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Part 2a. Cardiovascular system and 
diseases

Atherosclerosis

Blood coagulation and thrombosis
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Methodology

 Physiological background
Modelling with reaction-diffusion equations
 Simulations and other methods of modelling
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Atherosclerosis
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Cardiovascular diseases: overview

Coronary artery disease

Myocardial infarction, arrhythmia,
Fibrillation  clot formation  stroke

Atherosclerosis 
(vs arteriosclerosis)

Chronic inflammation of 
blood vessel walls



Atherosclerosis

https://www.youtube.com/watch?v=njT428_JYzI



Biology of atherosclerosis



Modelof atherosclerosis (Genieys, El 
Khatib, VV, MMNP, 2007)

small                              intermediate                        high

Cholesterol level:
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Reaction-diffusion system: existence 
and stability of waves9



Summary 

 Development of atherosclerosis depends on the concentration of LDL

 Low LDL concentration: a single globally stable point – no disease 
development

 Intermediate LDL concentration: two stable points; bistable wave, threshold

 Large LDL concentration: monostable wave, disease develops for any initial 
condition
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2D model: nonlinear boundary conditions
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Atherosclerosis: cellular automata 
(Poston, MMNP 2007)



Fluid-plaque interaction

fluid

solid

coupling



Plaque rupture: arterial thrombosis



Blood coagulation
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Blood coagulation and related 
pathologies

Deep vein thrombosisClot growth

The most common type of stroke is known as an 
ischemic stroke. Nearly nine out of 10 strokes fall 
into this category. The culprit is a blood clot that 
obstructs a blood vessel inside the brain. The clot 
may develop on the spot or travel through the blood 
from elsewhere in the body.



Blood coagulations: main factors
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Blood flow

Endothelial cellsCoagulation cascade

Platelet aggregation



Thrombin generation curves (TGC)18

In spite of many models and results, description of TGC is not yet completely clear. 
Important point: patient specific parameters.



Fibrin polymerization

wikipedia

Fibrinogen  fibrin  fibrin polymer

prothrombin thrombin



Existence and stability of 
the traveling wave solutions
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Monotone system One-equation model
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Thrombin propagation: traveling wave solutions

Monostable Bistable
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Existence of pulses and wave initiation

Pulse exists if and only if the wave speed is positive

Solution converges to the wave (clot growth) if the initial condition is greater than the 
pulse solution
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Modelling of blood coagulation and 
clot growth

Thrombin generation
Modelling of blood coagulation in a quiescent plasma 

(reaction-diffusion equations)
The influence of blood flow
The influence of platelets 



Hemophilia and speed of thrombin propagation











Comparison with experiment

Tosenberger et al. (2015)Falati et al. (2002)

Kamocka et al. (2010)



Blood coagulation and related 
disorders

 Arterial thrombosis (atherosclerosis)
 Deep vein thrombosis
 Bleeding disorders (hemophilia, …)
…
Chronic inflammations
Coronavirus disease



Atherosclerosis-fibrillation-LAA thrombus

https://www.youtube.com/watch?v=q7vsdY_fTMo



Atherosclerosis – heart fibrillation 
– LAA thrombus - stroke

Clot from the heart 
moves to the brain



LAA thrombus modelling



Clot formation in aneurysm



Rheumatoid arthritis 

Inflammation can lead to excessive blood coagulation, 
thrombosis, sepsis


