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In Japan, approximately 1.4% of newborns (10,000 per year) are diagnosed with congenital
heart disease, with 15% of these cases involving heart valve disorders. Valvular heart disease
disrupts blood flow due to valve malformation or degeneration, increasing the risk of heart
failure. Around 3 million people in Japan suffer from this condition, with approximately
40, 000 surgeries performed each year. A common treatment is heart valve replacement using
either mechanical or bioprosthetic valves. However, mechanical valves require lifelong
anticoagulation therapy due to thrombus formation, while bioprosthetic valves, made from
animal tissue, suffer from calcification and limited durability. Importantly, no artificial
valves are currently available for pediatric patients, as existing options do not grow with
the patient, necessitating multiple open—heart surgeries

To address these challenges, we are developing BioValve, a self-tissue-derived artificial
valve created through in-body tissue engineering. This technique utilizes a patient’ s own
cells to form implantable grafts, offering potential advantages such as biocompatibility,
durability, and the ability to adapt to growth. This study aimed to prototype and evaluated
BioValve as a pediatric heart valve replacement

To advance BioValve toward clinical use, we optimized mold design, developed implantation
devices, and conducted functional evaluations. Using 3D printing, we designed heart valve-
shaped molds, which were implanted subcutaneously in goats for two months. This method enabled
tissue formation within the mold, resulting in a self-tissue heart valve structure.
Hemodynamic and histological evaluations guided refinements to enhance tissue development and
blood flow efficiency.

For future transcatheter implantation, we integrated BioValve with a stent and developed a
catheter delivery system. In large—animal studies, the BioValve maintained structural
integrity and function even after being miniaturized and deployed via catheter.

To assess 7n vivo performance, BioValves were implanted in goat heart valve positions.
Post—implantation angiography showed no significant stenosis or regurgitation, and function
remained stable without anticoagulation therapy. At six months, no thrombus formation or
calcification was observed, and the surrounding tissue successfully integrated with BioValve,
supporting regeneration. The valve surface remained smooth, while internal structures
exhibited cellular infiltration and elastin reconstruction.

Additionally, BioValve was implanted in juvenile goats to evaluate growth adaptability.
The animals exhibited normal weight gain and no abnormalities, suggesting the valve could
function effectively in growing individuals. These findings highlight BioValve’ s ability to
replace heart valves, promote tissue regeneration, and adapt to size changes over time.

Currently, artificial heart valves for pediatric patients are limited, leading to repeated
surgeries and increased medical burdens. BioValve demonstrated excellent biocompatibility,
antithrombotic properties, and adaptability to growth, offering a promising alternative to
conventional artificial valves. Its development could significantly reduce the need for
lifelong medication and repeat surgeries, ultimately improving patient outcomes. Furthermore,
domestic production of BioValve could lessen reliance on imported medical devices

contributing to advancements in both healthcare and economic sustainability.



