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ABSTRACT 
During the last decade, biodegradable metal stents have been established and examined as substitutes for the currently-used long-lasting cardiovascular stents. 
Degradable metallic substances could theoretically change corrosion-resistant metals presently used for stent application as it has been presented that the role 
of stenting is short-term and inadequate to duration of 6–12 months after joining during which arterial makeover and curing occur. Even though corrosion is 
usually measured as a failure in metallurgy, the corrodibility of guaranteed metals can be an advantage for their use as degradable implants. The applicant 
materials for such function should have automatic properties preferably close to those of 316L stainless steel. Non-toxicity of the metal itself and its ruin 
products is another condition as the stuff is immersed by blood and cells. Based on the mentioned necessities, iron-based and magnesium-based alloys have 
been the investigate candidate for biodegradable stents. Carotid angioplasty and stenting (CAS) has become known as a useful substitute to carotid 
endarterectomy and Nitinol stents are normally helpful in CAS. This article reviews the recent developments in the design and assessment of metallic material 
for biodegradable stents. It also introduces the new metallurgical process which could be practical for the manufacture of metallic biodegradable stents and 
their consequence on the properties of the metals.  
Keywords: Coronary Stents; Biodegradable Stents; Metallurgical Processes; Carotid Angioplasty. 
 
INTRODUCTION 
Carotid angioplasty and stenting (CAS) has urbanized when a 
potential substitute toward carotid Endarterectomy (CEA) 
intended for the action of carotid artery syndrome (Brott et al. 
2004) and Nitinol stents be typically worn in CEA (Phatouros 
et al. 2000). On the other hand, in-stent rest enosis of CAS at 
rest ruins (Clark et al. 2006) and a test to show non 
inferiority of CAS vs. CEA failed lately (Ringleb et al. 
2006). Nitinol stent biomechanical property as well as stent–
vessel relations are consider as two of most important factors 
of small and lasting stenting outcomes (Hart et al. 2006), 
which bedeliberatevia experiments (Tanaka et al. 2004; 
Hanus and Zahora 2005, Grenacher et al. 2006) otherwise 
finite element methods (FEM) (Whitche, 1997; Migliavacca, 
2004; Brand and Ryvkin,2005). On the other hand, Nitinol 
stent implant in carotid artery has not studied by means of 
FEM yet1. This effort developed a FEM towardreplica Nitinol 
stent release and discharge in a stenotic carotid vessel and 
compared simulations near various clinical plus experimental 
results, (Orlowski et al. 2011) with the planning the direction 
to learn stent–vessel relations as of a biomechanical vision. 
Also, two stent designs are comparing by the way to illustrate 
the pressure of stent design under the interactions2. The first 
tale of unbeaten use of a coil spring graft keen on a canine 
femoral artery has been published by Dotter in 1969 (Dotter 
CT et al. 1969). Later, cardiovascular stents were come out 
with a cure of coronary vascular barrier by (Watsmanet al. 
2009) the assumption of stent angioplasty within stenotic and 
hypoplasticarteries were introduced by Mullins el al and 
O’Laughlin et al3,4. After all, usages of stent were widespread 
all over the world and it’s activated several areas of vascular 
system (Okubom et al., 2001). Stents are embedded to recoil 
the steno tic vessel or else to take care of anatomization of 
vessel to avoid stent implantation, so, the hazard of aneurysm 
pattern or operation of the vascular wall is clearly cheap. In 
spite of this helpful appearance, stents will obstruct with the 
positive makeover of the vessel (Rutanen J et al. 2002). 
Normally, their use is convoluted by restenosis inside the 
stent due to swelling and neointimal propagation. If fixed in 

