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SUMMARY OF Ph.D. DISSERTATION

Title
The application of photosensitization reaction to atrial arrhythmia therapy

with catheter intervention

Abstract

The author proposed and designed the application of photosensitization reaction to atrial
arrhythmia therapy with catheter intervention, through cell level study and in vivo animal study to
examine the therapeutic mechanism/condition, and animal study under in vivo catheterization to
demonstrate the feasibility of the proposed method. To solve the issue of thermal complications in
the current radiofrequency catheter ablation, the author proposed the use of a photochemical process
mediated cytotoxicity utilized in photosensitization reaction to establish myocardial electrical
conduction block. The hydrophilic Talaporfin sodium with high photo-absorption coefficient was
employed with a CW diode laser (1 = 663-670 nm) to excite the Q band of the photosensitizer. In the
in vitro study, the author revealed that the damage of ion channel and cell membrane induced by the
photosensitization reaction with extracellularly distributed photosensitizer caused acute
electrophysiological cell damage and eventually cell necrosis. The short drug-light interval was
adopted for this application to achieve the extracellular photosensitizer distribution in vivo. Acute
electrical conduction block and chronic tissue scarring, as a result of the short drug-light interval
photosensitization reaction, were demonstrated by epicardial laser irradiation to 1-5 mm thick

porcine myocardium. The measured tissue temperature during the laser irradiation was up to 48°C

within 1 min, which is under the threshold load for thermal injury. To demonstrate the feasibility of
this application, the interventional experiments in pigs were conducted using a newly developed
laser catheter. About 15 min after the photosensitizer injection of 2.5-7.5 mg/kg, the laser light was
irradiated to the myocardium point by point through the laser catheter with the radiant exposure of 1
kJ/cmz/point. Acute transmural electrical conduction block in 1-4 mm thick myocardium was
determined electrophysiologically. The author concludes that this demonstrated short drug-light
interval photosensitization reaction with Talaporfin sodium designed for catheter intervention may

be an applicable method for arrhythmia therapy.



