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Following is a list of comments regarding why pre-clinical testing may not have adequately simulated the observed clinical failures.  The comments were received in response to the work assignment or came up during discussion at the workshop.  They have been roughly organized by topic.

General Overview Comments

1.  Things we do well at modeling in-vitro:

· Aortic diameters

· Iliac diameters

· Flow rates and pressures (in water, blood poses several challenges, but not impossible)

· Kink angles

· Crush forces

· Deployment accuracy and forces

· Most defined geometries for static-type testing and water leak path identification

Things we don’t do well at modeling in-vitro:

· Corrosion performance, although an absolute standard of safety is desired

· Aneurysm, neck and iliac angles

· FEA analyses, but with right tools and right approach, it can be done well

· Changing anatomy over time

· Vessel wall frictional environment

· Vessel wall compliance in presence of disease

· Wear and fatigue dynamics on components suspended in aneurysm sac (pulsatility extent, bulk movement of legs with shear forces from blood flow)

· Neck pull-out forces when the iliac attachment may affect those forces (for example, because the column strength of the implant contributes additional anchoring)

· Criticality of graft holes or breaches; i.e., will a suture hole leak blood?

· Pulsatile fatigue and wear with porous graft materials using water as the medium, in an aneurysmal model

· Columnar strength and buckle resistance

In-vivo models are primary useful for gross utility, which includes:

· Intra-graft joint sealing

· Component or device migration, although sizing of devices usually makes such studies suspect

· General deliverability (deployment) and human factors issues

· Radiopacity (dependent on imaging machine/technology)

· Tissue reaction / safety / biocompatibility

· Some durability issues, although sizing of devices usually makes such studies suspect 

2. Tests including in vitro modeling & FEA have not been able to account for the multitude of variables that affect the long-term results of EVAR.

Problems include: 

· absent or faulty baseline physiologic and/or hemodynamic parameters;

· extreme patient variability;

· limited effort to reproduce “human situations” in in vitro and in vivo models; 

· complex biology of connective tissue of the vascular system.

Limitations in Simulating Anatomy and Physiology

3. Clinical relevance of in-vitro models-   Significant discrepancies exist between in-vitro models and anatomic, morphologic, constitutive, and hemodynamic variability observed in AAA disease.  These discrepancies are probably the root cause of unanticipated clinical outcomes.

4. Clinical relevance of in-vivo models-  Non-diseased animal models are really only useful in characterizing the biological / histological response of the host to the implant.  They provide very little predictive value related to chronic device performance.  In tandem with the shortcomings of the in-vitro models, the lack of a widely accepted animal model is a contributor to unanticipated clinical outcomes.  

5. Lack of ability to reproduce the anatomical conditions.

6. Preclinical testing is based on models. The limits of these models need to be identified and understood before the test is performed.  Additionally, tests cannot simulate the complex, variable anatomy and physiology inherent in AAAs.  Clinical trials are the best method to test a device over time.

7. Clinical limitations: evolution of the patient anatomy with time. If the test corresponds to 10 years, the anatomy will never remain the same for 10 years. The body will react to the new environment by changing forces on this “stiff component”.  

8. The current durability testing uses smooth elastomeric models which may not provide realistic simulations for attachment mechanisms (barbs or similar) of some stent designs.  The testing of the device attachment mechanisms may require a new approach for in vitro durability vessel models or may need to be performed in an independent test.

9. Design limitations: A test may be device specific or generic. 

Angulation / Tortuosity

10. Long-term behavior of interfaces (metal-fabric, metal-suture, fabric-suture) in angulated anatomy may not have been adequately evaluated in preclinical tests.

11. Graft / suture / metal durability interactions have been evaluated in straight tubing models; need to improve models to simulate angulated configuration.

12. Tortuosity, angles.

13. Current durability testing uses straight tubes.  Tortuosity/angulation of aneurysm and neck characteristics contribute by preloading the device.  These aspects may not be adequately addressed in durability testing.  Defining the tortuosity of the placement site would provide information for improving simulations.

Loading conditions

14. Load/stress concentration or “focusing” due to angulated anatomy may have been underestimated and/or not evaluated in preclinical tests.  Determination of forces (magnitude, direction, distribution) on device as a function of anatomic and physiologic variables is critical.

15. Longitudinal buckling/kink resistance to accommodate compressive loads from aneurysm remodeling post-exclusion may not have been adequately evaluated in preclinical tests. 

16. The durability testing simulates a uniform radial expansion and contraction.  The actual deformation characteristics of the neck, iliac, and aneurysm (to some extent) need to be evaluated to provide information that may be useful in simulations. These may or may not be uniform along the length of the implantation site.  They may be even change along the length of the site (aorta neck-to-iliac).

17. Evaluate fatigue in fixation (change in force) and flexion areas, i.e., transition zones and overlaps in modular components.

Modularity

18. Interaction between modular components-  Modular endoprostheses have gained widespread clinical acceptance for the treatment of AAA disease.  As a precaution, mechanical testing should be performed on multi-component aggregate devices whenever appropriate to do so.

Role of Delivery System

19. Delivery system interaction with implant performance-  Review of the medical literature suggests that chronic implant performance cannot be decoupled from delivery system interactions.  In other words, delivery system performance influences many of the endoprosthesis failure modes (e.g., Type I endoleak).  Consequently, it is prudent to address delivery system – implant interactions in all pre-clinical testing when appropriate to do so.

Other Issues

20. Secondary interventions

21. Limitations of animal studies, as it’s written in section 4.
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