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Abstract

Atherosclerotic lesions preferentially develop in certain regions like bifurcations, branches, and
bends [1, 2]. A possible explanation for such a preferential localization of atherosclerosis is that
the geometry of the vessel influences the blood flow pattern. It suggests that the arterial
geometry plays an important role in determining the localized blood flow information. Thus
hemodynamic studies based on patient-specific data are likely to offer insights to understanding
the progression of atherosclerosis and may have useful clinical value.

The objective of this work is to obtain a detailed hemodynamic evaluation of disturbed flow and
the spatial and temporal flow distribution patterns in human atherosclerotic right coronary arteries
using a patient specific model with multiple stenoses. The first stenosis near the inlet has a
reduction of 66% approximately in lumen cross-section area and the second stenosis near the
outlet has a reduction of 47% approximately in lumen cross-section area. The blood was
assumed as a laminar, incompressible, non-Newtonian viscous fluid. The time dependent three
dimensional Mass-Momentum equations were used as the governing equations. An image-based
model of an atherosclerotic right coronary artery was re-constructed based on the lumen contour
curves extracted from an in vivo 3D IVUS dataset covering the plaque region, which was
acquired during cardiac catheterization from a patient [3]. The velocity and pressure pulse
waveforms imposed at the inlet and outlet boundaries were extracted from on-site blood
pressure and flow velocity data. 

Computer simulations were carried out using COMSOL Multiphysics® software. The inlet and
the outlet of the artery were extended in length by .2 cm in the direction normal to the inlet and
the outlet cross sections to reduce the influence of the boundary conditions in the region of
interest [Figure 1]. Four consecutive cardiac cycles were simulated to ensure the periodicity of
the flow and computations were repeated over different sizes of mesh to confirm the
independence of the numerical solutions on spatial mesh. Numerical solutions were validated by
comparing the simulated blood velocity and pressure with the acquired on-site blood pressure
and flow velocity data from the patient. Based on the computer simulation results, the spatial and
temporal patterns of the blood pressure, the pressure drop coefficient, the wall pressure gradient,
the blood velocity and the wall shear stress in a stenotic human right coronary artery will be
presented. 
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Figure 1: Geometry of the computational domain.


