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Heard at TCT… 
Nitinol and Nickel Allergy 



Nickel Allergy 
Reconciling myth and science 

J Invasive Cardiol. 2009 Jul;21(7):326-9. 



Nickel Release 
f (Material + Processing) 

Different devices – different surfaces – different 

processes – different outcomes 



Overview 

•  Nitinol Stents are Different 

  Delivery System Issues 

  Stent Strength Issues 

  Profile Issues 

  Scaffolding & Uniformity Issues 

•  Coronary Nitinol Stenting 

  Advantages & Disadvantages of Nitinol 

  Future Directions 

  Thought provoking questions: 

Relating ENGINEERING to Clinical OUTCOMES 



Delivery Systems 



Balloon Expandable 

•  Benefits 

  Familiar 

  Reliable 

•  Issues 

  Flexibility 

  Stent retention 

  Compliance 

  Profile 



Self Expanding 

•  Benefits 

  Versatility 

  Profile: no balloon 

•  Issues 

  Less familiar 

  Relative motion 

  Axial energy 

  Friction 



Physician 

Delivery 
System 

Implant 

Target 
Vessel 

Accessories 
(CSI, GC, GW) 

The INTERACTIONS drive success or failure of design! 

SX Delivery System Primer 
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SX Delivery System Primer 



SX Delivery System Primer 



Forces, Interactions, Consequences 



Forces, Interactions, Consequences 



Desired Outcome 

Commercially 

available stent 
placed in an exposed 

porcine artery 

A perfect result… 



Undesirable Outcome 

Axially unstable 

prototype stretched 
during deployment in 

an exposed porcine 
artery. 



Stent Strength 

what does “strength” mean? 



Ex Vivo Experiment 

•  1 3oz can 

Potted Meat Food Product  

(no frills) 

•  1 12oz can Corned Beef  

(with natural juices) 

•  1 50oz can Whole Chicken 
(without giblets) 

•  1 expanded SX stent in tube 

•  1 expanded BX stent in tube 



Step 1:  Potted Meat Food Product 



Step 1:  Potted Meat Food Product 



Step 2:  Corned Beef 



Step 2:  Corned Beef 



Step 2:  Corned Beef 



Step 2:  Corned Beef 



Step 3:  Whole Chicken in a Can 



Step 3:  Whole Chicken in a Can 



Step 3:  Whole Chicken in a Can 



Step 3:  Whole Chicken in a Can 



Stent Structural Relationships 

Stiffness Forces 

Recoil Deformation 

Outcomes 



Stent Structural Relationships 

Stiffness Forces 

Recoil Deformation 

Outcomes 

Stiffness Forces 

Recoil Deformation 

Outcomes 

Balloon Expandable 

Stainless Steel; Cobalt Alloys 

Self Expanding 

Nitinol 



Balloon Expandable 

forces and deformations 

during stent deployment & service 



Balloon expansion 

expand 

with 
balloon 



Balloon Expandable 
Load vs. Deformation 

Release 

balloon 
pressure 

(not in vessel) 



Balloon Expandable 
Load vs. Deformation 

Release 

balloon 
pressure 

(not in vessel) 

“Plastic Deformation” 



Balloon Expandable 
Balance with vessel 

Release 

balloon 
pressure, 

balance 
with 

vessel 



Pulsatile Loading 
Low “Recoil” 

“Recoil” 

Release 

balloon 
pressure, 

balance 
with 

vessel 



Pulsatile Loading 
Balloon Expandable: Rigid during pulsing 

cycle 



Pulsatile Loading 
Balloon Expandable: Low cyclic DEFORMATION 

Low Δ Diameter 
cycle 



Pulsatile Loading 
Balloon Expandable: High Cyclic FORCE 

High 

Δ Force 

cycle 



Pulsatile Loading 
Balloon Expandable: High Cyclic FORCE 

Pulsatile 

loading 

High 

Δ Force 



Pulsatile Loading 
Balloon Expandable: High Cyclic FORCE 

Pulsatile 

loading 

High 

Δ Force 



Self Expanding 

forces and deformations 

during stent deployment & service 



Self Expanding 
Load vs. Deformation 



Self Expanding 
Load vs. Deformation 

No “Plastic Deformation” or “Permanent Set” 



AUSTENITE Phase 

Higher stiffness 

MARTENSITE Phase 

Lower stiffness 

Self Expanding 
Nitinol Phase Transformation 



Loading Stiffness 

Upper Plateau 
Radial Resistive Force (RRF) 

External 

Compression 

Vessel 
Recoil 

Self Expanding 
Biased Stiffness of Nitinol: LOADING 



Unloading Stiffness 

Lower Plateau 
Chronic Outward Force (COF) 

release 

from 
catheter 

Self Expanding 
Biased Stiffness of Nitinol: UNLOADING 



release 

from 
catheter 

Self Expanding 
Release to vessel 



post 

dilate 
with 

balloon 

Self Expanding 
Post-Dilate with Balloon 



Release 

balloon 
pressure 

Vessel 

Recoil 

Self Expanding 
Post-Dilate with Balloon 

“Recoil” 



Pulsatile Loading 
Self Expanding: “Breathes” during pulsing 

cycle 



Pulsatile Loading 
Self Expanding: “Breathes” during pulsing 

cycle 



cycle 

Pulsatile Loading 
Self Expanding opposite BX: High cyclic deformation 

HIGH Δ Diameter 



LOW 

 Δ 

Force 

Pulsatile Loading 
Self Expanding opposite BX: Low cyclic forces 

cycle 



post 

dilate 
with 

balloon 

LOW 

 Δ 

Force 

Pulsatile Loading 
Self Expanding opposite BX: Low cyclic forces 
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Pulsatile Loading 
Self Expanding opposite BX: Low cyclic forces 



post 

dilate 
with 

balloon 

LOW 

 Δ 

Force 

Pulsatile Loading 
Self Expanding opposite BX: Low cyclic forces 



A new toolbox for coronary stenting 

•  Adaptive and 

programmable forces 

& deflections 

•  Dynamic apposition 

•  Highly engineered 
scaffolding 

•  Conformability in 

complex geometries  

•  Radically different 

injury profile 


