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Introduction: Present valve prostheses available for children are unadapted: non-growing, rapidly calcifying, requiring anticoagulotherapy, etc. We hypothesize that an in vitro fabricated tissue-engineered heart valve can circumvent these drawbacks. The autoassembly method was chosen to avoid exogenous material. We first demonstrated its potential with fibroblasts sheets assembled on an Edwards Lifesciences® metallic support. The metal restraining growth, we thereby used an origami approach with fusion steps. Next, we adapted the simpler tubular approach with a novel precontraction phase. Unfortunately, it presented insufficient suture retention. Our actual objective is to improve valve fabrication by seeding cells directly on a machined, tridimensional valve template, offering a one-piece valve sutured on all its circumference. The first step allowed us to assess its feasibility, we set to try it out in vitro.

Methods: We propose seeding fibroblasts on the template surface, treated for cell adherence, followed by 6 weeks of maturation in a serum-free media (SFM) and 1 week of contraction to predetermined dimensions, allowing for leaflet coaptation. Finally, the valve can be placed in our bioreactor and compared with static tissue to evaluate dynamic conditioning influence on mechanical properties and histological anisotropy. 

Results: Tridimensional culture tested on templates with a simpler geometry resulted in tissues easy to manipulate. Plasma treatment modified polycarbonate surface chemistry with a cell adhesion similar to commercial culture plates. Machining leaved grooves, raising the ultimate tensile strength (UTS) by 2.1 parallel to them. SFM reduced contraction percentage (50%), increased thickness (162 µm) and UTS (0.41 MPa), to values like those of radial pulmonary valves (0.29 MPa). However, the assay applying the method developed to valve culture failed.

Conclusion: Our main hypothesis for this failure is the inadequate gas exchange into the valve container, limiting matrix production and cell survival. Even though this method still needs improvements, preliminary results confirm its feasibility and leave us expecting promising results.
