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Composition 

Tensile 
modulus 

of 
elasticity 

(Gpa) 

Tensile 
strength 

(Mpa) 

Elongation 
at break 

(%) 

Degradatio
n time 

(months) 
Products 

Poly (L-lactide) 3.1-3.7 60-70 2-6 >24 
Absorb (platform), 
DESolve (platform), 
Magmaris (coating) 

Poly (DL-
lactide) 

3.1-3.7 45-55 2-6 6-12 Absorb (coating) 

Magnesium 
alloy 

40-45 220-330 2-20 1-3 Magmaris (platform) 

Cobalt 
chromium 

210-235 1449 〜40 Biostable Xience 

Onuma and Serruys Circulation 2011 

Mechanical properties of metal vs. PLLA 



If a bioresorbable scaffold is ultimately expected to have 
the same range of applicability as a durable metal stent, 
the gap in mechanical properties must be reduced.  
 
Currently, three primary limitations exist:  
 
• Low tensile strength and stiffness which require thick 

struts to prevent acute recoil 
 
• Insufficient ductility which impacts scaffold retention 

on balloon catheter and limits the range of scaffold 
expansion during deployment 
 

• Instability of mechanical properties during vessel 
remodeling if bioresorption is too fast 

Current limitation of BRS 



Let’s take a “crash course” of material science   
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Elongation at break (%) 

Plastic elongation 



Bioresorption profiles 
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(A) Absorb 

(B) DESolve 

(C) ART 

(D) Magmaris 

Radial support 
Molecular weight 
Polymer mass 

Time (months) 

Radial support unpublicized 
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Mg + 2 H2O  Mg(OH)2 + H2  
Mg(OH)2 + HPO4

2- + Ca2+ + H2O  Cax(PO4)y∙n H2O + H3O+ + Mg2+  

PLLA 

Hydrolysis 

Lactic acid 

Krebs cycle 
CO2 + H2O 

Bioresorption process of current CE-mark approved BRSs 

Sotomi et al. Circ Research 2017 



Design of Absorb and Xience 

Xience V 

Absorb 
scaffold 

Material Strut thickness 

157 μm 

89 μm 

PLLA 
+ PDLLA 

Co-Cr  
+ durable 

fluoropolymer 

Cross-section Macroscopic appearance 

Covered vessel wall area (footprint [3.0mm device]): 
26% (Absorb scaffold) vs. 12% (Xience V) 

Muramatsu et al. JACC interv 2013 
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Absorb 

Xience 

Difference of Strut Width in each part (Hinge, Link, Ring)  



Large area 

Small area 

= P↑=F/A↓ P↓=F/A↑ 

Good penetration  Poor penetration  

Large strut area Poor 
penetration  Small expansion 

Small strut area Good 
penetration  Large expansion 

Serruys, Suwannason et al. JACC CI 
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Tenekecioglu et al. JACC intervention 2016 
Bourantas et al. JACC intervention  



Performance goal and mechanical dilemma 

Greater Tensile strength 

More ductility 

Greater % elongation at break 
Current generation BRS 

Performance goal for NEW generation BRS 
Better mechanical property and thinner struts 



Lifetech 

Qualimed 

Meril life 

Orbus Neich 

Abbott: New generation 
Absorb scaffold 

Arterius 

Manli 

Boston Scientific 

Huaan tech 

Lepu 

Chapter 10 
Emerging technologies  
(Pre-CE mark, Pre FDA, pre 
PMDA and pre CFDA) 



e.g. Manli Cardiology’s Microfiber Technology 

1. Highly oriented polylactide 

constituting a circular  

monofilament with preferred 

directional mechanical 

properties. 

 

2. Convert monofilament’s 

directional mechanical 

properties into scaffold’s 

radial mechanical properties. 

 

3. Transform circular 

monofilament into a scaffold 

with circular strut geometry. 

Melt-  
extrusion 

 
 
Drawing 

Annealing 
 
 
 

Annealing is heating of a polymer 
to around its glass transition 
temperature in order to relieve 
internal stress introduced during 
extrusion and drawing. 

