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Abstract 

BACKGROUND: With the social and economic development and aging, coronary heart disease has become 

the primary cause of death endangering human life and health, while cardiovascular intervention (especially 

stenting) in the treatment of cardiovascular disease is at a growing status. 

OBJECTIVE: To describe the development, research progress and latest clinical application of heart 

interventional materials as well as advantages and disadvantages of biodegradable stents, and meanwhile to 

prospect for its future development and improvement. 

METHODS: A computer-based online search was conducted in PubMed for English language publications from 

January 1999 to April 2014 using the key words of “stent, scaffold, bioabsorbable, bioresorbable, biodegradable, 

biocompatibility, material properties” in English． 

RESULTS AND CONCLUSION: The new fully biodegradable stents are considered as another major progress 

in the cardiac intervention, which brings a new gospel for patients with coronary heart disease. In the initial 

stage of implantation, biodegradable stents exhibit the same mechanical support as bare metal stents; after 

implantation, anti-proliferative drugs are released to prevent thrombosis and restenosis, and the stent is 

completely degraded within a specified period, which significantly reduces the late-stage and very late-stage 

thrombosis and the risk of in-stent restenosis. However, long-term safety and efficacy of biodegradable stents 

need further studies. Innovation of stent design and materials science is the key to overcome the current 

shortcomings of biodegradable stents. 

 

Subject headings: stents; graft occlusion, vascular; thrombosis; biodegradation, environmental 
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INTRODUCTION 

With the development of materials, coating 

techniques and drugs, more effective 

biodegradable stents are used in the 

practice．Based on a large amount of data, 

clinicians are encouraged to apply the stents 

in more challenging coronary cases, such as 

chronic total occlusions, main left artery 

disease, branch lesions and multivessel 

disease. However, current researches have 

shown that the bare metal stent has a high 

risk of acute in-stent restenosis. Meanwhile, 

drug eluting stents which have been widely 

used in clinical practice may be associated 

with a risk of late thrombotic events. 

Therefore, novel biodegradable stents are 

promising． 

 

MATERIALS AND METHODS 

Data source  

A computer-based online search was 

conducted by the first author in PubMed 

(http://www.ncbi.nlm.nih.gov/ pubmed/) for 

English language publications from January 

1999 to April 2014 using the key words of 

“stent, scaffold, bioabsorbable, 

bioresorbable, biodegradable, 

biocompatibility, material properties”. 

Relevant data were also searched in 

international conference reports on the 

Internet between January 1999 and June 

2014. The number of total retrieved 

literatures was 104. 

 

Data selection 

Inclusion criteria: (1) reports about 

biodegradable stents; (2) reports on research 

progress in the field of biodegradable coronary 

artery stents; (3) reports on the clinical 

application of biodegradable stents. Exclusion 

criteria: low relevance and duplicated articles. 

  

Data analysis 

There were 104 articles about research and
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clinical applications of biodegradable stents. Of those, 75 

literatures and 1 conference report with high relevance and 

timeliness were included in this report. 

 

RESULTS  

The history of percutaneous coronary intervention 

(PCI) 

Percutaneous transluminal coronary angioplasty (PTCA), 

bare metal stents and drug-eluting stents are three 

revolutions in the PCI therapy.   

 

PTCA  

Repeat bypass surgery is typically associated with a high 

rate of mortality
[1]
. In 1977, Andreas Gruentzig introduced 

a new concept, which was a huge leap forward in 

cardiovascular intervention therapy
[2]
. PTCA has emerged 

as the preferred treatment which IS thought to be effective 

in treating angina pectoris. However, acute occlusion and 

chronic restenosis constitute the most common reasons 

that PTCA may fail to provide long-term benefits and 

underlies the majority of ischemic complications
[3]
, which 

sometimes could be aggravated by aortic dissection and 

sometimes create a need for potential emergency 

coronary artery bypass surgery.   

 

Bare metal stents  

Bare metal stents are conceived as the second revolution 

in the practice of interventional cardiology
[4]
, which provide 

an attractive solution to abrupt vessel occlusion by sealing 

the dissection flaps and preventing acute recoil. Reducing 

the rate of late-stage restenosis when compared with 

balloon angioplasty, increasing the rate of procedural 

success as well, bare metal stent has a similar rate of 

clinical events after 6 months, but a less frequent need for 

revascularization of the original coronary lesion
[5]
. 

Nevertheless, metal stents have a thrombogenic milieu, 

the implantation of which is considered as a double-edged 

sword
[6]
. The two main concerns, consisting of the 

emergency of stent thrombosis and late restenosis, 

hamper the widely clinical application of bare metal stents.   

 

Drug-eluting stents  

Even though the early effects are thought to be beneficial, 

acute and sub-acute occlusion, late restenosis remains to 

be a limitation in broadening the indications of bare metal 

stents
[7]
. However, large meta-analysis has suggested that 

these concerns are no longer an issue with the new 

generation of drug-eluting stents. In 1999, drug-eluting 

stents coating and eluting cytostatic and cytotoxic drugs 

from the stent surface set a new and beneficial revolution 

in cardiac intervention therapy by permitting the 

percutaneous treatment used in increasingly complex 

artery lesions
[8]
. Cypher and Taxus, as representatives of 

the first-generation drug-eluting stents, are composed of a 

metallic platform, anti-proliferation drug coated with 

permanent polymers. Consequently, drug-eluting stents 

are being used in complex patients and lesion types. 

