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Glossary of terms used in text 

ACS = acute coronary syndrome 

AUC = area under curve 

BMS = bare metal stent 

BRS = bioresorbable scaffold, further classified as pBRS (polymeric BRS) and mBRS (metallic BRS) 

CI = confidence interval 

DAPT = dual antiplatelet therapy 

DES = drug-eluting stent 

EAPCI = European Association of Percutaneous Cardiovascular Interventions 

EES = everolimus-eluting stents 

ESC = European Society of Cardiology 

CIE = Clinical Investigation and Evaluation Working Group of the Medical Device Experts Group 

HR = hazard ratio 

IVUS = intravascular ultrasound 

JRC = Joint Research Centre (JRC) – the scientific advisory service of the European Commission 

MDEG = Medical Device Experts Group 

MI = myocardial infarction 

MW = Molecular weight 

OCT = optical coherence tomography 

OPC = objective performance criteria 

OR = odds ratio 

PCI = percutaneous coronary intervention 
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PDI = molecular weight distribution 

PLA = poly- lactic acid, further classified as poly-L-lactic acid (PLLA) and poly-D, L-lactic acid 

(PDLLA) 

POCE = patient-oriented composite endpoint 

QCA = quantitative coronary angiography 

RVD = reference vessel diameter 

ST/ScT = stent/scaffold thrombosis 

STEMI = ST-segment elevation myocardial infarction 

Tg = Glass transition temperature 

Tm  = Melting temperature 

TLF = target lesion failure 

TLR = target lesion revascularization 

TVR = target vessel revascularization 

χc  = Percent crystallinity 
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Acronyms of randomized clinical trials investigating bioresorbable 

scaffolds 
 

ABSORB II: A Clinical Evaluation to Compare the Safety, Efficacy and Performance of ABSORB 

Everolimus Eluting Bioresorbable Vascular Scaffold System Against XIENCE Everolimus Eluting 

Coronary Stent System in the Treatment of Subjects With Ischemic Heart Disease Caused by de 

Novo Native Coronary Artery Lesions 

ABSORB III: A Clinical Evaluation of Absorb™ BVS, the Everolimus Eluting Bioresorbable Vascular 

Scaffold in the Treatment of Subjects With de Novo Native Coronary Artery Lesions 

ABSORB China: A Clinical Evaluation of Absorb™ Bioresorbable Vascular Scaffold (Absorb™ BVS) 

System in Chinese Population 

ABSORB Japan: A Clinical Evaluation of AVJ-301 (Absorb™ BVS), the Everolimus Eluting 

Bioresorbable Vascular Scaffold in the Treatment of Subjects With de Novo Native Coronary 

Artery Lesions in Japanese Population 

AIDA: Amsterdam Investigator-initiateD Absorb strategy all-comers trial 

EVERBIO II: Comparison of Everolimus- and Biolimus-Eluting Stents With Everolimus-Eluting 

Bioresorbable Vascular Scaffold 

TROFI II: Comparison of the ABSORB™ Everolimus Eluting Bioresorbable Vascular Scaffold System 

With a Drug- Eluting Metal Stent (Xience™) in Acute ST-Elevation Myocardial Infarction 

  



REPORT OF THE ESC-EAPCI TASK FORCE ON  
THE EVALUATION AND USE OF BIORESORBABLE SCAFFOLDS FOR PERCUTANEOUS CORONARY INTERVENTION 

7 

PREAMBLE  

The European Society of Cardiology (ESC) was asked in 2013 by the Clinical Investigation and 

Evaluation (CIE) Working Group of the Medical Device Experts Group (MDEG, standing 

committee) of the European Commission to provide recommendations for a revision of the EU 

medical device advisory document on the evaluation of coronary stents (MEDDEV 2.7.1., 

Appendix 1) – the only European device-specific advisory document in existence at present. This 

document provides guidance, which aims to ensure uniform application of evaluation standards 

across Europe. 

 

The ESC EU Regulatory Affairs Committee on Medical Devices delegated the task to the European 

Association of Percutaneous Cardiovascular Interventions (EAPCI) with the request to establish 

an expert advisory group in the field of percutaneous coronary intervention with specific 

expertise in the evaluation of coronary artery stents. It was the mission of this ESC-EAPCI Task 

Force to ensure the priority of patient safety and to protect patients from exposure to 

incompletely evaluated devices or devices with incomplete evidence of benefit while preserving 

expeditious access to innovative and novel devices that will improve patient care through better 

outcomes. 

 

The ESC-EAPCI Task Force presented its report to the European Commission in July 2014 and an 

executive summary of this report has been published in the peer-reviewed literature in 2015.1 

Following dialogue between the Joint Research Centre (JRC) – the scientific advisory service of 

the European Commission – and the Task Force in 2016, the Task Force was asked to prepare an 

additional report on the class of devices known as bioresorbable scaffolds (BRS). This current 

report and the previous one will now together provide the evidence that will be used by a task 
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force of regulators drawn from the national competent authorities in Europe as the basis for 

their redrafting of EU guidance to manufacturers and notified bodies on the preclinical and 

clinical evaluation of coronary stents. 

 

Task Force Members and Constitution  

ESC-EAPCI Task Force members: Andreas Baumbach (UK), Robert A. Byrne (DE), Davide 

Capodanno (IT), Javier Escaned (ES), Stefan James (SE), Michael Haude (DE), Michael Joner (DE), 

Peter Jüni (CH), Adnan Kastrati (DE), Semih Oktay (USA), Yoshinobu Onuma (NL), Patrick Serruys 

(NL), Giulio G. Stefanini (IT), William Wijns (IE), and Stephan Windecker (CH). 

 

The representation of scientific societies and expertise within the ESC-EAPCI task force is 

summarized as follows: 

- EAPCI representatives (Michael Haude – President; Stephan Windecker – Past President; 

Andreas Baumbach – President Elect; Javier Escaned – Past Treasurer; Robert Byrne – 

Chair, Scientific Documents and Initiatives Committee; Davide Capodanno – Co-Chair, 

Scientific Documents and Initiatives Committee) 

- EuroPCR representative (William Wijns, Chairman) 

- ESC Clinical Practice Guidelines Committee (Stephan Windecker) 

- ESC Advocacy Committee and EU Regulatory Affairs Sub-Committee (Robert Byrne, Stefan 

James) 

- ESC-EACTS Task Force on Myocardial Revascularisation (Stephan Windecker - Co-

Chairman, Members Adnan Kastrati, Giulio Stefanini, Peter Jüni, William Wijns – past Co-

chairman)  

- Academic Research Consortium (Patrick Serruys – Chairman) 
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- European Heart Journal/EuroIntervention representatives (William Wijns - Associate 

Editor European Heart Journal, Patrick Serruys – Editor-in-Chief EuroIntervention) 

- CardioMed Device Consultants, former United States Food and Drug Administration (FDA) 

reviewer (Semih Oktay) 

 

Decision making within this Task Force was based on unanimity for explicit recommendations. 

The experts of the writing and reviewing panels completed declarations of interest forms on 

what might be perceived as real or potential sources of conflicts of interest. These forms were 

compiled into one file and can be found on the ESC website (http://www.escardio.org/The-

ESC/Communities/European-Association-of-Percutaneous-Cardiovascular-Interventions-

EAPCI/Publications/EAPCI-scientific-documents/Scientific-documents). The Task Force received its 

entire financial support from the ESC and EAPCI without any involvement from the healthcare 

industry. Notwithstanding, the ESC-EAPCI Task Force acknowledges intrinsic relations of interest 

as a direct result of the professional activities of its members as practitioners, researchers and 

advisors. For this reason, the document has also been reviewed and approved after 

amendments, by members of the Regulatory Affairs Committee of the ESC who do not have any 

relevant disclosures of interest. 

 

There follows the report of this Task Force. It includes recommendations concerning the clinical 

use of BRS, as well as recommendations for preclinical and clinical evaluation before approval of 

these devices. 

  

http://www.escardio.org/The-ESC/Communities/European-Association-of-Percutaneous-Cardiovascular-Interventions-EAPCI/Publications/EAPCI-scientific-documents/Scientific-documents
http://www.escardio.org/The-ESC/Communities/European-Association-of-Percutaneous-Cardiovascular-Interventions-EAPCI/Publications/EAPCI-scientific-documents/Scientific-documents
http://www.escardio.org/The-ESC/Communities/European-Association-of-Percutaneous-Cardiovascular-Interventions-EAPCI/Publications/EAPCI-scientific-documents/Scientific-documents
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1. INTRODUCTION AND NOMENCLATURE  

 

Introduction  

During the last decade, the introduction of new generation conventional metallic drug-eluting 

stents (DES) – characterized by thinner stent struts, novel polymer coatings, and antiproliferative 

drugs – has improved the safety and efficacy profile of coronary stents in comparison with both 

early generation DES as well as uncoated bare metal stents (BMS).1-4 Based on available 

evidence, new generation DES represent the current standard of care for percutaneous coronary 

intervention (PCI) in all patient and lesion subsets.5-7 Notwithstanding this, stent technology is 

characterized by continuous innovation and novel devices have been developed or are currently 

under clinical investigation aiming to further improve long-term outcomes. BRS represent the 

most recent innovation in coronary stent technology. BRS are also known as bioresorbable stents 

or fully bioresorbable stents though use of the term scaffold is now more widespread and will be 

preferred in this report. These devices consist of coronary prostheses providing temporary 

mechanical scaffolding and site-specific release of antiproliferative agents in the initial months 

and years after implantation followed by complete bioresorption of the carrier device. 

 

Nomenclature 

BRS may be classified according to composition of the backbone as either polymeric (pBRS, 

comprised of polylactic acid or related compounds) or metallic (mBRS, comprised of magnesium 

alloy). BRS that are drug-eluting also include a drug-polymer matrix coating typically consisting of 

a biodegradable polymer matrix and an antiproliferative drug. The bioresorption process of BRS 

is often initiated by hydrolysis and results in complete degradation of the backbone skeleton into 
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carbon dioxide and water, amorphous calcium phosphate, and other degradation products 

depending on the specific platform. 8-10 

It is important to differentiate BRS from conventional metallic DES coated with a matrix coating 

of bioresorbable polymer and antiproliferative drug. Such devices have standard metallic non-

degrading stent backbones and are known variously as bioresorbable polymer DES, 

bioabsorbable polymer DES or biodegradable polymer DES. 

 

In general terms, bioabsorption is used to reflect the disappearance of the compound of interest 

and transformation into another substance,11 whereas bioresorption indicates the total 

elimination of the compound by dissolution, assimilation and excretion.12, 13 Degradation is to be 

used in the case of unknown or ex-vivo mechanisms, whereas biodegradation refers to a cell-

mediated in-vivo mechanism.12 Structural discontinuities, fragmentation, disintegration or 

dismantling of a polymer are used to describe physical degradation of polymeric device without 

systematic breakdown of constituting macromolecules. 

 

2. UNMET NEEDS OF CURRENT METALLIC DES  

New generation DES are a mature technology demonstrating excellent clinical outcomes at 1 

year in both randomized clinical trials and large-scale clinical registries enrolling consecutively-

treated patients. 1-4 Moreover, although some attrition of performance is observed with clinical 

follow-up out to 3 to 5 years,14-16 the overall medium-term efficacy of this technology is high. 

This means that the bar is high with respect to comparative efficacy for new technologies such as 

BRS. In many respects, although unmet need can be said to exist with regard to late adverse 

events after conventional DES implantation, the magnitude of this issue is relatively small and 
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the overall prognosis of stented patients continues to be determined in large part by events 

resulting from generalized progression of atherosclerotic disease.17 For all of these reasons, 

before considering the potential advantages of BRS technology in more detail, it might be 

observed that incremental benefit of any new technology should be tangible and clear before it 

is embraced in routine clinical practice. 

 

PCI with current DES is effective in suppression of neointimal hyperplasia following arterial 

injury, prevention of constrictive remodelling, and sealing dissections. Most of these vascular 

processes are limited to the first year following stent implantation. Therefore, BRS may offer 

advantages over permanent metallic DES by avoiding the permanent metallic caging of the 

treated vessel over the long-term.8, 9 Moreover, a number of unmet needs of current metallic 

DES might be potentially addressed by BRS technologies.  

 

Very late stent thrombosis and restenosis  

Although the performance of current generation metallic DES is excellent in the first year after 

implantation,1 late adverse events related to the target lesion continue to occur beyond 1 year 

after stenting at rates of 0.3%-2% per year. Studies with late angiographic follow-up using early 

generation DES and BMS have documented late attrition in antirestenotic efficacy out to 2 to 5 

years. 18-20 Moreover clinical trial and registry data show that very late stent thrombosis 

continues to occur over the medium- to long-term with an annual rate of approximately 0.1-0.3% 

with DES and BMS.3, 4 Data from autopsy series, as well as emerging data from optical coherence 

tomography (OCT) studies suggest that neoatherosclerosis may play an important role in a 

proportion of these late adverse events21 and may be related to stent-related delayed healing 

and impairment of functional endothelial integrity in the stented segment. It has been 
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hypothesized that BRS might address this limitation and improve late clinical outcomes beyond 

the excellent levels achieved with current metallic DES. 

 

Implications of removal of permanent implant  

Restoration of physiological vasomotion within the treated coronary segment has been 

documented using physiological testing during angiographic surveillance procedures after BRS 

implantation. 22-24 However, the ABSORB II trial failed to show improvements in vasomotion 

within the stented segment with the Absorb pBRS as compared to metallic everolimus-eluting 

stents (EES) at 3 years. Somewhat surprisingly, vasomotion was also detected within segments 

treated with metallic stents. Whether other BRS technologies may provide restoration of 

physiological vasomotion remains to be determined. Moreover, it remains to be determined 

whether benefits in vasomotion translate into improved clinical outcomes. 

 

Restoration of vascular compliance has been suggested by intravascular palpography evaluation 

after BRS implantation.25, 26 Vascular compliance may allow for return of physiological pulsatile 

cyclic strain and shear stress enabling mechanotransduction with subsequent expression of 

extracellular matrix proteins playing a role in the maintenance of vascular integrity.  

