these waves create shear stress. Shear stress then

triggers the activation of the renin-angiotensin
system, nitric oxide (NO) synthesis, induction
of stress fibers and intercellular gaps and
recruitment of endothelial progenitor cells (EPC).
Maisonhaute, et al described the mechanism of

shear stress in an article published in 2002 3.
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Some of the preclinical studies on SW therapy
are briefly described in the next paragraph.

A study by Seemann, et al done on artificially
perfused rabbit kidneys showed that SW mediated
vasodilatation 4. Gotte and colleagues published
in a letter in 2002 their findings on how SW may
induce non-enzymatic NO synthesis 5. A similar
report by Ciampa, et al described the anti
inflammatory action of ESMR as mediated by
NO 6. In 2003, the group of Wang published a
study on how SW therapy induced
neovascularization in the tendon-bone junction
of rabbit limbs 7. A Japanese study which came
out in the 2004 issue of Circulation described how

extracorporeal SW therapy markedly
ameliorated the ischemia-induced myocardial
dysfunction in pigs 8. In November 2005, in the
AHA congress, Aicher et al presented a lecture
on the implications for SW facilitated cell therapy
in chronic ischemia 9. Other animal studies

describe how SW therapy increased capillary
density, enhanced collateral formation 10,

improved myocardial dysfunction and EF 8 and
ameliorated LV remodelling post MI and post
reperfusion 11.

Very recently, a clinical study 12 was done to
test the SW principle. It involved 12 medical
university centers in Europe, Asia and South
America with 219 patients recruited. All these
patients have persistent angina despite optimal
medical and/or invasive treatment. Majority have
objective evidence of inducible ischemia in gated
SPECT or PET. About 25% of them have

echo cardiographic evidence of LV dysfunction.
The goal was to evaluate the efficacy, safety and
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feasibility of SW in an independent evaluation,
controlled trial.

The results showed a statistically significant
(p<O.OS) reduction in angina CCS classification,
improvement of exercise tolerance, reduction in
nitrate use and resolution of inducible ischemia

with improved LV function based on gated
SPECT, PET and echo cardiographic parameters.
All patients tolerated the procedure well. No
arrhythmias, new wall motion abnormalities nor
adverse events were reported in this study. For
those with prior MI, there were no changes in
scar Size.

These initial data give us reason to be hopeful
regarding how ESMR could be of use in our
patients who continue to suffer from angina. The
science of ESMR is still very young and more
studies are needed not only to validate the early
clinical data but also to explore other possible
roles of ESMR in CAD treatment, taking
advantage of its safety, tolerability and ease of
application.
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