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Motivation and background

ISCHAEMIC HEART DISEASE:

condition characterized by restricted blood supply
to the heart muscle.

Healthy Tissue
Adventitia

Cholesterol
Deposits

Media
i

Fibroblast Cells

Vascular Smooth
Muscle Cells



Motivation and background

TREATMENT OPTIONS FOR ISCHAEMIC HEART DISEASE:

Coronary Artery Bypass Grafting:
surgical creation of a new path that enables
blood to reach the heart by flowing around
(bypassing) the blocked portion of the
diseased artery.

Percutaneous Coronary Intervention:

non-surgical procedure that relieves narrowing

and obstruction of the coronary arteries through
the use of a balloon-catheter
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Coronary Artery Bypass Grafting or Percutaneous Coronary Intervention?




Motivation and background

CORONARY STENTS:

Bare Metal Stents Drug Eluting Stents Bioabsorbable Stents

*In-stent restenosis (ISR) s*Very late stent thrombosis **Reduced radial strength



Motivation and background

FUTURE DEVELOPMENTS IN CORONARY STENTS

< Stents with thinner struts

<*Bioabsorbable metal stents

The goal of Grogan’s work, on which this relation is based, is to analyze
the design and the mechanics of this next generation of coronary stents
to improve the current understanding of this
device.



Mechanical Performance of Permanent and Absorbable Metal Stents

Mechanical properties of typical bioabsorbable metals developed to date are generally

inferior to those of permanent stent materials.
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Engineering Strain

Engineering stress-strain curves for each material modelled in Grogan’s study.

Comparing coronary stent material performance on a
common geometric platform through simulated bench testing
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Mechanical Performance of Permanent and Absorbable Metal Stents

Mechanical performance of stents consisting of a range of permanent and bioabsorbable
alloys are compared using simulated bench-testing

Four bench-tests are simulated for each
material and geometry

Performances of candidate alloys assessed on
»a generic stent geometry (A)
»geometries representative of those used in
previous in vivo experiments (B,C)
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Schematic representation of the test cases simulated. Stent geometries used in Grogan’s study.



Mechanical Performance of Permanent and Absorbable Metal Stents

RESULTS

A significantly higher device fracture risk was predicted in deployment for the magnesium
stents than the permanent stents.

Resistances to longitudinal compression in the magnesium was predicted to be less than 50%
of those of the permanent stents.

The struts of the magnesium stents require cross-sectional areas 2.4 times greater than the
permanent stents for comparable performance in terms of radial strength.

Magnesium alloy ductility needs to be increased by a factor of up to 3 for comparable
performance with permanent stents.



A Phenomenological Corrosion Model for Magnesium Stents

In order to comprehensively characterise
the corrosion behaviour of the bioabsorbable magnesium alloy,
three independent experiments were performed
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A corrosion model for bioabsorbable metallic stents
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A Phenomenological Corrosion Model for Magnesium Stents
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SEM images of the alloy corrosion surface following (a) 3 hours, (b) 12 hours and (c) 40 hours of immersion in solution.
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Experiment B:

small percentage mass losses (< 5%).
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A Phenomenological Corrosion Model for Magnesium Stents

STENT APPLICATION

To predict the performance of an AMS, a CAD approximation of the Biotronik MAGIC stent is
generated based on SEM images in the literature
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Designing an Optimum Bioabsorbable Metal Stent

A new optimization strateqy for AMS, that considers both the effects of corrosion and the
limited mechanical properties of the alloy, is developed.
Effects of Corrosion on AMS Performance are investigated through:
»two parameter studies (P1 and P2),
»an optimization study (O1).
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In Parameter study P2 a range of hinge profiles that are more reflective of those used in
commercial AMS's are investigated.

In optimization study O1 the goal is to maximize hinge radial stiffness after a specific amount
of corrosion.



Designing an Optimum Bioabsorbable Metal Stent

IN-VIVO DEPLOYMENT SIMULATIONS

Permanent Commercial Optimized
Stent AMS AMS

Artery cross-section showing predictions
for uniform and pitting corrosion of the
baseline geometry for 15% mass loss.

Cross-sections of predicted stent
configurations before and after uniform
corrosion .



Designing an Optimum Bioabsorbable Metal Stent

RESULTS

» The short-term scaffolding performance of an optimized AMS design is predicted to match
that of a modern permanent stent in a stenosed vessel.

» An optimized AMS design is predicted to maintain lumen patency approximately 1.5 times
longer than a commercial design.



Conclusions

The modelling of absorbable metal stents is a newly emerging
field and presents many interesting challenges.

Based on the predictions of Grogan’s work, the most important
Improvements in magnesium alloy performance are:

» Increasing their ductility

» Inhibiting pitting corrosion.



References

JA Grogan, SB Leen, and PE McHugh. “Comparing coronary stent material performance on a common
geometric platform through simulated benchtesting . Journal of the Mechanical Behavior of Biomedical
Materials, 12:129-138, 2012.

JA Grogan, BJ O’Brien, SB Leen, PE McHugh. “4 corrosion model for bioabsorbable metallic stents .
Acta Biomater. 7, 3523-3533, 2010.

JA Grogan, SB Leen, and PE McHugh. “Optimizing the design of a bioabsorbable metal stent using
computer simulation methods”. Biomaterials, 34:8049-60, 2013.

S Garg and PW Serruys. “Coronary stents: current status”’. Journal of the American College of
Cardiology, 56(10 Suppl):S1-42, 2010.

Jeffrey J. Popma and Deepak L. Bhatt. “Percutaneous Coronary Intervention”. Braunwald’s Heart
Disease, Ninth edition, volume I, chapter 58.

Erbel, R., Di Mario, C., Bartunek, J., Bonnier, J., de Bruyne, B., Eberli, F.R., Erne, P,, et al. “Temporary
scaffolding of coronary arteries with bioabsorbable magnesium stents: a prospective, non-randomised
multicentre trial”. Lancet 369, 1869-1875, 2007.

M Peuster, PWohlsein, M Brugmann, M Ehlerding, K Seidler, C Fink, H Brauer, A Fischer, and G
Hausdorf. “4 novel approach to temporary stenting: degradable cardiovascular stents produced from
corrodible metalresults 6-18 months after implantation into New Zealand white rabbits . Heart,
86(5):563-569, 2001.



Biomedical Engineering

Thank you!

Universita degli Studi di Pavia - Structural Mechanics Department