 

Single arm, longitudinal intravascular imaging studies in selected patients throughout 5 years 

after BRS implantation have provided preliminary evidence for positive vascular remodelling over 

time.23, 27 However, the ABSORB II trial failed to show a larger lumen area with the Absorb pBRS 

versus the metallic EES at 3 years of follow-up. Whether late expansive remodelling may develop 

during longer-term follow-up after Absorb pBRS or other BRS technologies remains to be 

determined. 
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OCT studies following BRS implantation have observed the development of a new fibrous cap – 

referred to as “neocap” – at the site of the implanted BRS.28 The formation of this biologic barrier 

has the potential of shielding the underlying atherosclerotic plaque mitigating the risk of 

subsequent plaque rupture and of adverse events associated with neoatherosclerosis. This may 

be of particular interest for the treatment of vulnerable plaques but has not been evaluated in 

appropriately designed trials. 
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Table 1. Overview of CE-Marked Bioresorbable Scaffolds 

Commercial 

name 

Manufacturer 

/Approving 

Notified Body 

Backbone 

material 

Coating 

material 
Platform design 

Device 

thickness 
Drug release Drug load 

Duration of 

drug release 

Bioresorption 

in preclinical 

swine models  

Year of CE-

mark 

Year of FDA 

approval 

Year of 

PDMA 

(Japan) 

approval 

ABSORB BVS 

1.1 

Abbott 

Vascular / 

BSI 

PLLA PDLLA 

In-phase zig-zag 

hoops, cross-

linked by bridges 

156 µm Everolimus 
76-308 

μg/stent 
3 months 36 months 2011 2016 2016 

DESolve 

(+ DESolve 

100/DESolve 

Cx/ DESolve 

NXT) 

Elixir 

Medical / 

 LRQA 

PLLA PLLA 

Tubular 

arrangement 

hoops, linked by 

bridges 

100-150 µm Novolimus NA 3 months 24 months 2014 NA NA 

ART Pure 
ART / 

 NA 
PDLLA NA 

creep resistance 

hinge design 
170 µm 

No drug 

elution 
NA NA 24 months 2015 NA NA 

Magmaris 
Biotronik / 

BSI 

Magnesium 

alloy 
PLLA 6-crown design 150 µm Sirolimus 

1.4 

μg/mm2 
3 months 

9-12 months 
2016 NA NA 

FDA = Food and Drug Administration; LRQA = Lloyds Register Quality Assurance; NA = not available; PDLLA, poly-D, L-lactic acid; PMDA: pharmaceuticals and medical devices 

agency; PLLA, poly-L-lactic acid 
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3. MATERIAL COMPOSITION, PLATFORM DESIGN AND DEVICE OVERVIEW  

An overview of BRS that have received CE mark approval for use in Europe is shown in Table 1. A 

number of the design features of these scaffolds are similar to those of conventional metallic 

DES. The drug release kinetics of drug-eluting BRS, for example, are broadly similar to that 

provided by contemporary metallic DES particularly compared with metallic DES and 

biodegradable surface polymer used for drug release. However, mechanical properties of BRS 

differ significantly from conventional stents, and these differences translate into smaller post-PCI 

luminal dimensions, and are likely of sufficient magnitude to impact on the rates of recurrent 

symptoms and the need for repeat revascularisation. 

 

Mechanical properties of bioresorbable scaffolds 

The important differences between conventional stents and BRS in terms of their mechanical 

properties are critical to the consideration of comparative efficacy between the two classes of 

device. Currently-developed BRS are primarily comprised of poly- lactic acid (PLA) or magnesium 

alloy (Table 1). Numerous different polymers are available, each with different chemical 

compositions, mechanical properties and subsequent bioresorption times. PLA polymers are 

already in widespread clinical use as polymer coatings on conventional DES as well as in 

applications such as resorbable sutures, soft tissue implants, orthopaedic implants and dialysis 

media. Compared to a permanent metal such as cobalt chromium, PLA polymer has less elasticity 

(poly-L-lactic acid [PLLA] 3.1-3.7 GPa vs. cobalt chromium 210-235 GPa), lower tensile strength 

(60-70 MPa vs. 1449 MPa) and a shorter elongation at break (2-6% vs. approx. 40%) (see details 

in Table 2).29 
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Table 2. Mechanical properties and degradation time for different polymers and metals. 

Composition  

Tensile 

modulus of 

elasticity 

(GPa) 

Tensile 

strength 

(MPa) 

Elongation 

at break (%) 

Degradation 

time 

(months) 

Poly(L-lactide) 3.1-3.7 60-70 2-6 >24 

Poly (DL-lactide) 3.1-3.7 45-55 2-6 12-6 

Poly (glycolide) 6.5-7.0 90-110 1-2 6-12 

50/50 DL-lactide/glycolide 3.4-3.8 40-50 1-4 1-2 

82/18 L-lactide/glycolide 3.3-3.5 60-70 2-6 12-18 

70/30 L-Lactide/ ε -

caprolactone 
0.02-0.04 18-22 >100 12-24 

Cobalt chromium 210-235 1449 〜40 Biostable 

Stainless steel 316L 193 668 40+ Biostable 

Nitinol  45 700-1100 10-20 Biostable 

Magnesium alloy 40-45 220-330 2-20 1-3 

GPa = Giga Pascal, MPa = Mega Pascal 

 

Bioresorbable materials have a couple of intrinsic limitations: (i) insufficient ductility which 

impacts scaffold retention on balloon catheter and limits the range of scaffold expansion during 

deployment; (ii) low tensile strength and stiffness which require thick struts to prevent recoil 

during implantation and vessel remodelling; (iii) mechanical properties become unstable with 

time, potentially causing dismantling (late discontinuities) of the device during resorption. To 

compensate for mechanical shortcomings of bioresorbable materials, strut thickness and width 
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of the current generation of BRS are in general higher than conventional metallic DES. The 

thicker protruding struts cause a more turbulent flow blood flow behind the struts and may act 

as a possible nidus for thrombus formation. Current BRS also require more careful preparation of 

the lesion before implantation as well as a post-dilatation of the scaffold after implantation all of 

which result in prolonged procedures, increased use of contrast agents and ancillary materials 

(non-compliant balloons, cutting balloons, scoring balloons, rotational atherectomy, 

intracoronary imaging) and cost. In addition pBRS are temperature sensitive and require storage 

at temperatures below room temperature. 

 

A wide variety of BRS are being developed with newer generation devices aiming to incorporate 

thinner, narrower struts with enhanced mechanical properties thereby improving material 

tensile strength, stiffness, and ductility (see Supplementary Table 1). This could be achieved by 

controlling the composition, crystallinity and orientation of the polymer and by using different 

processing of the polymer such as extrusion, annealing, moulding, microbraiding and spinning. 

For example, the Arteriosorb polymeric scaffold made with the oriented polymer significantly 

improves the tensile strength to 220-260 MPa as well as the percentage elongation at break to 

40-70%. The Mirage scaffold consisting of a highly oriented circular polylactide monofilament has 

a tensile strength of 300 MPa and percentage elongation of 35%. In addition to the improvement 

of the initial mechanical properties, the control of the onset and rate of degradation of materials 

can be crucial in improving the range of device applicability. 

As of September 2016, at least 28 companies are developing bioresorbable scaffolds (see 

Supplementary Table 1). The most commonly used biodegradable material is PLLA (26 products), 

followed by magnesium (6 products). The other materials used were tyrosine polycarbonate, 
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salicylic acid polymer and iron. Except for the 4 products that have received CE mark, at least 11 

scaffolds are undergoing clinical trials for regulatory approval.  

 

Current generation BRS have a number of mechanical limitations in comparison with metallic 

DES. This impacts on their handling and deliverability and makes the implantation procedures 

more cumbersome. In particular lower radial strength (see Table 2) means that more extensive 

lesion preparation is necessary, post-dilation is mandatory and intravascular imaging guidance 

should be liberally used to identify and correct suboptimal stent deployment. Reduced expansion 

capabilities confer extra burden in relation to accurate vessel sizing before implantation. In 

addition thicker stent struts and large stent footprint (i.e., arterial coverage by struts) may be 

associated with higher rates of acute side branch compromise and peri-procedural myocardial 

infarction and impact on crossing profile, compromising to some extent the deliverability of the 

device. Newer generation devices are aiming at thinner struts ≤120 μm compared to the 

currently available BRS devices. 

 

Key features of currently-approved bioresorbable scaffolds 

Three polymeric and one metallic BRS have received CE approval as of April 2017: the Absorb 

pBRS 1.1 (Abbott Vascular, Santa Clara, California), the DESolve pBRS (Elixir Medical, Sunnyvale, 

California), and the Arterial Remodelling Technologies (ART) pBRS, as well as the mBRS Magmaris 

(Biotronik, Berlin, Germany). The Absorb pBRS is also approved for use in the United States and 

Japan. Key features of these CE mark-approved devices are summarized in Table 1. 
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The Absorb BVS 1.1 is a pBRS based on a backbone made of PLLA with a strut thickness of 156 

μm. The platform design is characterized by in-phase zig-zag hoops cross-linked by bridges, with 

radiopaque markers at both ends. The scaffold backbone is coated with poly-D, L-lactic acid 

(PDLLA) polymer that allows controlled release of everolimus at a dose ranging from 76 to 308 

μg, depending on length, with complete drug elution during 3 months. In animal studies, the 

device appeared to be fully bioresorbed within 36 months. 

 

The DESolve scaffold is a pBRS also based on a backbone made of PLLA with a strut thickness of 

150 μm. The platform design is characterized by tubularly arranged hoops linked by bridges, with 

two radiopaque markers. A bioresorbable PLLA coating allows controlled release of novolimus, 

with complete drug elution during 3 months. In animal studies, the device appeared to be fully 

bioresorbed at 24 months. Thinner strut versions of the device have also been approved 

(DESolve 100, with a strut thickness of 100 μm; DESolve Cx and DESolve NXT, with a strut 

thickness of 120 μm) though published clinical data with these latter device iterations is not 

available. 

 

The Magmaris mBRS differs from the other CE-approved devices in view of its metallic 

biodegradable composition. It is made of a magnesium alloy with a 6-crown 2-link design. The 

backbone is characterized by strut thickness of 150 μm with radiopaque markers at both ends. 

The metallic backbone is coated with a bioresorbable PLLA polymer allowing controlled release 

of sirolimus at a dose of 1.4 μg/mm2, with complete drug elution during 3 months. In animal 

studies, the device appeared to be fully bioresorbed within 9-12 months. 
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The ART PLLA stent (Noisy le Roi, France) is a non-drug-eluting poly-lactic acid pBRS which has a 

unique combination of L (98%) and D isomers (2%). The scaffold has a strut thickness of 170 

micron with a scaffold surface area of <25%. The device is programmed to have an early 

dismantling which starts 3 months after implantation, as demonstrated in the micro-computer 

tomography analysis of the animal study.30 Scaffold resorption in animal models occurs at around 

24 months. 

 

4. CLINICAL OUTCOMES WITH CE-APPROVED BIORESORBABLE 

SCAFFOLDS  

1. ABSORB bioresorbable scaffold  

The everolimus-eluting Absorb pBRS received CE mark approval for use in January 2011. It is the 

only device in this class with clinical outcome data from randomized clinical trials and to have 

reached limited use in clinical practice to date. 

 

A total of seven published randomized clinical trials have investigated outcomes in studies with 

and without protocol mandated imaging follow-up (Table 3).31-37 The comparator device in most 

trials was the Xience EES (Abbott Vascular, Santa Clara, California). The main clinical outcomes of 

each of the randomized clinical trials at early and late follow-up reported to date are detailed in 

Table 4 and Table 5. The main results are as follows: 

 The ABSORB II trial was designed to assess vasomotion and lumen dimensions at three 

year follow-up. The trial aimed to demonstrate two mechanistic properties of the pBRS: 

increase in lumen dimensions as a result of scaffold resorption and restoration of 

vasomotion of the stented vessel. The 3-year co-primary endpoints were vasomotor 
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reactivity (powered for superiority) and late lumen loss (powered for non-inferiority). The 

one year endpoint report of the ABSORB II trial showed broadly comparable rates of 

target lesion failure (TLF) in comparison with metallic EES at 1 year (4.8% vs. 3.0%, 

P=0.35).38 However, TLF was significantly higher with Absorb pBRS than metallic EES at 3 

years (10% vs 5%, hazard ratio [HR] 2·17 [95% confidence interval (CI) 1.01–4.70]; 

P=0.0425), mainly due to higher rates of target-vessel myocardial infarction (MI, 6% vs 

1%; P=0.0108).31 Moreover, the trial did not meet its co-primary endpoints of superior 

vasomotor reactivity and non-inferior late luminal loss for the Absorb BRS with respect to 

the metallic EES. The vasomotor reactivity at 3 years was not statistically different 

(Absorb BRS group 0·047 mm [SD 0·109] vs Xience EES group 0·056 mm [0·117]; p for 

superiority=0·49), whereas the late luminal loss was larger in the Absorb BRS group than 

in the Xience EES group (0·37 mm [0·45] vs 0·25 mm [0·25]; p for non-inferiority=0·78). In 

addition there was no evidence of difference in terms of relief of angina pectoris.  

 The ABSORB III trial was powered to investigate non-inferiority for a clinical composite 

efficacy endpoint. Enrolling 2,008 patients, the ABSORB III trial is the largest randomized 

trial reported to date.32 Patients were randomly assigned in a 2:1 ratio (active treatment 

vs control) after predilatation of the target lesion. The primary endpoint was a composite 

of cardiac death, target-vessel MI and ischemia-driven target lesion revascularization 

(TLR, TLF and non-inferiority was assessed against an expected event rate of 7% with a 

pre-specified non-inferiority margin of 4.5%. The main finding of the study was that TLF at 

1 year was non-inferior with BRS vs. EES in both intention-to-treat (7.8% versus 6.1%, 

difference 1.7%, upper bound of 95% CI 3.9%, Pnoninferiority 0.007) and as treated analyses 

(8.0% versus 6.0%, difference 2.0% upper bound of 95% CI 4.1%, Pnoninferiority 0.01). Rates 

of target vessel MI (6.0% versus 4.6%; P=0.18) and definite/probable stent/scaffold 
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thrombosis at 1-year were numerically higher with BRS (1.5% versus 0.7%, P=0.13). 

Results of 2-year follow-up have recently been presented showing a higher rate of TLF 

(11.0% vs. 7.9%, P=0.03) and target vessel MI (7.3% vs. 4.9%, P=0.04) with BRS vs. EES as 

well as a numerically higher rate of stent/scaffold thrombosis with BRS (1.9% vs. 0.8%).39 

 The ABSORB China trial was designed to assess non-inferiority with respect to 

angiographic effectiveness at 1 year in a Chinese population. The trial was not powered 

for clinical endpoints but reported similar rates of the composite of cardiac death, target-

vessel MI or ischemia-driven TLR (3.4% vs. 4.2%, P=0.62) and definite/probable 

stent/scaffold thrombosis (0.4% vs. 0.0%, P=1.00) at 1 year in patients allocated to 

treatment with BRS versus EES.33 Two-year follow-up showed low and comparable event 

rates in both groups (TLF 4.2% vs 4.6% respectively).40 

 The ABSORB Japan trial was designed to assess non-inferiority for a clinical composite 

efficacy endpoint in a Japanese population, with wide prespecified non-inferiority margin. 

