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Abstract

Percutaneous coronary intervention (PCI) is a crucial therapeutic approach for cardiovascular dis-
eases; however, in-stent restenosis and late stent thrombosis remain major bottlenecks limiting its
long-term efficacy. Although traditional drug-eluting stents can effectively inhibit smooth muscle cell
proliferation, their non-selective anti-proliferative mechanisms often delay endothelial cell repair, a
phenomenon known as “delayed re-endothelialization”. Consequently, current research and devel-
opment strategies for vascular stents are undergoing a paradigm shift from “inhibiting hyperplasia”
to “promoting repair”. Starting from the pathological mechanisms underlying delayed re-endothe-
lialization post-PCl], this review focuses on two primary strategies to promote stent re-endotheliali-
zation: first, constructing composite coatings using bioactive molecules (such as peptides) combined
with polymers to modify stent surfaces, thereby endowing them with the ability to specifically rec-
ognize and regulate cellular behavior; second, utilizing surface micro-texturing techniques to im-
prove hemodynamics and reduce the risk of in-stent restenosis. Furthermore, this paper explores
the feasibility of joint intelligent responsive drug delivery systems for re-endothelialization. This
includes endogenous stimulus-responsive release based on reactive oxygen species, pH, and enzy-
matic microenvironments, as well as exogenous stimulation regulation via magnetic fields and ul-
trasound, along with visualized therapeutic strategies. These insights aim to provide references for
the design of next-generation functionalized vascular stents.
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