Amorphous Polymer     Oriented Polymer Chain 

“Playing” with molecular orientation and mechanical property of PLLA 



Example 
PLLA 

As- 
Polymerized 

Material 

Mirage 
Microfiber 
(125μm) 

Tensile 
strength 

60-70 MPa 300 MPa 

Elongation 
to break 

2-6% 35 % 

Modulus 
3.1-3.7  

GPa 

> 3.0-3.8 
GPa   

Manli Cardiology’s Microfiber Technology 

1. Start with highly oriented 
circular polylactide 
monofilament with preferred 
directional mechanical 
properties. 
 

2. Convert monofilament’s 
directional mechanical 
properties into scaffold’s 
radial mechanical properties. 
 

3. Make monofilament’s circular 
geometry into scaffold strut’s 
circular geometry. 
 

4. Ambient temperature 
assembly process 0
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1 1 2 
Design 

Strut thickness  
(mm) 

3 
Mirage

* for 3.0 x  18-mm devices 
14 



Axisymmetric contact  
pressure distribution is 
in  an inverse relation 
with the  initial contact 
radius (a in the figure). 

CIRCULAR STRUTS (mono fiber) PENETRATE INTO THE 

VESSEL WALL BETTER THAN THE QUADRATIC STRUTS 

Green, A.E. and Zerna, W., Theoretical Elasticity. 1968 

Ting, T. T. C. Anisotropic Elasticity Theory and Applications, 1996  

Mean Protrusion: 125 ± 29 µm Mean Protrusion: 76 ± 25 µm 



ABSORB BVS (n=6)   MIRAGE BRMS(n=11)  

In a porcine model (n=8), flow and endothelial shear 
stress simulation differentiated the two devices 

Note the intense recirculation area behind the quadratic strut 

Tenekecioglu, Serruys et al. 

EuroIntervention;12(10):1296. 

Serruys PW, et al. Int J Cardiol. 2017; 

227:467-473.  

Mean ESS= 0.89±0.79 Pa 

Low ESS = 70% 
Mean ESS=1.02±0.67 Pa 
Low ESS = 53% 

Tenekecioglu et al.  Int J Cardiovasc Imaging. 2017 Apr 1. 



Matched OCT Cross-Sections 
Post-Procedure 6-Month Follow-up 12-Month Follow-up 
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 Tube wall thickness of < 95 µm can be achieved 

 Scaffold tube thickness comparable to metallic DES 

 

#2  “Playing” with molecular orientation and mechanical 
property of PLLA: ArterioSorbTM scaffold of ARTERIUS 

Amorphous	polymer	tube.		

Semi-crystalline	polymer	
created	by	stretching	or	
drawing	the	fibers.	

	

Heated	Die	helps	
polymer	to	

become	plas c	

and	stretch.	
	

Laser	cu ng	of	
stent	(standard	
technology).	

	

Mandrel	forces	
tube	to	extrude.	
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Tensile Strain (%) 

Heated Die helps 
polymer to become 
plastic and stretch 
 

Semi-crystalline 
polymer created by 
stretching or 
drawing the fibers 

Amorphous polymer tube  

Mandrel 
forces tube to 
extrude 

Laser cutting of 
stent (standard 
technology) 

Extruded PLLA 

Oriented PLLA 
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Scaffold Lumen diameter 

(mm) 

Balloon-artery 

ratio 

Scaffold-artery 

ratio 

Acute recoil  (%) 

 

Arteriosorb-95 (n=6) 2.97±0.15 1.08±0.06 1.05±0.04 2.7±3.9 

ArterioSorb-95 µm 

Arteriosorb-120 

Absorb BVS-157 µm 

Reducing the protrusion of the strut                   
(stronger and thinner strut ,polylactatide oriented)  

 

Protrusion distance: 89±7 µm 

 

Protrusion distance: 150±9 µm 

 

Arteriosorb from Arterius Absorb from Abbot 



Non-Newtonian Pulsatile Simulation of Coronary 

Flow in Scaffold Implanted Vessel Segments 

ArterioSorb 

Absorb BVS 

Serruys, Bourantas, Torii, Teneciogulu, Al-Lamee, Onuma et al. Optics in Cardiology 2017 
 



Scaffold Magmaris ART MeRES 100 Mirage Firesorb 

Design 

OCT appearance 150 µm 170 µm 100 µm 125 µm 100-125 µm 

Scaffold Absorb BVS 1.1 DESolve DESolve Cx Fantom FORTITUDE 

Design 

OCT appearance 157 µm 150 µm 120 µm 125 µm 150 µm 

1st generation BRS Next generation BRS 

Aiming at thinner struts 
From 150 µ m to 100 µ m… 

Sotomi et al. submitted  



Next Generation BVS:  
designed to expand the size matrix and Reduce strut thickness 

