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ARTICLE INFO ABSTRACT

Article history: Coronary Artery Disease (CAD) remains the leading cause of death in the developed world. The advent
Received 7 February 2017 of drug-eluting Bio-resorbable Stents (BRSs) heralded a significant development in the field of CAD,
Received in revised form 28 February 2018 representing a step-change in the treatment paradigm and offering significant improvements in patient

Accepted 13 May 2018 outcome. But, as noted by a Task Force sanctioned by the European Commission in 2017, their widespread

clinical deployment has primarily been hampered by a lack of randomised clinical trial data demonstrat-
ing improved efficacy over traditional permanent drug-eluting stents (DESs). To date, only the Abbott BVS,
voluntarily withdrawn from sale in 2017, has undergone such rigorous evaluation, and which showed
Drug-eluting stents inferior outcomes at 2-3 years. This timely review paper addresses leading BRS polymer stent tech-
Bio-resorbable polymers nologies to highlight the trends in design strategies and current technological advancements aimed at
Polymer processing overcoming such performance limitations. This review examines the leading BRS technologies to gauge
PLLA the progression of polymer materials technology and strategies in this field. To highlight emerging trends
with respect to constituent materials, the developmental history of each stent is discussed briefly, pro-
viding context to progress. Many stent features that relate to material selection including material types,
material combinations, drugs, architecture features, strut thickness, processing techniques and radiopac-
ity are considered and compared. Following detailed review of these stents, materials and related features
are summarised and discussed to highlight the changing clinical needs, current targets and challenges
ahead.

Keywords:
Coronary artery disease
Bio-resorbable stents

© 2018 Published by Elsevier B.V.

Contents

B R oL 0T LE U U ) o
2. Bio-resorbable polymer stents
2.1.  Abbott Vascular (Santa Clara, CA, USA)
2.1.1. ABSORB (1.0)..uuiiiiieeiiiiie i eeiiaes
2.1.2. ABSORBBVS(1.1).....coviiiinneiinnnnnnnn. ..
2.2, ELXir Medical (IMIIPItas, CA, USA ) . ...ttt ettt et it et ettt e e et e e e et e e ettt ee e et e e e et ee e e et e e e e e e e et ae e e e e e e iae e e aeeeeanaaes

Abbreviations: PAE, poly(anhydride ester); PDLA, poly(D-lactide); PLLA, poly(L-lactide); PDLLA, poly(D,L-lactide); PGA, poly(glycolide); PLGA, poly(D,L-lactide-co-
glycolide); PCL, poly(e-caprolactone); PLCL, poly(L-lactide-co-g-caprolactone); PTD-PC, desaminotyrosine polycarbonate polymer; SA/AA, salicylic acid/adipic acid.
* Corresponding author at: The Charles Institute of Dermatology, School of Medicine, University College Dublin, Ireland.
E-mail address: wenxin.wang@ucd.ie (W. Wang).
T These authors contributed equally to this work.

https://doi.org/10.1016/j.progpolymsci.2018.05.002
0079-6700/© 2018 Published by Elsevier B.V.


https://doi.org/10.1016/j.progpolymsci.2018.05.002
http://www.sciencedirect.com/science/journal/00796700
http://www.elsevier.com/locate/ppolysci
http://crossmark.crossref.org/dialog/?doi=10.1016/j.progpolymsci.2018.05.002&domain=pdf
mailto:wenxin.wang@ucd.ie
https://doi.org/10.1016/j.progpolymsci.2018.05.002