the rising life form of a child, a stent will direct to a 
permanent vessel span and succeeding growth-assisted rest 
enosis of the stented vessel (McMahon et al. 2001). 
Regulation of stents in kids is presently restricted by the 
paramount thickness that can be accomplished after re-
dilation to keep away from fixed barrier of the rising vessel. 
Consequently, exclusive of rescue situations, stent 
implantation in pediatric patients should not be achieved if 
the best stent diameter does not assemble the necessities of a 
mature size vessel diameter5. Degradable stents would allow 
for substitute therapeutic strategies: They might get rid of the 
current process of intervention of an artificial substance with 
the vessel fence, provide as a transporter of drugs useful to 
the implantation place and remove the demand for re-
dilatation6. An additional possible advantage of degradable 
stents is the lack of hindrance with latent consequent surgical 
procedure of the stented vessels7. In this revision, we account 
the consequences of our beginning possibility testing of a 
narrative balloon-expandable caustic stent created from pure 
(99.5 mass %) iron in a tangential stent drawing (expanded 
stent diameter: 6–12 mm). The stents were rooted into the 
local descending aorta (DAO) of 29 minipigs by means of 
effect up to 12 months8. Eternal stents formed from stainless 
steel assist as an intra-individual control. Stenosis of the 
Superficial Femoral Artery (SFA) is one of the famous 
diseases connected to the vascular system (Gibbs et al. 2010). 
Treating this virus is difficult, due to the participation of 
changeable lengths of arteries and the deviating forces 
desired for flexion, torsion and density9. Aging and 
atherosclerosis have resulted in many numerical and object 
changes in SFA (Choi et al. 2010). Percutaneous 
Transluminal Angioplasty (PTA) has been used as a 
satisfactory action for femoral occlusive infection10,6. Long-
term consequences have, still, been measured suboptimal 
(Choi and Gibbs et al. 2010). 

 
Statistical Models 
Algebra of economically prepared stents is established on the 
rigid protection. Modest information has, thus, been specified 
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by cast regarding the consequence of calculation on the 
actions of the stents. To attain the most favorable geometry, 
Micro-CT ought to, consequently, be used. The advantage of 
using this method is the prospect of the straight structure of a 
3-D stent replica11. There are not sufficient clue and scientific 
information accessible in the text telling NiTi femoral stent 
activities. Two sets of matter properties obtained from 
proceeding examine models (Kleinstrever 2008, Pelton 2000, 
Auricchio 1997) are used to verify the presentation of the 
lately devised geometry12. Based on the data existing in the 
literature (Gibbs and Choi, 2010) Nitinol stents with 
innovative geometry, were deliberate for the femoral artery 
via a computer aided three-dimensional interactive function 
Catia v. 5 (Dassault Systèmes, USA)13. 

 
 Objective Properties 
The current study is simply alert on the result of the 
properties of super elastic Nitinol on the performance of the 
stents considered for medical applications. The two basic 
models used in this paper are established on avenue 
anticipated by Auricchio et al. and by Qidwai and Lagoudas, 
respectively. The Abaqus Nitinol replicate new is occupied 
on the effort of Auricchio, Taylor and Lubliner, with wide-
ranging extensions of Rebelo (Auricchio et al. 1997; Rebelo 
et al. 2001). Nitinol super elasticity is classical as a 
predefined consumer substance in the Abaqus (Dassault 
Systèmes, Providence, RI, USA)14. Qidwai and Lagoudas 
have introduced fundamental models for super elastic shape 
memory resources based on the second law of 
thermodynamics (Gibbs free energy calculation). EchoBio 
urbanized a user-defined substance subroutine based on the 
Qidwai and Lagoudas theory15. Nitinol is a famous 
engineering substance in therapeutic industry for its super 
elasticity (Dueriget et al. 1999). The Nitinol property vital for 
the ANSYS(2004) material replica (Auricchio and Taylor. 
1997) be obtain since Favier et al. (2006) work and the FEM 
material sculpt was experienced and compared through the 
experimental data. The vessel and tablet were regard as hyper 
elastic materials and model by means of four-parameter as 
well as six-parameter Mooney–Rivlin hyper elastic 
constitutive equations, in that order, which were consequent 
on or after analysis records, reported earlier (Lee. 2010). 
 
