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This year alone there will be approximately 1.2 million Americans that will experience their first or a recurrent heart attack due to coronary stenosis.  Coronary Heart Disease is responsible for the death of 494,000 people and is the nation’s single leading cause of death.  The coronary arteries are supposed to supply the muscles of the heart with the nutrients that they require to contract.  If a cholesterol or calcium deposit accumulates in the tunica media of the coronary artery, an occlusion will develop.  This occlusion will restrict the flow of blood leading to ischemic cardiac infraction.  In 2002 it was recorded that 574,000 people had a coronary artery intervention and a stent implanted.  Due to recent developments employing drug coatings, stenting has become the most reliable procedure for coronary stenosis, however it still has a 10-15% chance of restenosis.  Stents currently correspond to a 6 billion dollar industry.


One of the factors that is believed to cause restenosis is the elevated shear stress induced to the endothelium cells that line the coronary artery.  In order to improve stent design there is a need to quantitatively determine the levels of shear stresses in the arteries. Computational Fluid Dynamics (CFD) evaluation of stents is an efficient way to analyze the fluid flow, pressure gradient, and wall shear stress.  Other alternatives to quantitatively measure the flow in vitro include a variety of experimental methods which however are very cumbersome to implement due to the size and the geometry of the stent.  


During this undergraduate research project a computational fluid dynamics model was created to accurately simulate a stent after it has been implanted.  A picture of the curved model can be seen in Figure 1.  Most previously preformed studies have assumed the coronary artery to be straight, despite the fact that it is wrapped around the surface of the heart from the base of the aorta between the ventricles and the atria, yielding a radius of curvature of about .02 m.


The goal of this study is to improve the model of a stented coronary artery by incorporating curvature effects and to show that the geometry of the stent is responsible for creating an elevated shear stress on the vessel walls.  Future work would include a structural interaction between the stent and a flexible vessel wall.  Ideally the radius of curvature of the artery would also dynamically change during the cycle.
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Figure 1.  CFD model of a stent implanted in the coronary artery
