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Tissue optics in the mid-infrared region for selective removal of atherosclerotic plaque

toward novel laser angioplasty
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The objectives of this thesis were to figure out tissue optics in the mid-infrared (MIR) region
and to develop less—invasive laser angioplasty, as an example of selective laser treatment that utilizes

specific optical properties of biomolecules in MIR regions

For safer and more effective medical treatment, using characteristics of optical properties of
biomolecules in MIR region is highly valuable. However, there were few light sources in MIR region, and
biomedical tissue optics in MIR region has not been investigated comprehensively. Recently, owing to
the advancement of laser engineering, lasers with various wavelength including MIR region became
available. Therefore, the establishment of biomedical tissue optics in MIR region was strongly required
In addition, as a model case of developing novel laser treatment, laser treatment of atherosclerosis
was appropriate because present ultraviolet laser treatment method has the risk of injuring normal

vessel, and atherosclerotic plaque has characteristic absorption peak at 5.75 pm.

In this thesis, first, tissue optics in the MIR region was demonstrated, and the irradiation
parameters that achieve selective treatment was theoretically discussed (chapter 2). For developing
less—invasive laser angioplasty, a quantum cascade laser (QCL) in the 5.7-pm wavelength range was
considered to be adequate. Therefore, next, the efficacy of the QCL toward less—invasive laser angioplasty
was evaluated by investigating laser flux (chapter 3), lesion selectivity (chapter 4), and optimal pulse

structure (chapter 5).
In chapter 1, general introduction, objective and outline of this study was described.

In chapter 2, the fundamental of tissue optics and laser-tissue interaction in the MIR region was
discussed, and the potential of selective laser treatment with MIR lasers using difference of absorption

by biological tissues was theoretically demonstrated

In chapter 3, laser flux of the QCL was evaluated by comparing with CO, laser, one of medical laser
devices as laser scalpel, and similar abilities of removal and coagulation were demonstrated in both

lasers.

In chapter 4, the potential of selective laser treatment was demonstrated using the QCL in the 5. 7-
um wavelength range. First, irradiation effects on cholesteryl ester thin films, model of atherosclerotic
plaque, and normal porcine thoracic aortas were investigated as a basic study. Next, an ex-vivo study
using a rabbit atherosclerotic and normal aortas was performed. The QCL achieved difference in ablation

depth of rabbit atherosclerotic and normal aortas.

In chapter 5, the pulse structure of the QCL was improved for safer and more effective ablation of
atherosclerotic plaques. Using macro pulse irradiation (irradiation of pulses at intervals), the ablation
efficiency and thermal damage were improved compared to the conventional quasi—CW irradiation. Hence,
controlling pulse structure enhanced the potential of the QCL for less—invasive laser treatment of

atherosclerosis.

In chapter 6, total conclusion of this study was described
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