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Background: Atrial fibrillation (AF) is a major cause of cerebral infarction and heart failure, and the number of
AF patients is about to reach 1 million in Japan. Therefore, AF treatment is regarded as a social urgent task.
Because AF is often refractory to antiarrhythmic drugs, catheter ablation has become mainstream of AF treatment.
However, it is known that the chronicity of AF markedly decreases the effectiveness of the pulmonary vein
isolation by catheter ablation. Meanwhile, the importance of theoretical medicine based on computer simulation
(in silico) has been increasing in recent years in clinical practice.

Methods: We have developed for the first time the online real-time arrhythmia visualization system (ExXTRa
Mapping) because we considered that real-time visualization of random reentry during AF would improve the
outcome of chronic AF ablation. In this system, 41 intra-atrial bipolar signals recorded by a 20-pole spiral-shaped
catheter were spatio-temporally interpolated by both the in silico and the rapid prediction of artificial intelligence.
The mapping accuracy was verified with in silico model study. Then we applied the system to the chronic AF
patients who undergo ablation at our university hospital.

Results: (1) We confirmed that the mapping accuracy was sufficient by comparing the movies of excitation wave
dynamics in the in silico chronic AF model to the EXTRa Mapping movies reconstructed based on the simulated
intra-atrial bipolar signals. (2) In 30 patients who underwent chronic AF ablation, we observed non-passive
activations in forms of meandering rotors and multiple wavelets assumed to contain AF drivers. The distributions
of the non-passive activation areas were different among the patients.

Conclusions: The novel arrhythmia visualization system was developed by the combination of the medical
informatics and the clinical arrhythmology, and achieved online real-time AF imaging without changing the
conventional catheter maneuver. This system might be very useful for realizing tailor-made treatment of refractory
chronic AF without increasing patient burden.

Keywords: atrial fibrillation, catheter ablation, visualization, in silico, and signal processing.
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