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The goal of the presentation is to share the Agency’s efforts to harness computer modeling and medical imaging to enhance the regulatory review process of cardiovascular devices.

Project Synopsis

· Engineering analysis methods are needed to predict whether a proposed design will function safely.

· Computer simulation methods have the ability to manage and integrate data from a variety of sources (animal, preclinical and clinical).

· Together with data mining strategies, computer models can help to determine the most sensitive and critical design areas and improve our understanding of under-represented anatomies (e.g., pediatric patients) and physiologies.

Manufacturers of devices (medical or other) utilize a variety of engineering tools to evaluate device performance.  Many of those evaluation techniques include computer simulations.  One of the challenges in the medical device arena, particularly with cardiovascular devices, is knowing what the in vivo conditions are and how to translate them in boundary conditions for the computer model.  The goal of the project is to improve our understanding of device performance in all regions of the body, and in under-presented populations.

Accomplishment

· Promote the use of computational modeling in cardiovascular device design and evaluation

· Public workshops: FDA/ NHLBI/ NSF Workshop on Computer Methods for Cardiovascular Devices March 18-19, 2008; June 1-2, 2009; June 10-11, 2010

· Focused meetings with stakeholders:  October 29, 2008 (industry, academia, NHLBI) 

One mechanism for promoting computer modeling and bringing interdisciplinary collaborators together is our public workshop.  During our annually recurring workshop (since 2007) clinicians, academicians and medical device manufacturers gather together to share their research efforts in advancing computer modeling and gather medical data for the use of computer modeling.  This year, our 2010 workshop will focus specifically on gathering data for computer models and nonclinical models (e.g., bench-testing boundary conditions) and how these two models work together in the evaluation process of cardiovascular devices.
Progress with Projects

· Address the barriers to implementation of computational modeling

· Characterization of Human Aortic Aneurysm Anatomy Project – CHAP (Tina Morrison, PhD)

· Assessment of plaque composition, dynamic biomechanics, and therapeutic outcomes in subjects implanted with endovascular devices – ASPECT-I  (Lisa Lim, PhD)

· Pediatric heart valve modeling (Fernando Aguel)

· January 12, 2010 workshop with Advamed; and  measuring in-vivo loads of the mitral annulus in sheep

· Coronary Artery Bifurcation and Arterial Septum modeling – CABAS (Erica Takai, PhD)

The Division of Cardiovascular Devices currently has four projects underway to reach our goal.  As already mentioned, one of the barriers to better computer modeling is lack of boundary condition data.  These four projects, in particular, will shed light on the biomechanical environment of the aorta, the superficial femoral artery, mitral valve, coronary arteries and atrial septum, which we hope to translate into boundary condition for finite element models or engineering bench tests.
Regarding Charge #2 - Future biomedical and clinical applications for models, based on current success stories, things that couldn't be solved w/o models.


At the FDA, cardiovascular devices undergo a wide range of rigorous engineering tests.  One such test, the endurance (fatigue) test, is used to evaluate the performance of the device under a specific loading mode (e.g., axial deformation for a stent) for 10-year equivalent of cyclic motion.  A superficial femoral artery stent has to withstand 10-year simulated deformation on the bench-test and exhibit minimal wear and breakage before it will be deemed “safe-enough” for clinical use.  We do not have 10-years of clinical data yet for such devices.  Typically, the simulated deformation is also model with the finite element method to “validate” the parameters chosen.  

This last concept also addresses Charge #4 - Model validation and the availability of appropriate data.  Many of the FEA models submitted to the FDA with regulatory submissions are not validated and if they are validated, they are validated for one loading mode or range of deformation.  This is indeed a concern with the FDA and industry for the use of computer modeling in medical devices.
Outreach

· Develop reference data, guidance documents, white papers or other tools to integrate computational modeling into regulatory evaluation of cardiovascular devices

· Boundary condition public databases, including imaging and computer models are envisioned.

· A feature article describing the efforts of this project will be submitted to Nature Biotechnology in January 2010

As the aforementioned projects progress, reference data, guidance documents, white papers, and other such research tools will be developed and shared (openly) with the scientific community. We envision an open-source repository of computer models and image data and representing the diseased vasculature, bench testing parameters and boundary conditions to evaluate fatigue or other properties that relate to the safe and effective design of cardiovascular devices. Our vision of a more optimized regulatory path will be highlighted in a feature article we’re submitting to Nature Biotechnology in early 2010. 
Summary

· The Agency recognizes that computer modeling can be used to augment bench, animal and clinical testing because no one model can demonstrate safety and effectiveness alone.

· Through collaborations, the Agency can harness expertise, perspective and information to enhance regulatory evaluation and device development process.
