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Abstract
Cardiovascular disease (CVD) is one of the serious disease worldwide. Currently top ten cause of
death in the world cause due to CVD. CVD includes many conditions like the Coronary Artery
Disease (CAD), Ischemic Heart Disease (IHD), and aortic diseases [1]. To overcome this fatal
disease many treatments have been introduced in the field of medicine, like angioplasty and the
field of interventional cardiology extended its support by the introduction of stent. Stent is a small
tube like arrangement that is deployed in the coronary artery after the plaque removal (block), to
allow the free flow of blood through the artery. Initially, the stents were made up of metal source
like stainless steel, Cobalt and termed as Bare Metal Stents (BMS). The disadvantageous of using
these stents include reoccurrence of the plaque and neointimal hyperplasia. In order to overcome
these draw backs, Drug Eluting Stents (DES) were introduced which deliver the drug at the site of
plaque formation and reduce the multiplication of smooth muscle cell thereby reducing neointimal
hyperplasia. Restenosis and thrombosis seems to be problem of stenting irrespective of the material
used. Therefore, in the present investigation two different materials, Polypropylene (polymer) is
introduce to overcome the stated problem.
Keywords: Polymer, RBC, stent, Cardiovascular disease
1. Introduction

Cardiovascular Disease (CVD) is accounted for nearly 40% of death around the world and in India
it is considered as a rapidly growing chronic illness which in the recent years have affected people
irrespective of the age. The growth of this disease is influenced by many factors such as aging,
modern life style, socio economic status of the population of developing nations and many other
interlinking factors[1]. Presently, percutaneous coronary intervention (PCI) is the treatment for
CVD[18]. During PCI, an expandable balloon like coronary stent is placed inside the lessoned
artery. Arterial injury is an inevitable consequence of all interventional procedures and initiates a
cascade of cellular and molecular events resulting in an acute disruption of the endothelial layer
[3].Therefore, more research is required on the safety of coronary stents, but side effects, such as
late and very late stent-thrombosis and in-stent restenosis, remain problematic which cause the
damage of artery.

In this regard, polymers that can release medications, mimic biological functions, or degrade are
of tremendous interest for the creation of vascular implants. Therefore, complex biomaterials are
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needed to meet specific requirements to their unique features and biocompatibility. The current
evaluation is concentrated on polymers employed as drug-eluting stent (DES) coating matrices
and stent platforms, and the investigation is concentrated on RBC, stent, and artery leading to an
acute disruption of the endothelial layer [3].Therefore, current research on coronary stent safety is
concentrated, yet complications including late and extremely late stent-thrombosis and in-stent
restenosis continue to be an issue.

1.1 Atherosclerosis

Atherosclerosis is an inflammatory disease characterized by narrowing of the vessel wall due to
amassing of lipids. These medical problems mainly occurs in large and medium sized
vessels[11].Initially understood to be a response to injury, atherosclerosis originates from variety
of reasons including elevated plasma concentration in Low Density Lipoprotein(LDL), smoking,
hyper tension, diabetes[12,13].

The lesion originates in area of damaged endothelium layer where high plasma concentration LDL
permeates through it and oxidizes. These oxidized LDL may finally result in plaque which is
mainly a calcified part [14, 15].This atherosclerotic lesion eventually narrows down the luminal
area obstructing the blood flow. Acute short supply of oxygenated blood to the muscles eventually
results in angima, Myocardial Infraction (MI) and heart attack. MI also results due to rupture of
plaque[16].
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Fig. 1. Mechanisms and types of in-stent restenosis (ISR) and stent thrombosis (ST).
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1.2 Treatment for diseases:

Early treatment available to treat atherosclerosis is bypass grafting. An alternate blood channel is
created to bypass the narrowed region such that sufficient blood is available to distal ends. Beside
benefits of lesser risk of CHD symptoms and higher blood pumping capacity post treatment, this
strategy poses risks of bleeding, infections and other complications[21].With the advent of
minimal invasive medical technology [22], bypass grafting is replaced by Plain Old Balloon
Angioplasty(POBA). This method would compress the atherosclerotic lesion by the application of
fluid pressure through balloon thus maintain the patency of lumen. Re-narrowing of artery in
shortest period of time after angioplasty is overcome by angioplasty by balloon structured
stents[23,24].Ever since angioplasty with stents revolutionized the treatment strategy for
atherosclerotic lesion there has been large increase in the Percutaneous Coronary
Intervention(PCI) performed every year around the world[25].

