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Left ventricular diastolic dysfunction carries a considerable risk of heart failure and thus
reduced survival of a person. It is found that up to 40 percent of heart failure patients are
diagnosed with diastolic dysfunction [1] and accounted for a significant portion of money
spent in treatments for heart disease [2]. This work presents an advanced computational
fluid dynamic model to generate flow patterns through the human heart left ventricles,
providing patient-specific time-dependent blood flow characteristics from reconstructed
MRI slices of the geometries. The CFD process involves many steps to achieve a patient-
specific LV CFD modelling, beginning from the reconstruction of surface mesh, then a
generation of the LV mesh with incoporated LV wall motions to flow simulations. The
current process takes in segmented patient specific left ventricle geometries acquired from
MRI scans. Using subdivision techniques, the proposed approach enables us to accept
low resolution surface mesh data and convert it into a smoother and higher resolution
geometry. The reconstructed geometry serve as input surface meshes to the volume mesh
generation process based on Delauney triangulation [3]. Motions of the left ventricle
walls during a cardiac cycles were captured in MRI scans and incopporated into the
unsteady computational model as a dynamic moving boundary problem. A fast radial
basic function (RBF) interpolation tqchnique is implemented to translate the pumping
motion of LV walls into boundary mesh motions in simulations. The blood flow dynamics
in left ventricles are realized by using an unsteady incompressible Navier-Stokes solver
in arbitrary Lagrangian Eulerian (ALE) framework. With an advanced dynamic mesh
motion solver, the current approach is able to handle large deformation of LV walls for
various subjects while maintaining the mesh quality for stable and accurate simulations.
This whole process from surface smoothing to grid generation and flow simulations are
streamlined and made automated with no user intervention.
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Figure 1: Vortex structures development in one cardiac cycle (early systole, mid systole, early diastole,
mid diastole, late diastole to end diastole) for 3 different subjects studied in this current work.

The resulting CFD models are visualized by generating three dimensional velocity stream-
lines on the geometries at specific times in a cardiac cycle, and they are compared with
literature findings, such as an existing study using echocardiography particle image ve-
locimetry. The proposed framework was applied for analysis of a group of normal subjects
and patients with cardiac diseases. Results obtained using the numerical tool showed dis-
tinct differences in flow characteristics in the left ventricles between patient with diastolic
dysfunction and healthy subjects. In particular, votex structures do not develop during
cardiac cycles for patients while it was clearly seen in the normal subjects (Fig. 1). The
current left ventricle CFD model has proven to be a promising technology to aid in the
diagnosis of left ventricle conditions leading to heart failures.
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