The trial showed broadly comparable results in terms of the composite of cardiac death, 

target vessel MI, or ischaemia-driven TLR at 12 months (BRS 4.2% vs. EES 3.8%, difference 

[95% CI] 0.39% [3.95%]; non-inferiority margin 8.6%, Pnon-inferiority , 0.0001); however at 2 

years TLF was numerically higher with BRS (BRS: 7.3% vs. CoCr-EES 3.8%, P=0.18) with an 

approximately 2-fold increase in definite stent/scaffold thrombosis (3.1% vs. 1.5%, 

P=0.51). 41 

 The EVERBIO trial was an investigator-initiated trial comparing angiographic outcomes at 

9 months in patients randomly allocated to BRS, metallic EES or metallic biolimus-eluting 

stents (BES, Biomatrix Flex, Biosensors).36 The primary endpoint was in-stent late lumen 

loss. Although not powered for clinical endpoints the trial reported comparable clinical 

outcomes at 9 months between BRS and EES/BRS: the composite of cardiac death, MI and 
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TLR rate was 9% in the BRS group and 12% in the EES/BES group (P=0.60). Two-year 

follow-up showed broadly comparable outcomes in both treatment groups in terms of 

the same endpoint (16% vs. 21%, P=0.54).42 

 The ABSORB STEMI-TROFI II investigator-initiated trial investigated vascular healing as 

assessed by frequency domain OCT at 6 months among patients with ST-segment 

elevation myocardial infarction (STEMI). The primary endpoint showed non-inferiority in 

terms of vascular healing with BRS as compared to EES. Clinical event rates were very low 

with no signal of difference in TLF between the groups (Absorb BRS: 1.1% vs. EES: 0%).37 

Recently presented 2-year follow-up showed low and broadly similar event rates in both 

groups (3.2% vs. 3.2% respectively).43 

 The AIDA investigator-initiated trial enrolled relatively unselected patients undergoing 

intervention in routine practice including patients with acute coronary syndromes.35 The 

trial intended to test non-inferiority of BRS versus EES at 2 years. However, during follow-

up and after full enrolment the data and safety monitoring board of the trial 

recommended early reporting due to safety concerns. At the time of reporting the 

median duration of follow-up was 707 days. The primary endpoint – a composite of 

cardiac death, target vessel MI, or target vessel revascularization – was similar in both 

groups (11.7% vs. 10.7%, HR 1.12 [0.85-1.48], P=0.43). Definite/probable stent/scaffold 

thrombosis was significantly higher in the BRS treatment group (3.5% versus 0.9%, 

P<0.001). 

 

An overview of the main characteristics of the first six randomized trials with Absorb BRS as well 

as rates of TLR and stent/scaffold thrombosis is shown in Figure 1. 
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Meta-analysis of the first six trials with reported follow-up at one year shows rates of TLR with 

ABSORB BRS that are comparable to metallic EES but a two-fold increase in the risk of 

stent/scaffold thrombosis (see Figure 2).44 A pooled analysis of individual patient data from the 

four industry-sponsored studies showed broadly concordant findings.45 

 

A meta-analysis of all 7 randomised trials reporting long-term follow-up with a minimum 2-year 

clinical follow-up has been recently performed by a number of members of the Task Force.46 A 

total of 5,583 included patients received BRS (n= 3,261) or EES (n= 2,322). Weighted median 

follow-up was 25 months. Patients treated with BRS versus EES showed higher risk for TLF (odds 

ratio, OR [95% CI] = 1.34 [1.10-1.64], p= 0.012) (Figure 3A) due to a higher risk of target vessel MI 

(OR 1.66 [1.21-2.29], p= 0.008) and ischaemia-driven TLR (OR 1.41 [1.11-1.79], p= 0.012). 

Patients treated with BRS versus EES showed a higher risk for definite/probable stent/scaffold 

thrombosis (OR 3.21 [2.28-4.51], p= 0.0002) (Figure 3B), most marked in the period beyond 1 

year after implantation (OR 4.56 [1.89-10.95]; p= 0.007). 

 

In terms of registry studies, results from a large number of predominantly small and moderate 

sized clinical registries have been published. The largest reported datasets were consistent in 

showing generally acceptable clinical outcomes at one year.47-51 An overview of the main 

characteristics of large registry studies with Absorb pBRS as well as rates of TLR and 

stent/scaffold thrombosis is shown in Figure 1. Rates of stent/scaffold thrombosis appeared 

somewhat higher than those observed with conventional DES in routine clinical practice. 47-51 

Importantly, it should be noted that despite the implantation of significant numbers of devices 

worldwide in the years since approval – estimated to be of the order of >200,000 devices – only a 
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small proportion of patients have been entered into registries with reports that have been 

published in the peer-reviewed literature. 

 

A potential relationship between vessel-device mismatch and clinical events was investigated. In 

a pooled dataset from Absorb cohort B, Absorb II and Absorb Extend trials (N=1232 patients), 

scaffold oversize (maximal vessel diameters on quantitative coronary angiography [QCA] smaller 

than nominal size of the device) was associated with the increased major adverse cardiac event 

rate (oversize: 6.6% vs. non-oversize: 3.3%, plog-rank 0.01) mainly driven by a higher MI rate within 

1 month post-procedure (3.5% vs. 1.9%; p = 0.08). 52 Scaffold under-size could lead to large 

malapposition, which is not correctable beyond the expansion limit of the Absorb scaffold. 23 

Implantation of BRS in a too large vessel (e.g. >4.0mm) should therefore be avoided. These data 

emphasize the importance of vessel sizing and device size selection before implanting Absorb. 

 

Clinical data suggested the necessity of intensive predilatation and postdilatation, in order to 

overcome the mechanical limitations of BRS, to achieve a similar acute performance to metallic 

DES, and to improve clinical outcomes. In the randomized trials, acute lumen gain of Absorb 

pBRS was consistently lower than DES in simple lesions when postdilatation was not mandatory. 

32-34, 38 In the Absorb II and the Absorb Japan trials, intravascular imaging demonstrated that BRS 

expand more eccentrically and asymmetrically 41, 53. In the Absorb II trial, multivariate analysis 

identified that post-procedural asymmetry was an independent predictor of TLF [HR 3.43, 95% 

CI: 1.08-10.92, p=0.037] 53. Plaque morphology, especially calcification, influenced strut 

embedment [non-atherosclerotic (58.9±54.3µm), fibroatheroma (73.3±59.6µm), fibrous plaque 

(59.7±51.1µm), and fibrocalcific plaque (-3.1±61.6µm, negative value means malapposition), P 

<0.001]. 54 Balloon-artery ratio of predilatation and post-dilatation was positively correlated with 
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expansion of Absorb. [pre-dilatation (Pearson Correlation r: QCA:0.167 vs. OCT:0.552), post-

dilatation (QCA:0.316 vs. OCT:0.717)]. 54 Puricel et al. demonstrated that by employing dedicated 

optimal implantation strategy (predilatation with non-compliant balloon, postdilatation with 

non-compliant balloon at high pressure etc.), the stent/scaffold thrombosis rate decreased from 

3.3% to 1.0%, an effect that remained significant when adjusted for multivariable propensity 

score (p = 0.012; HR: 0.19; 95% CI: 0.05 to 0.70).50 In addition, an analysis of data from the 

GHOST-EU registry showed that presence of all 3 of lesion predilatation, accurate sizing and 

scaffold postdilatation was an independent predictor of one-year adverse events (HR 0.75, 95% 

CI: 0.61-0.93; p=0.007), albeit with poor calibration and discrimination (area under curve, AUC 

0.611, 95% CI: 0.545-0.677).55 Examination of procedural data from both randomized trials and 

registries shows that postdilatation is now more frequently done and is almost universal in most 

recent studies (Figure 1). How this change in practice will impact on the rate of clinical events 

remains unknown. 

 

Recent data from long-term follow-up of randomized trials provided evidence regarding a 

possible excess of late stent/scaffold thrombosis with Absorb pBRS in comparison with 

conventional stents.31, 41, 56 Findings from intravascular imaging at the time of presentation with 

scaffold thrombosis in patients enrolled in clinical trials as well as in observational studies 

provide some insight into the pathophysiology of these events (see Figure 4).41, 57, 58 While in 

acute and subacute scaffold thrombosis cases, strut malapposition, incomplete lesion coverage 

and under-deployment were the most frequently observed imaging findings in late and very late 

scaffold thrombosis cases, malapposition, late discontinuity and peri-strut low intensity area 

were frequently observed at the time of event.58 Amongst these imaging findings associated with 

late/very late scaffold thromboses, late discontinuities are specifically related to the BRS 
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technology. Late discontinuity is generally a benign change during the bioresorption process and 

does not have clinical significance if these struts are well covered.59 In the first-in-man Absorb 

Cohort B trial, out of 50 patients (51 lesions), late structural discontinuity was observed in 21 

patients (43%) in 3 years, associated with no ischemic events.59 However, when struts are not 

covered by neointimal tissue, discontinued and protruding struts may be a potential cause of late 

or very late scaffold thrombosis. Three main factors are hypothesized to be involved in late/very 

late scaffold thrombosis: (i) alteration in laminar flow as a consequence of loss of integrity of the 

scaffold backbone; this may lead to prolapse of part of the scaffold into the vessel lumen; (ii) 

thrombogenicity of the breakdown products and/or the extracellular matrix replacing the strut 

void; and (iii) effects of inflammation at a tissue level due to breakdown/resorption of the 

scaffold at a time when protection is now longer provided by drug elution from the scaffold 

backbone. 

 

A summary of on-going clinical trials with the Absorb pBRS is shown in Table 7. 

 

2. DESolve bioresorbable scaffold  

The novolimus-eluting DESolve pBRS received CE mark approval in May 2014. The single arm 

DESolve Nx trial enrolled 126 patients treated with 150m thickness pBRS. At 2 years major 

adverse cardiac events were observed in 7.4%.60 No randomized clinical trial data are available to 

date. 

 

A single comparative analysis between the DESolve BRS and the Absorb BRS is available using a 

propensity-score matching model.61 The main finding was that outcomes at one year were 

similar between the two devices: the one-year rates of TLF (4.7 vs. 4.5%; p=0.851), TLR (2.6 vs. 
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3.5%; p=0.768), cardiac death (1.5 vs. 2.0%;p=0.752), and definite stent/scaffold thrombosis (2.0 

vs. 1.0 %; p=0.529) did not differ significantly between Absorb BRS and  DESolve BRS. 

 

3. Magmaris bioresorbable magnesium scaffold  

The Magmaris drug-eluting mBRS received CE mark approval in June 2016. Clinical data is limited 

to results from the BIOSOLVE-II study, a single arm study enrolling 123 patients.62, 63 Overall rates 

of clinical events at 12 months were low: TLF was observed in 3.4%, 95% CI: 0.9–8.4. No 

randomized clinical trial data are available to date. 

 

4. ART  

This is a non-drug eluting pBRS. There are no published clinical outcome data with this device. 

The device was tested in the ART-DIVA trial enrolling 30 patients with single de novo lesion of a 

native coronary artery (NCT01761578). At 6 months, there were no cardiac deaths, no MI, one 

ischemia-driven TLR and 2 non-ischemia-driven TLRs reported (Presentation, Lafont, EuroPCR 

2016). Following this study, the non-drug-eluting pBRS received a CE mark.
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Table 3. Main baseline characteristics of patients in enrolled in randomized trials comparing the Absorb BRS with conventional metallic DES 

Overall mean values are reported; *unstable angina only. ACS: acute coronary syndrome; RVD: reference vessel diameter; NA: not available. ABSORB China: A Clinical 

Evaluation of Absorb™ Bioresorbable Vascular Scaffold (Absorb™ BVS) System in Chinese Population; ABSORB II: A Clinical Evaluation to Compare the Safety, Efficacy and 

Performance of ABSORB Everolimus Eluting Bioresorbable Vascular Scaffold System Against XIENCE Everolimus Eluting Coronary Stent System in the Treatment of Subjects 

With Ischemic Heart Disease Caused by de Novo Native Coronary Artery Lesions; ABSORB III: A Clinical Evaluation of Absorb™ BVS, the Everolimus Eluting Bioresorbable 

Vascular Scaffold in the Treatment of Subjects With de Novo Native Coronary Artery Lesions; ABSORB Japan: A Clinical Evaluation of AVJ-301 (Absorb™ BVS), the Everolimus 

Eluting Bioresorbable Vascular Scaffold in the Treatment of Subjects With de Novo Native Coronary Artery Lesions in Japanese Population; AIDA: Amsterdam Investigator-

initiateD Absorb strategy all-comers trial; EVERBIO II: Comparison of Everolimus- and Biolimus-Eluting Stents With Everolimus-Eluting Bioresorbable Vascular Scaffold; TROFI II: 

Comparison of the ABSORB™ Everolimus Eluting Bioresorbable Vascular Scaffold System With a Drug- Eluting Metal Stent (Xience™) in Acute ST-Elevation Myocardial Infarction  

Trial Patients, n Age, yrs Males, % Diabetes, % 
ACS at 

admission, % 
Lesions, n RVD, mm Length, mm 

ABSORB II38 501 61.2 78 24 21* 546 2.61 13.8 

ABSORB III32 2008 63.5 70 32 26* 2098 2.66 12.8 

ABSORB China33 480 57.4 72 24 64* 503 2.81 14.0 

ABSORB Japan34 400 67.2 76 36 13* 412 2.75 13.4 

AIDA35 1845 64.2 74 18 54 2446 2.67 18.9 

EVERBIO II36 240 65.0 79 19 35 325 2.58 NA 

TROFI II37 191 58.6 82 17 100 193 2.81 13.1 
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Table 4. Clinical outcomes at 1-year from six randomized trials comparing bioresorbable scaffolds versus metallic everolimus-eluting stents 

 TLF POCE Death Cardiac death MI TVMI TLR 

(*ID-TLR) 

D/P-

stent/scaffold 

thrombosis 

Definite 

stent/scaffold 

thrombosis 

ABSORB II38 
16/335 (5) vs 

5/166 (3) 

