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Future Work

Various groups have available preserved human brains, such as
the Duvernoy collection [1]. Cassot et al. [2] used slices from this
collection, imaging them with confocal laser microscopy, to
develop a three-dimensional image of the microvascular network
in the collateral sulcus in the temporal lobe (Fig. 1). From these
images, various statistics of the vessel networks were
extracted, such as vessel densities, diameters,
lengths, and connectivity of the vessels.

Figure 1. Image of a slice of the collateral sulcus
in the temporal lobe imaged with confocal laser
microscopy. Taken from Cassot et al. [2].

Based on these statistics, Su et al. [3] developed a
stochastic model of the capillary network (Fig. 2). Due
to the high density of the capillary networks
(~10,000 /𝑚𝑚3) it was difficult to scale-up to large
models of microvasculature in the brain.
In order to scale-up this network, homogenization
theory was applied. This effectively allowed the
discrete capillary network to be modelled on a larger
scale as a continuum PDE, where the network
characteristics are contained in the permeability tensor that
is derived from the smaller scale models [4]. As the cube size of the discrete model
increased we saw a convergence of the permeability (Fig. 3), effectively giving us a value
that can be used in modelling the capillary network as a porous bed.

Figure 3 (above) Convergence of
the permeability of the network
as model cube size increases [4]

The microvasculature will have penetrating vessels from the pial
vessels entering the grey matter. As a result, a novel algorithm to 
generate statistically accurate penetrating arterioles/venules
was developed [5], matching the relevant statistics (Fig. 4). The 
algorithm worked by seeding a penetrating vessel of a chosen 
diameter with nodes, with daughter vessels bifurcating from 
these nodes. The attributes of these vessels, such as length, 
diameter, and angle to the parent vessels were sampled from 
the given statistics extracted from the imaged data. The 
algorithm continued until the correct vessel density was 
reached. Examples of vessels generated are shown in Fig. 5.

Figure 5 An example of a penetrating
venule (far left) and penetrating
arterioles generated using the
penetrating vessel model.
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Using these statistics mathematical models could then be built,
differentiating between the capillary mesh-like network, and the
bifurcating penetrating arterioles and venules.
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The two models were then combined to form a coupled
a model of the microvasculature. Assuming a ratio of
2:1 arterioles to venules, a statistically accurate model
of the microvasculature in an MRI-sized voxel (1mm x
1mm x 2.5mm) can be generated (Fig. 6). This coupled
system models the capillary bed as a porous continuum.
The blood flow through the penetrating vessels is
modelled as Poiseuille flow, with the terminating vessels
acting as volume sources to the capillary bed PDE.

Algorithm
1. Set arteriole and venule pressures on the pial surface.

At first, assume terminal vessel pressures.
2. Calculate flow through trees using Poiseuille flow.
3. Using the terminal source terms, update the PDE,

solving Poisson’s equation for pressure.
4. Take pressure of the PDE solution and update the

terminal vessels of the penetrating trees incrementally.
5. Go to step 2 and iterate until convergence.

Figure 7 Relating the mathematical model of the
microvasculature back to global scale perfusion. MRI
image taken from [6].

Figure 6 A typical stochastic model
of an MRI-sized voxel of the
microvasculature in the collateral
sulcus of the temporal lobe
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Research Aims
• To develop multi-scale models of the microvasculature in the human brain, starting with the smallest vessels – the capillaries – and building up towards the arterioles and venules.
• Current Imaging techniques can now measure vessels down to a diameter of around 1mm, but little is known of the smaller diameter vasculature and how the topology affects blood

perfusion and oxygen transport.
• Pathologies such as Alzheimer’s disease are now known to a have a strong vascular component. Therefore a more thorough understanding of the microvasculature, and its

interconnectivity, is required in order to better understand and treat such vascular diseases.
• As a result, these mathematical models will attempt to fill a gap in the simulation and analysis of blood flow on the microvascular scale, something imaging techniques are yet able to do.

Boundary Conditions
• No flow boundary conditions on

pial surface and on boundary of
grey and white matter.

• Periodic boundary conditions on
4 other edges.

Future work will also concentrate on refining this
model. As yet, the interconnectivity of the penetrating
vessels on the pial surface is not known. We are looking
to obtain this data so that the model will give us a more
realistic representation of the distribution of blood flow
in a voxel.
As well as this, the adaptability of the model (due to it
being statistically based) means that any new regions of
the brain that are imaged can be easily modelled.

Using this voxel model we can now investigate the
robustness and variability of the microvasculature with
respect to blood and oxygen transport, as well as draw
links between MRI scans and the microvasculature.

Figure 2. (left) Statistically
accurate model of a capillary
network.

Figure 4 Relevant statistics of the
penetrating vessels matched using the
penetrating vessel model [5].