More Treatment Flexibility 

• Broader size matrix, including longer 
lengths 

 

Improved Deliverability 

• Smaller crossing profile  

• Enhanced catheter  

• Strut thickness reduced 
substantially compared to Absorb 
GT1 

 

Optimized Healing 

• Same drug and elution rate as 
Absorb GT1 

 

 

Absorb GT1 

 

Next Gen BVS 

Reduced  
strut  
thickness 

Data and images on file at Abbott Vascular 



Product name Company Biodegradable material used for backbone Coating 
Developm

ent 
Pre-

clinical 
Clinic

al 
CE mark 
approved 

Absorb Abbott PLLA PDLLA YES YES YES YES 

Absorb GT1 Abbott PLLA PDLLA YES YES YES YES 

ART Pure ART PDLLA none YES YES YES YES 

Magmaris BIOTRONIK WE43 alloy, 93% Mg, and 7% rare earth elements PLLA YES YES YES YES 

DESolve 100 Elixir PLLA bioresorbable polymer YES YES YES YES 

DESolve 150 Elixir PLLA bioresorbable polymer YES YES YES YES 

DESolve XL Elixir PLLA bioresorbable polymer YES YES YES YES 

IGAKI-TAMAI Kyoto Medical PLLA none YES YES YES YES only for PVD 

Fantom REVA Desaminotyrosine polycarbonate Desaminotyrosine polycarbonate YES YES YES 

APTITUDE Amaranth Medical PLLA NA YES YES YES 

FORTITUDE Amaranth Medical PLLA bioresorbable polymer YES YES YES 

FAST Boston Scientific PLLA PLGA YES YES YES 

XINSORB Huaan PLA/PCL/PGA PDLLA+PLLA YES YES YES 

NeoVas Lepu PLLA PDLA YES YES YES 

Mirage Manli Cardiology PLLA PLLA YES YES YES 

MeRes100 Meril PLLA PDLLA YES YES YES 

Firesorb MicroPort PLLA PDLLA YES YES YES 

Ideal BioStent Xenogenics 
polylactide anhydride mixed with a polymer of 

salicylic acid with a sebacic acid linker 
Salicilate linked with adipic acid YES YES YES 

ArterioSorb Arterius PLLA Bioresorbable polymer YES YES 

ReNATURAL (M) 
ReNATURAL (P) 

Cardionovum (M)=metal, (P)=PLLA NA YES YES 

AMITY Elixir PLLA bioresorbable polymer YES YES 

DESolve Cx Elixir PLLA bioresorbable polymer YES YES 

IMBIBE Envision Scientific magnesium 
Nanocarrier layer: Top-coat that 

carries sirolimus 
YES YES 

LifeTech Iron-Based BRS LifeTech Nitrided iron "special" polymer YES YES 

Mg Spiral Medtronic Magnesium “family of degradable polymers” YES YES 

On-AVS OrbusNeich PLLA, PLCL, PDLA PLLA+PDLA YES YES 

Unity BRS QualiMed Magnesium PLGA YES YES 

Avatar S3V Not available Bioresorbable polymer YES YES 

Scitech MBRS Scitech Magnesium NA YES YES 

Terumo/ART DCBS 
Terumo 
Corporation 

PDLLA Bioresorbable polymer YES YES 

ZMED Zorion Medical Magnesium/PLGA NA YES YES 

Next-Gen Absorb Abbott PLLA PDLLA YES 

Sahajanand 
Bioabsorbable 

Sahajanand PLLA Bioresorbable polymer YES 

MAGNITUDE Amaranth Medical PLLA Bioresorbable polymer YES 

Firefalcon MicroPort PLLA NA YES 

Galaxy Shanghai Bio-Heart PLA Bioresorbable polymer YES       

Overview of current status of BRS  

 10 products under evaluation in clinical studies 
 13 products under evaluation in pre-clinical studies 
 5 products still under development 

 
 28 PLLA products/ 6 magnesium products 

 



Summary 
 

 Current version of BRSs still have limited mechanical properties as 
compared to metallic stents due to its material characteristics. To 
compensate, the current generation BRS have relatively thick and 
wide struts.  
 

 To overcome inherent material properties, various modifications to 
polymer are being attempted. (Stronger and ductile scaffold, 
Thinner/round struts, Fast resorption without inflammation) 
 

 The development of next generation BRS with thinner struts (≤100 
µm) is ongoing. 
 

 >35 products are currently being in development, or evaluated in 
pre-clinical and clinical situations.  
 


