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Coated stents are defined as innovative stents surrounded by a thin polymer membrane based on polytetrafluoroethylene

(PTFE)useful in the treatment of numerous vascular pathologies. Endovascular methodology involves the use of such

devices to restore blood flow in small-, medium- and large-calibre arteries, both centrally and peripherally. These

membranes cross the stent struts and act as a physical barrier to block the growth of intimal tissue in the lumen,

preventing so-called intimal hyperplasia and late stent thrombosis. PTFE for vascular applications is known as expanded

polytetrafluoroethylene (e-PTFE) and it can be rolled up to form a thin multilayer membrane expandable by 4 to 5 times its

original diameter. This membrane plays an important role in initiating the restenotic process because wrapped graft stent

could be used as the treatment option for trauma devices during emergency situations and to treat a number of

pathological vascular disease.
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1. Introduction

Expanded polytetrafluoroethylene (e-PTFE) is a hydrophobic polymer obtained by stretching PTFE, a fluoropolymer

commonly used in the biomedical field for the manufacture of catheters for angioplasty, orbital implants, orthopedic joint

implants, and membranes for stent coating . Expansion occurs during the manufacturing process, when the solid

material is modified into a porous lattice. The presence of negative charges on the polymer blocks the coagulation of

blood proteins on the tissue surface and limits the activation of platelets .

e-PTFE is reasonably tough, and chemically inert; for this reason, in the biomedical field and in tissue engineering, this

polymer has been used to make synthetic membranes capable of wrapping metal stentgrafts for the treatment of vascular

diseases such as popliteal aneurysms, arterial perforations, iatrogenic perforations, and vessel stenosis . The presence

of a synthetic membrane, stretching between the stent struts and covering both the luminal and abluminal portions of the

stent, is essential to create a physical barrier that can effectively prevent plaque protrusion, successfully sealing

aneurysms, arterial perforations, or simply restoring blood flow in vessels prone to occlusion . e-PTFE membranes

have a porous and flexible structure and are chemically stable, biocompatible and inert, properties that enable them to

resist degradation produced by microbiological or enzymatic reactions . Fundamental characteristics of e-PTFE-

membranes are non-thrombogenicity, the same viscoelasticity as native vessels and resistance to high blood pressure. In

addition, when covered stent, they must be able to provide biocompatibility, accelerate the endothelization process,

minimize vascular damage and reduce the proliferative response of the native artery. e-PTFE membranes are

manufactured through stretching, spinning and pore-forming techniques . Electrospinning can originate fibres with

diameters ranging from a few nanometres to a few microns, presenting a high specific surface area and high porosity 

that can be easily adjusted by changing the concentration of the spinning solution or the spinning parameters . This

characteristic also applies to the mechanical properties of the membrane . e-PTFE membranes are often functionalized

through covalent and non-covalent bonds, chemical impregnation, chemical surface modification, autologous

vascularization, etc. These strategies are used to improve their properties and compatibility with blood tissue . There

are several commercially available e-PTFE covered stents for clinical use. The most commonly used ones consist of

stainless steel (SS) metal frames with diameters ranging from 2. 5 to 16 mm with an e-PTFE film cover (iCAST, Atrium,

Ekkatuthangal, Chennai, India), with an SS frame and struts embedded in an ePTFE film (Advanta V12, Atrium) , with

an ePTFE film sandwiched between the SS matrix (JoStentGraftmaster Coronary Stent Graft or JoStent Peripheral Stent

Graft, Abbott Vascular, Rome, Italy)  and with a Nitinol (NiTi) frame sandwiched between ePTFE (Symbiot Covered

Stent, Boston Scientific, Pennsylvania Avenue, Washington, DC) . There are also stents with a Nitinol frame covered

with thin ePTFE films surrounding the metal frame (Viabahn Endoprosthesis, GORE, Bergheim, Austria) , or

encapsulated with two thin ePTFE layers (Fluency + Vascular Stent Graft, BARD Peripheral Vascular, Becton, NJ, USA)

. The stents listed above are used in clinical conditions such as: treatment of tracheobronchial structures caused by the
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growth of cancerous tissue; treatment of iliac and renal arteries; treatment of aortic coarctation; treatment of aneurysms,

fistulas, ruptures and perforations; and finally degenerated saphenous vein grafts .

2. e-PTFE Membrane Preparation

e-PTFE membrane preparation started mainly in the early 1960s. Today, various techniques including stretching, pore-

forming, sintering, wrapping, electrospinning and near field electrospinningare used to produce them.