24/335 (7) vs 

15/166 (9) 

0/335 (0) vs 

1/166 (1) 

0/335 (0) vs 

0/166 (0) 

15/335 (4) vs 

2/166 (1) 

NA 4/335 (1) vs 

3/166 (2)* 

3/335 (0.9) vs 

0/166 (0) 

2/335 (0.6) vs 

0/166 (0) 

ABSORB III32 

102/1313 

(7.8) vs 

41/677 (6.1) 

NA 15/1313 (1.1) 

vs 3/677(0.4) 

8/1313 (0.6) 

vs 1/677 (0.1) 

90/1313 (6.9) 

vs 38/677 

(5.6) 

79/1313 (6.0) 

vs 31/677 

(4.6) 

40/1313 (3.0) 

vs 17/677 

(2.5)* 

20/1301 (1.5) 

vs 5/675 (0.7) 

18/1301 (1.4) 

vs 5/675 (0.7) 

ABSORB China33 

8/238 (3.4) vs 

10/237 (4.2) 

19/238 (8.0) 

vs 23/237 

(9.7) 

0/238 (0) vs 

5/237 (2.1) 

0/238 (0) vs 

3/237 (1.3) 

5/238 (2.1) vs 

4/237 (1.7) 

4/238 (1.7) vs 

2/237 (0.8) 

6/238 (2.5) vs 

5/237 (2.1)* 

1/238 (0.4) vs 

0/232 (0) 

0/238 (0) vs 

0/232 (0) 

ABSORB Japan34 

11/265 (4.2) 

vs 5/133 (3.8) 

26/265 (9.8) 

vs 11/133 

(8.3) 

2/265 (0.8) vs 

0/133 (0) 

0/265 (0) vs 

0/133 (0) 

9/265 (3.4) vs 

3/133 (2.3) 

9/265 (3.4) vs 

3/133 (2.3) 

7/265 (2.6) vs 

3/133 (2.3)* 

4/262 (1.5) vs 

2/133 (1.5) 

4/262 (1.5) vs 

1/133 (0.8) 

EVERBIO II§36 9/78 (12) vs 

11/80 (14) 

21/78 (27) vs 

26/80 (33) 

1/78 (1) vs 

3/80 (4) 

1/78 (1) vs 

0/78 (0) 

1/78 (1) vs 

1/80 (1) 

0/78 (0) vs 

0/80 (0) 

8/78 (10) vs 

11/80 (14) 

0/78 (0) vs 

0/80 (0) 

0/78 (0) vs 

0/80 (0) 

TROFI II†37 1/95 (1.1) vs 

0/96 (0) 

NA 0/95 (0) vs 

0/96 (0) 

0/95 (0) vs 

0/96 (0) 

1/95 (1.1) vs 

0/96 (0) 

1/95 (1.1) vs 

0/96 (0) 

1/95 (1.1) vs 

0/96 (0)* 

1/95 (1.1) vs 

0/96 (0) 

1/95 (1.1) vs 

0/96 (0) 

Data are shown for bioresorbable scaffolds vs. metallic everolimus-eluting stents as n/N (%) and are at 1-year unless otherwise stated; §= at 9 months, †= at 6 months; ID-

TLR=ischemia-driven target lesion revascularization; MI=myocardial infarction; NA= not available; POCE=patient-oriented composite endpoint; TLF=target lesion failure; 

TLR=target lesion revascularization; TVMI=target-vessel myocardial infarction; details of trial acronyms as in table 3  
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Table 5. Clinical outcomes at long-term follow-up from 7 randomized trials comparing BRS versus metallic everolimus-eluting stents 

 
TLF POCE Death Cardiac death MI TVMI TLR 

(*ID-TLR) 

D/P-

stent/scaffold 

thrombosis 

Def 

stent/scaffold 

thrombosis 

ABSORB 

II†31 

34/325 (10) vs. 

8/161 (5) 

68/325 (21) vs. 

39/161 (24) 

8/325 (2) vs. 

6/161 (4) 

3/325 (1) vs. 

3/161 (2) 

27/325 (8) vs. 

5/161 (3) 

23/325 (7) vs. 

2/161 (1) 

20/325 (6) vs 

3/161 (2)* 

9/320 (3) vs 

0/159 (0) 

8/320 (3) vs 

0/159 (0) 

ABSORB III39 143/1322 

(11.0) vs 

53/686 (7.9) 

NA NA 14/1322 (1.1) 

vs. 4/686 (0.6) 

NA 95/1322 (7.3) 

vs. 33/686 

(4.9) 

69/1322 (5.3) 

vs. 29/686 

(4.3) 

24/1322 (1.9) 

vs. 5/686 (0.8) 

NA 

ABSORB 

China40 

10/237 (4.2) vs 

11/237 (4.6) 

24/237 (10.1) 

vs 27/237 

(11.4) 

1/237 (0.4) vs 

6/237 (2.5) 

1/237 (0.4) vs 

3/237 (1.3) 

7/237 (3.0) vs 

5/237 (2.1) 

5/237 (2.1) vs 

2/237 (0.8) 

8/237 (3.4) vs 

6/237 (2.5)* 

2/237 (0.8) vs 

0/231 (0) 

1/237 (0.4) vs 

0/231 (0) 

ABSORB 

Japan41 

19/261 (7.3) vs 

5/130 (3.8) 

52/261 (19.9) 

vs 16/130 

(12.3) 

4/261 (1.5) vs 

0/130 (0) 

1/261 (0.4) vs 

0/130 (0) 

14/261 (5.4) vs 

4/130 (3.1) 

13/261 (5.0) vs 

4/130 (3.1) 

14/261 (5.4) vs 

3/130 (2.3)* 

8/257 (3.1) vs 

2/130 (1.5) 

8/257 (3.1) vs 

1/130 (0.8) 

AIDA35 91/924 (10.3) 

vs. 78 (8.9) 

105/924 (11.7) 

vs. 94/921 

(10.7) 

32/924 (3.5) 

vs. 43/921 

(4.3) 

18/924 (2.0) 

vs. 23 (2.7) 

62/924 (7.1) 

vs.  41 (4.2) 

48/924 (5.5) 

vs. 30 (3.2) 

60/924 (7.0) 

vs. 45 (5.2) 

31 (3.5) vs. 8 

(0.9) 

27 (3.1) vs. 5 

(0.6) 

EVERBIO42 16 (21) vs. 13 

(16) 

27 (35) vs. 30 

(38) 

2 (3) vs. 4 (5) 1 (1) vs. 1 (1) 4 (5) vs. 2 (3) 2 (3)= vs. 0 (0) 11 (14) vs. 8 

(10) 

1 (1) vs. 0 (0) 1 (1) vs. 0 (0) 
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TROFI II43 3 (3.2) vs 3 

(3.2) 

NA 1 (1.1) vs 1 

(1.0) 

1 (1.1) vs 1 

(1.0) 

3 (3.2) vs 3 

(3.2) 

2 (2.1) vs 3 

(3.2) 

2 (2.1) vs 1 

(1.0)* 

2/95 (2.1) vs 1 

(1.0) 

2 (2.1) vs 1 

(1.0) 

Data are shown for bioresorbable scaffolds vs. metallic everolimus-eluting stents as n/N (%) and are at 2-years follow-up unless otherwise indicated; †=at 3 years; ID-

TLR=ischemia-driven target lesion revascularization; ID-TVR= ischemia-driven target vessel revascularization; MI=myocardial infarction; NA=not available; POCE=patient-

oriented composite endpoint; TLF=target lesion failure; TLR=target lesion revascularization; TVMI=target-vessel myocardial infarction; TVR=target vessel revascularization; 

details of trial acronyms as in table 3 
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Table 6. Angiographic outcomes at follow-up from six randomized trials comparing bioresorbable scaffolds versus metallic everolimus-eluting 

stents 

 In-segment diameter 

stenosis, 

% 

In-device diameter 

stenosis, 

% 

In-segment late 

luminal loss, 

mm 

In-device late 

luminal loss, 

mm 

In-segment binary 

restenosis, 

% 

In-device binary 

restenosis, 

% 

ABSORB II 

36 months31 

27.7 ± 17.0 vs 22.7 ± 

10.3 

25.8 ± 17.2 vs 15.7 ± 8.3 -0.29 ± 0.46 vs -

0.14 ± 0.34 

0.37 ± 0.45 vs 0.25 

± 0.25 

8.4 vs 3.3 7.0 vs 0.7 

ABSORB China 

12 months33 
23.5 ± 0.84 vs 23.0 ± 

0.92 

18.5 ± 0.92 vs 11.3 ± 

0.76 

0.18 ± 0.03 vs 0.13 

± 0.03 

0.23 ± 0.03 vs 0.10 

± 0.02 

3.9 ± 1.34 vs. 2.8 ± 1.13 2.9 ± 1.16 vs 0.75 ± 

0.56 

ABSORB Japan 

13 months34 
23.4 ± 11.3 vs 23.7 ± 

12.3 

17.4 ± 12.8 vs 11.7 ± 

12.3 

0.13 ± 0.30 vs 0.12 

± 0.32 

0.19 ± 0.31 vs 0.16 

± 0.33 

1.9 vs 3.9 1.5 vs 1-6 

ABSORB Japan 

24 months41 
27.7 ± 12.2 vs 24.7 ± 

10.2 

23.3 ± 13.0 vs 14.8 ± 

11.9 

0.27 ± 0.38 vs 0.12 

± 0.32 

0.36 ± 0.38 vs 0.21 

± 0.38 

7.8 vs 2.5 5.2 vs 2.5 

EVERBIO II 

9 months36 
17.8 ± 11.7 vs 15.5 ± 

11.0 

16.9 ± 11.6 vs 11.3 ± 9.8 0.30 ± 0.44 vs 0.20 

± 0.43 

0.28 ± 0.39 vs 0.24 

± 0.32 

11 vs 9 5 vs 4 

TROFI II 

6 months37 
21.6 ± 7.3 vs 20.4 ± 9.1 17.3 ± 7.4 vs 14.5 ± 9.3 0.14 ± 0.28 vs 0.06 

± 0.29 

0.17 ± 0.24 vs 0.08 

± 0.28 

0 vs 1.1 0 vs 1.1 

Data are shown for bioresorbable scaffolds vs. metallic everolimus-eluting stents as mean ± SD except ABSORB-China which reports mean ± SE; details of trial acronyms as in 

table 3 
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Table 7. Ongoing or planned large-scale randomized controlled trial with bioresorbable scaffolds  

 Trial identifier Patients, n Comparator Primary outcome Comment 

ABSORB IV NCT02173379 3000 Xience Angina within 1 year excluding acute STEMI 

Compare Absorb NCT02486068 2100 Xience Target lesion failure at 1 year 
only patients at high-risk of 

restenosis 

PREVENT NCT02316886 1600 
Optimal medical 

treatment 

Cardiovascular death 

Nonfatal myocardial infarction 

Unplanned hospitalization leading to 

unstable angina 

Functionally insignificant coronary 

stenosis with vulnerable plaque 

BVS LATE NCT02939872 2000 

DAPT (aspirin 

and clopidogrel) 

vs Aspirin 

monotherapy 

Composite event of death, myocardial 

infarction, or stroke 

On dual antiplatelet therapy and 

between 12 months and 18 months 

after Absorb pBRS implantation 

Only trials enrolling more than n>1000 patients are shown; all trials investigate the Absorb pBRS  
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Figure 1. Randomised controlled trials and cohort studies investigating the Absorb pBRS. 

 

Horizontal histograms show rates of pre- and post-dilatation. Data reported as percentage or number of events 

(cumulative incidences) for any TLR and definite or probable scaffold thrombosis at one year, unless otherwise 

specified. *1 month. **6 months. ***9 months; ¶ischaemia-driven TLR; ‡definite scaffold thrombosis; §heavily 

calcified lesions were excluded; # major bifurcation lesions were excluded; ACS=acute coronary syndrome; NA= 

not available; RCT=randomised controlled trial; ScT=scaffold thrombosis; TLR=target lesion revascularisation 64 

https://media.pcronline.com/eurointervention/issues/ahead_of_print/201701-26/epub/OEBPS/Images/01_YamajiED111_fmt.png
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Figure 2. Risk of target lesion revascularization and stent/scaffold thrombosis at early follow-up (6-12 months) in meta-analysis of six 

randomized controlled trials comparing bioresorbable scaffolds and conventional drug-eluting stents 

 

Plot of odds ratio for (A) target lesion failure and (B) definite/probable stent/scaffold thrombosis associated with BRS versus EES; BVS = Absorb bioresorbable scaffold; EES = 

everolimus-eluting stent 44  
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Figure 3: Risk of target lesion failure and stent/scaffold thrombosis at follow-up of 2 years or more in meta-analysis of 7 randomized controlled 

trials comparing BRS and conventional DES 

(A) Target lesion failure 

 

Odds ratios for target lesion failure with pBRS versus EES. The diamonds indicates the point estimate and the left and the right ends of the lines the [95% confidence interval, 

CI]. BVS=bioresorbable stent (i.e. Absorb pBRS); EES=everolimus-eluting stent 
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(B) Definite/probable stent/scaffold thrombosis 

 

Odds ratios for definite/probable stent (scaffold) thrombosis with BRS versus EES. The diamonds indicates the point estimate and the left and the right ends of the lines the 

[95% confidence interval, CI]. BVS=bioresorbable stent (i.e. Absorb pBRS); EES=everolimus-eluting stent 46 
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Figure 4. Representative OCT cross sections and 3D reconstructions from patients with 

very late scaffold thrombosis. 
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Legend for figure 4. Pullbacks were matched with the 3-dimensional (3D) and 2-dimensional (2D) longitudinal views 

(indicated by arrows in A to F). In all cases, D shows the longitudinal view, E the half-cut 3D view, and F the spread-

out 3D view. Case 1 shows malapposed struts surrounded by thrombus (A, B, arrowheads) and the presence of 

macrophage accumulations at the minimal lumen area location (C). Case 2 shows extensive scaffold strut 

discontinuity (B, arrowheads) on 2D and 3D OCT. Case 3 shows thrombus on top of uncovered apposed scaffold 

struts (A, B, arrowheads). Case 4 shows a scaffold strut discontinuity (A, B, arrowheads) surrounded by thrombus, as 

well as uncovered struts (C, arrowheads) in 2D and 3D OCT. Yellow represents the lumen contour; blue is the 

scaffold strut; red is thrombus 57 

 

