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Abstract: 

Physics-based physiological models have shown great promise in being able to noninvasively 

assess cardiovascular diseases like coronary artery disease, from patient-specific anatomical 

information, e.g., as obtained from computed tomography scans of the heart and the coronary 

arteries. We have previously developed a Computational Fluid Dynamics (CFD) based method for 

performing patient-specific coronary hemodynamic computations. In this talk we’ll present the 

proposed method, which is based on a multi-variable feedback control framework which ensures that 

the computed mean arterial pressure and the flow distribution matches the patient-specific values. 

The boundary conditions at hyperemia are derived from the respective rest-state values via a transfer 

function that models the vasodilation phenomenon. Since CFD models have a high computational 

demand, we have further developed a machine-learning-based model for computing personalized 

coronary hemodynamics as an alternative to physics-based approaches.  

The anatomical information for performing such analyses is extracted from medical images of 

the patient. Over the last few years, deep learning-based techniques have revolutionized the field of 

computer and machine vision and have rapidly entered the field of medical imaging. In addition to 

the theoretical progress, the convergence of two other factors has contributed to this success: the 

availability of large amounts of curated data, and the access to high performance computing 

infrastructure for training and testing the machine-learning algorithms. Thus, the talk will further 

address the processing of imaging data using artificial intelligence (AI), which is performed at four 

levels of increasing complexity and wider implications. At the examination level, AI aims at 

improving, simplifying, and standardizing image acquisition and processing. At the reading and 

reporting levels, AI focuses on automatic detection and characterization of features and on automatic 

measurements in the images. At the prediction and prescription levels, AI focuses on risk prediction 



 

and stratification, as opposed to merely detecting, measuring, and quantifying images. The digital 

twin is presented as a concept of individualized computational modeling of human physiology, with 

AI-based CT fractional flow reserve modeling as example. Finally, at the cohort and population 

analysis levels, the focus of AI shifts from clinical decision-making to operational decisions. 
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