Tradition of the Stent 
All iron and 316-L stents were bodily rolling onto balloon 
catheters without troubles. Opening of the stent–balloon 
system throughout the introducer cover was likely exclusive 
of harms in every stents by utilize of an upsizing of the 
optional moderator sheath for the angioplasty catheter16. The 
most significant factor of a coronary stent is the construction, 
geometry and size. These dissimilar parameter participate a 
vital position in deliverability, visibility scaffolding 
presentation and technical sensation. Various factors can also 
influence the development of rest enosis and further cardiac 
vascular disease. In support of 15 years, the normal material 
starting with balloon flexible stents were made was 316L 
stainless steel which has high-quality radial power, 
deformability, resistive to corrosion17. Through galvanization 
process such as argon ion attack, it can be coated. But extra 
coating leads to porosity and exterior cracks. New materials 
like cobalt, chromium and nickel are challenging to be the 
primary material used in stent at the moment. 
 
 
 

Vascular Diagnosis – Iron Stents 

 
Figure 1: Model of iron stent 

 
In the case history achieved 1 day afterwards the 
implantation, there was proof of disturbance of elastic 
membranes and neutrophils sensitive the medium nearby to 
the notch of the stent. The medium shows articulation 
firmness payable to the groove of the stent linked with gentle 
to reasonable segmental atrophies. Nearby a small coating of 
film array shelter the stent struts18. Endothelialization shows 
a division pattern 2 weeks later than implantation and was 
full after 4 weeks. In the cross section formed after that, there 
was whole endothelialization of the neointima. The vessel 
next to the iron stents shows buildup of brownish coloration 
of the luminal exterior neighboring to the stent strut and 
addition of brownish colored iron fragments in the media 
early 14 days after implantation. The iron dye was originate 
mainly surrounded by the extracellular gap, only hardly ever 
was there intracellular buildup of iron blush in central smooth 
muscle cells and fibroblasts19. Stirring response of the tissue 
adjoining the iron stent was soft. The samples attain after 2 
weeks and after that the appearance access to the media with 
little iron-containing macrophages and lymphocytes. Not 
often, histiocytes were originated. Increase of iron-containing 
macrophages surrounded by the medium sustained all over 
the period of the follow-up. Macrophages contain iron debris 
be experiential regularly inside the Para-aortic lymph nodes. 
 
Vascular Diagnosis – 316-L Stents 
At the same time as illustrate used for the iron stents, there 
was confirmation of interruption of elastic membranes. 
Neutrophils were insightful the media nearby to the groove of 
the stent strut keen on the medium 1 day subsequent to 
implant. Once more, a tiny membranous coating of thrombus 
was disclosed taking place on the stent strut plane. On that 
time, the stent was entirely enclosed by means of a 
neointimal coating enclosed by a film of endothelial cells. 
There was an effective penetration of the neointima with 
granulocytes and leucocytes. The medium shows main 
atrophy and sort-out of collagen and elastic fibers20. After 
sixty days of implantation, there was thin growth of 
lymphocytes in the media. Stent struts were fully enclosed by 
neointima and there was whole endothelialization. Collagen-
rich fibers were set up in the media as an outcome of focal 
medial interference21. 
 