2.1. Stretching and Pore-Forming Process

A fine e-PTFE powder is homogeneously dispersed in an oil lubricant (processing aid) to become a paste. The first step,

called pre-forming, typically takes place between 21 and 25 °C and serves to align the PTFE particles for packing in the

best possible way. The presence of lubricants is essential to promote rapid absorption of the mixture . The resulting

paste is pressed into a mould and ram extruded into sheets or rods that are passed several times through two heated

rolling mills to obtain a precise thickness. The resulting membranes are then stretched and hardened at room temperature

and sintered at 340–365 °C, maintaining the stretching condition to fix the porous structure and prevent shrinkage 

(Figure 1).

Figure 1. Stretching process.

2.2. Sintering Process

In the sintering process, the polymer particles are only fully melted on the outer surface, so there are still many

microchannels in the material that form a network of through holes . As thetemperature, the surface of the attached

particles melts further and firmly due to the movement and diffusion of the molecular chain segments, resulting in a

porous film . Sintering is a process that influences the final properties of the membrane as it improves its porosity

usinginorganic agents (e.g., ZnAc , NaCl and BaCl ) that are used as additives . These additives are introduced and

uniformly mixed with the polymeric materials, favouring their formation upon removal through post-processing or chemical

attack .

2.3. Wrapping Process

The wrapping technique is used to make e-PTFE hollow-fibre membranes whose porosity increases as the stretching ratio

increases. Membranes with large pore sizes are not suitable for use in various areas of technology or in the biomedical

sector, as they do not guarantee adequate microfiltration . Instead, by means of the wrapping method, it is possible to

wrap ane-PTFE membrane with a small pore diameter on the outer surface of a PTFE hollow membrane with a large pore

diameter to form a double layer that generates an asymmetric hollow membrane with 81% porosity and a pore size of 0.2

μm .

2.4. Near-Field Electrospinning Process

Near-field electrospinning (NFES) is a technique that allows membranes to be made by layering polymers on a planar

substrate under the action of an electric field. Compared to conventional electrospinning technology, it favours a shorter

spinning distance, a lower supply voltage, a more complex structure and controlled deposition  (Figure 2). The

advantage of using this technique is the realization of membranes with a regular geometric pore structure . In the

biomedical field, electrospun fibrous scaffolds with adequate porosity, nanoscale topography and interconnectivity provide

an ideal model for biomedical engineering as human tissues and/or cells are able to attach and organize themselves

appropriately around fibres with diameters smaller than their own .
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Figure 2. Near-field electrospinning process.

2.5. Electrospinning Process

Electrospinning is a technique that allows polymeric fibres with nano/submicron dimensions to be produced using an

instrument consisting of an injector with a blunt tip, a booster pump to control the extrusion speed of a polymer solution, a

DC electric field and a grounded collector . In detail, a polymer fluid is able to pass through a high-voltage electric field

generating a microjet that is solidified on a substrate as a fibre membrane layer . In the case of e-PTFE membranes, it

is necessary to add additives to the emulsion to be able to be produced by this technique because PTFE is very

viscoelastic, and it is difficult to spin it into fibrils . In an electrospun PTFE membrane, the pores are generated by the

accumulation of nanofibrils, so it is easier to control their thickness, porosity, and diameter. To obtain a pure e-PTFE

membrane, a sintering process is required to remove the additives after formation .

3. e-PTFE Membrane Used in the Design of Covered Stents

A covered stent consists of a thin synthetic e-PTFE membrane sleeve that may cover the inner lumen or abluminal

surface (outer surface against the vessel wall) of the metal scaffold, or completely cover the stent in a sandwich-like

configuration . This thin membrane decreases the radial pressure of the stent and reduces the incidence of SRI and re-

embolization by sealing the endoluminal layer with a physical barrier between the vessel wall and blood flow to limit tissue

growth and prevent the release of thromboemboli . Metal stents and e-PTFE membranes must be elastic enough to

adequately expand to resist or overcome external forces from the vessel wall to avoid so-called metal scaffold recoil (a

major cause of stent malposition and late thrombosis due to lack of coverage on the stent surface) . For this reason,

the total length of the stent should correspond to the length of the membrane . The membranes covering the stent must

withstand high pressures (>500 mm H), have low water permeability (to seal the perforated artery or prevent aneurysm

growth), be hemocompatible (so as not to cause inflammatory or unwanted reactions), and be capable of undergoing

surface modification to allow presentation of biomimetic peptides, antibodies and growth factors or to incorporate

nanomaterials and therapeutic drugs for localized administration . In this regard, stents covered with synthetic

membranes can also serve as efficient drug delivery platforms, providing uniform coverage of the arterial wall and

increased surface area for lesion coverage . Furthermore, the presence of an e-PTFE coating on the surface of the

