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Restenosis is defined as the reduction in lumen size of an artery after intra-arterial intervention.

coronary arteries inflammation stent

| 1. The Mechanisms of Restenosis

Restenosis is defined as the reduction in lumen size of an artery after intra-arterial intervention. While restenosis
prior to the advent of coronary stents was mostly caused by recoil, in-stent restenosis is a response-to-injury
process caused by formation of a tissue called neointima. For BMS, the theory postulated that this neointima is
mostly composed of fibrotic tissue with a gradual and progressive onset over months, which led to the concept that
in-stent restenosis is a benign phenomenon. In contrast, reports on the presentation of restenosis have
consistently shown—without differences between BMS and DES—that more than 50% of the patients with in-stent
restenosis present with unstable angina and myocardial infarction @ The initiating stimulus for restenosis is
endothelial denudation and/or mechanical injury to the vessel wall, triggering an inflammatory response which can
also be measured in terms of increase in circulatory markers such as c-reactive protein, amyloid A and fibrinogen
281, ypon implantation, endothelial denudation and the exposure of components of the vascular extracellular
matrix like collagen causes activation and adhesion of platelets. As well, the stent struts cause, proportionally to
their thickness and dependent on the design of the stent, a disturbance in the flow that triggers the formation of
large fibrin clots, further causing flow disturbances close to the struts and activating homeostatic reactions
characterized by phagocyte invasion. In this context, the immunosuppressive action of the drug eluted might also
have paradoxically negative effects, inhibiting tissue repair reaction and fibrin removal. These processes might
explain the acute presentation of restenosis, as the activation of the thrombotic cascade ensuing from incomplete
thrombin removal, although not causing occlusive thrombus, activates the recruitment of inflammatory cells such as
monocytes, T cells, neutrophils via expression of adhesion molecules (ICAM, VCAM, intercellular, and vascular
adhesion molecules), production of chemoattractant molecules (MCP-1 or monocyte chemoattractant protein-1,
Interleukin (IL)-8) by endothelial, and smooth muscle cells and the production of growth factor such as PDGF
(platelet-derived growth factor), bFGF (fibroblast growth factor), TGF (transforming growth factor)-beta, IGF

(insulin-like growth factor), VEGF (vascular endothelial growth factor, and thrombin (Table 1, Figure 1).
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Figure 1. Schematic presentation of the mechanisms leading to restenosis, thrombosis, and neoatherosclerosis.

Table 1. Mechanisms and mediators involved in restenosis.

Response to

Damage
N . Cytokines (IL-1, IL-6, TNF-alpha)
Proliferation Migration of smooth muscle cells:, production of Growth factors (PDGF. IGF, FGF,
membrane metalloproteinases VEGF)

Macrophages/Foam cells

Remodeling Remodeling of the Qeointima, depositio_n of Cytokines (IFNgamma)

extracellular matrix, neoatherogenesis Growth factors (PDGF, TGFbeta,
IGF, VEGF)
Expression of vWF and TF
Turbolent flow
Nitric oxide, Thrombin
Thrombus Adhesion and activation of platelets Adhesion molecules

Formation Recruitment and diapedesis of Inflammatory cells Chemotactic factors (IL-8, MCP-

1)
Cytokines (IL-1, IL-6, TNF-alpha)
Growth factors (PDGF, Thrombin)

TNF: tumor necrosis factor; vVWF: von Willebrand factor; IFN: interferon; FGF: fibroblast growth factor; all other

abbreviations as in text.
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The cytokines involved in these processes include IL-1, IL-6, and TNF-alpha [l This cascade is believed to
activate a self-sustaining positive feedback loop of autocrine/paracrine messages that leads to stimulation of
vascular smooth muscle cells growth and the production of extracellular matrix components. Matrix
metalloproteinases activated by plasmin and their tissue inhibitors are also important mediators of this remodeling
process. The formation of an endothelium is a critical step in these processes: an efficient endothelium may inhibit
smooth muscle cell proliferation and neointimal growth; impaired neoendothelialization is associated with increased
neointima proliferation 8. However, studies have shown that stenting with BMS, and even more with of first
generation DES, inhibits endothelialization [ElZl. Several lines of evidence also suggest that the above signaling
cascades following coronary damage and stent implantation may also mobilize bone marrow-derived CD34-postive
stem cells, which may then differentiate along endothelial or smooth muscle cell lines, in a balance between
endothelial-like stem cell responses that favor reendothelialization and smooth muscle-like stem cell responses
that promote restenosis [£l.

| 2. Discussion

A number of potential therapies have attempted to address or reduce the incidence of restenosis beyond what
already acheived with newer generation drug eluting stents. Based on the concept that oxidative stress may play
an important regulatory role in inflammatory states (also supported by the fact that elevated systemic level of
oxidative stress markers predict restenosis &), a number of trials have tested the effects of antioxidants on the
incidence of restenosis. Probucol, a lipid-lowering agent with strong antioxidant properties, has shown to decrease
the risk of restenosis and major adverse events by 41% and 31% in a meta-analysis of 15 studies and 859
patients, mainly treated with BMS or old-generation DES 9. Probucol-eluting stents have also been tested, but
they did not show superiority as compared to newer-generation DES in a large randomized trial 2. The use of
other drugs, such as sirolimus, colchicine, prednisolone and other reviewed in 12 has shown variable results and

will need to be further investigated.
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