Stents Coated By Heparins 
Heparin, a mixed set of unbranched, acidic 
glycosaminoglycans, has been extensively worn for 
customizing the covering of vascular implants for the reason 
that of its anticoagulant property. Heparin action turns to on 
the communication among its lively site (carbohydrate 
sequences) as well as the ambient ant thrombin III. Ant 
thrombin which crunches to the vigorous site assemble the 
reserve of thrombin moreover the secondary motionless ant 
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thrombin/thrombin compound is free into the blood flow. 
Equal to a variety of traditions in which heparin be able to 
attach to a stent outside and these comprise bodily 
adsorption, ionic bonding, copolymerization and polymer 
encapsulation22. Substantial adsorption has been fulfilled by 
covering the stent with a resolution of water-insoluble 
benzalkonium chloride compound. Intended for ionic 
bonding, the matter outside was catatonically emotional 
throughout quarternization (treatment with 
tridodecylmethylammonium chloride ammonium salt or ethyl 
bromide) action and next the anionic heparin molecules are 
ionic ally certified on to the cationic covering. The constancy 
of mutually in the flesh consumed and ionic ally bounce 
heparin is stumpy as they are simply detached as of the 
exterior when uncovered to plasma (Lu, p; Fan, H.; Liu et al. 
2010). Heparin liberation has been managed by means of 
ecological PLGA microspheres Beneficial to manage the 
heparin release as of the biodegradable polymers (PLLA, 
PLLGA, PLGA), polyethylene glycol, which is a plasticizer, 
was additional to the polymer–heparin films. The 
consequence of plasticizers on the discharge profiles of 
heparin was established to be needy on the copolymer ratios 
of PLA and PGA. Although more than a few techniques have 
been tried to put out of action and/or bring heparin at the 
objective site, each method has its own merits as well as 
demerits and nobody has proved to be most advantageous 
(Gerber et al. 2010). Bonan et al were the initial to make use 
of heparin layered zigzag stents in canine coronary arteries. 
Quite a lot of extra animal studies and medical trials listen in 
the effectiveness of heparin-coated stents and powerfully 
established the lack of thrombosis. A decrease in neointimal 
arrangement was also announced in few animal studies20.  
 
Sirolimus–Eluting Stents (SES) 
Sirolimus, an immune censoring mediator, dilemma to an 
intracellular receptor protein and eventually about cell-cycle 
apprehend. It frustrates vascular soft cell immigration, 
propagation and enlargement (G Adams, 2005). A diversity 
of ecological and non ecological polymers has been used as 
coating for SES (E.P. Mc Fadden et al. 2005). FDA accepted 
sirolimus-coated BX™ quickness balloon flexible stent 
(CYPHER™) (A.T.L Ong et al. 2005) is completed from 
electro polished laser-cut 316L SS. The stent is covered with 
a three layers of polymer varnish: Parylene C, a static, 
hydrophobic and biocompatible polymer is primarily coated 
on the metallic stent. Afterward, a combination of 
polyethylene-co-vinyl acetate (PEVA) and poly n-butyl 
methacrylate (PBMA) in a fraction of 67:33 is diverse with 
sirolimus and layered on the Parylene C coating. Lastly, a 
combination of PEVA and PBMA is then correlated as the 
third layer with no sirolimus. The most important reason of 
this last coating is to avoid the quick leakage of drugs from 
the polymer coating throughout the first period post-
implantation. Collagen matrix was recycled for clearing the 
sirolimus in a forbidden fashion devoid of having any rupture 
effect. Since the collagen is previously known for its 
enhanced blood affinity, this sort of biocompatible coating 
devoid of make use of polymers create the impression 
promising23. Numerous scientific studies have specified the 
value of SES (J Biomed Mater Res A, 76(2) (2006). 

 
CONCLUSION 
Property of variation in substance property on the involuntary 
and medical presentation of the open-cell, Z -shape femoral 
blood vessel Nitinol cable stent is deliberate by means of a 

