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Introduction
When a vessel wall gets injured, the first response of the
human body to stop bleeding and repair the wound is the
creation of a patch of platelets, i.e. a platelet plug .

Fig. 1 Platelet plug formation process.

How to create a mathematical model of platelet plug forma-
tion and growth? And how to include haemodynamics and
plug properties?

A three-step model
1. Platelet and chemical dynamics - Platelet plug dynam-
ics is modelled via a system of convection-diffusion-reaction
equations1 in which each species i is modelled as a con-
centration ci convected by blood flow with velocity u

∂ci

∂t
+ (u · ∇)ci = Di∆ci) + Si(cj) . (1)

The outcome is the flux jBP of deposited bounded platelets
on the damaged wall and, subsequently, their distribution
(Fig. 2).

Fig. 2 Deposited bounded platelets on the damaged part of the wall.

2. Platelet plug growth - Given the flux of deposited
bounded platelets jBP , it is possible to track in time the
interface of the forming plug (Fig. 3).

Fig. 3 Schematic idea of the interface track.

In practice, a mesh update through an arbitrary Lagrangian-
Eulerian (ALE) method allows the update of the platelet
plug interface. When the growth reaches a big portion of
the vessel remeshing is also necessary2.

3. FSI coupling for the plug-flow system - The plug
is treated as a slightly compressible elastic solid, on which
the flow exerts a traction force tn. The problem is treated
sequentially: tn is passed to the solid as a boundary con-
dition, while the solid creates a moving obstacle for the
fluid.

Results
By means of the three-step model, different haemodynami-
cal or mechanical conditions can be applied to the plug for-
mation and growth process. These lead to different final
plug shape and size (Fig. 4).
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Fig. 4 Simulation results of platelet plug growth for different shear rates (γ̇)

and different shear moduli (G) at t=600 s; red part: platelet plug; coloured

arrows: velocity distribution in the vessel lumen.

Conclusions
By means of a three-step approach it is possible to create
a mathematical model for the simulation of platelet plug
formation and growth. The model takes into account the
solid nature of the plug and its interaction with the blood
flow dynamics.

Different constitutive relations for the solid wall and the
platelet plug can be investigated, together with different
haemodynamic conditions.
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