
INTRODUCTION
Theaortic valveis the heart valvelocatedbetweenthe left ventricleand the aorta. Thisvalveis susceptibleto
diseasessuchas aortic stenosis(seeFigure1). TranscatheterAortic ValveReplacement(TAVR)is an effective,
less-invasivetreatment for high- andintermediate-riskpatientssufferingfrom aorticvalvediseases[1].

CONCLUSION
While the bioprosthetic leaflet stiffnesscanbe between three to five ordersof magnitudelessthan the nitinol stent stiffness,the pericardiumbehaviourappearsto be a more dominant mechanism
for dictating stent frame dynamicsduring loading. Particularly,the leaflet anisotropy canhavea significant impact on how well the valve closesduring the diastole phase,aswell aswhether the
stent frame is symmetricallyloaded,which may impact the overall fatigue life of the nitinol stent.
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Figure 1: Overview of aorta and aortic stenosis (left) and the Boston Scientific ACURATE neo2TM TAVR (right)

A self-expandingnitinol stent TAVRwith attachedporcinepericardium(PP)valveleaflets(Figure1) is considered
in this study. Variationsin leaflet stiffnesscanbe aslargeastwo ordersof magnitudeanddependenton various
factors, includingpericardiumsource,leaflet chemicalpreservationtreatment and collagenfibre orientation
within the leaflets. It is also well-known that PP tissue used for the prosthetic valvesexhibits mechanical
anisotropy[2].

Thisstudy aims to establishthe effects that leaflet stiffnessand anisotropyhave on the nitinol stent frame
fatigue.

METHODOLOGY
Anexplicitdynamicsfinite elementmodelof the nitinol stent with attachedPPleafletswasbuilt in Abaqus2022.
Themodelwasusedto evaluatethe deflectionandcorrespondingstressesof the stent framecommissuresdue
to the haemodynamicpressureloadsactingon the leafletsfor a singlecardiaccycle. Thesimulationresultswere
comparedto in vitro testingof the devicein a ViVitropulseduplicator(Figure2). A high-speedcamerawasused
to trackstent commissuredeflectionswhile the valvewasloadedin the pulseduplicator.

Figure 3: Two material stress-strain curves for porcine pericardium leaflets (left) and 

pericardium leaflets with changing collagen fibre orientation (right)

Figure 5:Commissure radial deflections with varied leaflet stiffness and the same fibre orientation for all three leaflets ï

either circumferentially or axially aligned (left), and radial deflections for Caballero et al. [4] leaflet when fibre alignment 

is ñmixedò compared to all circumferentially aligned (right)  

RESULTSANDDISCUSSION
Better agreementbetweenthe simulationandexperimentalresults,includingthe predictionof the leafletάǇƛƴ-
ǿƘŜŜƭƛƴƎέΣisachievedwhenthe leaflet stiffnessparametersfrom Caballeroet al. [4] areused,assumingthat the
collagenfibresin the leafletsareall circumferentiallyaligned.

Stiffer leaflet mechanicalbehaviour (Caballeroet al. [4]) results in greater commissuredeflection. Similarly,
aligning the stiffer collagenfibres in the circumferential direction results in greater commissuredeflection
comparedto when all leafletshaveaxiallyalignedfibres (Figure5). When all leafletshave the samecollagen
fibre alignment,the deflectionsaresimilarfor eachof the three commissures.

Notably, however, when collagenfibre alignment isάƳƛȄŜŘέΣthe load distribution to the stent commissures
becomesunsymmetric. Commissure1 (located between two circumferentiallyaligned leaflets) has a greater
deflectioncomparedto the other two commissures.
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Figure 6: Predicted alternating strains over a cardiac cycle considering leaflet stiffness from Li et al. [3]

Thefatigue life of a material is commonlyrepresentedby the alternatingstrain ( aʁ). Leafletanisotropyaffects
commissuredeflections,and further hasan impacton the stent alternatingstrains(Figure6). Whenall leaflets
havea circumferentialfibre alignment,alternatingstrainis10%highercomparedto the axialscenario. However,
in the άƳƛȄŜŘέfibre alignmentscenario,the alternating strain is up to 25% greater for commissure1 when
comparedto the alternatingstrainfor the other two commissures.
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The nitinol stent frame is modelled as a super-elastic shape memory alloy based on experimental testing
performed by BostonScientific. The PPleaflet behaviouris taken from two sources,namelyLi et al. [3] and
Caballeroet al. [4]. Thetwo sourcesrepresentthe starkdifferencesin porcinepericardiumcompliance. Stress-
strain curvesfor the material (Figure3) have two directions,ά·1έrepresentingstiffnessparallel to collagen
fibresandά·2έrepresentingstiffnessperpendicularto the fibres. TheanisotropicHGOmodel[5] wasusedto fit
the experimentalX1 andX2 curveswith a singlesetof materialparameters.

Sincecollagenfibre alignmentin the leafletsisnot explicitlytrackedduringthe constructionof the TAVRdevices,
the sensitivityof the devicebehaviourto leaflet fibre alignmentwasstudiedwith the followingvariations:

ÅAll three leafletshavecollagenfibresalignedin the circumferentialdirection(Figure3a)
ÅAll three leafletshavecollagenfibresalignedin the axialdirection(Figure3b)
ÅTwo leafletshavecollagenfibres alignedcircumferentially; one leaflet hasfibres alignedaxially(referred

to asάƳƛȄŜŘέςseeFigure3c)

Figure 2: The TAVR device in the aortic root seating (left), the ViVitro pulse duplicator with attached high-speed camera 

for in vitro testing (middle) and the commissure deflection measurements of the device during operation (right)
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Figure 4: TAVR high-speed images at peak systole, mid-way through closing and peak diastole compared to simulation 

using leaflet stiffness and circumferential fibre alignment from Caballero et al. [4] (middle) and Li et al. [3] (bottom)
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