Clinical data and guideline recommendations support 

these results. However, a higher risk of late and very late 

stent thrombosis appears which were thought to be a 

nuisance in the application of drug-eluting stents
[9]
. 

Mechanisms for this include high chronic inflammations 

reaction of vascular walls to the stimulation of permanent 

stent coatings, incomplete endothelialization or delayed 

arterial healing and stent malapposition. Furthermore, 

extended dual-antiplatelet treatment is expensive and 

may cause bleeding risk.  

 

Bioresorbable stents (BRS)   

Current developments of biodegradable stents  

BRS are supposed to be the fourth revolution, as they are 

“fulfilling the mission and stepping away”
[10]
. It represents 

a novel stent concept which can prevent vessel recoil in 

the early stage and then fully disappear in certain future.  

 

Since the first bioresorbable stent which used a polymer of 

poly-L-lactide (PLA) invented by Stack et al 
[11] 

at Duke 

University in 1988, biodegradable stents have achieved a 

great improvement. Intra-coronary stent implantation 

obviously reduced the frequency of major adverse cardiac 

events such as restenosis and acute complications of 

coronary angioplasty. The main reason is potentially not to 

trigger thrombosis after full biodegradation, such as from 

uncovered stent struts, and durable polymers, or remnant 

drugs
[12]
. However, bioresorbable stent also provides a 

considerable advantage for patients who have to receive 

further operations such as PCI, coronary artery bypass 

surgery
[13]
. Besides, this unique property of degradable 

vascular implants can reduce the risk of late complications 

by adapting to vessel growth and late positive 

remodeling
[14]
, allowing the vessel to maintain its integrity 

and vasomotor function
[15]
. In addition, there is no 

requirement for long-term dual anti-platelet therapy 

(clopidogrel/aspirin), and is associated with a lower risk of 

bleeding. Furthermore, BRS can also be used in child 

vessel intervention. Therefore, the indications of stents 

implantation are extended.  

 

BRS assessed in both preclinical and clinical setting  

Current evidence of significant developments has been 

achieved in the field of bioresorbable stents. Recently, 

BRSs are considered as the next frontier of stents for 

coronary artery disease
[16]
.   

 

Biodegradable polymeric intravascular stents: Increasing 

attention is being paid to polymeric compounds that can 

be bioresorbable. The potential of these degradable 

polymers is discussed with respect to a special attention 

to polymers of the poly (alpha-hydroxy acid) type
[17]
. 

Polymers highly recommended include polyglycolic acid 

(PGA), poly (D,L-lactide/glycolide) copolymer (PDLA), and 

polycaprolactone
[18]
.  

 

In 1990, Zidar et al 
[19]
 implanted PLLA BRS into the 

canine femoral arteries and published the promising 

outcomes of the preclinical experiments. The study 

claimed that the stents degraded significantly, possessed 

low-grade inflammation reactions which contributed to 
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lower stent thrombosis and neointimal hyperplasia when 

compared with bare metal stents. In 1992, the 

experimental studies which tested the feasibility, safety, 

and effectiveness of fully biodegradable stents in vitro and 

in the porcine model were published
[20]
. This opened up a 

prosperous new period of research on bioresorbable stent. 

However, in 1996, Van der Giessen et al 
[21]
 reported 

marked inflammatory sequelae, giving rise to neointimal 

hyperplasia and/or thrombus formation, after the 

implantation of the Wiktor stent coated with five different 

types of biodegradable polymers (PGA/PLA copolymer, 

polycaprolactone, polyhydroxy-butyrate/-valerate 

copolymer, polyorthoester, and polyethyleneoxide/ 

polybutylene terephthalate) in the porcine coronary 

artery.  

 

With the deficiency of the former stents shown above, 

innovations of new scaffolds emerge as the times require. 

Currently, many types of BRSs are under preclinical and 

clinical evaluation. Of note, three kinds of BRSs have 

achieved CONFORMITE EUROPENDE (CE) mark 

approval and are used in clinical practice: the Igaki-Tamai 

stent for the treatment of peripheral vascular disease, the 

Absorb BVS and DESolve stent for coronary artery 

disease.  