5. IMPORTANT CLINICAL SUBGROUPS  

Small vessels  

In the ABSORB trial (Cohort B), there were no differences in late lumen loss, in-segment binary 

restenosis and clinical outcomes at 2 years between groups of patients treated with the Absorb 

BRS stratified by a baseline reference vessel diameter of 2.5 mm.65 This is consistent with the 

results of a real world registry that showed comparable outcomes of BRS for smaller compared 

with larger vessels.66 In all these studies, however, the number of patients was small (<100 

patients). In a three-centre, single-arm registry of 121 BRS patients with reference vessel 

diameter <2.75 mm, TLR and scaffold thrombosis occurred in 9.0% and 1.5%, respectively, at a 

median of 11.4 months.67 

 

In the ABSORB III trial, patients were excluded if they had a reference vessel diameter <2.50 mm 

by visual estimation. 32 In subgroup analyses, there was no interaction between the relative 

treatment effect of pBRS and the median vessel diameter (2.63 mm) for both 1-year TLF (p for 

interaction = 0.90) and stent/scaffold thrombosis (p for interaction = 0.48). However, visual 

estimation tends to overestimate the vessel size compared with QCA and QCA identified that 

about one fifth of implanted vessels visually assessed as ≥2.50 mm were actually smaller. When 
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comparing the outcomes of 375 patients (408 lesions) with reference vessel diameter <2.25 mm 

(an arbitrarily defined post hoc cut-off) by QCA with the remainder of the ABSORB III population, 

there was evidence of a higher risk of 1-year device thrombosis with BRS compared with EES in 

the small vessels group (4.6% vs. 1.5%, respectively, in the <2.25 mm vessel group; 0.8% vs. 0.5%, 

respectively, in the ≥2.25 mm vessel group).68 Similar results were noted with respect to TLF at 1 

year, driven by an increase in MI in the small vessels group (10.0% vs 4.5% in the BRS and EES 

groups, respectively; P=0.06). Exploratory post-hoc analyses suggested that the rates of BRS 

thrombosis in the small vessels group were higher in patients who did not receive post-dilation 

(8.1%) and those who received post-dilation at <14 atmospheres (5.6%). Taken together, these 

findings may have important implications for lesion/device selection and technique, in that they 

discourage the use of the Absorb BRS for vessels <2.5 mm and encourage the use of on-line QCA 

for vessels sizes in the range of 2.5-2.75 mm. Against this an analysis from the ISAR-ABSORB 

registry found no difference in outcomes between patients treated with a 2.5 mm scaffold in 

comparison with those treated with a scaffold size larger than 2.5 mm diameter.69 The United 

States FDA recommends vessel sizing with on-line QCA or intravascular imaging in case of vessels 

visually assessed as ≤2.75mm, and recommends not to implant an Absorb pBRS if quantitative 

imaging determines a vessel size <2.5mm. 

 

Acute coronary syndromes  

Relatively few registries have reported on the outcomes of patients treated with the Absorb BRS 

across the spectrum of acute coronary syndromes (ACS), including unstable angina, non-ST-

segment elevation myocardial infarction and STEMI (Supplementary Table 2).70-74 In studies with 

12-month follow-up, mortality was reported at 0-3.1%, MI at 2-6.8%, TLR at 2-6.8% and definite 

scaffold thrombosis at 0.8-2.3%.71-74 The largest analysis to data comes from the GHOST-EU 
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registry and  showed a numerically higher incidence of POCE in 951 patients with ACS treated 

with pBRS as compared with patients with stable disease (6.4% vs. 4.2%, p=0.052).75 In a meta-

regression of 25 BRS studies, ACS emerged as a potential modifier for the risk of device 

thrombosis of both BRS and DES at follow-up.76 

 

There are multiple specific reports of BRS in STEMI, although many of these studies represent the 

update of a previously published cohort (Supplementary Table 3).37, 48, 77-90 In registries with a 

metallic stent control arm, there were similar rates of combined events in the BRS group, but the 

comparisons were unadjusted.82, 88 By contrast, in a propensity score matched analysis from BVS-

EXAMINATION there was a trend towards higher rates of definite thrombosis with BRS compared 

with everolimus eluting stents (EES) at 24 months (3.3% vs 1.0%; p=0.081) 89, and in a similar 

matched analysis from the BVS STEMI First study, BRS showed a higher clinical event rate 

compared with matched EES at 18 months.87 TROFI II is the only randomized study of BRS and 

EES published so far, but the study was not powered for clinical endpoints. The device-oriented 

composite endpoint was comparably low between groups (1.1% BRS vs. 0% EES) at 6 months, 

and there was only one case of definite subacute stent/scaffold thrombosis.37 At two years, one 

subacute and one very late scaffold thrombosis were observed in the Absorb pBRS arm (definite 

scaffold thrombosis rate at 2 years: 2.1%), whereas one very late scaffold thrombosis was 

observed in the EES arm (1.0%). 

 

As far as important questions of efficacy and safety are concerned, all the available studies are 

limited by the lack of a control group, the nonrandomized design and/or the small sample size. 

Two earlier analyses suggest that the rates of scaffold thrombosis may be higher in ACS 

compared with non-ACS patients, a phenomenon already noted with DES 38, 76, although a more 
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recent meta-analysis suggested that ACS appeared to have little impact on the incidence of 

scaffold thrombosis.91 

 

Chronic total occlusions  

Multiple case reports suggest that treating chronic total occlusions (CTO) with BRS is feasible in 

selected patients after both anterograde and retrograde recanalization. 92-97 Preliminary studies 

are available that generally suggest acceptable short- and mid-term outcomes with BRS in this 

scenario (Supplementary Table 4). 98-107 In the largest series (N=105), major adverse events 

occurred in 3% of patients at 6 months.101 In the only study with a control arm, however, 

technical and procedural successes were shown to be significantly lower in the BRS compared 

with the DES group.102 Overall, larger-scale DES-controlled studies are necessary to better define 

the procedural characteristics and clinical outcomes of BRS in the setting of CTO recanalization. 

 

Diffuse disease  

Treatment of diffuse disease represents a clinically-relevant unmet need given limited suitability 

for bypass grafting and poor results with implantation of multiple metallic DES. Although 

conceptually attractive, using BRS for this indication results in placement of long chains of 

polymer and creation of multiple overlapping points at risk for delayed strut coverage.108, 109 

Scaffold enhancement techniques, coupled with angiography, may be helpful in minimizing 

overlap length and proportion of stacked struts.110 A hybrid approach with a BRS for the larger 

proximal segment plus a drug-coated balloon for the smaller distal segment has been proposed 

for the treatment of patients with diffuse disease.111 
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In a multicentre study of 162 patients who received overlapping BRS, the rates of TLF and 

stent/scaffold thrombosis did not differ compared with those of propensity score matched 

patients who received overlapping DES, but there was a higher incidence of procedural-related 

myocardial injury with BRS.112 In a smaller study, no differences were noted at 1 year in major 

adverse cardiovascular events, including TLR, between matched BRS and DES.113  In an analysis of 

the GHOST-EU registry comparing the outcomes of 320 with overlapping pBRS with those of 

1157 with no overlap, no difference in PoCE between the overlap versus no-overlap group 

(18.4% vs. 18.2%; HR 1.07, [0.80-1.44]; P = 0.636), was seen even after adjustment (HR 1.05, 

[0.48-2.20]; P = 0.904).114 

 

In summary, there is a paucity of data in the literature on the fate of BRS for diffuse disease. A 

randomized trial named COMPARE ABSORB (NCT02486068) is currently testing BRS versus EES 

for the treatment of lesions at high risk of restenosis, including those longer than 28 mm (see 

Table 7). 

 

Bifurcations  

Despite technical limitations and concerns, specific 1-scaffold and 2-scaffold strategies have been 

described for the treatment of bifurcation lesions both in-vitro and in-vivo.115-121 Multiple 

strategies and tips for material selection have been suggested to minimize the risk of fracture, 

including adaptation of established techniques for bifurcation lesions (i.e., low-pressure kissing 

balloon inflation with snuggling balloons, also known as mini-kissing balloon inflation).120, 122-126  

 

Relatively few studies have reported on the outcomes of BRS for bifurcation lesions. In a study 

from Kawamoto et al. (N=132), treating bifurcations with BRS was shown to be feasible, but 
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there were numerically more TLR at 1-year with complex two-scaffold strategies compared with 

the provisional strategy.127 The same group of authors later reported mid-term clinical outcomes 

in 41 patients treated with complex strategies (BRS in the main branch and BRS or DES in the side 

branch), with 9.7% of TLR at 1 year (lower in patients who received DES in the side branch 

compared with those who received BRS in both the main and side branches).128 In another study 

from Suarez de Lezo et al. (N=194), where virtually all cases (96%) were treated by the 

provisional technique, procedural success was 100%, angiographic restenosis at 7.3±1.6 months 

was 5% and device thrombosis at 14±6 months was 1.3%.129 In a series of 28 patients from Wiebe 

et al., there was a very high rate of scaffold thrombosis at 1 year (8.1%), but in this study all 

patients with scaffold thrombosis had premature antiplatelet therapy discontinuation.130 

 

The largest series of BRS for bifurcation lesions (N=289) comes so far from a substudy of the 

GHOST-EU registry, where a complex strategy was used in 14% of cases.131 At 1 year, the 

estimated rates of TLF and stent/scaffold thrombosis were 6.4% and 2.5%, respectively. 

Independent predictors for TLF were treatment in the context of an ACS and diabetes mellitus. 

 

Diabetes  

In the GHOST-EU registry, diabetes mellitus was the only independent predictor of TLF at 6 

months.132 Conversely, in a propensity score matched analysis of BRS and EES from Muramatsu 

et al, diabetic patients treated with BRS showed similar rates of combined ischemic endpoints 

compared with nondiabetic patients treated with BRS and diabetic patients treated with EES at 

1-year follow-up.133 In a patient-level meta-analysis of ABSORB II, ABSORB III, ABSORB-CHINA and 

ABSORB JAPAN encompassing 3,389 patients treated with BRS or EES, diabetes mellitus 
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independently predicted a number of clinical endpoints at 1 year, including target vessel failure, 

target vessel MI, ischemia-driven TLR and scaffold thrombosis.45 

 

6. ANGIOGRAPHIC OUTCOMES WITH CE-APPROVED BIORESORBABLE 

SCAFFOLDS  

1. Absorb  

A number of randomized trials compared outcomes of patients treated with Absorb BRS with 

conventional metallic DES, and incorporated protocol-mandated angiographic follow-up. The 

main findings are summarized in Table 6. 

 In the ABSORB China trial the primary endpoint of in-segment late loss at 1 year was 

0.19±0.38mm for BRS versus 0.13±0.38mm for EES (one-sided 97.5% upper confidence 

limit of the difference = 0.14 mm, Pnoninferiority=0.01).33 

 In ABSORB-Japan in-segment late loss at 13 months was 0.13±0.30mm with BRS and 

0.12±0.32mm with EES (upper one-sided 95 confidence limit of the difference = 0.07); 

Pnon-inferiority < 0.0001).34, 41 

 Data from the EVERBIO-II trial showed that in-stent late loss at 9 months was similar 

between patients treated with BRS (0.28±0.39 mm) and with EES/BES (0.25±0.36 mm, P= 

0.30).36 

 In the TROFI II trial in-stent late loss at 6 months favoured conventional stents (Absorb 

BRS: 0.17±0.24mm vs. EES: 0.08±0.28mm, P=0.024).37 

 In the ABSORB II trial, the 3-year co-primary endpoints were vasomotor reactivity 

(powered for superiority) and late lumen loss (powered for non-inferiority). The trial 

failed to show superiority with respect to vasomotor reactivity at 3 years (Absorb BRS 

0.047 mm [SD 0.109] vs EES 0·056 mm [0·117]; P-superiority=0.49) as well as non-



48 
REPORT OF THE ESC-EAPCI TASK FORCE ON  
THE EVALUATION AND USE OF BIORESORBABLE SCAFFOLDS FOR PERCUTANEOUS CORONARY INTERVENTION 

inferiority for the co-primary endpoint of late lumen loss that was larger with Absorb BRS 

than EES (0.37 mm [0.45] vs. 0.25 mm [0.25]; Pnon-inferiority=0.78). 

 

Meta-analysis of the four trials with angiographic surveillance scheduled in the time window that 

is usual for the assessment of conventional metallic DES shows that both in-device and in-

segment late loss are significantly higher for the Absorb BRS compared with metallic EES. (see 

Figure 5).44 

 

In terms of registry data from routine practice with angiographic follow-up, device performance 

was broadly in line with clinical trial data with respect to angiographic antirestenotic efficacy. The 

ISAR-ABSORB registry showed a mean in-stent late loss of 0.26±0.51 in 286 patients undergoing 

surveillance angiography at a median of 196 days after stenting.51 

 

2. DESolve  

In the DESolve Nx trial at 6-month angiographic follow-up the novolimus-eluting bioresorbable 

DESolve scaffold showed in-stent late lumen loss of 0.20±0.32 mm.60 

 

3. Magmaris  

In the BIOSOLVE-II trial mean late lumen loss at follow-up with the drug-eluting Magmaris mBRS 

was somewhat higher than is seen with conventional metallic DES and remained stable between 

6 and 12 months: in-segment late lumen loss 0.20±0.21 mm and 0.25±0.22 mm, P = 0.117, delta 

late loss 0.05±0.21 mm (95% CI: 20.01;0.12); in-scaffold late lumen loss 0.37±0.25 mm vs. 

