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Goals of the project

e Create publicly available platform to share cardiovascular models and
simulations.

e Understand strengths and limitations of available reduced order models.

e Train machine learning algorithms to automate 3D model generation and

simulation accuracy.




The Vascular Model Repository (VMR) by the numbers

e Availlable at www.vascularmodel.com

* 144 SimVascular* projects
e 111 simulation results
* More than 5500 downloads

® 3000 users worldwide

[*] http://simvascular.github.io
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Improved website

Filters to speed up query of relevant
cardiovascular models

Patient information readily available online

PDF specification
document with
patient-specific

Information



Application: validation of reduced order models

We used models in the VMR to validate OD and 1D reduced order models against 3D simulations.

Pfaller et al. Automated generation of 0D and 1D reduced-order models of patient-specific blood flow. Int J Numer Meth Biomed Engng (2022).



https://onlinelibrary.wiley.com/doi/full/10.1002/cnm.3639?saml_referrer

Application: data-driven segmentation

Segmentation is one of the bottlenecks of the pipeline in cardiovascular simulations. We want to train machine learning models on the
VMR to automate this step.

Convolutional networks for 2D segmentation* Neural network-based 3D segmentation

Ground Truth  Prediction Ground Truth Prediction
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[*] Maher et al. Neural Network Vessel Lumen Regression for Automated Lumen Cross-Section Segmentation in Cardiovascular Image-Based Modeling.
Cardiovascular Engineering and Technology (2020).



https://pubmed.ncbi.nlm.nih.gov/33179176/
https://pubmed.ncbi.nlm.nih.gov/33179176/

Application: data-driven reduced order models

Reduced order models are efficient in solving average quantities (pressure and flow rate) but are sometimes inaccurate due to the
underlying physical assumptions. We want to train accurate and efficient data-driven reduced order models using the VMR.

1D models based on graph neural networks*
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[*] Pegolotti et al. Learning Reduced-Order Models for cardiovascular simulations with Graph Neural Networks. Submitted to Learning on Graphs 2022.




Application: shape analysis of thoracic aorta

33 aorta models (24 taken from the Vascular Model Repository) Statistical models were used to study the effects of branch
were used to perform PCA-based Statistical Shape Modeling modeling on Wall Shear Stress approximation

Wiputra, et al. Statistical shape representation of the thoracic aorta: accounting for major branches of the aortic arch. Computer Methods in Biomechanics
and Biomedical Engineering (2022).



https://www.tandfonline.com/doi/abs/10.1080/10255842.2022.2128672
https://www.tandfonline.com/doi/abs/10.1080/10255842.2022.2128672

Next steps

e Continue increasing the number of models In the Vascular Model Repository.

e Implement semi-automated process to accept submissions from other research
groups.

e Final goal: employ machine learning and artificial intelligence to enable fast and

reliable use of cardiovascular simulations in the clinic.
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