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Introduction

The Spiral Arteries

Altered end-diastolic flow in the umbilical artery is a reliable predictor of
intrauterine growth retardation (IUGR). It appears that an earlier and more
sensitive prediction can be made when chorionic vessel flow patterns are
characterised; we hypothesize that this results from remodelling of the villous
circulatory bed. However, neither the true extent nor the causative mechanism
of these altered flow patterns is known. In addition to the villous tree, the
lacunar blood flows and the spiral arteries may also be prime suspects.
Unfortunately, direct observation of these physical flows is restricted.

Variation in the size and shape of the spiral arteries is associated with the
physiological state of the uterus (non-gravid, post-partum, gravid, in preeclampsia, etc.). In the diseased state, the causality of these morphological
changes in the spiral arteries is not entirely known (altered trophoblastic invasion
has been implicated). Nonetheless, it is postulated variations in spiral arterial
flow bring about other changes in the health of the uterus, fetus, and mother
(such as villous tree changes, IUGR, pre-eclampsia, and so on). Furthermore,
the shear interactions between the blood flow and arterial walls may result in
additional alteration of the geometry of the spiral arteries.

Preliminary enquiry indicates that each system may be compared to a unique
physical flow problem. The villous tree as a complicated flow-in-pipes system;
the lacunar pools as a porous medium flow; the spiral arteries as a wall shear
stress interactions problem.

The Chorionic Vascular Tree

Accordingly, it would be beneficial to precisely know the flow in the spiral arteries
in order to accurately determine uteroplacental flow, and to assess whether
incipient changes in spiral arterial flow incite further local and regional pathologic
changes.
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Our Goals
Results

chorionic vascular tree. Among the most difficult challenges are:
•determination of an idealised geometry for the vascular tree,
•understanding of the fluid dynamic effects of the pulsatile flow
•determination of an acceptable approximation for blood viscosity
•understanding the wall effect of the elastic blood vessels

nearest to the fetus the chorionic plate. Between the two is a complex arborized
vascular network through which oxygen, nutrient and waste exchange takes
place.
G.J. Burton et al. / Placenta 30 (2009) 473–482
The vascular system of the placenta consists of two arteries and one vein that form a
treelike network in the chorion with its origin placed at the umbilical cord insertion.
Beyond the chorionic plate, the veins and arteries dive into the placenta with further branching. In our analysis we focus on the vascular structure on the chorionic
plate, which we regard as a 2D tree network. The analysis distinguishes between the
arterial and venous vasculature.
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tree.

4. Determine idealised geometries for the spiral arteries in normal gravid and
non-gravid uterus, with a goal of computing shear-wall interactions and their
possible effect on spiral arterial development.
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