0.39±0.27 mm, P = 0.446, delta late loss 0.03±0.22 (95% CI: 20.04;0.10), respectively.62, 63 
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Figure 5. Meta-analysis of differences in late lumen loss between bioresorbable scaffolds and conventional drug-eluting stents in trials with 

angiographic surveillance scheduled at 6-12 months follow-up 

 

Plots of weighted mean difference in (A) in-device and (B) in-segment late loss. The boxes/diamonds indicates the point estimate and the left and 

the right ends of the lines the 95% confidence interval (CI); BVS = Absorb bioresorbable vascular scaffold; EES = everolimus-eluting stent 44
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7. INTRACORONARY IMAGING RESULTS WITH CE-APPROVED 

BIORESORBABLE SCAFFOLDS  

Absorb  

The Absorb BRS is the scaffold with the largest number of intracoronary imaging investigations 

conducted so far. These investigations have contributed greatly to the current understanding of 

BRS-treated vessels before and after bioresorption,134, 135 and allowed defining new concepts and 

surrogate endpoints for subsequent investigations in BRS-treated patients, such as plaque 

shielding and passivation.28, 136 OCT has also been instrumental to characterize the mechanisms 

of very late scaffold thrombosis, including scaffold discontinuity and restenosis during the 

resorption process (Figure 4).57, 58 OCT-based light intensity analysis and intravascular ultrasound 

(IVUS)-based echogenicity are well correlated with the process of strut integration into the 

arterial wall and depolymerization of the strut, respectively, which allows to follow the 

bioresorption process over time.137-141 IVUS has a poor capacity to detect qualitative findings 

after BRS implantation and its reproducibility is low compared with OCT.142 Conversely, OCT 

provides correlated measurements of the same order of magnitude as histomorphometry, and is 

reproducible for the evaluation of vascular and BRS-related characteristics.143 Since BRS pose 

unique challenges in OCT quantification and interpretation, a consensus document has been 

produced to standardize OCT measurements in comparative studies versus EES.144  

 

In the ABSORB Cohort A study, 8 patients had IVUS and OCT at 5 years. On IVUS, data showed an 

increase in mean lumen area between 5 years and 6 months, primarily attributable to a 

persistent reduction in plaque area size and necrotic core, and there were no signs of endothelial 

dysfunction with acetylcholine testing.145 On OCT, in all patients, BRS struts were integrated in 

the vessel and no longer discernable.146  
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In the ABSORB Cohort B study, 45 patients (Cohort B1) and 56 patients (Cohort B2) underwent 

serial intravascular imaging with IVUS and OCT at different times.147 At 6 months, there was a 

relative 5.4% decrease in minimum luminal area on IVUS, whereas OCT showed that 97% of the 

struts were already covered.148 The lack of strut apposition at baseline was uncommon but 

related to the presence of uncovered struts and intraluminal masses at 6 months.149 At 1 year, 

the amount of neointimal proliferation was not different from that of control EES, 150 and related 

to the patterns of endothelial shear stress, a finding with potential implications for scaffold 

design.151 On OCT, in the Cohort B2, malapposition was rare, and strut coverage was detected in 

97% of struts.24 At 2 years, neointima was found to cover the whole circumference of the vessel 

wall without compromising the luminal dimensions, 152 with 99% of still recognizable struts being 

covered.23 At 3 years, there were stable luminal dimensions on IVUS, 153 and OCT showed late 

discontinuity, an expected fate of BRS at the time of bioresorption, in 40% of cases, with no 

clinical implications.59 At 5 years, there were stable lumen dimensions on both IVUS and OCT, 

with struts no longer discernable 147 and no evidence of edge vascular response. 154  

 

IVUS sub-studies of the ABSORB II trial have shown that BRS are associated with less acute gain 

38, 155 and increased post-procedural asymmetric and eccentric morphology 53 compared to 

metallic EES. Notably, the finding of more eccentricity compared with EES was at variance with a 

previous non-randomized study using patients from the ABSORB Cohorts A and B.156  

Recently two-year OCT follow-up was reported in a subset of patients enrolled in the ABSORB-

Japan trial and showed almost fully covered struts, and minimal malapposition nearly complete 

in both BRS and EES arms. However, the flow area by two-year OCT was smaller in the BRS arm 

than in the EES arm, mainly due to a higher quantity of tissue growth inside the device.41 
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Finally, in TROFI II, the OCT-defined primary endpoint (healing score) was comparable between 

BRS and EES, with both devices almost completely healed at 6 months.37 

 

DESsolve  

In the DESolve first in man trial, 16 patients treated with the myolimus-eluting Elixir pBRS 

underwent serial IVUS and OCT assessment at baseline and 6 months. At IVUS follow up, 

neointimal volume was 7%, with no evidence of scaffold recoil or late malapposition. OCT 

showed uniform, thin neointimal coverage, with 99% of struts covered at follow up. In DESolve 

NX, 40 and 38 patients treated with the novolimus-eluting pBRS had paired IVUS and OCT images 

at baseline and 6 months, respectively.60 On follow up IVUS, there was evidence of a significant 

increase in lumen and scaffold area compared with baseline. Of the 3 cases of acute incomplete 

strut apposition seen at baseline, 2 resolved at follow up, and there were no cases of late 

acquired incomplete scaffold apposition. On OCT, there was a significant increase in mean and 

minimum scaffold area, and a small decrease in lumen dimensions. Strut coverage was 99% at 6 

months and, consistent with the IVUS results, there were no cases of late acquired incomplete 

scaffold apposition. Signals of ongoing degradation (i.e., struts circumferentially misaligned with 

respect to adjacent struts, but embedded by neointimal) were observed in 32% of the scaffolds.  

 

Magmaris  

In BIOSOLVE-I, paired post-procedural, 6- and 12-month IVUS assessments of the DREAMS 1G 

scaffold (a former version of the current device) were available in 21 patients.22 There were 

significant reductions in scaffold and mean lumen areas at 6- and 12-month follow-up compared 

with the findings immediately after the procedure, no notable changes in vessel area, and an 
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increase in plaque area between baseline and 6 months. Taken together, these findings indicate 

that the most likely explanation for the observed angiographic lumen loss at 6 months 

(substantially unchanged at 12 months), was the combination of increased extra-scaffold plaque 

area and neointimal formation rather than negative remodeling. Serial OCT data were available 

in 7 patients. After the procedure, incompletely apposed struts were 4% of the total number of 

struts analyzed, suggesting good conformability. At 6 months, the rate of complete apposition 

was 97%, with persistent incomplete strut apposition noted in 0.6%, and late acquired 

incomplete strut apposition in 2.2%. At 12 months, 99.8% of struts were apposed with 0.1% 

persistent incomplete strut apposition and 0.1% late acquired incomplete strut apposition. 

 

In BIOSOLVE-II, featuring the newer generation DREAMS 2G scaffold, IVUS and OCT were 

performed in a subgroup of 30 patients with pre-procedure, post-procedure and 6-month 

assessments.63 Once again, IVUS showed significant reductions in minimum scaffold and lumen 

areas, no changes in vessel area, and increased total plaque area between post-procedure and 6 

months, but preservation of mean scaffold area and lower neointimal area than that shown by 

DREAMS 1G in BIOSOLVE-I (0.08 mm2 vs. 0.30 mm2). Six-month OCT showed significant 

reductions in mean and minimum lumen areas, and no incompletely apposed struts were 

detected because all struts were embedded into the vessel wall. 
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8. RECOMMENDATION FOR DUAL ANTIPLATELET THERAPY IN PATIENTS 

TREATED WITH BRS  

Treatment with dual antiplatelet therapy (DAPT) with aspirin and a P2Y12 inhibitor after BRS 

implantation is mandatory to mitigate the risk of scaffold thrombosis. Yet, the optimal duration 

of such DAPT treatment is unknown. The ESC clinical practice guidelines on myocardial 

revascularization recommend DAPT for a minimum of 6 months after new generation metallic 

DES implantation, but no specific recommendations are made for BRS.5 Furthermore, optimal 

DAPT duration after PCI is currently a matter of debate in the aftermath of a number of large 

randomized trials reported in recent years, the largest of which was the Dual Antiplatelet 

Therapy trial.157 This trial showed that prolonged DAPT beyond one year after DES implantation 

is associated with a lower risk of stent thrombosis and myocardial infarction but a higher risk of 

major bleeding.  

 

In considering DAPT regime after BRS a number of aspects have to be considered. Thicker and 

wider BRS stent struts might confer a higher risk of stent thrombosis in comparison to thin-strut 

conventional DES. Moreover, thicker stent struts may take longer to completely endothelialize. 

Importantly, due to concerns regarding scaffold thrombosis late in the course of scaffold 

degradation at 2-3 years, it is conceivable that the duration of DAPT treatment may need to be 

prolonged to the time of BRS bioresorption. 

 

The ABSORB II trial constitutes the best evidence on the relationship between extended DAPT 

duration and scaffold thrombosis at present.31 At three-year follow-up, 9 patients presented with 

scaffold thrombosis; six of these cases (78%) presented with late or very late scaffold thrombosis. 

In all of them, scaffold thrombosis had occurred after discontinuation of DAPT, in most cases 
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after a long period of antiplatelet monotherapy: in 8 patients (87%) scaffold thrombosis occurred 

more than 100 days after DAPT was discontinued. Of note, there were no cases of late/very late 

scaffold thrombosis in the 63 patients in the scaffold arm in whom DAPT was maintained without 

interruption for 3 years. 

 

Overall, available data suggest that current BRS may require prolonged DAPT to mitigate the risk 

of late and very late scaffold thrombosis. It is unknown whether use of more potent P2Y12 

inhibitors, such as ticagrelor or prasugrel, may have a more protective effect against scaffold 

thrombosis than DAPT with clopidogrel. As prolonged DAPT confers a higher risk of bleeding 

events, prolonged DAPT duration will impact net clinical benefit. It is unknown whether de-

escalating strategies from ticagrelor or prasugrel to clopidogrel as the P2Y12 included in DAPT 

might decrease the chances of bleeding while providing better protection against early scaffold 

thrombosis. 

 

Patients who cannot tolerate or are unlikely to be compliant with extended duration DAPT are 

not candidates for BRS treatment. Patients with an indication for OAC are not candidates for BRS 

at this point in time. 

 

In patients who have already been treated with BRS, there are two scenarios to be considered. In 

patients who remain on DAPT without clinical events, it is recommended to continue DAPT for 

the duration of bioresorption expected on the basis of existing non-clinical and clinical studies 

(e.g. at least 36 months in case of pBRS). In patients who have discontinued DAPT prior to this 

time point, a decision to re-initiate DAPT should be made on a case-by-case basis after evaluation 

of the thrombotic and bleeding risks. 
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9. RECOMMENDATIONS FOR CURRENT CLINICAL USE  

There are sufficient clinical data to inform recommendations of this Task Force only about the 

everolimus-eluting Absorb pBRS. Other bioresorbable scaffolds may be used according to 

ongoing clinical investigations and their outcomes.158 Of note, data regarding cost-effectiveness 

do not exist and may differ widely according to each local health care system and reimbursement 

scheme. 

 

Indications  

Current data from randomized trials and meta-analyses compare the everolimus-eluting Absorb 

pBRS with the metallic EES in patients with predominantly stable coronary artery disease, and 

with simple to moderately complex lesion characteristics. They suggest similar clinical efficacy at 

one year, as it relates to the risk of target lesion revascularization and to the device-oriented 

composite outcome TLF. However, the risks of target-vessel MI and definite or probable 

stent/scaffold thrombosis are increased in patients treated with the Absorb BRS. Moreover, late 

outcomes out to 2-3 years suggest an excess of very late stent/scaffold thrombosis, target vessel 

MI, and TLF, with BRS versus metallic EES. Current evidence suggests no late advantage in terms 

of clinical efficacy including relief of angina pectoris. Thus the Task Force has the following 

recommendations for the clinical use of BRS as an alternative to conventional metallic DES: 

 

General recommendations for clinical use of approved devices  

- As long as concerns regarding long-term clinical safety (i.e. MI, stent/scaffold thrombosis) 

have not been dispelled by ongoing clinical trials or prospective, monitored registries, BRS 

should not be preferred to current generation metallic DES for routine clinical use 
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- Ongoing trials should be closely monitored for adverse events and data should be made 

available at regular intervals in the public domain, irrespective of the initial analysis plan 

- It is not recommended to use BRS in patients who cannot tolerate or are unlikely to be 

compliant with extended duration DAPT or who require oral anticoagulants 

 

Device implantation  

Consistent observations point to the differences in mechanical properties of BRS compared with 

metallic DES. This mandates meticulous assessment and preparation of the lesion, and also 

frequent use of pre- and post-dilatation. As a result, procedure duration and contrast use are 

increased and the cross-over to metallic DES is more common. Moreover, acute performance, as 

assessed by acute gain and percent diameter stenosis, as well as longer term (6-36 months) 

angiographic results, assussed as in-device late lumen loss, are both inferior for BRS as compared 

with metallic DES. 

 

In view of these observations, this Task Force has the following recommendations regarding 

device implantation: 

- It is recommended that BRS are implanted by appropriately trained operators with 

specific experience in the implantation of these devices. 

 

Lesion Assessment  

- BRS require careful lesion assessment, to determine the need and extent of lesion 

preparation, as well as to select the appropriate size and length of the device. The use of 

pre-and post-procedural intracoronary imaging (IVUS, OCT), as well as online quantitative 
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coronary angiography, is encouraged to optimize device implantation. The use of BRS in 

calcified vessels is strongly discouraged. BRS should be avoided in stenoses with reference 

diameter smaller than 2.5 mm. 

 

Pre-dilation  

- It is recommended to systematically predilate lesions with non-compliant balloons, 

aiming at a balloon diameter corresponding to the estimated reference vessel diameter. 

- Complete balloon expansion should be ensured, in orthogonal angiographic projections. 

- In case of incomplete balloon expansion during pre-dilation, use of plaque modification 

techniques (cutting/scoring balloon, rotational atherectomy) should be considered prior 

to BRS insertion. 

- It is recommended to refrain from BRS implantation in cases where balloon expansion 

remains incomplete despite plaque modification techniques. 

 

Implantation Technique  

- If more than one device needs to be implanted due to lesion length, incomplete lesion 

coverage or edge dissections, additional devices may be implanted by carefully avoiding 

excessive stent overlap. An abutting technique (device-to-device) should be preferred in 

patients needing more than one stent. 
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Post-Dilatation  

- High-pressure (>16 bar) post-dilatation using non-compliant balloons should be done 

routinely, with nominal balloon diameter not exceeding 0.5 mm above the nominal 

diameter of the device. 

 

Device Failure  

In cases of scaffold thrombosis it is recommended that intravascular imaging be performed, 

preferably with OCT, after restoration of normal vessel flow. This may provide insight into the 

mechanisms underlying the scaffold thrombosis and potentially guide therapy. In most cases, 

implantation of a conventional DES will be the preferred strategy to restore vessel patency. 

 

10. RECOMMENDATIONS FOR EVALUATION PLAN FOR BIORESORBABLE 

SCAFFOLDS  

A key question in the development and evaluation of current and new BRS is how best to identify 

parameters that will reliably predict the clinical complications encountered. 

 

The Task Force recommends that bench testing of the biodegradable scaffold backbone should 

include two components: (i) characterization of the finished product and (ii) mechanical testing. 

 

Currently, there are no established standards, FDA Guidance Document or MEDDEV documents 

addressing non-clinical test requirements for BRS. However, the risks associated with such 

products have been identified, based on both pre-clinical and clinical experiences from the 
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currently marketed products and from products that are under investigational use. This section 

provides recommendations for the non-clinical testing of BRS. 

