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[English Summary]

Background and Objectives

Complex congenital heart diseases requiring non—anatomical revascularization, such as those treated
by the Fontan procedure, remain surgically challenging with persistent risks of postoperative
complications and long—term circulatory insufficiency. Surgical planning has largely depended on
individual surgeon experience, highlighting the urgent need for objective, quantitative preoperative
assessment tools. This project aimed to develop a patient—specific blood flow simulation system based
on individual anatomical and cardiac functional data, enabling quantitative preoperative evaluation

of optimal surgical strategies to reduce operative risk and improve clinical outcomes.

Research Achievements

A blood flow simulation system was developed that reconstructs patient—specific three—dimensional
cardiac and vascular geometries from CT/MRI data and performs finite element blood flow analysis,
automatically calculating hemodynamic indices including pressure loss, flow distribution, and energy
efficiency. Al model integration was pursued to improve analytical accuracy and reduce processing
time. Throughout the project, regulatory submissions were completed: the PMDA application in Japan
was submitted in March 2026, and a Pre-Submission to the US FDA was also completed. Korean MFDA
regulatory approval was obtained. FEuropean MDR/CE marking application preparations advanced, with
submission planned for September 2026. Quality Management System (QMS) development based on ISO 13485
was also initiated

Using additional adjustment funds, international collaborative research was established with Columbia
University, Stanford University/Kapiolani Medical Center, and Johns Hopkins University. IRB approvals
were obtained, and clinical data collection and analysis commenced. Clinical validation was conducted
across four disease categories (aortic/arch reconstruction, pulmonary arterioplasty/RVOT
reconstruction, coronary revascularization, and Fontan procedure), with preoperative simulation
predictions validated against postoperative 4D Flow MRI and catheterization data. Research outcomes
were disseminated through major domestic and international conferences and peer—reviewed publications

(10 international journal articles in FY2025).

Significance and Future Prospects

This project has established a clear pathway toward clinical implementation of a patient—specific
blood flow simulation system for congenital heart disease surgical planning. Following regulatory
approvals in Japan, Europe, the US, and Korea, the system is expected to contribute to improved
surgical safety and precision in congenital heart disease treatment, reduction of healthcare costs,
and global advancement of pediatric cardiac surgery through continued evidence generation via

international collaborative research networks.