 

Igaki-Tamai stents (Igaki Medical Planning Co., Ltd.): In 

1999, Igaki-Tamai stent, made of a PLLA mono-polymer, 

was the first fully bioresorbable but non-drug-eluting 

polymeric stent examined in diseased human coronary 

arteries. The attractive innovations of the first revision are 

the zigzag helical coil pattern, the self-expanding radius 

stent system and the using of a balloon expandable 

covered sheath system with contrast heated (up to 70 °C) 

through an 8 French guiding catheter. The stent has two 

radiopaque gold markers to facilitate the identification of 

both ends of the prosthesis
[22]
. Igaki-Tamai scaffold 

completely disappeared at an average of 3 years
[23]
. The 

clinical trials showed less to no inflammations and no 

unexpected, adverse angiographic, intravascular, and 

clinical findings, which reassured the biocompatibility of 

the PLLA. In 2000, Tamai et al 
[22]
 reported the initial and 6 

months follow-up results. In 2009, Onuma et al 
[24]
 

published the 10-year follow-up in human. Nishio et al 
[23]
 

continued the study and published the long-term (> 10 

years) clinical outcomes in 2012. The attractive finding of 

this research was able to restore the artery capability 

responding to positive remodeling once the stents 

degraded, which is unique to PLLA.   

 

Although current preliminary experimental and clinical 

studies have shown the longevity of Igaki-Tamai stents, 

while demonstrating the limitations as well, the major 

concern was the relatively high rate of late restenosis 

which is mainly related to the late-stage in-stent 

thrombosis. Therefore, stents carrying anti-proliferation 

drugs were required as the time increased. Meanwhile, 

new design of Igaki-Tamai stents is undergoing preclinical 

testing in Germany
[25]
 (Figure 1). 

Bioresorbable vascular scaffold system (Abbott Vascular, 

Santa Clara, CA, USA): The first revision of 

bioresorbable vascular scaffold (BioresorbableVascular 

Scaffold) 1.0 has a bioresorbable PLA backbone with a 

bioresorbable PDLA coating that contains and controls 

the release of the anti-proliferative drug, everolimus 

(Novartis, Basel, Switzerland). The design of the 

bioresorbable vascular scaffold with a crossing profile of 

1.4 mm is circumferential hoops of PLLA with struts  

150 µm thick either joined directly or linked by straight 

bridges. Both ends of the scaffold have two adjacent 

radio-opaque metal markers
[26]

. In 2008, the first 

generation of bioresorbable everolimus-eluting coronary 

stent (BVS 1.0) was implanted in the patients with single 

de-novo native coronary artery lesions. In 2009, 

researchers revealed 2-year outcomes and results from 

a clinical trial (ABSORB Cohort A)
[27]

. The outcomes of 

this research demonstrated somewhat higher acute and 

late scaffold shrinkage compared to metallic drug-eluting 

stents, which was the principal concern of ABSORB BVS 

1.0.   

 

The design of the second generation ABSORB BVS was 

changed in modified manufacturing process of the 

polymer and geometric changes in the polymeric platform. 

Consequently, the new revision possessed a more 

uniform strut distribution and provided increased radial 

strength
[28-31]

. In 2010 and 2011, the term published the 

clinical and imaging outcomes of the 6- and 12-month 

follow-up of the second generation of bioresorbable 

vascular scaffold (ABSORB BVS 1.1) for the treatment of 

de novo coronary artery stenosis
[32-33]

. Of note, the 

scaffold area of the second revision was unchanged at 6 

months estimated by OCT in both preclinical and clinical 

trials
[29, 32, 34]

.   

 

In addition, other three clinical trials are underway: the 

ABSORB Physiology, the ABSORB II, and the ABSORB 

EXTEND. The ABSORB Physiology setting focuses on 

estimating the short- and long-term effects of an Absorb 

BVS and a Xience V
®
 (Abbott Vascular, Santa Clara, 

USA) stent. The ABSORB II study is the first randomized 

trial designed to compare the safety and efficacy of the 

Absorb BVS and Xience prime (Abbott Laboratories) in 

500 patients with de novo coronary artery disease. The 

ABSORB EXTEND trial is a large-scale, single-arm trial 

that enrolls 1 000 patients with complex coronary artery 

disease which aims to evaluate the occurrence of side 

branch blockage after the implantation of bioresorbable 

vascular scaffold. The results show that bioresorbable 

vascular scaffolds can provide durable support force, 

allow persistent drug release and have no late in-stent 

restenosis. However, the research results also show that 

the bioresorbable vascular scaffold posses a higher rate 

of small side branch blockage compared with XIENCE 

V
®
 which calls for further improvement of stent design 

strategy
[35]

. Data from this trial may be used to support 

approval in various markets around the world
[36]

 

(Figures 2, 3).   
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Figure 1  Morphological changes of Igaki-Tamai stents before and 

after explantation 

Note: (A) The Igaki-Tamai stent before explanation. (B) The 

Igaki-Tamai stent after explanation
[23]
. 

A B 

Figure 2  Different design strategies of the biodegradable vascular 

scaffolds (BVS 1.0, BVS 1.1)
[28]
 

Note: (A) The design of BVS 1.0. The struts are distributed as 

circumferential out-of-phase zigzag hoops linked together by three 

longitudinal bridges between each hoop. The maximal circular 

unsupported surface area is drawn with the yellow circle. (B) BVS 

1.1 design. The struts are arranged as in-phase zigzag hoops 

linked together by three longitudinal bridges. The strut distribution is

more uniform and allows the maximal circular unsupported surface 

area (the yellow line) to be smaller than in the BVS 1.0. 