serious examination. Consequences illustrate that Nitinol 
stents among higher A F  temperature have small COF, 
elevated RRF and great alteration damage. These are 
connected to the superior martens tic segment conversion and 
wider involuntary hysteresis loop of the alloy. Whole super 
elastic performance reveals a pleasing routine from an 
involuntary and medical performance position of outlook. 
Carotid angioplasty and stenting designed for repeated stenos 
is after carotid endarterectomy (CEA) can be wind up with a 
small incidence of technical factor with strong security from 
stroke. Restenosis of the carotid artery following preceding 
carotid endarterectomy (CEA) has been distinguishing with 
rising rate since from the exploit of noninvasive experiment. 
Iron is an apt metal for the manufacture of a large-size 
degradable stent through no limited or universal toxicity. 
Once overstretch-implantation keen on the piggish downward 
aorta, neointimal propagation is equivalent to a presently 
accessible stent fashioned from AISI 316-L. earlier ruin price 
is, though, attractive and supplementary studies have to 
spotlight on the adjustment of the masterpiece and plan of the 
stent to advance the ruin method. since the make use of 
carotid stents alter to further ordinary, the vascular general 
practitioner ought to be awake of the prospective for rest 
enosis together surrounded by and secure to the stent. This 
folder justify that effective carotid endarterectomy can be a 
secure, successful recovery process for supervision of carotid 
stent. 

 
REFERENCES 
1. FB Meyer, DG Piepgras, NC Fode. Surgical treatment of recurrent 

carotid artery Stenosis. J Neurosurg, pubmed.gov 1994; 80: 781–787. 
2. McClean Dougal R, MD Eigler N, MD Stent Design: Implications for 

Restenosis, MedReviews, LLC; 2002. PMid:12084605 
3. CT Dotter. Transluminally placed coil spring endarterial tube grafts: 

Long-term patency in canine popliteal artery. Invest Radiol; 1969.p. 
329–332 http://dx.doi.org/10.1097/00004424-196909000-00008 
PMid:5346893 

4. CE Mullins, MP O’Laughlin, GW Vick III, DC Mayer, TJ Myers, DL 
Kearney. Implantation of balloon-expandable endovascular grafts by 
catheterization in pulmonary arteries and systemic veins; 1988.p. 188–
199 PMid:3335067 

5. CJ McMahon, HG El-Said, RG Grifka, JK Fraley, MR Nihill, CE 
Mullins. Redilation of endovascular stents in congenital heart disease: 
factors implicated in the development of restenosis and neointimal 
proliferation. Am Coll Cardiol, 2001; 38: 521–526. http://dx.doi.org 
/10.1016/S0735-1097(01)01406-1 

6. GL Lanzino, RA Mericle, DK Lopes, AK Wakhloo, LR Guiterman, LN 
Hopkins. Percutaneous transluminal angioplasty and stent placement for 
recurrent carotid Stenosis. J Neurosurg, 1999; 90: 688–694. 
http://dx.doi.org/10.3171/jns.1999.90.4.0688 PMid:10193614 

7. JJ Vitek, GS Roubin, G New, N Al-Mubarak, SS Iyer. Carotid 
angioplasty with stenting in post-carotid endarterectomy restenosis 
Invasive Cardiol, 2001; 13: 123–125. 

8. WJ van der Giessen, AM Lincoff, RS Schwartz, HM van Beusekom, 
PW Serruys and DR Holmes Jr et al. marked inflammatory squealed to 
implantation of biodegradable and nonbiodegradable polymers in 
porcine coronary arteries. Circulation, pubmed.gov 1996; 94: 1690–
1697 

9. JM Gibbs, CS Pena, JF Benenati. Treating the diseased superficial 
femoral artery. Techniques in Vascular and Interventional Radiology, 
2010;13:37–42.http://dx.doi.org/10.1053/j.tvir.2009.10.005 
PMid:20123431 

10. CPG Choi, RJ Herfkens, CA Taylor. Mechanisms of vascular disease: 
The effect of ageing on deformations of the superficial femoral artery 
resulting from hip and knee flexion: potential clinical implications. 
Journal of Vascular and Interventional Radiology, 2010; 21: 195–202. 
http://dx.doi.org/10.1016/j.jvir.2009.08.027 PMid:20022767 
PMCid:2818320 