stent can reduce the need for emergency surgery as its deployment time is relatively short (4 to 15 min), thus avoiding

fluid spillage. The deposition of a layer of e-PTFE on a metallic stent can take place either by electrospinning, exploiting

the electrostatic attraction between the needle of the syringe and the ground so as to generate an electrically charged jet

of polymer solution in the form of nanofibres while the stent is rotated axially; or through immersion techniques in which

the stent mounted on a rotating stainless steel or glass support is introduced into a mould filled with polymer and the

polymer is poured over it at a controlled and predefined rate; or it may be through wrapping methods that consist of

covering the outer surface of the stent with a previously prepared polymeric thin film, followed by suturing and bonding to

the metal surface .
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4. The Advantages and Disadvantages of e-PTFE Membranes as Stent
Coatings

e-PTFE membranes used for the coating of metallic stents are relatively inert materials with a low friction coefficient and

non-adhesion characteristics that provide durable and degradation-resistant properties . They are highly biocompatible,

and their inertness often prevents cells from adhering to the prosthesis, while their microporous structure prevents cell

penetration and tissue growth . However, under certain circumstances biological reactions such as adhesion of blood

components (serum albumin, fibrin proteins, platelets) responsible for graft occlusion through activation of neointimal

hyperplasia may occur on them . For example, e-PTFE is 40–50% effective for large-diameter arterial grafts, while

smaller calibre grafts only guarantee 20–25% permeable as it can cause thrombosis . Today, one of the advantages of

enhancing the properties of e-PTFE and making them favourable for coating vascular stents is their chemical

functionalization through the formation of covalent and non-covalent bonds, with drugs and/or substances that can

prevent the process of restenosis, bacterial infections, etc. . In particular, chemical impregnation, chemical surface

modification, autologous vascularisation and cell seeding can be promoted . In order to give these membranes an

antibacterial and anti-inflammatory action, it is possible to carry out a chemical reduction in the e-PTFE surface by UV-

grafting polymerisation , a surface irradiation with gamma rays for immobilization of silver nanoparticles , a surface

oxidation with grafting and covalent immobilisation of PLGA nanoparticles , and finally it is possible to subject them to

an antibiotic pre-soaking . To avoid the process of restenosis, endothelialization, platelet and/or cell adhesion typical of

coated stents, e-PTFE membranes can be subjected to autologous vascularisation , spin-coating with polyurethane

(PU) followed by deposition of PU nanoparticles , poly(1, 8-octanediol-co-citrate) spin-shearing method and covalent

bonding of heparin (drug eluting stent) , seeding of autologous endothelial cells on the luminal surface , coating with

a thin layer of thermoplastic styrene-ethylene propylene styrene copolymer (SEPS)  and/or grafting of the SEPS layer

and covalent bonding with heparan-like semi-synthetic molecules sulphate (Patent EP 1501565 B1 .In this regard, it is

important to emphasise the use of drug eluting stents, devices used in the prevention of restenosis that are capable of

releasing bioactive agents into the blood stream that can be deposited in the tissues adjacent to the stent . These

drugs of an anti-inflammatory, immunomodulatory or anti-proliferative and antithrombotic nature (heparin, sirolimus,

paclitaxel, etc.), may simply be bound to the surface of the stent, incorporated and released within polymeric materials (e-

PTFE membranes) covering the stent (strutadherent), or they may cross (strut-spanning) the stent struts and/or be

released by vectors . In the case reviewed by Gohbara et al., good apposition of the e-PTFE-covered stent was

confirmed in a patient with restenosis caused by DES. In particular, the possibility of stent thrombosis was found as the

mechanical valve used was a VKA together with a P2Y12 inhibitor (prasugrel) .Compared to stents covered with

materials such as PU, PTFEP (poly(bis (trifluoroethoxy) phosphazene), poly(ethylene-co-vinyl acetate) (PEVA), poly(n-

butyl methacrylate) (PBMA), and poly(styrene block polymers -b-isobutylene-b-styrene) (SIBS) , those coated with e-

PTFE possess the advantage of having better endothelialization depending on the pore size. The greater conformability of

e-PTFE should allow the material to collapse easily which does not happen with other polymers whose stiffness may

promote the possibility of kinking and disrupting flow . They also possess a significantly smaller void than other grafts

due to its inherent hydrophobic nature that produces a natural barrier to water that prevents blood permeation .

However, PU, PTFEP, PEVA, PBMA couplings have been developed to improve the low flexibility and poor adherence of

ePTFE ones (as they require a high post-expansion pressure). Furthermore, they are biocompatible and relatively

elastomeric, and have a low coefficient of friction and a non-stick surface .
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