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Statement of the problem

The conventional surgery for aortic valve diseases was valve replacement with either biological or mechanical prosthesis, or autotransplantation of the pulmonary valve in aortic position (= Ross procedure). Aortic valve repair was generally limited to commissurotomy to relieve valve stenosis and commissurae and/or leaflets resuspension to reduce the degree of regurgitation.
In the last decade several research studies have investigated the morphology of the aortic valve and the structure of its leaflets, while mathematical models combined with computational fluid dynamics revealed the functioning of the aortic valve and its root. In the same time sophisticated research facilities have been studying various biological and bio-engineered materials to replace the aortic valve leaflets.
The new knowledge derived from all the above studies allowed the surgeons to perform in vivo evaluations of new techniques of aortic valve repair, followed by experimental studies on animals before moving to the clinical trials.

Methodology and theoretical orientation

The first surgical procedure introduced to repair aortic valve was the mobilization and extension of the three leaflets with strips of various materials. The suboptimal long-term results obtained with this technique prompted the surgeons to look for alternative approaches.
Two different techniques have been used: the replacement of a single aortic valve leaflet, and the replacement of all three ortic valve leaflets (Ozaki procedure). For the success of both this types of aortic valve repairs it is vital to use leaflets of appropriate size and shape, and these come from several mathematical and computational fluid dynamics studies; also various materials have been used to find the one providing the best medium and long-term results.

Conclusions and significance

The progress in the knowledge reached in the last decades, derived from extensive research studies, allowed to perform aortic valve repair with safe and sustainable results, unthinkable before.
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