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INFLUENCE OF VALVE ORIFICE VARIABILITY DURING EJECTION ON HEMODYNAMICS OF AORTIC STENOSIS: A COMPUTER NUMERICAL SIMULATION STUDY 
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University of Saint Etienne, Saint Etienne, France

Background. High speed video and transesophageal planimetry measurements have reported variations of valve orifice area (VA) during ejection in aortic stenosis (AS) with cusps opening/closing rates (OCR) slower than in normal valves. VA variability during ejection may be different between 2 AS valves due to various degrees of cusps thickness, calcifications and commissural fusion leading to different elastic and inertial properties of the valve. The impact on AS hemodynamics of VA variability during ejection remains unknown. 

Methods. Using a computer simulation modeling, we evaluated the impact of AS VA variability during ejection on transvalvular pressure gradients (PG) and on the Gorlin formula derived mean VA. Based on mathematical analysis of patterns reported in the literature, OCR were simulated using a complex powered sine function accounting for mechanical properties to the valve. The model allowed to make vary the following input: outflow tract velocity profile, outflow tract and ascending aorta diameters, ejection period, mean VA, OCR patterns. 

Results: At similar outflow condition and mean VA, VA variability resulted into significant changes in peak and mean PG (range 0%-54% and 0%-31%, respectively). The Gorlin formula accurately predicted VA when VA was constant during ejection but overestimated it up to 32% when maximal opening was delayed to mid-ejection. 

Conclusion: Despite similar mean anatomical VA and outflow conditions, stenotic valves with different intrinsic mechanical properties may result into different total afterload and Gorlin data due to different VA variability patterns during ejection. This new concept should be taken into account when evaluating AS hemodynamics. 