2. Coronary Stent:
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Coronary stents are typically regarded as permanent implants. An expandable, cylindrical
cardiovascular device is inserted endovascularly into a vessel at the time of treatment. The stent is
shrunk to a tiny diameter, positioned over an angioplasty balloon catheter, deformed plastically,
fixed in place, and creates a scaffold that maintains the artery's openness. The stent is placed in a
small blood artery to restore normal blood flow[7].

With the apparent improvements in angiographic and clinical outcomes demonstrated with their
use [4,5], coronary stents [3] gradually replaced "plain old balloon angioplasty" (POBA) as the
preferred way of performing PCI. Interventional cardiologists now have a large selection of
coronary stents to implant as the majority of PCI procedures use one. This selection includes more
recent stents such drug eluting stents with biodegradable polymers, polymer-free DES, DES with
novel coatings, dedicated bifurcation stents, and self-expanding stents in addition to more
traditional bare-metal stents (BMS) and drug eluting stents (DES), which are often employed in
modern treatment. The balloon expandable stents are made of a variety of materials, including
cobalt-chromium alloy, nickel-titanium alloy, and medical grade stainless steel (316L).

3. Response of Stent:

Vascular stents are widely used for clinical purpose mainly in angioplasty to remove the blockages,
[52]. There are tiny time and elongated term therapeutic effects on human body due to mechanical
behaviour of coronary vascular stent [53, 54]. Therefore to improve the design of stent and its
effective treatment on cardiac patient it is necessary to analysed mechanical properties of stent.
After stent implantation, stent fracture is most important factor for serious complications (i.e. ISR)
and it is clinically proved. Most of the stent fracture happened in the mid- late service time and
few of them ruptured instantly after implantation [57]. It is observed that 78 % of serious stent
fracture cases occurred in stent complication. According to statistical data [58] it is showed that,
fthe stent restenosis rate increases from 3% to 15 % due to stent fracture. The restenosis rate before
and after stent fracture [59] is different and it is 12.4% before stent fracture and 37.5 % after stent
fracture.

4. Biomechanical properties of red blood cells:

The main function of RBC is to deliver oxygen [5] and eliminate carbon dioxide through lung gas
exchange for tissue respiration. RBC typically lives 120 days, traveling 500 km through veins,
arteries, and microscopic capillaries. RBC deformability is crucial for the transport of oxygen to
tissues. The single and biconcave disk-shaped RBC, is having the measurements of roughly 8 pm
in diameter and 2 um in thickness. Spleen serves as a very efficient filter through which RBC pass.
The cells must pass via incredibly small endothelial slits. Pathological variables cause splenic
sequestration and RBC destruction when RBC deformability is reduced [2,13].

Three things are responsible for an RBC's deformability: (i) The enormous surface area to volume
ratio of the biconcave disc, which has a mean cell volume (MCV) of 90 ] and a mean surface area
(MSA) of 135 Im2, which is alarmingly higher than the surface area (97 Im2) of a sphere enclosing
a volume of 90 fl;[22] (ii) the cytoplasmic viscosity, which is reduced by the presence of
hemoglobin; (iii) the viscoelastic properties of the cell membrane, which is made up of three layers:
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an outer glycocalyx, which is rich in carbohydrates, an inner lipid bilayer that can resist bending,
and an inner protein network that acts as the membrane skeleton and is in charge of the membrane's
deformability, flexibility, and resilience. The RBC membrane's outside features a spherical shape
that sends the cell membrane's malnourished veracity in a different direction. The latter, which
may be assessed as surface roughness, is a sign of a cell's functional status changing [9,24] when
it is ill or when there are external stimuli present, such as drugs[24,25,26].

4.1 Techniques for Measuring the Biomechanical Properties of RBCs:

There are a number of techniques for measuring the characteristics of RBCs, however the majority
of researchers are continually challenged by the requirement to create models that mimic blood
circulation under physiological settings. The developed experimental approaches can be broken
down into two groups: single-cell techniques and equipment that measure whole blood or diluted
RBC suspensions. Micropipette aspiration, optical tweezers, flickering analysis, AFM,
microfluidics, and ultrasounds are a few single-cell experimental techniques.

