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Background. Why outflow tract velocity time profile (OVP) in aortic stenosis (AS) is characterized by a slow acceleration with a delayed peak flow remains unknown. High speed video plaminetry measurements have reported AS valve orifice area (VA) variability during ejection due to various degrees of leaflets thickness, rigidity, calcifications and commissural fusion leading to different elastic and inertial properties of the cusps. Methods. Using a computer simulation modeling, we evaluated the impact of left ventricular (LV) dynamics/VA variability ejection coupling on AS transvalvular pressure gradients (PG). Dynamics of LV fiber shortening was computerized using a powered cosine complex function during ejection. Based on mathematical analysis of patterns observed in clinical studies, VA variability was computer simulated first as a complex sine function of time and then VA(t) to PG(t) relation during ejection was fitted by a curvilinear function accounting for mechanical properties of the valve(r= 0.99-1.00). The model allowed to make vary the following input parameters: LV end-diastolic and end-systolic diameters, LV fiber shortening dynamics and OVP, outflow tract and ascending aorta diameters, ejection period, mean VA, VA variability. Results: At similar ejection volume-LV ejection fraction and VA mean anatomical area, slower LV fiber shortening velocities resulted into typical AS OVP with lower PG than did physiologically normal OVP due to rapid LV fiber shortening. Conclusion: Slow outflow acceleration with late peak flow as observed in aortic stenosis reflect adaptative LV fiber shortening rates in order to optimize LV dynamics/valve coupling and to minimize LV afterload.

