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Diastole of an Idealized Human Left Ventricle
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Mesh Generation Techniques

Generation of finite-element surface and volumetric meshes from 3D binary medical images obtained
by Computed Tomography (CT), using the mesh generation and processing toolbox iso2mesh.

‘Workflow

i Creation of surface meshes by means of a Constrained Delauney triangulation approach, using the
software library CGAL.

ii Surface mesh repairing. Removal of isolated vertices, duplicated triangles and non-manifold edges
achieved via the JMeshLib framework.

iii Recreation of the wall thickness for: Left atrium: 2.7 mm, Right atrium: 3.0 mm,
Right ventricle: 4.0 mm,

iv Volumetric mesh generation with adaptive resolution. Effective control of the surface and element
volume density.
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A Fictitious Domain Method

The Lagrangian formulation is adopted for the mathematical description of the deformable immersed
structure and the Eulerian approach is considered for the Incompressible Navier-Stokes equations.
The weak form of the Fluid Structure Interaction problem reads:
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The cardiac tissue was assumed to be incompressible. The transversely isotropic constitutive law by
Guccione et al. (1995), which is widely used in cardiac modeling is applied. Its strain energy function
is given by:
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Cardiac Segmentation

e CT obtained in a 50 year old woman with no history of myocardial infarction or coronary artery
disease, referred for chest pain.

e CT scan performed at 83% of the cardiac cycle. In-plane resolution: 0.33 x 0.33 x 0.9 mm.
Tmage size: 512 x 512 x 279 voxels. Field of view: 169 x 169 x 251 mm

e Segmentation performed using ImagelJ. Left cavities identified based on the presence of contrast
agent. Right cavities obtained by subtraction of the left cavities from the whole heart.
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The relation between the left intraventricular pressure and
volume was studied for an inflation period of At = 0.5 sec,
yielding results in good agreement with experimental

measurements of the diastolic heart phase (Fritz et al. 2013).

t (sec) | Pressure (kdynes/cm?) | Volume difference (mL)
0.1 9.332 16.109
0.2 9.362 16.587
0.3 12.886 21.190
0.4 15.442 28.374
0.5 15.998 30.812
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