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Introduction Overview

Using computational fluid dynamics (CFD) to simulate

blood flow 1n patient-specific geometries 1s a growing Modifications to ey o
fiel d th t . t . lt P . Iv. Markl Patient specific artificially add 7 sim?jeslgoen}s, Fé‘ﬁef 1
16 a 1S genera 1ng mas Slve resu S. reV10us y, ar geOmetrleS degrees Of coarctation ﬂOW using HARVE%

et al. and others have provided evidence that areas of low per geometry

wall shear stress (WSS) are more likely to develop

atherosclerosis. By exploring whether regions
downstream of the coarctation with low WSS flow

Velocity Magnitude

profiles can be predicted by looking at flow near the Unli‘;gigigsed Pflfttpﬁot%eaifelgisngf e - -
coarctation, we could better focus simulations with average W55 £0.47666
. . . . = 270°
decreased domain sizes, increased resolutions, perform Eo31777 ,
M . ; WSS(®) with WSS
studies with larger sample sizes, and extend the work to :
EO 15889 magnitude defined in the

predicting outcomes 1n other parts of the vasculature.

Objective

* To uncover new relationships between flow
properties, aortic coarctation, and wall shear stress

radial direction
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sector with sector with Results Continued
Circumferential maximum mean maximum mean

average

throughout the aorta. . .
) : sector with sector with
* PrOtOtype dlfferent methOdS Of anaIYZIHg data minimum mean minimum mean
produced by massively parallel CFD simulations. Sector average WSS WSS "
. : aorta
Lattice Boltzmann Method degrec of aortic W Shology 12
: : : are mapped to ints 4
HARVEY solves the Navier-Stokes equations using the 5
lattice Boltzmann method, which represents fluid as a
probability distribution function f of particles. Fluid ediction positive  prediction neative 4

velocity and pressure are computed from the summed Unsupervised learning with Kmeans
behavior of particles.

Precision: 80.6%
Recall: 78.1%
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* HARVEY i1s parallelized using
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MPI and OpenMP. j L i ? i -, iﬁ;
| o 2 S o o 4w @ New simulations with more realistic flow parameters:
fi(x + ciot,t +dt) — fi(x,t) = _Q(fi(xv t) — fi"(x, t)) 0 §4- S ] R R > Pulsatile flow
1 el LT S IETUPURES IS | : o Patient specific tlow protiles
Bolgmet T o Lo ] 1 : o Realistic boundary conditions

Temporal and frequency analysis

Aortic Coarctation
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