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Abstract 
  

Cardiovascular disease is the leading cause of death worldwide, with nearly 1 in 4 deaths caused by heart disease 
alone. In children, congenital heart disease affects 1 in 100 infants, and is the leading cause of infant mortality in 
the US. Patient-specific modeling based on medical image data increasingly enables personalized medicine and 
individualized treatment planning in cardiovascular disease patients, providing key links between the mechanical 
environment and subsequent disease progression. I will discuss recent methodological advances in cardiovascular 
simulations that aim to increase rigor and clinically applicability, including (1) development of a complete pipeline 
from clinical data assimilation to uncertainty quantification in patient-specific simulations, and (2) novel methods 
for fluid structure interaction with fully incompressible tissue properties and incorporating wall mechanobiology. 
Clinical application of these methods will be demonstrated in two applications of patient-specific modeling in the 
coronary arteries: 1) coronary bypass graft surgery and the biomechanics of vein graft failure, and 2) risk stratifica-
tion in pediatric patients with Kawasaki disease. We will provide an overview of our open source SimVascular 
project, which makes our tools available to the scientific community (www.simvascular.org). Finally, I will dis-
cuss future directions in fluid solid growth simulations and whole-heart modeling, challenges of translating model-
ing tools to the clinic, and applications to a range of adult and pediatric cardiovascular diseases.  
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