80 S. McMabhon et al. / Progress in Polymer Science 83 (2018) 79-96
2.2.1.  DESOIVE T50/DESOIVE INX ...ttt ee et ettt ettt e e e e e e ettt et ettt a e e e e e e et e e e e e et e e e e e e e et e e e e e ettt aaaeeeeeeeaaaaes
B2 ) Ao ) 177 0
B0 T 0 ) Y A1
B B ) Y] A= N
2.3.  Reva Medical Inc. (San Diego, CA, USA)
231. REVA................
2.3.2. ReZolve
2.3.3. ReZolve 2
2.3.4. Fantom
2.4.  Meril Life Sciences (Vapi, GUJarat, INAIa) ... ...oouuieiii ettt ittt e ettt e ettt e et e e et ee e et e e e e ae e et e e e e e e eaaeeaanns
2 B (<] R T IR 1<) 1 |
242, MeRes100......coovviiiiiiiiiniiiiiiaanaanns
2.5.  Amaranth Medical, Inc. (Mountain View, CA, US.A)
251, FORTITUDE.....ciiiiiiiiiiii et
D5 T8 Nl N U ] 3 P
2.5.3.  MAGNITUDE . . ..ttt ittt et et et et e et e e e et ettt e e e e e e et e et e e e e e e e e e et te et e e e e e e et e e eae e e e eeeeeeeaaanas
2.6.  Huaan Biotechnology Group Co., Ltd. (Laiwu, China) . .......ueii ettt ittt e ettt e et e e e e e e et e e e ie e e iee e ie e e aaaneas
72 20 D€ 1 Y )12 2
2.7. Bioabsorbable Therapeutics Inc. (Menlo Park, CA, USA)
2.7.1. IDEAL (1st Gen) stent
2.8.  Manli Cardiology (Singapore).....
B T R ¥ 1 =V 23 1Y/
2.9. Kyoto Medical Planning Co., Ltd. (previously known as Igaki Medical Planning Co., Ltd, Japan) ..........ccouiiiiiiiiieeiiiieeiiiaeenaanns 84
B2 I TR 1 1 o I U 1
2.10.  Arterius Ltd. (Bradford, UK) .. ......ouiii ittt ittt ettt ettt ettt e e e e et e e e et e et e i te e e e e et e et e e e,
2.10.1.  ArterioSorb..........oiiiiiii
2.11.  Arterial Remodelling Technologies inc. (Paris, France)
2110, ARTPUIe... .o e it
2.12.  OrbusNeich (Fort Lauderdale, FL, USA ) ... ...ttt ettt ettt ettt e et et e e e et e e e et e e e e e e e ettt e e e ie e e e aeeeeaiaeaeanaaaees
728 7 DR © 1 Y1t
2.13.  S3V Vascular technologies (Bangalore, India)
2131, Avatar..........coeeiiiiiiieinn.
2.14. 480 Biomedical (Watertown, MA, USA)...
7 s R -1
2.15.  Cardionovum GIMbBH (BONN, GEITIIANY) ... ..ttt e e ttie ettt e et ttee e e et e e ettt ee e e et ee e et ee e e et ee e et e e e e e ae e e e aee e e aaaeeaanaeeennnns
2051, RENATURAL (P). . oo e e e
3. Resorbable materials used in bio-resorbable STENLS. . ... ... ettt ettt ettt ettt et
4, Bio-resorbable stent fabrication materialS............ccooviiiiiiiiiiii i
4.1. Poly(L-lactide) PLLA, poly(D-lactide) PDLA and poly(D,L-lactide) PDLLA
4.2. Poly(desaminotyrosyl-tyrosine ethyl ester) carbonate PTD-PC..............
4.3, Poly(@nhydride @Ster) PAE ... ...ttt ittt ittt et et et et et ee e et e ettt e e e et e e et e e et et
O o) YT o 153 (o] F: Tl ') s U= I () I
4.5.  Poly(L-lactide-co-£-Caprolactone) (PLCL). ... ..eeune ettt et ie ettt ettt e e e e e et e e et e e e ee e et e e e et ae e e eeeaaaaaeaeannaaenes
4.6.  Poly(D,L-lactide-co-glyColide) PLGA . ... ..ottt ittt ittt ettt et e ettt et e e et e et e e e et e e e ee e e e e e
5. Polymer based coatings
6. DISCUSSION...ctttittiiiin it
6.1. Materials used in resorbable stents................
6.2. Material impact on device design and function
{20 TR o L e D1 011 (<) N
L300 1< o ) | N
6.2.3.  Fracture risk and deployment lmitation. ... ....ouutet ittt ettt ettt et e e et e e e et ea e et ae e et aa e e
6.2.4. Processing to achieve improved material performance ..................ccoovveinnnn..
6.3. Resorption time
7. Conclusions .........covveiiiiiiiiinnnn.
el 14 s 00107 1T o< 0 3 <] o 1 3t
] 1] W) Lol <1 N
1. Introduction restenosis. There is a general consensus within the clinical com-

munity that the presence of a permanent stent beyond the point

Coronary Artery Disease (CAD) is a condition characterised by of mechanical support for arterial remodelling and drug release
a plaque-mediated narrowing of the vessels providing oxygenated presents long-term disadvantages [5,6] while there are no signifi-
blood to the cardiac muscles, and is the leading cause of death in cantly supported advantages to long-term continued presence of a
the developed world [1]. Coronary stents are structural scaffolds stent [7].

designed primarily to prevent elastic recoil and intimal hyperplasia While the advent of bare metallic stents (BMSs) heralded a sig-
associated with percutaneous transluminal coronary angioplasty nificant advance in the treatment of CAD, the rate of clinically
(PTCA) [2]. As a wound healing event, arterial patency is typically indicated target lesion repeat revascularisation resulting from in-

recovered within the first six months [3,4] following the procedure, stent restenosis and neointimal tissue growth remained high [8].
which coincides with the timeframe for potential onset of in-stent Drug eluting stents (DESs) have been successful in reducing the rate
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