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Cardiovascular disease is currently one of

Summary the leading causes of death in the

western world.
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Multi-scale Model

The approach combines different levels of the description of matter,
continuum fluids for the dynamics of blood plasma and individual particles for
the representation of red blood cells and other minority suspended species.

Results

technology, 50% of these deaths occur
\ suddenly and with no prior symptoms.
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The method is also multi-scale, since fluid and particles are advanced

concurrently and the exchange of information is computed dynamically.
y

| \ In collaboration with cardiologists,

)(1 ’ radiologists, mathematicians, visualization — o
experts, and computer scientists, we are E= '
working to create a detailed, realistic model e e |
of human blood flow from which we can start T g |

Pressure gradient across
co-arctation of the aorta

to elucidate trends and aid prognosis based on high-resolution patient
specific data. The simulation must combine the motion of the fluid, the
intricate geometry of the blood vessels, continual changes in flow and
pressure driven by the heartbeat, and the behavior of suspended bodies
such as red blood cells.

Coronary arteries

Such models can provide insight into factors like endothelial shear stress
that can act as triggers for the complex biomechanical events that can
lead to atherosclerotic pathologies. The scale of these simulations
requires the use of large-scale supercomputers. We present a massively
parallel simulation of hemodynamics in a patient-specific coronary tree
as well as demonstrate a variety of other targets.
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Scaling to Full Heartbeat

This simulation, involving one-billion fluid nodes, embedded in a bounding
space of one trillion and coupled with the concurrent motion of ten million red-
blood cells, achieves over 60 Teraflops performance on the full 294,912 Blue
Gene/P processor configuration, with a parallel efficiency in excess of 60%,
performing about 100 billion lattice updates per seconds.

Flow through aneurysms

Shear stress throughout the cardiac cycle

Future Work

In the next phase of our research, we are extending the model to include the
deformability of suspended bodies and extending the application’s scalability
to enable the modeling of larger regions of the arterial system. This will allow
us to study phenomena such as the movement of circulating tumor cells
through the arteries.
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Hemodynamics Pipeline

1 billion mesh nodes + 300 million RBCs + 294,912 domains:
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Output visualization Runtime breakdown

Human heartbeat:
~.7 seconds, 300 million red blood cells,
12 coronary arteries at 10 um resolution,

Working with physicians at the Brigham Women’s Hospital in Boston, we
retrieve patient-specific coronary arterial trees from MDCT data at a
resolution of .1mm. This geometry is utilized for our multi-scale
simulations.
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