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Despite the undisputed success of drug-eluting stents (DES), there is a persistent risk of serious complications including in-stent restenosis, late stent thrombosis, and stent fracture. Mechanical stresses within the arterial wall induced by stent implantation contribute to the incidence of restenosis; therefore, it is desirable to target stent designs that minimize these stresses. DES thrombosis is primarily attributable to delayed endothelialization because the drugs used in DES inhibit endothelial cell proliferation and migration; thus, there is a need for designing appropriate DES drug release strategies that minimize drug concentration at the endothelium. Finally, the likelihood of occurrence of DES fracture increases with the push towards thinner stent struts that reduce arterial wall injury upon stent deployment and perturb the flow field minimally. In light of the above, DES design involves a myriad of competing considerations and hence calls for multi-variable optimization. In this talk, I will describe our efforts that aim to optimize DES strut dimensions and drug release dynamics so as to meet the following set of specific objectives: 1) deliver efficacious but sub-toxic drug loads to the arterial wall in order to effectively control restenosis, 2) have minimal drug concentration at the endothelial surface in order to allow rapid stent endothelialization, 3) disturb the flow field minimally, 4) provide mechanically stable stent struts to avoid fracture given the loads to which the stent is subjected, and 5) induce minimal stresses in the arterial wall. I will also present an in vitro coronary artery model which we have developed in order to experimentally test the predictions of the computational optimization.
