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Delivering nutrients to a tissue: blood flow and capillary growth
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Understanding angiogenesis (the growth of new ves-
sels starting from existing vasculature) is a challenging
problem with important consequences for the treatment
of cancer and other pathological situations. We present
different aspects of an integrated approach to the de-
scription of capillary growth and blood flow in heath and
disease.

We introduce a multi-scale phase-field model for the
description of angiogenesis that combines the benefits
of continuum physics description and the capability of
tracking individual cells. The model allows us to discuss
the role of the endothelial cells’ chemotactic response and
proliferation rate as key factors that tailor the neovascu-
lar network. Importantly, we also test the predictions of
this theoretical model against relevant experimental ap-
proaches in mice that displayed distinctive vascular pat-
terns. The model reproduces the in vivo patterns of new-
ly formed vascular networks, providing quantitative and
qualitative results for branch density and vessel diame-
ter on the order of the ones measured experimentally in
mouse retinas.

For a correct understanding of capillary dynamics it is
also necessary to analyze tissue irrigation resulting from
the blood flow in the newly formed network. In partic-
ular we analyze the alterations in irrigation of a tissue
where there is local vessel disruption (due to low levels
of VEGF and high concentrations of Ang-2), an event
that occurs in the early stages of diabetic retinopathy.
We identify the foci of neo-vascularization and show that
there is a vascular network dependent critical disrupted
area above which non-local hypoxia exists in the tissue,
leading to an hyper-vascularized phenotype.

Our results highlight the ability of physical models to
suggest relevant hypotheses with respect to the role of dif-
ferent parameters in these process, hence underlining the
necessary collaboration between modeling, in vivo imag-
ing and molecular biology techniques to improve current
diagnostic and therapeutic tools.
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