A B 

A B 

Figure 3  The FIM implantation of biodegradable stent (BVS) in 

China 

Note: (A) The left circumflex artery of the patient had a stenosis of 

70% before percutaneous coronary intervention (the white arrow); 

(B) The stenosis disappeared after the implantation of BVS (the 

white arrow). 

Figure 5  The DESolve BRS (from http://elixirmedical.com/) 

Note: (A) The DESolve BRS in its expansion. (B) The opaque 

material in the two ends of DESolve BRS which is marked by the 

red circle. 

A B A B 

Figure 6  The Xinsorb stent
[43]
 

Note: (A) Physical map, (B) Schematic view. 

Figure 7  The FIM implantation of Xinsorb (Huaan Biotechnology Co., Ltd., China)
[45]
 

Note: (A) CAG and IVUS show a focal stenosis which is larger than 80% in the middle of the right coronary pre-PCI (the white arrow). (B) CAG

and IVUS show no residual stenosis after the implantation of Xinsorb. The image under IVUS after stenting confirmed the enlargement of the 

luminal area. (C) The 6-month follow-up results show no in-stent restenosis. 

A B C 

Figure 4  Morphology of REVA and ReZolve stents 

Note: (A) The REVA stent. (B) The ReZolve stent. Arterial plaque is 

drawn in yellow. The red part represents coronary artery walls. 

A B 
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REVA scaffolds (Reva Medical INC, San Diego, CA, USA): 

The first generation of REVA scaffold has a unique “slide 

and lock” design, which means its expansion is based on 

sliding, locking parts (Figure 4A). REVA’s bioresorbable 

polymer delivers exceptional stent performance, and also 

doubles as a drug-delivery matrix with complete drug 

(sirolimus) release from the polymer. Moreover, the REVA 

polymer is also visible under x-ray because it is impregnated 

with iodine. The stent possesses high radial strength and 

negligible recoil with standard balloon deployment. Other 

features include its non-toxin breakdown products and its 

ability to vary resorption rate. Complete degradation time of 

REVA stent is about 18 to 24 months after implantation. 

However, the rate can be modified for meeting different 

needs, such as diseased coronaries, vulnerable plaque, 

diabetic lesions, and drug eluting mechanic
[37]
. Yet, the 4- 

and 6-month follow-up of the first revision REVA also show 

high target lesion revascularization in clinical trial RESORB 

(the REVA endovascular study of a bioresorbable coronary 

stent), which was contribute to the invention of the second 

revision REVA scaffold, ReZolve.  

 

The ReZolve stent has a spiral slide-and-lock mechanism 

and carries the anti-proliferative drug sirolimus. Currently, 

this new scaffold is undergoing evaluation in the RESTORE 

(ReZolve sirolimus-eluting bioresorbable coronary scaffold) 

clinical trial, which aims to pilot investigate its safety and 

efficacy in 50 patients. Clinical data from the RESTORE trial 

will become available throughout 2012 as patients pass the 

1- and 6-month clinical evaluation stages. Furthermore, the 

RESTORE II clinical trial which aims to assess the safety 

and performance of the ReZolve2 Bioresorbable Coronary 

Scaffold in native coronary arteries started in April 2013. 

Totally 125 patients are estimated to enrolled in this trial. 

The preliminary outcomes are supposed to publish in 2014.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REVA Medical INC tries to assuming acceptable results of 

these studies to provide sufficient evidence for CE mark 

approval (Figure 4B). 

 

DESolve™ BRS (Elixir Medical Corporation, Sunnyvale, CA, 

USA): The DESolve BRS has a backbone of PLLA polymer 

coated with a polylactide-based resorbable polymer-drug 

matrix which contains two anti-proliferative drugs 

(Novolimus and Myolimus). Novolimus, a metabolite of 

sirolimus, was developed internally by Elixir, while myolimus 

is a Novartis Pharma AG compound. Both these two drugs 

belong to the powerful macrocyclic lactone class of drugs, 

the family of which is widely used for DES applications
[38-39]

. 

The initial researches had confirmed the safety and efficacy 

of novolimus and myolimus
[40-41]

, as well as PLLA
[22]
. The 

degradation of DESolve scaffold occurs in about 1 year. Its 

fully resorption process takes approximately 2-3 years, 

leaving behind a thin neointimal lining and well-maintained 

lumen. Additionally, potential benefits include a functional 

endothelium enabling vasomotion and uniform flow 

dynamics in the vessel. The FIM research of DESolve which 

enrolled 16 patients with a single de novo coronary artery 

lesion also demonstrates the radial strength of the device 

Figure 8  The magnesium metallic stent in two states 

Note: (A) Before expansion; (B) after expansion. 