 

Bench Testing  

Full characterization of the finished product is important. All the following characteristics should 

be studied and defined: 

 Molecular weight (MW) 

 The molecular weight distribution (PDI) 

 Percent crystallinity (χc, if applicable) 

 Melting temperature (Tm, if applicable) 

 Glass transition temperature (Tg) 

 Residual monomer content 

 Residual free radicals  (if applicable) 

 Structural integrity 

 Mass loss 

 Degradation products 

 

Mechanical testing should be performed under environmental conditions that mimic 

physiological ones, to capture the effect of degradation on mechanical integrity over time. The 

results of characterization may impact all aspects of product evaluation such as type of testing 

and timing of assessments. For example, acceleration of mechanical loading should be 

synchronized with accelerated degradation for accelerated durability testing. The duration of the 

accelerated fatigue testing should be determined through time of complete tissue coverage as 
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determined by in vivo or in vitro degradation studies. Particulates testing should be performed 

through time of significant mass loss of the polymer. 

 

Biocompatibility  

Biocompatibility testing should be performed as recommended in the ISO standard “Use of 

International Standard ISO-10993, “Biological Evaluation of Medical Devices Part 1: Evaluation 

and Testing.” However, there may be a need to alter some of the standard tests (e.g. extraction 

conditions, exposure times). It is also recommended that biocompatibility testing should be 

performed separately on degradation products. The following standards should be considered 

for the biocompatibility evaluation of the BRS: 

 ISO/TS 12417:2011 

 ISO/DIS 12417-1 

 ISO/TR 37137:2014 

 ISO/TS 17137:2014 

 

FDA Draft Guidance Document entitled “Use of International Standard ISO-10993” provides 

further clarification and updated information on the use of International Standard ISO-10993, 

"Biological Evaluation of Medical Devices Part 1: Evaluation and Testing".159 This Draft FDA 

Guidance incorporates information on the in vivo polymerizing and bioabsorbable materials. 
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In Vivo Testing  

Animal models  

To date, the preferable animal model for the assessment of coronary stents has been the 

domestic crossbred or miniature swine model or the rabbit iliac artery model; because their size, 

access, and injury response appear to be similar to human vessels, they may be suitable for 

assessing safety before human use 160. In some situations the sheep model may also be used. 

Comparative studies are encouraged to reflect both safety and biological responses 

appropriately. Standard contemporary anti-platelet therapy should be utilized in all animal 

models. As a general rule, preclinical testing should be performed within the intended vascular 

territory, although there may be instances in which a switch to a different vascular location may 

provide valuable information about the biological behaviour of stents owing to the differential 

reaction to vascular injury among species and vascular territories.  

Porcine/Rabbit Models 

The mature (non-juvenile) normolipidemic porcine coronary artery is the most frequently used 

and widely accepted animal model to study the outcome of coronary stents160. Miniature swine 

should be considered when long-term studies are performed, to allow for the impact of animal 

growth over time. Stents should be appropriately sized for the target vessel with the targeted 

device-to-artery ratio between 1.0 to 1.2. Online QCA should be used for sizing, of images 

acquired after giving nitrate. In addition to the assessment of safety aspects, a general 

appreciation of efficacy should be reflected in preclinical study design. This can be achieved best 

by including approved comparators with known clinical efficacy. 
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An advantage of the rabbit iliac artery model is that it is associated with low variability in injury 

and inflammation after scaffold implantation, which is useful when assessing biocompatibility 

and safety of investigational devices. Especially for studies focused on re-endothelialization of 

devices, the rabbit model may provide important advantages over swine, as the time taken for 

re-endothelialization is longer. 161, 162 

Planning and conducting preclinical studies in animals  

Generally, preclinical animal studies including histopathological assessment should be performed 

in designated preclinical animal facilities with Good Laboratory Practice (GLP) certification. Each 

artery should only receive one test device, except when overlapping or repeated treatment is 

intended. One or more arteries may be treated in a single animal depending on the specific study 

design. 

In general, study design must include appropriate controls to appreciate treatment effects 

especially with regards to safety and biocompatibility. When polymer-coated stents are 

investigated, appropriate controls consisting of either the full-component device or polymer-only 

coated devices should be included. In our view, the ideal control should consist of a currently 

accepted standard of care in the specific indication for which the test product will be used 

clinically. A minimum of 6-8 samples should be included per treatment group, in standard 

histopathological safety studies, and in pharmacokinetic and degradation studies of BRS. For 

metallic stents, a standard 28 days follow-up should be combined with a later time point of 

follow up of at least 90 days to capture more safety-relevant biological responses. For BRS, 

critical time points of follow-up will depend on the pace of biodegradation. 
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Standards for evaluation  

1. Necropsy evaluation 

Thorough necropsy evaluation is key to a successful assessment of device safety and biological 

response. Premature and unexpected deaths need to undergo complete necropsy, including 

gross examination of organs, and tissue and histopathologic examination.  

2. Tissue processing and fixation 

Ideally, pressure-fixation at about 100mmHg with rapid exsanguination should be performed. 

Following fixation, organs and vessels should be sectioned transaxially at a minimum of 5mm 

intervals, resulting in a minimum of 3 sections per stented segment (proximal, middle, distal) 

depending on the total length of the organ/vessel. 

3. Histopathology 

Histomorphometry: Standard measurements have been described previously 160 and should 

include medial area, area within the external and internal elastic lamina, lumen area, and stent 

area. Neointimal area and percent area stenosis can be calculated from the above-mentioned 

areas. In addition, neointimal thickness should be measured above and between stent struts. 

With respect to the assessment of BRS it is important to emphasize luminal dimensions during 

degradation.  

Special care is needed for the assessment of BRS. Acute and chronic inflammation should be 

judged on the basis of acute and chronic inflammatory cells, which mostly consist of 

neutrophils/monocytes acutely and lymphocytes/macrophages chronically for clearing of 

biodegradation products. Similarly, standard injury scores may be misleading at longer-term 

follow-up as destruction of the internal elastic lamina may result from inflammation rather than 

reflecting vascular residues of acute injury sustained at the time of stent implantation. 

Furthermore, special efforts should be made to characterize the change in tissue composition 
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during biodegradation by histopathology, focussing on both the extent and the nature of 

neointimal tissue especially at the remnant sites of stent struts. Correlation with intravascular 

imaging may be helpful in understanding changes in tissue composition. 

4. Clinical observations and blood tests 

Monitoring of general health, body temperature and body weight are important. Blood 

parameters of overall organ function are important before initiation of the study and at regular 

intervals thereafter. 

5. Overlapping stents and long stents 

For the assessment of BRS, overlapping stent studies are strongly recommended. These tests are 

important for two reasons. Firstly, mechanical issues (e.g. fatigue) occurring at the site of 

overlapping stents must be evaluated and any excess injury and inflammation investigated. 

Secondly, synergistic effects of stent coatings (i.e. carrier matrix and/or drug) in overlapping 

stents need to be carefully investigated to exclude potential adverse reactions arising from local 

accumulation and release into the surrounding tissue. Specific clinical safety aspects of 

overlapping BRS struts include fracture, particulate embolization, thrombus formation, and 

delayed healing (i.e. endothelialisation etc.). 

6. Intravascular imaging 

IVUS and OCT are important tools in the assessment of coronary stents 163-167. They allow for the 

evaluation of important in vivo parameters of healing such as stent strut coverage, neointima 

formation, malapposition and thrombus formation. However, intravascular imaging may cause 

substantial tissue damage (i.e. endothelial loss or injury), that may be interpreted inappropriately 

during histopathological assessment of stents. Intravascular imaging is strongly recommended in 

a subset of animals in studies of BRS, in order that stent degradation and physiological vessel 
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dimensions can be evaluated over time.138, 168 Measurements should be adjusted using reference 

area, to compensate for growth during the study.169, 170 

7. Time point of follow up 

In general, follow-up should capture all relevant biological processes pertaining to stent safety. If 

drug elution is complete by 90 days, follow-up should be done to 180 days. If biodegradation of 

stents or stent components takes 1 year, time points beyond the 1-year frame may be necessary 

to appropriately assess device safety. The addition of a late time point after bioresorption is 

complete may be needed to document patency of the vessel, extent of neointimal growth, and 

presence or absence of inflammation.  

8. In vitro and in vivo pharmacokinetics and dose finding 

Release of drug from coronary stents should be examined in vitro and in vivo. In vitro 

investigation should serve the purpose of establishing the order of release kinetic and 

determination of complete release. For the examination of in vivo release kinetics, several 

methods of determination should be applied. Drug release can be examined by direct chemical 

determination or by use of radioactively labelled agents. First pass metabolism should be 

evaluated by examination of drug elimination in urine. As there may be substantial variability in 

drug concentrations measured in tissue, depending on the methods applied, a minimum of 6 

different samples from each device at a minimum of 5 time points is recommended. The last 

sample should provide evidence that drug concentrations are below the level of detection. Drug 

concentrations in blood and major organs must also be determined, including myocardium 

downstream in the territory of the target artery. The dose proposed for clinical use should be 

justified by preclinical data; thus, preclinical dose-ranging studies are strongly recommended, to 

establish biological effects from sub-therapeutic to toxic levels.  
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9. Biochemical analysis of degradation products 

In general, degradation products need to be clearly defined with respect to their physicochemical 

structure and in vivo biological behaviour. With regards to the evaluation of polymeric 

components, gel permeation chromatography is a suitable analytical method to assess molecular 

weight and polydispersity index; these provide important insights into the degradation process of 

the stent and help explain observed biological behaviour. In this regard, it is important to 

correlate results from bioengineering tests with results from in vitro and in vivo degradation 

analyses, to facilitate understanding of scaffolding function. For the assessment of mBRS, other 

technologies may be applied to examine degradation products appropriately, such as chemical 

analysis, micro CT analysis, and scanning electron microscopy with element analysis. 

10. Special considerations for the assessment of multi-component devices 

Special attention is needed when it comes to assessing the safety of multi-component devices 

that employ bioresorbable stent backbones with either permanent or biodegradable coatings of 

different origin compared to the stent backbone. In these instances it is strongly recommended 

to investigate all stent components separately and also as the full-component device. The 

interaction of degradation processes among the different stent components needs to be defined 

as closely as possible.  
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11. CLINICAL EVALUATION PLAN 

At present there are important differences in the regulatory approval systems worldwide and in 

particular between Europe, the United States and Japan. This means, for example, that four BRS 

devices are currently approved for use in Europe whereas only one device is approved in the 

United States and Japan. (see Table 1). 

 

Many of the potential risks associated with BRS can be anticipated based on non-clinical 

evaluation. Only devices with satisfactory non-clinical assessment should undergo clinical 

evaluation. The Task Force suggests evaluation of current and future devices according to a 

standard plan; an overview is shown in Figure 6. In general, where recommendations are made 

with regard to the numbers of patients to be enrolled, at least 50% of these patients should be 

enrolled in Europe. 

 

Initial human feasibility studies with BRS should be small-sized (N=50-150), performed in 

selected patients, and including IVUS and/or OCT imaging in addition to angiographic and clinical 

follow-up (see Figure 6). These studies should support the claim of efficacy and safety but also 

provide detailed information regarding vessel-device interactions and bioresorption process. In 

this regard, angiography and intracoronary imaging protocols should include assessment at 

baseline, at 6-12 months after device implantation, and at the time of claimed complete 

resorption (if longer than 12 months). Imaging can be performed at various time points in 

different populations in order to reduce the burden of serial invasive imaging assessment. These 

initial human studies may be planned as single arm, prospective, observational studies. In 

addition, it may be reasonable to compare the performance of investigational BRS against 

angiographic and clinical benchmarks derived from trials of conventional DES – using objective 
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performance criteria (OPC) in a manner similar to that detailed in the earlier report of the Task 

Force on coronary stents.1 Such comparison may identify devices not suitable for further 

investigation in larger trials. Imaging surveillance protocols with non-invasive modalities such as 

computer tomography may be appropriate as supplementary evaluation in certain 

circumstances. 

 

Figure 6. Task Force recommended clinical evaluation plan 
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EP = endpoint; FU = follow-up; RCT = randomized controlled trial; * the manufacturer must submit and have 

approved by the notified body a plan for post-market clinical follow up in the form of a large-scale, randomized trial 

± a large-scale clinical registry 
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Subsequently a medium-sized, randomized trial (N=200-500) should be undertaken, powered for 

the detection of differences in surrogate endpoints in comparison with existing control devices. 

This should be based on angiographic surveillance at 6-12 months follow-up and include 

intracoronary imaging in a subgroup of patients (N=50-100) to compare arterial healing 

properties. Control devices should be contemporary metallic DES, ideally releasing a similar 

antiproliferative drug with a pharmacokinetic release profile similar to that of the investigational 

device. It is not sufficient to compare the investigational BRS against another BRS technology at 

this point in time, as the performance of conventional DES make these devices the most 

appropriate comparator. Surveillance angiography and intracoronary imaging during later time 

points (2-5 years) may evaluate delayed late loss and changes in response to the complete 

resorption of the BRS. 

 

As a minimum requirement, both of these steps should be completed with satisfactory results, 

before any new BRS is approved and granted a certificate of compliance with the essential 

requirements of the EU device regulations, leading to a CE mark. As part of this process, the 

manufacturer must submit and have approved by the notified body a plan for post-market 

clinical follow up; in the case of BRS this plan should include the conduct of a large-scale, 

randomized trial, in order to assess long-term clinical efficacy and safety. Most commonly this 

will involve comparative efficacy testing against a benchmark device in a trial powered for a 

device- or patient-specific outcome (usually requiring a sample of 1500-2500 patients) (see 

Figure 6). Data collection and analysis from a large-scale clinical registry including patients with 

broader inclusion criteria and long-term follow-up may also be requested (see Figure 6). 
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An alternative concept would be conditional approval, with continuing market access being 

dependent on the conduct and satisfactory completion and reporting of a large-scale trial, but 

we recognize that this mechanism is not included in the new European Union Medical Device 

Regulation. 

 

This Task Force recommends that BRS should be evaluated against established conventional 

metallic DES, for the reasons mentioned above. A non-inferiority design for the assessment of 

outcomes within one year would be acceptable, but sequential designs combining non-inferiority 

at 1 year followed by superiority during longer-term follow-up (3-5 years) are recommended in 

order to evaluate the long-term effects of BRS. A device-oriented composite endpoint – typically 

TLF – combines safety and efficacy and is commonly used in device-versus-device comparisons of 

DES. Primary endpoint assessment should be performed at 9-12 months, in analogy to DES. 