11. C Setacci, G De Donato, F Setacci, M Pieraccini, A Cappelli, RA 
Trovato et al. Europen journal of vascular and endovascular surgery: In-
stent restenosis after carotid angioplasty and stenting: a challenge for the 
vascular surgeon. Eur J Vasc Endovasc Surg, 2005; 29: 601–607. 
http://dx.doi.org/10.1016/j.ejvs.2005.01.033 PMid:15878537 



Sona Ann Sunny et al. Int. Res. J. Pharm. 2013, 4 (5) 

Page 23 

12. C Kleinstreuer, Z Li, C Basciano, S Seelecke, M Farber. Computational 
mechanics of Nitinol stent grafts. Journal of Biomechanics, 2008; 41: 
2370–2378.http://dx.doi.org/10.1016/j.jbiomech.2008.05.032 
PMid:18644312 

13. Morton Allison C, Crossman D, Gunn J. The influence of physical stent 
parameters upon Restenosis. Effects of stent design parameters on the 
aortic endothelium:  Elsevier SAS; 2004. 

14. F Auricchio, A Coda, A Reali, M Urbano. SMA numerical modeling 
versus experimental results: parameter identification and model 
prediction capabilities. Journal of Materials Engineering and 
Performance, 2009; 18: 649–654. http://dx.doi.org/10.1007/s11665-009-
9409-7 

15. F Auricchio, R Taylor. Shape-memory alloys: modeling and numerical 
simulations of the finite-strain super elastic behavior. Computer 
Methods in Applied Mechanics and Engineering, 1997; 143 (1–2): 175–
194. http://dx.doi.org/10.1016/S0045-7825(96)01147-4 

16. Zhao Hui, Sohier J, Scheerder I. Electrochemical polishing of 316L 
stainless steel slotted tube coronary stents. Electrochemical polishing 
results in a smooth stent surface: Kluwer Academic Publishers; 2002. 

17. W Wu, M Qi, X Liu, D Yang, W Wang. Delivery and release of Nitinol 
stent in carotid artery and their interactions: a finite element analysis. 
Journal of Biomechanics, 2007; 40 (13): 3034–3040. http://dx.doi.org 
/10.1016/j.jbiomech.2007.02.024 PMid:17511995 

18. Lau KW, Johan A, Sigwart U, Hung JS. A stent is not just a stent: stent 
construction and design do matter in its clinical performance. Singapore 
Medical Journal; 2004. PMid:15221045 

19. H Frericks, J Kievit, JM van Baalen, JH van Bockel. Carotid recurrent 
stenosis and risk of ipsilateral stroke: a systematic review of the 
literature. Stroke, 1998; 29: 244–250. http://dx.doi.org 
/10.1161/01.STR.29.1.244 PMid:9445358 

20. JS Yadav, GS Roubin, P King and S Iyer, J Vitek. Elective stenting of 
symptomatic basilar artery Stenosis: Angioplasty and stenting for 
restenosis after carotid endarterectomy: initial experience. Stroke, 1996; 
27:2075–2079.http://dx.doi.org/10.1161/01.STR.27.11.2075 
PMid:8898819 

21. CO McDonnell, D Legge, E Twomey, EG Kavanagh, S Dundon, MK 
O’Donohoe et al. Carotid artery angioplasty for restenosis following 
endarterectomy. Journal of vascular surgery. 2004;  27: 163–166. 

22. Rogers, Campbell DK, MD. Optimal Stent Design for Drug Delivery. 
MedReviews, LLC; 2004. 

23. CR Lattimer, KG Burnand. Recurrent carotid stenosis after carotid 
endarterectomy. Br J Surg, 1997; 84: 1206–1219. http://dx.doi.org/ 
10.1002/bjs.1800840906 PMid:9313696 

 
Cite this article as:    
Sona Ann Sunny, Arjun Kishore, Murugan Manavalan and Mansoor Ani. 
Recent trends in biomaterials used for cardiovascular stenting. Int. Res. J. 
Pharm. 2013; 4(5):20-23 

 
 
 
 
 
 
 
 

Source of support: Nil, Conflict of interest: None Declared 
 


