
 

Image-driven particle-based methods for stroke and thrombosis  

Debanjan Mukherjee* 
* Department of Mechanical Engineering 

University of Colorado Boulder 
427 UCB, University of Colorado Boulder, CO 80309, United States of America 

e-mail: debanjan@Colorado.Edu, web page: https://www.debanjanmukherjee.com 
 

ABSTRACT 

As per latest World Health Organization (WHO) reports, cardiovascular diseases lead to around 17.9 
million deaths (or about 31% of all deaths) worldwide. Nearly 85% of these are due to severe disease 
conditions like heart attack and stroke. These diseases are fundamentally linked to pathological clotting 
of blood, also referred to as Thrombosis. Once formed, the clot (thrombus) can lead to disruption of 
flow locally at the diseased blood vessel, or the clot can fragment and release debris (embolus) which 
lead to flow disruption at a distal organ (such as the brain, leading to stroke). Developing deep insights 
regarding the fundamental biomechanical behaviour of a thrombus or embolus, and their intimate 
interplay with local blood flow, is crucial for advancing our understanding of diseases like stroke and 
heart attack. This remains a challenging task owing to the complexity of: (a) handling real patient 
vascular anatomy; (b) resolving the arbitrary shape and heterogeneous microstructure of a 
thrombus/embolus; (c) understanding the biomechanics that governs the rupture of a thrombus to form 
an embolus; and (d) understanding the mechanics of thrombus/embolus interactions with blood flow.  

To address these challenges, in this paper we present a class of numerical methods that integrate 
medical or clinical imaging data with a hybrid particle-continuum based approach. We employ the 
image-data to obtain patient vascular anatomy, as well as thrombus shape and composition information. 
Thereafter, a discrete particle model is used to represent an individual thrombus or embolus fragment 
based on this image-based information. This is further integrated within a continuum computational 
fluid dynamics framework via finite element method, and a particle-based Lagrangian analysis 
framework for the resulting hemodynamics in the thrombus/embolus neighbourhood. We have 
employed this approach for a range of numerical studies to elucidate the fundamental mechanics of 
embolus transport across large arteries for stroke. We will demonstrate how Monte-Carlo simulations 
using this framework has led to the identification of insightful statistical trends about embolus 
distribution to the brain, and consequent stroke risks. Additionally, we will illustrate the efficacy of 
our framework in unravelling the dynamic flow patterns around thrombi with realistic shape and 
microstructure; and enabling investigations on transport processes around and within the thrombus. 
Finally, we will demonstrate the efficacy of our particle-based method in modelling the deformation 
biomechanics of realistic clots in situ at the disease location under the action of hemodynamics-induced 
loading.  
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