Figure 9  Peripheral corrodible iron stent before expansion 

produced in the stent design (CR Bard, Tempe, AZ, USA)
[65]
 

A B 

Table 1  Degradation time of bioabsorbable polymers
[16]
      

Stent material Degradation time (month) 

Poly-L-lactic acid  

Polyglycolic acid  

Poly (D,L-lactide/glycolide) copolymer  

Polycaprolactone  

Magnesium alloy  

Iron alloy  

> 24 

6–12 

12–16 

> 24 

1–3 

18 

Table 2  Characteristics of an ideal stent       

Aspects Properties 

Bioresorbable  

 

 

Biocompatibility  

 

 

 

 

 

Mechanical properties 

 

 

 

 

 

Drug carrier  

 

 

Safety and 

effectiveness  

Full corrosion and no degradation productions  

Under controlled  

Less foreign body inflammation reaction  

Non-thrombogenicity endothelialization  

No intimal proliferation and biologically inert  

Enable the adherent and growth of the endothelial 

cells  

Bio-friendly breakdown products so as to cause no 

inflammation  

Uncomplicated design and fabricated easily into 

desired size and shapes  

Flexible, reliable expandability and proper radial 

strength  

Radiology visible and suitable for non-invasive 

imaging examination  

Controlled rate of drug release  

Appropriate surface area which can carry enough 

kinds and dose of drugs  

Not to disrupt the smooth intimal lining  

Caliber maintained for long-term patency  
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comparable with the Elixir’s BMS.  

 

The encouraging results from the previous researches 

motivate a multi-center, prospective study enrolling 120 

patients at up to 15 centers in Germany, Belgium, Poland, 

Brazil and New Zealand designed to evaluate the safety and 

efficacy of the DESolve scaffold. A 6-month follow-up is the 

principal endpoint. This study focuses on the long-term 

assessment of the scaffold and surrounding vessel assessed 

by QCA, intravascular ultrasound (IVUS), optical coherence 

tomography (OCT) and MSCT
[42]
. Meanwhile, the DeSolve 

NX II trial has been designed to evaluate the effectiveness of 

the device in a larger number of patients in order to apply for 

CE mark. Recently, the Elixir Medical INC announced that the 

DESolve is CE mark approved (Figure 5). 

 

XINSORB (Weite Biotechnology Co., Ltd., China): 

XINSORB has a bioresorbable PLLA backbone coated 

with the mixture of poly-D-Llactic acid (PDLLA) and PLLA. 

The coating carried and controlled the release of 

anti-proliferative drug, sirolimus. The molecular weight of 

PLLA used for XINSORB stent was 300 kDa. Recently, the 

acute recoil between XINSORB stent and metallic stent 

was compared in a porcine model. Efficacy of XINSORB is 

confirmed while raising questions with regard to the 

durability of this novel medical device
[43]

. Moreover, to 

investigate acute recoil of bioabsorbable PLLA stent, PLLA 

XINSORB stents (Huaan Biotechnology Co., Ltd., China) 

and metallic stents EXCEL (Jiwei Medical Co, Shandong, 

China) were implanted into the coronary arteries of 16 mini 

porcines. The results showed that the acute stent recoil of 

XINSORB scaffold is similar to that of stainless-steel- 

based EXCEL stent. No acute stent mal-apposition or 

collapse appeared in both kinds of stent
[44]

. The 2-years 

follow-up results of the animal trial are supposed to be 

public this year. The FIM trial (with no compare group) has 

been started on September 5, 2013, which was the first 

case of independent bioresorbable stent (Xinsorb) 

implanted in China (Figure 6). The 6 month follow-up 

results conclude from the clinical trial which includes 30 

patients with single de novo lesion using coronary 

angiograpgy, IVUS and OCT show the effectiveness and 

safety of the Xinsorb stent (Figure 7). Although the current 

findings are encouraging, long-term follow-up researches 

in larger studies are extremely necessary before widely 

applied in the clinic. 

 

Other Bioresorbable Polymer Scaffolds: IDEAL (Xenogenics, 

Canton, MA, USA)
[46-47]

 is also made up of polymer 

materials which are undergoing clinical research. Besides 

these, there are other biodegradable polymer stents that are 

undergoing pre-clinical studies, such as ART 

BRS
[48]
,Amaranth

[49]
, Acute BRS

[50]
.   

 

The metallic alloys mainly utilized for BRSs are iron and 

magnesium alloyed with some rare metals
[51]
. Metal 

bioabsorbable stents are intuitively attractive since they 

have the potential to perform similarly to stainless steel 

metal stents
[52]
. 

Magnesium metallic stents (AMS): Mg based alloy has been 

used for more than 14 years since the first implantation in 

humans. Magnesium metallic stents are the dominating 

bioresorbable metallic stents at present. As an essential 

element in the biological system, magnesium is a splendid 

candidate for the bioresorbable metallic stents. Biocorrosion 

of magnesium based alloys is a prospect in new technology 

for improving cardiovascular implants as an effective 

temporary system with inherent or hybrid local drug delivery 

functions
[53-56]

.  

 

The first animal trial utilized a magnesium alloy which 

contained 2% aluminum and 1% rare earths (Ce, Pr, Nd). 

