Extracorporeal Cardiac Shock Wave Therapy Markedly
Ameliorates Ischemia-Induced Myocardial Dysfunction in
Pigs in Vivo
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Background—Progrosis of ischemic cardiomyopathy still remains poor becanse of the lack of effective treatments. To
develop a noninvasive therapy for the disorder, we examined the in vitro and vivo effects of extracorporeal shock wave
(SW) that could enhance angiogenesis.

Methods and Results—SW treatment applied to cultured human umbilical vein endothelial cells significantly upregulated
mRNA expression of vascular endothelial growth factor and its receptor Flt-1 in vitro. A porcine model of chronic
myocardial ischemia was made by placing an ameroid constrictor at the proximal segment of the left circumflex
coronary artery, which gradually induced a total occlusion of the artery with sustained myocardial dysfunction but
without myocardial infarction in 4 weeks. Thereafter, extracorporeal SW therapy to the ischemic myocardial region (200
shots/spot for 9 spots at 0.09 mJ/mm’) was performed (n=8), which induced a complete recovery of left ventricular
ejection fraction (51%2% to 62+2%), wall thickening fraction (13%3% 1o 30%3%), and regional myocardial blood
flow (1.020.2 to 1.4+0.3 mL - min~' - g™') of the ischemic region in 4 weeks (all P<0.01). By contrast, animals that
did not receive the therapy {(n=8) had sustained myocardial dysfunction (left ventricular ejection fraction, 48+3% to
48+1%; wall thickening fraction, 13+2% w0 9+2%) and regional myocardial blood flow (1.0+0.3 to 0.6+0.1 mL -
min~' - g™'). Neither arrhythmias nor other complications were observed during or after the treatment. SW treatment of
the ischemic myocardium significantly upregulated vascular endothelial growth factor expression in vivo.

Conclusions—These results suggest that extracorporeal cardiac SW therapy is an effective and noninvasive therapeutic
strategy for ischemic heart disease. (Circulation. 2004;110:3055-3061.)
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rognosis of ischemic cardiomyopathy without an indication

for coronary intervention or coronary artery bypass grafting
still remains poor because medication is the only therapy to treat
the disorder.! Thus, it is imperative that an effective and
noninvasive therapy for ischemic cardiomyopathy be developed.
Although no medication or procedure used clinically has shown
efficacy in replacing myocardial scar with functioning contrac-
tile tissue, it could be possible to improve the contractility of the
hibernating myocardium by inducing angiogenesis.

It recently has been suggested that shock wave (SW) could
enhance angiogenesis in vitro.2 SW is a longitudinal acoustic
wave, traveling with the speed in water of ultrasound through
body tissue. It is a single pressure pulse with a short
needle-like positive spike <1 ps in duration and up to 100
MPa in amplitude, followed by a tensile part of several

microseconds with lower amplitude.* SW is known to exert
the “cavitation effect” (a micrometer-sized violent collapse of
bubbles inside and outside the cells)® and recently has been
demonstrated to induce localized stress on cell membranes
that resembles shear stress.* If SW-induced angiogenesis
could be reproduced in vivo, it would provide a unique
opportunity to develop a new angiogenic therapy that would
not require invasive procedures such as open-chest surgery or
catheter intervention. Therefore, the present study was de-
signed to examine the possible beneficial effects of SW on
ischemia-induced myocardial dysfunction in a porcine model
of chromic myocardial ischemia in vivo.

Methods

This study was reviewed by the Committee on Ethics in Animal
Experiments of Kyushu University and was carried out under the
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assay before the SW treatment and at 4, 5 (2 hours after the SW
treatrent), and 8 weeks after ameroid implantation.

Factor VIII Staining

We treated paraffin-embedded sections with a rabbit anti-factor VIIT
antibody (N1503, Dako, Copenhagen, Denmark). We counted the
number of factor VIII-positive cells in the endocardial and epicardial
wall in 10 fields of the LCx region in each heart at 400%
magnification.

Real-Time Polymerase Chain Reaction

To examine the effect of SW treatment on the ischemic myocardium
in vivo, the animals with an ameroid constrictor were euthanized 1
week after the SW treatment. Total RNA was isolated from rapidly
frozen ischemic LV wall (LCx region) after 3 SW treatments and
was reverse transcribed. Quantification of VEGF and its receptor
Flt-1 was performed by amplification of cDNA with an ABI Prism
7000 real-time thermocycler.

Western Blot Analysis for VEGF

We performed Western blot analysis for VEGF. Western blot
analysis for VEGF was performed with end without 3 SW treat-
ments. Three sections from the ischemic LV wall (LCx region) were
measured. The regions containing VEGF proteins were visualized by
electrochemiluminescence Western blotting tuminal reagent (Santa
Cruz Biotechnology). The extent of the VEGF was normalized by
that of f-actin.
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Figure 2. SW treatment upregulated mRNA expression of VEGF
(A) and Fit-1 (B) in HUVECs in vitro with a maximum effect
noted at 0.09 mJ/mm?. Results are expressed as mean=SEM
(n=10 each).
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