Numerical Simulation of Dilatation Patterns of the Ascending Aorta in Aortopathies
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ABSTRACT
Aortic dilation (AD) has been highly associated with the congenital bicuspid aortic valve (BAV) disease as a related aortopathy, and with the genetic Marfan Syndrome (MFS) disorder as a disease consequence. Although AD in MFS is known to arise from aortic wall thinning and weakening [1], in BAV disease it is highly heterogenic and it is thought to result from the interaction between genetic and abnormal hemodynamic factors [2, 3]. In this work, we provide further understanding on blood hemodynamics in non-stenotic BAV patients with different degrees of ascending aorta (AA) dilation, as well as in an MFS patient with dilated aortic root, in comparison with a healthy aorta. To model the aortic valve, analytical valve orifices were mathematically defined in patient-specific aortic models. A fluid-structure interaction approach using the Arbitrary Lagrangian-Eulerian method was implemented to predict the hemodynamics characteristics, in particular the wall shear stress (WSS). Results have shown a contrast between hemodynamics in the healthy and the diseased aortas: the healthy aorta displayed a typical hemodynamic behavior of flows in bends and BAV dilated aortas have shown a marked skewing of the systolic jet towards the medial/proximal section of the outer curvature in the AA, accelerating along the outer curvature. Moreover, recirculating vortices throughout the center of the dilated AA were seen associated with increased helicity. In BAV patients, the outer curvature of the AA was subjected to an overload in systolic WSS, corresponding to the sites where flow moves rapidly. On the other hand, the dilated root in the MFS patient presented low velocity flow recirculation, associated with low WSS. This study supports the hypothesis that hemodynamic factors may play an important role in AD creation and development in BAV patients, caused by a prolonged exposure of the outer curvature of the AA to altered WSS. However, for MFS, it is shown that hemodynamic factors do not have a greater impact in AD, being this developed by genetic factors. 	
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