Thereafter yearly follow-up out to 5 years is recommended in order to detect any late adverse 

event. A later time point of primary endpoint assessment at 2, 3 or 5 years may also be 

considered particularly in view of the specific bioresorption profile of any given device. The 

assessment of stent/scaffold thrombosis – according to established definitions for conventional 

metallic DES 171 – should be performed at each time point of assessment. During the conduct of 

trials in the post CE mark approval phase, the Task Force recommends that provision be advised 

for device reimbursement by payers at the price of the equivalent treatment (conventional 

metallic DES). 
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Supplementary Table 1. Overview of the current status of development of bioresorbable scaffolds 

Company Product name 
Biodegradable material 

used for backbone 
Coating Drug elution Other features 

Phase of 

development 

Abbott Absorb PLLA PDLLA Everolimus 
strut thickness 

150 µm 

CE mark, FDA 

approval 

Abbott Absorb GT1 PLLA PDLLA Everolimus 
strut thickness 

150 µm 

CE mark, FDA 

approval 

ART ART Pure PDLLA none none NA CE mark 

BIOTRONIK Magmaris 
WE43 alloy, 93% Mg, and 7% 

rare earth elements 
PLLA Sirolimus 

strut thickness 

150 µm 
CE mark 

Elixir DESolve 100 PLLA bioresorbable polymer Novolimus 
strut thickness 

100 µm 
CE mark 

Elixir DESolve 150 PLLA bioresorbable polymer Novolimus 
strut thickness 

150 µm 
CE mark 

Elixir DESolve XL PLLA bioresorbable polymer Novolimus NA CE mark 

REVA Fantom 
Desaminotyrosine 

polycarbonate 

Desaminotyrosine 

polycarbonate 
Sirolimus 

strut thickness 

125 µm 

CE mark approval 

submitted 

Amaranth Medical APTITUDE PLLA NA Sirolimus 
strut thickness 

120 µm 

Clinical studies 

underway 

Amaranth Medical FORTITUDE PLLA bioresorbable polymer Sirolimus 
strut thickness 

150 µm 

Clinical studies 

underway 
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Boston Scientific FAST PLLA PLGA Everolimus 
strut thickness 

100 µm 

Clinical studies 

underway 

Huaan XINSORB PLA/PCL/PGA PDLLA+PLLA Sirolimus 
strut thickness 

160 µm 

Clinical studies 

underway 

Kyoto Medical IGAKI-TAMAI PLLA none none 
strut thickness 

170 µm 

Clinical studies 

underway 

Lepu NeoVas PLLA PDLA Sirolimus 
strut thickness 

170 µm 

Clinical studies 

underway 

Manli Cardiology Mirage PLLA PLLA Sirolimus 

strut thickness 

125 μm for <=3 

mm and 150 

µm for ≥3.5 

mm 

Clinical studies 

underway 

Meril MeRes100 PLLA PDLLA Sirolimus 
strut thickness 

100 µm 

Clinical studies 

underway 

MicroPort Firesorb PLLA PDLLA Sirolimus 

100 µm (2.5, 

2.75 mm) and 

125 µm (3.0, 

4.0 mm) 

Clinical studies 

underway 

Xenogenics Ideal BioStent 

polylactide anhydride mixed 

with a polymer of salicylic 

acid with a sebacic acid 

linker 

Salicilate linked with 

adipic acid 
Sirolimus 

strut thickness 

175 µm 

Clinical studies 

underway 

Arterius ArterioSorb PLLA Bioresorbable polymer Sirolimus 
2 versions: 95 

and 120 µm 

(3.5 mm 

Preclinical study 

underway 
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device) 

Cardionovum 
ReNATURAL (M) 

ReNATURAL (P) 
(M)=metal, (P)=PLLA NA Sirolimus NA 

Preclinical study 

underway 

Elixir AMITY PLLA bioresorbable polymer Novolimus 
strut thickness 

100 µm 

Preclinical study 

underway 

Elixir DESolve Cx PLLA bioresorbable polymer Novolimus 
strut thickness 

120 µm 

Preclinical study 

underway 

Envision Scientific IMBIBE magnesium 

Nanocarrier layer: Top-

coat that carries sirolimus 

Sandwich layer: Scaffold 

degradation-controlling 

jacket with PLA and 

sirolimus 

Sirolimus 
strut thickness 

120 µm 

Preclinical study 

underway 

LifeTech 
LifeTech Iron-Based 

BRS 
Nitrided iron "special" polymer Sirolimus 

strut thickness 

70 to 80 µm 

Preclinical study 

underway 

Medtronic Mg Spiral Magnesium 
“family of degradable 

polymers” 
Sirolimus 

strut thickness 

120 µm 

Preclinical study 

underway 

OrbusNeich On-AVS PLLA, PLCL, PDLA PLLA+PDLA Sirolimus 

strut thickness 

150 µm, coated 

with +CD34 

antibody 

Preclinical study 

underway 

QualiMed Unity BRS Magnesium PLGA Sirolimus 
strut thickness 

120 µm 

Preclinical study 

underway 

S3V Avatar Not available Bioresorbable polymer NA NA Preclinical study 
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underway 

Scitech Scitech MBRS Magnesium NA none NA 
Preclinical study 

underway 

Terumo Corporation Terumo/ART DCBS PDLLA Bioresorbable polymer Sirolimus 
strut thickness 

170 µm 

Preclinical study 

underway 

Zorion Medical ZMED Magnesium/PLGA NA NA NA 
Preclinical study 

underway 

Abbott Next-Gen Absorb PLLA PDLLA Everolimus 
strut thickness 

100 µm 
In development 

Sahajanand 
Sahajanand 

Bioabsorbable 
PLLA Bioresorbable polymer Sirolimus NA In development 

Amaranth Medical MAGNITUDE PLLA Bioresorbable polymer Sirolimus 
strut thickness 

100 µm 
No information 

MicroPort Firefalcon PLLA NA NA NA No information 

Shanghai Bio-Heart Galaxy PLA Bioresorbable polymer Sirolimus NA No information 

 

Abbreviations: BRS = bioresorbable scaffolds; PLLA = poly-L-lactide; PDLLA = poly(L-lactide-co-D,L-lactide); PLGA = poly lactic-co-glycolic acid; PLA = poly(lactic acid); PCL = 

polycaprolactone; PGA = polyglycolic acid; PDLA = poly-D-lactide; TMC = trimethylene carbonate; NA = data not available. 
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Supplementary Table 2. Clinical outcomes in studies of bioresorbable scaffolds in patients with acute coronary syndromes 

Study Year BVS Control

s 

Sites UA/NSTEMI STEMI Outcomes 

Gori et al. 
70 

2014 150 103 

DES 

1 56% 44%  In-hospital: death 0.7%, MI 2.1%, definite ST 1.4% 

 30-day: death 1.4%, MI 4.0%, TLR 0.0%, definite ST 2.0%, probable 

ST 0.7%, MACE 10.7% 

POLAR-ACS 
71 

2014 100 - 12 84% 16%  In-hospital: death 0.0%, MI 3.1%, TLR 0.0%, definite ST 0.0%, 

MACE 2.0% 

 12-month: death 0.0%, MI 3.1%, TLR 2.0%, definite ST 2.0%, MACE 

4.1% 

Gori et al. 
72  

2015 133 - 1 62% 38%  6-month: cardiac death 3.0%, MI 4.5%, TLR 4.5%, TVR 5.3%, 

definite ST 2.3%, probable ST 0.8%, MACE 9.0% 

 12-month: cardiac death 3.0%, MI 6.8%, TLR 6.8%, TVR 10.6%, 

definite ST 2.3%, probable ST 0.8%, MACE 13.5% 

Felix et al. 
73 

2016 255 95 SA 2 53% 47%  12-month: death 0.0%, cardiac death 0.0%, MI 5.1%, TLR 3.1%, 

TVR 3.5%, definite ST 2.0%, probable ST 0.4%, MACE 5.5% 

Rzeszutko 

et al. 74 

2016 250 215 SA 30 74% 26%  12-month: death 0.8%, MI 2.0%, TLR 2.4%, TVR 3.5%, definite ST 

0.8%, MACE 4.4% 

Schnorbus 
et al. 75 

2017 697 780 SA 11 64% 36%  12-month: death 1.8%, MI 2.1%, TLR 4:7%, TVR 7:8%, definite ST 
2:6%, MACE 6.4% 

Outcome data are reported for the bioresorbable scaffold group, at the longest follow-up available. Abbreviations: BVS, bioresorbable vascular scaffolds; DES, drug-eluting 

stent; MACE, major adverse cardiac events; MI, myocardial infarction; TLR, target lesion revascularization; SA, stable angina; ST, scaffold thrombosis; UA, unstable angina. 
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Supplementary Table 3. Clinical outcomes in studies of bioresorbable scaffolds in patients with ST-segment elevation myocardial infarction 

Study Year BVS Control
s 

Sites Follow up Outcomes 

Kajiya et al.77  2013 11 - 1 53.0±45.9 
days 

Death 9.1%, MI 0.0%, definite ST 0.0%, MACE 9.1% 

BVS STEMI First 78 2014 49 - 1 30 days Cardiac death 0.0%, MI 2.6%, TVR 0.0%, definite ST 0.0%, MACE 
2.6% 

Wiebe et al. 79 2014 25 - 1 132.7±68.
7 days 

Death 4.0%, MI 0.0%, TLR 0.0%, TVR 4.0%, definite ST 0.0%, 
MACE 8.0% 

PRAGUE 19 80 2014 41 57 BMS 
or DES 

2 6 months Death 0.0%, MI 2.4%, TLR 2.4%, TVR 2.4%, definite ST 2.4%, 
MACE 4.9% 

BVS-RAI 81 2015 74 - 11 6 months Death 0.0%, MI 2.7%, TLR 4.1%, definite ST 1.3% 

BVS-RAI 82 2015 122 441 11 220 (IQR 
178-369) 

days 

Death 0.8%, MI 4.1%, TLR 4.1%, TVR 4.1%, definite ST 2.5% 

Kochman et al. 84 2015 23 - 1 229 (IQR 
199-248) 

days 

Death 0.0%, MI 4.3%, definite ST 4.3% 

Kochman et al. 83 2015 19 - 1 11.6±2.3 
months 

Death 0.0%, MI 0.0%, TLR 0.0%, definite ST 0.0% 

BVS-
EXAMINATION 48 

2015 290 580 
BMS or 

DES 

6 12 
months 

Cardiac death 2.1%, MI 2.1%, TLR 1.7%, definite ST 1.7%, MACE 
4.1% 

PRAGUE 19 85 2015 67 - 2 12 
months 

Death 2.9%, MI 2.9%, TLR 1.5%, definite ST 1.5% 

TROFI II 37 2015 95 96 8 6 months Death 0.0%, MI 1.1, TLR 2.1%, ischemic driven TLR: 1.1%, non-
ischemic driven TLR: 1.1%; definite ST 1.0%, DOCE.1% 

Chakraborty et al. 
86 

2016 35 180 
DES 

1 11.5±5 
months 

Death 1.0%, MI 0.0%, TLR 0.0%, TVR 0.0%, definite ST 0.0% 
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BVS STEMI First 87 2016 151 151 
DES 

1 18 
months 

Death 2.8%, MI 6.3%, TLR 5.7%, definite ST 4.3%, MACE 9.8% 

PRAGUE 19 90 2016 40 53 BMS 
or DES 

2 24 
months 

Death 2.5%, MI 2.5%, TVR 2.5%, MACE 7.5% 

BVS-
EXAMINATION 89 

2016 290 580 
BMS or 

DES 

6 24 
months 

Definite ST 3.3%, MACE 6.2% 

PRAGUE 19 88 2016 69 125 
BMS or 

DES 

2 24 
months 

MACE 7.2% 

Outcome data are reported for the bioresorbable scaffold group, at the longest follow-up available. Abbreviations: BMS, bare metal stent; BVS, bioresorbable vascular 

scaffolds; DES, drug-eluting stent; DOCE, device-oriented composite events; IQR, interquartile range; MACE, major adverse cardiac events; MI, myocardial infarction; TLR, 

target lesion revascularization; SA, stable angina; ST, scaffold thrombosis  



95 
REPORT OF THE ESC-EAPCI TASK FORCE ON  
THE EVALUATION AND USE OF BIORESORBABLE SCAFFOLDS FOR PERCUTANEOUS CORONARY INTERVENTION 

Supplementary Table 4. Clinical outcomes in studies of bioresorbable vascular scaffolds in patients with chronic total occlusions 

Study Year CTO Control
s 

Sites Follow up Outcomes 

Wiebe et al.98  2015 23 - 1 108 (IQR 79.5-214.5) 
days 

Death 0.0%, MI 0.0%, TLR 4.3%, definite ST 4.3%, MACE 4.3% 

CTO-ABSORB 99 2015 35 - 1 6 months Death 0.0%, MI 0.0%, TLR 0.0%, definite ST 0.0%, MACE 0.0% 

Ojeda et al. 100 2015 46  1 13±5 months Death 0.0%, MI 0.0%, TLR 4.8% 

Goktekin et al. 
101 

2015 76 - 3 11 (IQR 7-18) 
months 

Death 0.0%, MI 0.0%, TLR 4.3%, MACE 4.3%, ST 0.0% 

GHOST-CTO 102 2016 42 54 1 In hospital MACE 0.0% 

CTO-ABSORB 103 2016 35 - 1 12 months Death 0.0%, MI 0.0%, TLR 0.0%, definite ST 0.0%, MACE 0.0% 

Ozel et al. 104 2016 41 - 1 12 months Death 0.0%, MI 2.4%, TLR 2.4%, TVR 12.2% 

Lesiak et al. 105 2016 40 - 1 9 months Death 0.0%, MI 2.5%, TLR 2.5%, definite ST 2.5%, MACE 2.5% 

Fam et al. 106 2017 105 - MC 6 months Death 0.0%, MI 1.0%, TLR 1.0% 

Mitomo et al. 
107 

2017 65 - 5 450 (IQR 230-703) 
days 

Death 0.0%, MI 0.0%, TLR 0.0% 

Outcome data are reported for the bioresorbable scaffold group, at the longest follow-up available. Abbreviations: BMS, bare metal stent; CTO, chronic total occlusion; IQR, 

interquartile range; MACE, major adverse cardiac events; MI, myocardial infarction; MC, multicenter (not otherwise specified); TLR, target lesion revascularization; ST, scaffold 

thrombosis. 

 


