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Generation of artificial vascular trees — constrained constructive
optimization approach
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Modelling of blood perfusion in an organ usually requires having a suitable geometrical model
of the vascular system embedded in the organ. The vascular structures identified in CT or MR
scans often suffer from incompleteness, unreliability and are only available up to a certain vessel
size. Constrained constructive optimization (CCO) techniques are able to generate artificial
vascular trees that mimic the real structures and preserve their main features.

The artificial vascular tree models are generated in such a way to minimize the total blood
volume inside the tree structure and to fulfil the physiological boundary conditions and con-
straints regarding flows and input/output pressures. The radii of branching vessels can not be
arbitrary, to conserve flow through the tree, the branching law for vessel radii must be satisfied.
The branching law contains the so-called flow exponent, by the choice of which we can achieve
uniform shear stress on the vessel walls or minimize wave reflection of the pulse waves.

The algorithm published in [1] starts generating a tree with one root node and many leaves
(terminal nodes), which are connected directly to the root at the beginning of the tree genera-
tion process. The leaf positions are placed randomly with the uniform distribution in a given
volume, while the root position is usually defined as an input parameter to the algorithm. The
generation process consists of relaxing, merging, and splitting steps which are repeated until a
local optimization criterion is met. The above steps are done iteratively many times on each
tree node to get the optimal branching (bifurcation, trifurcation, ...) at the nodes and to adjust
the node positions. In order to get the optimum at the global level, the hierarchical iterations
involving pruning and reconnecting steps, which lead to topological changes of the tree, are
applied. See [1] for details.

Another CCO algorithm, published in [2, 5], starts with a root segment, representing the
entry vessel to an organ, and repeatedly connects randomly placed terminal nodes to the existing
tree structure. When a new leaf is created, the algorithm finds the appropriate existing vessel
segment, minimizing a cost function, and connects the new leaf to that segment. The optimal
position of the newly created bifurcation must be calculated to ensure given bifurcation rules
and to minimize total intravascular volume. This “growing” approach produces binary vascular
tree models while the algorithm [1] allows for multifurcations in the tree.

Artificial vascular trees are crucial for hierarchical modelling of tissue perfusion as dis-
cussed in [4]. The upper hierarchy of a generated tree, representing larger vessels in an organ,
can be used for 1D computation of blood flow through the perfusion tree. The lower hierarchies,
i.e. a wide range of small vessels, can be employed in calculations of tissue permeabilities which
are involved in the complex multi-compartment models, see e.g. [3].
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Fig. 1. Example of a generated vascular tree, 16 x 103 terminal segments (leaves)
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