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Clinical Application of Shock Wave in Cardiovascular Medicine
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Abstract

With rapid aging of the society and westernization of lifestyle, the prevalence of patients with severe ischemic heart
disease is increasing. We have reported that low-energy shock wave (SW) therapy induced angiogenesis in a pig model of
chronic myocardial ischemia through up-regulation of vascular endothelial growth factor (VEGF) and endothelial NO
synthase (eNOS). Based on the promising results in animal studies, we have conducted a series of clinical studies in
patients with refractory angina pectoris without indication of percutaneous coronary intervention (PCI) or coronary artery
bypass grafting (CABG). Low-energy SWs were applied from the body surface to ischemic myocardium. Since the
energy of the SW is very low, no anesthesia is needed. In the first open study, the SW therapy significantly improved
symptoms and myocardial perfusion. In the second double-blind and placebo-controlled study, symptoms and cardiac
function were significantly improved by the SW therapy but not by placebo therapy. No serious adverse effects were
noted in both studies. Based on these positive results, the SW therapy was approved as a highly-advanced medical
technology for refractory angina pectoris in 2010 in Japan. We also demonstrated that the SW therapy significantly
improved symptoms, walking ability, and peripheral perfusion in patients with peripheral arterial disease and intermittent
claudication. In addition, we found that the SW therapy improved Raynaud's syndrome in patients with collagen diseases.
Also, low to medium energy levels of SW are widely used for the treatment of certain orthopedic conditions, such as bone
non-unions, tendinosis calcarea, epicondylitis, and calcaneal spur. These results suggest that the low-energy SW therapy is
promising, non-invasive and effective regenerative option for not only cardiovascular disorders but also a wide range of
health problems.
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Shock waves up-regulate mRNA expression
of VEGF and Flt-1 in HUVEC in vitro
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The effects of SW treatment on mRNA expression
of VEGF and Flt-1 in HUVECs in vitro.”)

SW therapy up-regulates protein levels of VEGF
and increases the number of factor VIlI-positive
capillaries in the ischemic myocardium
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Fig.2  The effects of SW therapy on protein levels of
VEGF and capillary density in a pig model of

myocardial ischemia in vivo.”

SW therapy improves ischemia-induced
myocardial dysfunction in pigs in vivo
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Fig.3  The effects of SW therapy on contractile function in

a pig model of myocardial ischemia in vivo.”
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Fig.4  Extracorporeal cardiac SW therapy.

SW therapy improves symptoms in patients
with severe angina pectoris
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Fig. 5  The effects of SW therapy on symptoms in patients
with angina pectoris.!”

SW therapy improves myocardial perfusion
in patients with severe angina pectoris
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Fig. 6  The effects of SW therapy on symptoms in patients
with angina pectoris.
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Fig. 7  The effects of SW therapy on symptoms in patients
with angina pectoris: Placebo vs. SW therapy.®
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Fig.8  Clinical application of shock wave.
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