5. Polymers for coating of stent:

Natural or manufactured materials that are initially biodegradable are contaminated in vivo either
through enzymatic or non-enzymatic means, or both, to produce toxicologically safe and
biocompatible by-products that are then eliminated through regular metabolic pathways. Over the
past ten years, the use of such products for controlled medication delivery has dramatically
expanded. The biomaterials utilized for medication delivery in cardiac patients fall into one of two
categories: (1) synthetic biodegradable polymers, which include rather hydrophobic substances
like hydroxy acids (a family that includes poly lactic-co-glycolic acid, or PLGA), polyanhydrides,
and others. the naturally occurring polymers, including inorganics (hydroxyapatite) and complex

carbohydrates (hyaluronan, chitosan) [44—46].

DES are typically coated with long-lasting polymers that allow for drug release and persist long
after drug elution is finished. These persistent polymers have the potential to result in ST by
impairing stent strut endothelialization, delaying healing, and triggering an allergic reaction [35].

Implants and other medical devices have traditionally been made of synthetic polymers, such as
poly(ethylene) (PE), polyurethanes (PUR), poly(glycolide), and polylactides (PLA). PGA is
frequently utilized as suture material for various surgical purposes, whereas PURs are well
established as scaffold materials for vascular grafts due to their exceptional hemocompatibility.
For PGA-based drug delivery systems, PGA-containing scaffolds combined with poly(-
caprolactone) (PCL) are employed. Because PLA has a long history of being in vivo
biocompatible, it has undergone extensive testing as a temporary stent material in cardiology [18].
The variety of diseases, dosing options, and potential unique requirements give rise to the wide
range of materials utilized in drug administration. The biological milieu and the acceptability of
particular drug-polymer-tissue interactions affect biocompatibility, which is not an inherent
quality of a material [46]. Due to the lesser disparity between the characteristics of the polymers
and the vascular tissue, polymeric stents often place less strain on the arterial system. There is a
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significant knowledge gap in the research of the mechanical behavior of polymer stents with
various drug-eluting stent designs.

5.1 Poly lactic-co-glycolic acid (PLGA) Polymer:

The production of the drug coating on the stent surface blocks the transition proliferation of smooth
muscle cells through drug sustained release, and is an effective technique for the treatment of
restenosis [5-8]. Because of its dependable safety, outstanding biocompatibility, and manageable
biodegradability, poly lactic-co-glycolic acid (PLGA) has demonstrated broad utility as a drug
carrier.

It is easily biodegradable and works well as a carrier for drug-eluting stents. Typically, rapamycin
and paclitaxel are the two major pharmacological stents used in clinical settings. Due to its broad
safe dose range, specific suppression of cell proliferation, decrease in the production of local
vascular cytokines, and inhibition of inflammatory cell activation, rapamycin (RAPA) has
emerged as one of the most effective medications against stent restenosis [9,10].

For the past 20 years, polylactic-co-glycolic acid (PLGA) has been one of the most alluring
polymeric possibilities utilized to create devices for tissue engineering and drug administration. In
addition to having a wide variety of erosion times, customizable mechanical properties, and most
significantly, being an FDA-approved polymer, PLGA is also biocompatible and biodegradable.
Particularly, PLGA has received a great deal of attention in the creation of tools for the regulated
administration of proteins, small molecule medicines, and other macromolecules in both
commercial and academic settings [26].

6. Methods of coating of Polymer on stent:

Presently, coatings of polymer on the surfaces of vascular stents are formed by dip coating, but
this process has many drawbacks, including winding, blockage, and non-uniformity [11,12]. To
overcome these problems and to create homogeneous and smooth coatings, electrostatic spray
deposition (ESD) techniques is used. In this case the polymer solution breaks down into tiny
droplets that adhere to the substrate surface under the impact of a strong electric field. This
technique is widely used in the manufacturing of machinery, the chemical industry, electronic
information, micro medical devices, and healthcare [13—15].

Conclusion:

This review focuses on caidiovascular dieses and preventation of its therapeutic effects on human
body due to behaviour of coronary vascular stent. The expandable balloon stent available in
different material for exapansion of artery to proper flow of blood. To avoid the side effect like
thrombosis, late restonesis due to stent, polymer coated drug eluted stent is used. Polymer plays
important role at the time of stenting. It release the drug on right position and fixed the stent at the
place where blockages are found. The polymers are coated on drug with the help of dip coating
but due to drawback with this process, electrostatic spray deposition is adopted by the researhers.
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