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Abstract

Cypher is an FDA-approved drug-eluting stent (DES) which is placed into narrowed or diseased arteries to prevent atherosclerosis. The purpose of the stent is to prop open the blood vessel and to release a drug, sirolimus, which prevents cell proliferation. One of the concerns with this product is that after implantation some patients experience restenosis, which results from the formation of scar tissue around the stent. OrbusNeich has solved this issue by covering the stent with a drug that prevents scar tissue formation and promotes endothelialization. The Genous stent by OrbusNeich supports natural healing of the vessel which prevents restenosis and thrombosis.  Multiple studies have confirmed that the Genous stent is safe and feasible way to treat atherosclerosis. 

Introduction

Atherosclerosis is the main cause of cardiovascular disease, which includes heart attacks, stroke, and peripheral vascular disease.  In turn, cardiovascular disease is attributed to the number one cause of death in America; in 2005 more than 800,000 people died from cardiovascular disease alone [1].  Atherosclerosis is a hardening of the arteries due to build-up of fatty substances, which is collectively called plaque.  Plaque can cause cardiovascular disease by narrowing the inside diameter of an artery, or even break off into the blood stream and serve as the source of blockage for a smaller blood vessel.  The plaque build-up can also undermine the strength of the arterial wall over time, increasing the risk of an aneurism [2], [3].


 Since severe atherosclerosis is irreversible, an approach of physically reopening the clogged artery is sought.  Angioplasty is a procedure in which a narrow balloon is inserted into the vessel and inflated, pushing plaque build-up to the periphery of the artery.  To keep the plaque at the periphery and hold the weakened artery open, a stent is usually inserted with the expanded balloon [4].  For 75% of patients, the stented artery remains open and unblocked; new endothelium from the arterial wall begins to grow along the inside of the stent, smoothing out scarred areas and returning blood flow through the vessel to normal.  In about 25% of patients, however, healthy, new endothelium does not grow.  Instead, scar tissue forms and lines the inside of the stent.  This process, called restenosis, can once again cause a narrowing of the blood vessel through the build-up of scar tissue (Figure 1) [5].
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Figure 1 – the process of stenting, including insertion of balloon, inflation of balloon and application of expanded stent, a properly functioning stent, and a failed stent in restenosis [8].

The failure rate of bare metal stents through restenosis caused stent manufacturers to investigate new ways to prevent scar tissue build-up and proliferation.  The first such device to be marketed was the Cypher sirolimus-eluting coronary stent [6].  After implantation, for a period of up to 90 days, the anti-proliferative drug sirolimus is released from the two-layer polymer coating on the 316L stainless steel stent.  The stainless steel is bioinert and does not interfere with the chemical or biological processes of stenting; it exists to lend its high strength to hold the stent open.  The two polymers, poly-n-butyl methacrylate (PBMA) and polyethylene-vinyl acetate (PEVA) are also bioinert.  They act as a repository and release route for the sirolimus.  Unlike other polymers, they do not biodegrade as pieces of the polymer could be engulfed by macrophages and trigger an immune reaction.  Instead, the sirolimus, contained in the second outermost layer, diffuses through the top layer of PBMA/PEVA polymer.  The release rate, then, is dependent on the diffusion rate of sirolimus through the polymers; most of the drug is released in the first 30 days and continues until about 90 days after implantation [7].  The choice of designing the Cypher stent with bioinert stainless steel and polymers affords minimal interaction with the biological and chemical components of the vessel, instead allowing the sirolimus to take center stage in bioactivity with little interference of host response from the other materials.

Device Description and Manufacture


Cypher is an FDA-approved drug-eluting stent.  It is coated with a drug named sirolimus under a polymer shell.  Over a period of 90 days, the sirolimus is slowly released ‎[6], ‎[9].  The drug works as an antiproliferative – arresting the smooth muscle cells that line the artery between the G1 and S phase.  Normally these cells would respond to the trauma of stent insertion by multiplying (hyperplasia), possibly causing restenosis, a re-blockage of the vessel ‎[10], ‎[11].

Physical Characteristics

The Cypher stent is made of 316L stainless steel ‎[6].  316L is roughly 62% to 72% iron by weight, followed by chromium (16-18%), nickel (10-14%), and molybdenum (2-3%), along with trace amounts of other elements.  Its carbon content is 0.03%.  316L stainless steel is highly corrosion resistant, making it well-adapted to implantation in a human body ‎[12].  The geometry of the stent is called closed-cell FLEXSEGMENT™ (Figure 2) ‎[6].  The polymer coating that allows for the release of the sirolimus is formed from a mixture of poly-n-butyl methacrylate (PBMA) and polyethylene-vinyl acetate (PEVA)‎ [7], ‎[13].

