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ABSTRACT 

Atherosclerosis is the hardening and narrowing of the arteries and is a disease that may 
start in childhood and progress over many years without producing any clinical 
symptoms. Platelet activation and aggregation play a major role in the onset of 
thrombosis in atherosclerotic arteries [1].  

The objective of this study is to apply the Dissipative Particle Dynamics (DPD) method, 
to simulate platelet-mediated thrombosis. In a simplified model, where the presence of 
RBCs is neglected, blood is discretized into mesoscale particles representing plasma 
and platelets. Each platelet is modeled by one DPD particle. Besides the interaction 
repulsive, viscous and random forces among DPD particles, the attractive forces among 
activated platelets and with the wall, are included [2],[3]. We also simulated the 
fibrinogen binding process to receptors of activated platelets with a probabilistic model 
[4].  

 
Fig. 1 Schematics of platelet aggregation and adhesion. Activated platelets in the 
vicinity of an injured wall epithelium and binding of platelets at the walls using springs. 
Interaction forces for two aggregated platelets [2],[3]. The domain of the interaction 
between platelets is denoted by rmax. 

The basic equations of the DPD model of a fluid for a particle ‘i’ can be written as 
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where im  is the particle mass; iv  is particle acceleration as the time derivative of 

velocity; C
ijf , D

ijf , 
R

ijf  and 
a
ijf  are the conservative (repulsive), dissipative, random, and 

attractive interaction forces.  

To test application of the DPD method and the assumption about the wall attractive 
force, platelet deposition in a perfusion chamber is modeled. The model corresponds to 
the experiment of Hubbell and McIntire (1986) [5]. 

The experimental results and the computed results for the adhered platelet distribution 
after 120[s] for the shear rate of 500[s-1] is shown in Fig. 2.  

 
 

Fig. 2 Axial platelet deposition on collagen as predicted by computer solution using the 
DPD method [2],[3], and experimental results of Hubbell and McIntire (1986); after 
120[s]; wall shear rate = 500[s-1].  

It can be seen from the above that the computed results match the results 
experimentally recorded by Hubbell and McIntire.  
 

REFERENCES 

[1] C.G. Caro, J.M. Fitz-Gerald, R.C. Schroter, Atheroma and Arterial Wall Shear. 
Observation, Correlation and Proposal of a Shear Dependent Mass Transfer 
Mechanism for Atherogenesis, Proc. R. Soc. London, Ser. B, 177, 109–159, 1971. 

[2] N. Filipovic, D.J. Ravnic, M. Kojic, S.J. Mentzer, S. Haber, A. Tsuda, Interactions 
of Blood Cell Constituents: Experimental investigation and Computational 
Modeling by Discrete Particle Dynamics Algorithm, Microvascular Research, (in 
press), 2008. 

[3] M. Kojic, N. Filipovic, B. Stojanovic, N. Kojic, Computer Modeling in 
Bioengineering – Theortetical Background, Examples and Software, J. Wiley & 
Sons, in press. 

[4] R.D. Guy and A. Fogelson, Probabilistic Modeling of Platelet Aggregation: Effects 
of Activation Time and Receptor Occupancy, J. theor. Biol. 219, 33–53, 2002. 

[5] J.A. Hubbell, L.V. McIntire Technique for visualization and analysis of mural 
thrombogenesis, Rev. Sci. Instrum., 57(5), 892-897, 1986.  