Nevertheless, the concept yielded some of the expected 

results involving thrombogenicity, biocompatibility, and local 

tissue response during different periods of time
[57]
. In 2005, 

the first successful implantation of a biodegradable metal 

stent, rescued a child, who received the implantation of a 

biodegradable magnesium stent, from an extremely severe 

clinical problem who received the implantation of a 

magnesium stent
[58]
. In 2006, the first biodegradable stent 

based on a magnesium alloy that allows controlled corrosion 

with release to the vessel wall and the blood stream of a 

natural body component (such as magnesium with 

beneficial antithrombotic, anti-arrhythmic, and 

anti-proliferative properties) was implanted in 20 patients 

below the knee
[59]
. In 2007, prospective multicentre clinical 

trials of coronary implantations of absorbable magnesium 

stents were reported by Erbel et al 
[57, 60]

.   

 

The efficacy of the first revision AMS (AMS 1.0) was 

evaluated in the PROGRESS-AMS (Clinical Performance 

and Angiographic Results of Coronary Stenting) study, 

which declared that complete biocorrosion occurred within 2 

months after the implantation in humans and contributed to 

the early reduction in the radial strength of the devices, 

following with high late lumen loss and target lesion 

reconstruction
[61]
.  

 

To overcome previous limitations, a new generation AMS, 

DREAMS (drug-eluting absorbable metallic stents) 1.0 was 

innovated. Anti-proliferative drug paclitaxel was added to the 

device. The design of the scaffold and the composition of 

the magnesium alloy also changed, thus providing the 

device with increased radial strength, and a prolongation 

resorption process
[61]
. However, late lumen loss, although 

improved, remained high. DREAMS 2.0 incorporates 

sirolimus elution instead of paclitaxel. Preclinical evaluation 

of the device revealed reduced inflammation, and a higher 

endothelization rate compared with the DREAMS 1.0. In the 

latest revision, the degradation process demonstrated a 

prolonging to 6 months
[62]
 (Figure 8).   

 

Iron alloy stents: Although having not progressed as far as 

magnesium stents, the first animal study of iron stents was 

completed earlier than AMS
[63]
. The preclinical study of iron 

stents implanted in porcine coronary arteries was limited to 

a 28-day follow-up, but claimed to have less neointima 

formation at this time point
[64]
 (Figure 9).   
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The potential advantages of bioabsorbable iron alloy
[66]
:   

(1) Iron is a essential element in human body, (2) 

biocorrodible metal, (3) possess appropriate degradation 

rate, (4) excellent comprehensive mechanical properties, (5) 

not radiolucent for the high density of iron base alloy 

compared with other metal, (6) good nuclear magnetic 

resonance compatibility, (7) associated with lower late stent 

thrombosis.   

 

Other BRSs: Other technologies using polymer other than 

poly-lactide, as well as using other resorbable metal alloys, 

are also being investigated. These BRSs are currently 

undergoing testing, such as Avatar BRS, Sahajanand BRS, 

MeRes BRS, Zorion BRS.  

 

The main problems of current BRS 

Intra-coronary stent implantation reduced both restenosis 

rates and acute complications of coronary angioplasty but 

increased sub-acute thrombosis rates and hemorrhagic 

complications when used with antithrombotic drugs.   

 

Biocompatibility  

Acquiring biocompatibility is a complex chain process. The 

interaction among polymer composition, degradation 

products and implanted stents is the principal reason for 

inflammation. In addition, reactions to the biological material 

implantation, which are considered to be inherent defense 

mechanisms, may be produced by the body’s 

neuro-endocrine system.  

 

Biodegradable materials possess excellent blood 

compatibility. However, its histocompatibility is still 

controversial. Histocompatibility represents the ability of 

allowing adhesion and proliferation of the endothelial cells 

pseudo intima formation. Today, the concept of 

biocompatibility is moving from a “do no harm” mission (i.e., 

non-toxic, non-antigenic, non-mutagenic, etc.) to one of doing 

“good”, which means encouraging positive healing responses 

instead of merely delayed the healing
[67]
. The local toxicity is 

related to the local concentration of the elements over time. 

The tissue tolerance for physiologically occurring metals 

depends on the change of their tissue concentrations induced 

by corrosion. The reasons for using magnesium as the main 

alloy component are its surface characteristics and expected 

local tissue tolerance. Thus, elements with high tissue 

concentrations such as magnesium supposedly have a better 

biocompatibility during degradation
[68]
. Changes in local 

oxygen and pH can be neglected if the degradation is slow. 

However, formation of reactive oxygen species through 

Fenton-type chemical reactions merit requires more attention, 

as in the case of non-degradable metals.   

 

Degradation rate  

An appropriate degradation rate of scaffold backbone is 

essential for BRS. The BRSs are supposed to exist for a 

certain period of time and then completely disappear. Two 

dominant factors influencing the degradation rate are 

inherent properties of materials and implanted environment 

(Table 1).   

It was speculated that coronary stents have no clear 

function six months after implantation. As a result, the 

appropriate complete degradation time which is supposed to 

meet the requirements of clinical practice is about 3-6 

months after implantation
[10]
. Previous studies confirmed 

that PLA is hard and brittle with slow degradation, while PGA 

is soft with fast degradation rate and insufficient support 

force.   

