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PI Name: George Em Karniadakis
PI Project Title: A stochastic molecular dynamics method for multiscale modeling of blood platelet phenomena
1. Please highlight your scientific progress from year 1, where did you hope to be after year 1?

We have made good progress and published four journal papers (in Proc. Nat. Acad. Sciences, Phys. Rev. Lett., J. Comp. Phys., J. Chem. Phys.) related to the method and modeling of the platelet aggregation. We have already started simulating experiment III (see our proposal) a task, which was proposed for the third year. Specifically, the new results (not yet published) show the effect of red blood cells (RBCs) on platelet aggregation, something which was not explicitly modeled in our earlier work. We have also implemented a new model on deformable RBCs and we plan to set up validation tests for the new model. 

2. What challenges did you experience? 
The validation of the models is difficult as most papers in biomedical research do not always report all physical parameters associated with the flow that we aim to model. We are working closely with our consultants, especially Dr. Helen Christou from Harvard Medical School, to identify “clean” experiments to validate our models. 

3. What unexpected outcomes did you encounter?
We were pleasantly surprised with the efficiency of the dissipative particle dynamics (DPD) method on parallel computers, which makes it possible to scale up our computations and model larger arteries. In addition, we discovered recently that we could run high Reynolds number simulations (up to 1,000 and beyond) using DPD – an unknown result, as the limit was supposed to me much lower (of the order of 10 to 100).
4. What are the major advances that have occurred in your field this year?
On the methodology: the development of robust and accurate boundary conditions for DPD, determining the coarse-graining limits of the method, and its parallel implementation. On the modeling side:  the development of the new model for deformable RBC, which will make our simulations more realistic for physiologically correct conditions.
5. How successful were your proposed tools, and did you adopt new tools?

The tools were very successful and we are expanding this method in many different ways at the moment. 

6. Please share your individual experiences of collaborating with the broader community.

We have collaborated with IMAG grantees Prof. T. Ladd (comparing DPD and his Lattice Boltzmann method) and with Prof. R. Kamm’s group (models on RBC’s by his co-PI, Prof. Suresh).

7. Please highlight your plans for year 2.

The main emphasis in the second year will be the validation of the models and the hemostasis simulation from first principles as detailed in the proposal. 

8. What is your primary MSM Working Group?

WG1, WG5 and WG3 (in that order)

9. Please comment on your MSM Working Group(s), and what needs to be improved?

The main difficulty is scheduling meetings for all participants. My experience with WG1 specifically was excellent and we benefited scientifically from the interactions.

10. How do you foresee logical linking of models with others in the MSM?

It will be possible to do so after the tutorials on the markup languages. One of my students has started looking into it as we have a concurrent NSF/CI-TEAM project on the arterial tree, which requires linking many different codes together.

11. Are you writing grants?

I submitted one exploratory grant to NIH on developing tools on the TeraGrid for modeling coronary artery surgeries. 

12. Are you finding new collaborations?

Yes, within the IMAG but also from the wider community – some researcher have been motivated by our simulation results and have expressed interest in setting up experiments for validation purposes and or further joint studies (e.g., modeling clots that lead to strokes in the cranial microvasculature). 