[image: image2.png]<
H
H
&





Figure 2 – A scanning electron microscopic image of the closed-cell FLEXSEGMENT geometry in an unexpanded state ‎[13].
Manufacturing Process


The mesh of the stent is formed from a hollow tube of 316L stainless steel.  The tube undergoes the following steps during manufacturing:

1.  Heat treatment to form a uniform grain size and increase strength

2. Laser cutting to form the mesh pattern

3. Chemical etching and grit blasting to smooth the cut edges

4. Masking of the stent with a ceramic

5. Heat treatment of the masked surface

6. Removal of mask and electropolishing

The next step of the manufacturing process involves attaching the polymer-based drug coating.  The stent is prepared for receiving its polymer layers by first being coated in a tightly conforming, protective polymer called parylene C ‎[7].  Parylene C provides the stainless steel structure with high corrosion and dielectric resistance; it is applied via vacuum deposition‎ [14].  The stent is then bombarded with either gold or platinum atoms (chosen for their high biocompatibility) at a high energy to promote attachment of the polymer layers.  The Cypher stent has two polymers applied in two layers: the first layer to be applied is a liquid PEVA/PBMA polymer mix with the sirolimus drug dissolved in it.  After this layer cures, a second coat of drug-free PEVA/PBMA is applied.  Both coats are applied in a liquid form via spraying.  The purpose of the second layer is to lower the diffusion rate of the sirolimus (Figure 3) ‎[7], ‎[11], [15].

Like most drug-eluting stents, the Cypher stent is sterilized via electron beam ‎[15].
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Figure 3 – Polymer layers applied to Cypher Stent [13].
Failure Mechanism

Drug-eluting stents virtually eliminated many of the complications of abrupt artery closure, but they did not solve every problem. Although reblocking rates of DES were much lower than bare metal stents, about 20-25% of patients still experienced it about 6 months after implantation [16].  Reblocking leads to stent thrombosis and thus results in a dangerous risk of myocardial infarction and the need for a repeat procedure.

The Cypher DES has been linked to several cases of late stent thrombosis.  Late stent thrombosis (LTS) refers to a blood clot which occurs between 30 days and 1 year after the stent is implanted into the body [17].  LST can lead to myocardial infarction (heart attack) and in many cases, patient death.  The central cause of LST seems to be an inflammatory reaction to the stent after it is deployed into the body, coupled with systemic triggers [18].  It is likely that the leading cause of this inflammatory reaction may be a lack of complete stent endothelialization (Figure 4) [19].  Stent endothelialization results in a coating of endothelial cells over the exposed inner surface of the stent, which decreases the risk of platelet coagulation and subsequent blood clot formation [20].
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Figure 4 – Stent Thrombosis [21]
Research has indicated that blood vessel healing and therefore endothelialization happens more effectively in cases when the clot was caused by stable lesions rather than ruptured atheromatus plaques (swelled pieces of lining made up of lipids, macrophage particles, calcium and particles of connective tissue) [19].  Thus, in cases where the Cypher drug-eluting stent is implanted to combat complications of a plaque rupture, the risk of late stent thrombosis is more severe than in other cases.

Research has shown that the drugs which are released by drug-eluting stents such as the Cypher stent cause prolonged harm to surrounding blood vessels by inhibiting the regrowth rate of endothelial tissue.  This slowed rate of endothelialization can lead to prolonged vessel irritation, which can cause stent thrombosis [16].  As a result, many patients have had to undergo prolonged therapy with anticoagulant medication after receiving a DES.

Alternative Solution

One way to resolve the DES issue is to coat the stent with a drug that would promote healing of the blood vessel. The Genous is OrbusNeich’s patented endothelial progenitor cell (EPC) capture technology that promotes the accelerated natural healing of vessel walls after implantation of stents. An antibody surface coating attracts circuiting Endothelial Progenitor Cells (EPSs), which mature into endothelial cells and cover the stent. The endothelial layer also provides protection against thrombosis and modulates restenosis. The Genous Stent has been proven as a safe, effective alternative to drug-eluting stents and is supported by data from more than 7,000 patients in company-sponsored clinical studies [22]. 

The company has also received positive feedback from patients who are non-responsive to or cannot tolerate long-term dual antiplatelet therapy. A study published by Minerva Cardioangiologic investigated early discontinuation of dual antiplatelet therapy (DAPT) for high-risk patients. Patients treated with the endothelial progenitor cell (EPC) capture stent discontinued DAPT between 21 and 30 days post-procedure. Despite the shortened DAPT administration period, no cases of stent thrombosis were observed in these subjects. “The results from this study confirm the feasibility and safety of the Genous Stent in patients requiring early discontinuation of DAPT as a result of nondeferrable surgical intervention,” said Paolo Scacciatella, M.D., of the Department of Cardiovascular and Thoracic Diseases, S. Giovanni Battista University Hospital, Turin, Italy [22]. 

The endothelial progenitor cell (EPC)-capture stent promotes endothelialization and preliminary studies have suggested its safety and feasibility in stent thrombosis-elevation myocardial infarction (STEMI). Multiple studies confirm that the endothelial progenitor cell-capturing stents accelerates the healing of the coronary vessel wall [22].
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Figure 5 – Stent endothelialization 14 days after implantation. (a) EPC capture technology stent. (b) Drug-eluting stent [23].
Conclusion

The purpose of this project was to research an alternate device to be used in place of the Cypher drug-eluting stent.  While drug-eluting stents reduce the reblocking rates observed with bare metal stents, about 20-25% of patients still experience the complication due to the inhibition of endothelial regrowth caused by the drugs used in drug-eluting stents.  The Genous endothelial progenitor cell-capture stent may serve as a better alternative.  The Genous stent accelerates endothelialization and also protects against restenosis and thrombosis.  It has been proven a safe alternative even to patients who cannot endure long-term dual antiplatelet therapy.
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