 

A current study implanted in porcine coronary arteries 

claimed that stents made of bio-corrodible iron are 

associated with less neo-intimal formation than 

cobalt-chromium stents
[64]
. The corrosion of iron appears to 

be too slow. The stents are still present at 18 months
[69]
. The 

research showed that the mechanical properties and 

degradation behavior of Fe-35%Mn alloy closely approach 

the clinical requirements
[70]
. In 2010, Schinhammer et al 

[71] 

put forward two design strategies to make iron based alloy 

more susceptible to corrosion: (1) the formation of a solid 

solution such that the Fe matrix, and (2) the formation of 

noble IMP particles that generate micro-galvanic corrosion 

and promote active dissolution of the matrix. Mn and Pd 

demonstrated to be suitable candidate for alloying additions 

for this approach. In 2011, Liu et al 
[72]
 found that the 

elements Co, W, C, and S are suitable on a comprehensive 

consideration of the improved mechanical properties, 

appropriate corrosion rates and good biocompatibility, 

however, the degradation rate of Fe-alloy show no 

significant clinical difference when it was compared with 

pure iron.  

 

Despite of the fast degradation rate of the early AMS, the 

degradation times of current magnesium systems proved to 

be closer to the requirements. Drug-eluting absorbable 

metallic stents (DREAMS) 1.0 and 2.0, which have changed 

the alloy of magnesium, were innovated and are undergoing 

preclinical researches. They are supposed to have an 

increasing radial strength, and prolongation resorption 

processes. As mentioned above, the fully degradation time 

of the latest magnesium alloy has prolonged to over 6 

months with the evolution in the stent design
[62]
. 

Bio-corrosion of magnesium based alloys may be a 

promising new technology for improving cardiovascular 

implants as effective temporary systems with inherent or 

hybrid local drug delivery functions.   

 

In conclusion, the methods to control the degradation rate 

include changing the mixture proportion of alloy, as well as 

the design strategies of polymers or metal stents.   

 

Mechanical properties  

At present, scholars tend to use the finite element analysis 

to investigate and analyze the parameter of the 

bioresorbable materials, such as the elastic modulus, the 

yield strength, and the influence of the collapse behavior. 

Biodegradable polymers were widely used as delivery 

vehicles for drug coating and utilized to control the release 

of drugs
[16, 51-52]

. The superiority of providing a possibility for 

combining physical treatment with pharmaceutical therapy 
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makes polymeric stent more attractive than metallic BRS in 

drug coating
[73]
. However, none of the degradable polymer 

materials currently used is beyond reproach. Common to all 

is the lack of long-term clinical evidence demonstrating a 

clear advantage of providing sufficient radial strength over 

other stents
[64]
. Compared with metallic scaffold, polymer 

BRS proved to be more vulnerable to early recoil after 

implantation, which was potentially due to the differences in 

material properties: (1) polymers are more flexible and 

potential to be more directly affected by the elastic 

properties of the arterial wall, (2) in addition, as the polymer 

BRS is designed to be gradually metabolized, the polymer 

backbone will lose its structural integrity during degradation, 

which contributes to the reduction of its radial strength
[74]
. 

Furthermore, as the PLLA used in both Igaki-Tamai and 

BVS 1.0, the main reason of stent recoil might be associated 

with differences in stent design. Because the Igaki-Tamai 

stent was self-expandable, whereas the BVS was 

balloon-expandable, the Igaki-Tamai stent tends to expand 

gradually in time until it reaches full unconstrained 

dimensions. In short, polymer bioresorbable scaffolds are 

confronted with challenges in achieving appropriate strength 

and resistance to recoil.  

 

In the previous preclinical and clinical studies, metallic 

stents have manifested their excellent radial strength. Both 

magnesium and iron frequently applied in the researches of 

metallic BRS proved inappropriate bioresorbable rate 

resulting in many complications. Because of the high 

degradation rate, the former magnesium alloy stents could 

not provide sufficient support before they were completely 

corroded. However, the latest AMS overcome this drawback 

and take possession of a prolonged bioresorbable time 

which is supposed to satisfy clinical practices. Modifications 

of stent mechanical characteristics are currently in 

development
[75]
.  

 

Imaging properties  

Biodegradable metal stents hamper non-invasive imaging of 

coronary arteries with multislice computed tomography and 

MRI before complete corrosion. IVUS and OCT appear to be 

much more suitable.  

 

Compared with metal stents, the density of biodegradable 

polymer material is extremely low. All of the biodegradable 

polymers mentioned above are radiolucent, which may 

impair accurate positioning. It is difficult to deploy the stent 

precisely without fluoroscopic visualization
[16]
. Currently, 

most investigators prefer to use angiography, IVUS or OCT 

after the implant of the polymer stents. Besides, some 

scholars add radio-paque metal markers at the two tips of 

the polymer stents in order to be visible under the X-rays. As 

a result, the invention of a new kind of polymer material 

which is radiology visible is badly needed.   

 

Drug carrier system  

The mechanisms of controlled drug release are varied, such 

as diffusion, dissolution or degradation, ion exchange, 

osmosis and prodrug
[76]
. A precise control of the 

drug-release kinetics is extremely important, since the 

release kinetics should be tailored to the pathophysiologic 

phases of restenosis depending on the specific mechanism 

of drug action. In addition, appropriate surface areas which 

can carry various kinds and doses of drugs are also of great 

importance. Polymer BRSs might be superior to 

polymer-coated metallic stents as local drug delivery stents 

in terms of biodegradation and the amount of loaded drug. 

