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We will conduct research and development for practical application of membrane potential imaging and
abnormal substrate visualization technology from catheter electrode signals developed to achieve
radical cure of nonparoxysmal atrial fibrillation (nonPAF) by ablation therapy, which is difficult
to treat and affects approximately 500,000 people in Japan alone. Atrial fibrillation is a cause of
serious diseases such as cerebral infarction and heart failure, and the prevalence of atrial
fibrillation is high among the elderly, with more than 1 million patients in Japan. In recent years,
ablation therapy, in which catheters are used to ablate myocardial tissue, has been widely used to
treat atrial fibrillation, and has achieved excellent results in the treatment of paroxysmal atrial
fibrillation (PAF), which accounts for about half of all cases. However, the treatment of non-PAF,
which accounts for about half of all PAF cases, has not yet achieved satisfactory results. In nonPAF,
lesions in the atrial tissue form a substrate that generates and maintains abnormal excitation. Many
basic studies have shown that the excitability of myocardial tissue is closely related to the formation
of this substrate. On the other hand, existing diagnostic techniques visualize a map representing the
order of excitation in myocardial tissue from the signal of a catheter with multiple electrodes at
its tip. However, the difficulty of analyzing abnormal substrates based only on the information of
excitation order is an essential limitation of the existing technology. We have developed a technique
to visualize membrane potentials representing excitation recovery characteristics from catheter
electrode signals in high resolution and an analysis method to quantitatively visualize abnormal
substrates in the images, and confirmed the effectiveness of the technique in ex-vivo experiments
using porcine heart specimens. By applying in silico learning that combines a numerical simulator and
machine learning, this technology visualizes membrane potentials that represent not only the order
of excitation but also the recovery characteristics of excitation from a limited number of electrode
signals with high spatio-temporal resolution.

Through this grant project, we conducted research and development on the following items.

1) Completion of validation through ex-vivo experiments: ex vivo animal experiments were completed
to verify the accuracy of the core technology of membrane potential and phase variance index
visualization, and it was shown to have high accuracy in comparison with optical measurements.

(2) Development of a clinical analysis device with real-time display function: It was indicated that
the analyzer can be used in conjunction with existing measurement devices to display membrane potential
images and phase variance indices in real time during ablation surgery.

(3) Examination of specialized catheters utilizing the advantages of the algorithm: we completed the
prototype catheter.

(4) Efficacy verification through retrospective clinical research: Comparison with visualization
functions of existing devices showed superiority in spatio-temporal resolution and analysis of
excitation patterns. Furthermore, substrate visualization was performed for multiple patients, and
it was confirmed that there were patient-specific trends.

(5 In vivo validation in pigs: We confirmed that the analysis time required for visualization of
each measurement point was about 30 seconds, and that the device could be used in real time during

the ablation procedure.



The POC of the analyzer was completed through the above studies. We plan to utilize these results to
verify therapeutic effects through specific clinical research and to develop products through a

venture business.



