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Abstract

Peripheral artery disease (PAD) affects over 1 million Japanese and 8 million Americans. PAD is
mainly caused by atherosclerotic stenosis in femoral artery segment. Interventional treatment such as
balloon angioplasty and stent implantation has been widely applied to the femoral artery stenosis to
produce re-vascularization. One major limitation of the balloon angioplasty in the femoral artery segments is the
high restenosis rate because of acute elastic recoil and chronic neointimal hyperplasia. According to the several clinical
trials, it appears that stent implantation could not improve the restenosis rate of the balloon angioplasty in the femoral
artery segments.  Stent fracture was one of the serious problems, which occurs in about 30% of patients who are treated
by the stent implantation. The beneficial interventional device to obtain sufficient artery lumen dilatation and to
suppress the chronic restenosis has not been developed.

The laser-mediated "short-duration heating angioplasty" device has been proposed, that the author's
group named photo-thermo dynamic balloon (PTDB). The short-duration heating (the maximum balloon
temperature; 65-85 °C, heating duration; < 25 s) was attained by the combination of efficient laser-driven heat generation
and continuous fluid irrigation in the balloon. The proposed performances of the PTDB angioplasty are as follows; (1)
to obtain sufficient artery lumen dilatation by thermal softening of artery wall collagen fiber, and (2) to reduce the
number of smooth muscle cells that are main contributor to the chronic neointimal hyperplasia. The heating
parameters, i.e. balloon temperature and heating duration, are controllable in the PTDB angioplasty. The optimum
heating condition for the PTDB angioplasty to attain the sufficient artery dilatation without any side effects has not been
determined. The thermal response of the artery tissue under super-physiological temperature and its contribution to the
therapeutic effects has not been well investigated. The purpose of this study is to reveal the basic mechanism of the
PTDB angioplasty by ex vivo and in vivo study.

In chapter 1, atherosclerosis, ischemia diseases, and the development history of the interventional treatment for the
artery stenosis are presented as an introduction. In chapter 2, thermal response of the biological tissue and its application
for the thermal therapy are presented. Chemical equilibrium theory and rate process theory are introduced as the
theoretical models to estimate the thermal injury of the biological tissue and cells. In chapter 3, the therapeutic
performances of the thermal angioplasty are summarized based on the literatures. The advantages and problems of the
thermal angioplasty are presented. In chapter 4, the PTDB angioplasty is proposed as the new thermal angioplasty
methodology. The design of the device and therapeutic performances are summarized based on the previous study. In
chapter 5, the ex vivo experiments to obtain a basic understanding of the PTDB dilatation mechanism are conducted.
The artery dilatation mechanism by the PTDB dilation is investigated based on artery histological observation and
thermo-mechanical analysis. In chapter 6, the calculation models to estimate the collagen denaturation rate and smooth
muscle cell lethality during the heating are studied. The Lumry-Eyring model to estimate temperature- and
time-dependent thermal denaturation fractures of arterial collagen fiber during heating is employed. The calculation
model for smooth muscle cell lethality against heating is studied based on Arrhenius equation, with the in vitro cell
heating study. In chapter 7, the acute artery dilatation characteristics and side-effects following the PTDB dilatation as
well as the acute artery histology are investigated in in vivo porcine artery model. In chapter 8, the author studied how
balloon temperatures affect chronic artery patency as well as chronic artery histology following the PTDB dilatation with
a porcine iliac artery model in vivo. In chapter 9, the summary and conclusion of this study is described. The clinical
efficacy of the PTDB angioplasty is predicted based on in ex vivo and in vivo fundamental study.
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