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A numerical acoustic fluid-structure model of a therapeutic ultrasound angioplasty device

Graham P. Gavin®, Saleem Hashmi®, Finbar Dolan® and Garrett B. McGuinness®
* School of Mechanical and Manufacturing Engineering, Dublin City University, Ireland
® Medtronic Vascular, Galway, Ireland

Ultrasonic angioplasty involves the use of ultrasonic vibrations delivered to the distal-tip of small diameter wire
waveguides and is an emerging technology the may have potential use in the treatment of complicated
atherosclerotic plaques during cardiovascular surgery. Complicated plaques, including chronic total occlusions and
calcified lesions, seriously reduce success rates during standard intervention involving guidewire access, followed
by balloon dilation or stent delivery. The large amplitude (0-150 pm) wire waveguide distal-tip displacements in the
low-frequency ultrasonic (18-45 kHz) range have been shown to disrupt plaque material by direct contact ablation
and cavitation, acoustic streaming and pressure wave components in adjacent fluid '. The effects on this surrounding
fluid are complex and are related to the distal-tip geometry, frequency of operation, vibration amplitude, as well as
the operating environment, including, fluid properties and boundary conditions. While the majority of work to date
on ultrasound angioplasty has focused on experimental and clinical studies >, further understanding of distal-tip
effects is necessary. This work describes a numerical fluid-structure model of the wire waveguide distal-tip and is
used to predict the pressures developed in the fluid region near the tip wall, the acoustic pressure field and, with the
inclusion of appropriate threshold intensity, when cavitation will occur. The model has been validated against
experimental acoustic pressure field results reported in the literature. The model can be further used to predict the
effects of parameters such as distal-tip geometry, displacement amplitude and frequency of operation and will prove
a valuable design aid in the choice of optimum powers to disrupt various biological materials.
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