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The Clinical Dilemma - Abdominal Aortic Aneurysm (AAA)

AAAZ2 (6 cm maximum diameter)
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Computational Model Construction

CTA or MRA 3D Level-Set 2D Segmentation  Lofting  Geometric Model
VMTK SimVascular SimVascular

Hospital Radiology Uni
Imaging Database: Longitudinal CT, MRI

Hemodynamic Simulation Workflow

data collection

Yale University Di Achille et al. (2014)
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The Thrombus Formation Potential (TFP)
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Large-scale Computational (Hemodynamic) Simulations

FEM Solution of Navier-Stokes Equations Parallel Post-Processing
VTK, MPI
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Typical Computational Workload

Typical Blood Flow Simulation (5 heart beats)

« 5-:10°%degrees of freedom (patient-specific model)

« 10%time steps (unsteady Navier-Stokes)

« 256 cores (max limit for linear scaling of our solver)

e 5-103 CPU hours = 4-102 CPU hours for solution + 103
for parallel post-processing (particle tracking, advection
diffusion)

« 50 GB storage/simulation after reduction (elimination of

transients, efficient storage in HDF5 files)

Yale University



ECAP & PLAP do not Co-localize in Carotids
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Thrombus Formation Potential for AAAS

Computational Fluid Dynamics Particle Tracking
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ECAP & PLAP Co-localize in AAAs — Promote Thrombus

ECAP PLAP TF

Yale University

TFP/Thrombus Colocalization
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Hemodynamic Metrics of Thrombus Formation

Thrombus Formation Potential Thrombus Deposition Potential
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Updated Hemodynamics Post-Formation

1. Parameterization of Lumen Shape with Radial Basis Functions (RBF)

Segmented "L+T" Adaptive RBF center placement Final Parametrization
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2. Updated hemodynamics via Coupled Simulations o
Robin-like BC
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Coupled Simulation
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Predicted Thrombus Deposition

tfrue predicted true predicted
TDP’ TDP? TDP? TDF~

Yale University Di Achille et al. (2016)



Continuum Biomechanics Lab

HPC Resources Utilized

 Yale Center for Research Computing

— Omega HPC Cluster (HP ProLiant blades) — 3 10° CPU/hrs
— Grace HPC Cluster (IBM/Lenovo NeXtScale) — 0.5 10° CPU/hrs

« XSEDE Consortium

— TACC LoneStar (Dell/Cray) — 0.35 10 CPU/hrs

— TACC Stampede (Dell/Mellanox) — 0.3 10° CPU/hrs
— SDSC Comet (Dell) — 0.1 10% CPU/hrs

— LSU SuperMic (Dell) — 0.1 10% CPU/hrs

Yale University
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Additional Resources

* Visualization Hardware

— UT Maverick (HP/Nvidia)
— Visualization Nodes on Stampede
- High-End Workstations in Continuum Biomechanics Lab

« Data Transfer/Storage
- Globus, GridFTP

- TACC Ranch (500 GB)
— Local Storage in Continuum Biomechanics Lab (~20 TB)

visualization hardware

' Local storage
' Post-processed data (after reduction)
! (parallel HDF5)
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result analysis (statistics, images/videos)

local desktop
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