Drug-mixed polymer stents can be loaded with a larger 

amount of drugs than drug-coated metallic stents because 

the polymer stent struts can contain the drug
[52]
. Compared 

with drug-eluting stents, biodegradable stents can carry 

various kinds of drugs, achieve a longer release time, which 

is one of the trends in the development of the endovascular 

stents. 

  

The drug of the BRS may not only inhibit the proliferation of 

smooth muscle cells, but also hamper the healing of the 

lesion vessels and the endothelialization of the vessel wall 

which results in the recovery delay. Some researchers 

considered that drug-coated stents only delay rather than 

completely eliminate the appearance of restenosis.  

 

In brief, the ideal biomaterial is expected to overcome all the 

drawbacks shown as follow (Table 2).   

 

CONCLUSION  

BRSs definitely have many encouraging advantages 

including unnecessary use of lifelong dual-antiplatelet 

treatment allowing for late positive remodeling, without 

restricting the ability of surgical revascularization, adapting 

to growth which supposes to be widely applied in children, 

optimum vehicles for local drug delivery, and few late stent 

thrombosis
[14]
. However, the promising outcomes of the 

BRS require extensive studies to overcome their previous 

limitations. The innovation of the materials and design 

strategies are supposed to be the key points. Whether 

vascular lesions undergong PCI no longer need permanent 

support after the degradation of the scaffold is to be 

considered. Currently, BRSs are mainly implanted in 

patients with single vessel lesions. Whether BRSs are 

suitable for complicated cases is waiting for multi-centre 

randomized controlled trials. Besides, further improvements 

are necessary with respect to long-term follow-up after the 

implantation of BRSs.   

 

Hence, the developments of BRSs are focused on the 

balance among mechanical properties, degradation rate, and 

endothelialization. The further studies are intended to contain 

but are not limited to the following: the innovation of the stent 

material, furthering alloy technology, the design of the specific 

stent structure, the improvement of drug coating technology, 

the short and long term local intramural biocompatibility and 

bio-reactivity of such alloys and their components before and 

during degradation. All need to be assessed.  

 

Therefore, BRSs are expected to overcome the limitations 

of the traditional stents. Completely biodegradable stents 

research is still in its beginning stage. 
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文章亮点： 

文章特点在于从多角度说明新型完全生

物可降解支架在植入初始阶段表现出与

金属裸支架相同的机械支撑力，植入后释

放抗增殖药物，预防血栓形成及再狭窄，

同时在特定的时间内完全降解，明显减少

了晚期及极晚期血栓形成及支架内再狭

窄的风险，适合于当前冠状动脉性心脏病

的治疗。 

关键词： 

生物材料；材料相容性；支架；生物可吸

收；生物可降解；生物相容性；材料学特

性；国家自然科学基金 

主题词： 

支架；移植物闭塞，血管；血栓形成；生

物降解，环境  
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学 技 术 委 员 会 科 研 计 划 项 目
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摘要 

背景：随着社会经济的发展和老龄化的加

剧，冠状动脉性心脏病成为危害人类生命

健康的首要致死病因，与此同时，心血管

介入治疗(尤其是支架植入)在当今心血管

疾病治疗中的地位与日俱增。  

目的：阐述心脏介入材料的发展历程、研

究进展以及最新临床应用试验，可降解支

架的优点以及弊端，同时展望其未来的发

展趋势和改进方向。   

方法：应用计算机检索 PubMed 数据库

1999年 1月至 2014年 4月间相关文献，

检索词为“stent, scaffold, bioabsorbable, 

bioresorbable, biodegradable, 

biocompatibility, material properties”，并

限定文章语言种类为英语，对资料进行初

审。  

结果与结论：新型完全生物可降解支架是

心脏介入治疗中的又一重大进展，为冠状

动脉性心脏病患者带来新的福音。在植入

初始阶段表现出与金属裸支架相同的机

械支撑力，植入后释放抗增殖药物，预防

血栓形成及再狭窄，同时在特定的时间内

完全降解，明显减少了晚期及极晚期血栓

形成及支架内再狭窄的风险。但可降解支

架的长期安全性及有效性有待进一步研

究来证明。支架设计及材料学革新是克服

当前可降解支架缺点研究与应用的重点。 

作者贡献：所有作者共同参与实验设

计、实施及评估。 

利益冲突：文章及内容不涉及相关利

益冲突。 

伦理要求：二次文献研究，未设计伦

理问题。 

学术术语：再狭窄-是经典的损伤愈

合反应的一种变异形式，球囊及支架使血

管损伤后，内皮剥脱，导致血管重构并启

动了局部血栓形成及炎症反应，多种细胞

因子及蛋白沉积在血管壁，使得内膜增

生，从而形成再狭窄。 

作者声明：文章为原创作品，无抄袭

剽窃，无泄密及署名和专利争议，内容及

数据真实，文责自负。 
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