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Porous media flow models for maternal placental circulation
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As we believe that abnormal flow patterns seen in the chorionic vessels is an
earlier, more sensitive predictor of intra-uterine growth retardation (IUGR), we
also surmise that these patterns become increasingly dominant in increasingly
small fetal vessels. In this case, the villous circulatory bed may be the most
proximate correlate of the factors that lead to IUGR. Accordingly, the effects of
the intimately connected uteroplacental flow of the inter-villous space cannot
be ignored.
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decidual veins); (d) dependence of cross-sectional area of tracer bolus on time; (e) serial
radioangiographic film of monkey uterus 18.5 sec following injection of Renografin (arrows
indicate ring-like structures), reproduced from [1].

displaces others to form echogenic cystic lesions (ECL) lined by thrombus (brown). The transit time will be reduced, so that oxygen exchange is impaired and blood leaves in the
uterine vein with a higher oxygen concentration than normal. Trophoblastic microparticulate debris (dotted) may be dislodged from the villous surface, leading to maternal
endothelial cell activation. Finally, the retention of smooth muscle cells (SMC) around the spiral artery will increase the risk of spontaneous vasoconstriction and ischaemia–
reperfusion injury.

Experimental Measurements

Placental experimentation has
focussed
predominantly
onthegross
in the
uteroplacental
perfusion
cannot be performed in
human, ittransport
is
notable that patients with high levels of endogenous release
placenta, and on understanding
of mediators. To our knowledge, there has been no
through phaeochromocytoma have an elevated fetal loss rate in the
and third
trimestersdetail
of pregnancy,
which may
be due
experimental investigations second
into the
precise
of blood
flow
in tothe intervillous
excessive constriction of these segments [50].
space, as drawn schematicallyForin
Figure
2. intermittent placental perfusion may be
much
of pregnancy

maternal posture on umbilical arterial waveforms. In the supine
position the pregnant uterus compresses the inferior vena cava,
leading to a build-up in pressure and a reduction in intervillous
blood flow [47,48]. At the same time there is a reversible increase in
the umbilical arterial resistance, indicating acute compression of
the fetal placental vessels [49]. It is essential therefore that the
transmembrane pressure differential is positive in a fetal to
maternal direction if the fetal capillaries are to remain distended.
As can be seen in Fig. 5b most of the maternal pressure drop occurs
across the non-dilated part of the artery, so that the pressure in the
terminal dilated section of the artery is equivalent to that in the
intervillous space.

Expected physiologic consequences of various flows in a placentone are well
reasoned, and founded upon fundamentals of fluid mechanics. It has been
argued that a pathological villous tree may result from deviant utero-placental
blood flow. The predicted consequences may even be seen histologically.

of little consequence, as the maternal blood retained within the
intervillous space will provide a supply of oxygen and nutrients to
tide the placental tissues over until the circulation restarts.
However, towards term, when fetal and placental oxygen extraction are at their maximum, even temporary cessation in the
circulation is likely to lead to a dip in the oxygen concentration
within the intervillous space. This will be exacerbated by the fact
that the volume of maternal blood acting as a reservoir around each
villus will decrease as the size of the intervillous pores diminishes
[51]. Fluctuating oxygen concentrations is a powerful inducer of
placental oxidative stress [52], and so any mismatch in maternal
supply and feto-placental demand may have significant physiological consequences.
Physiological conversion may therefore be a means by which the
conflicting requirements for vasoreactivity to support menstruation, and vaso-inactivity to support placental perfusion, can be met
within a single vessel.

Experimental measurement is unfortunately confounded by the observer effect. This
Rigorous computational simulation of the fluid dynamics within a placentone is is of particular concern in fluid mechanics where measuring sensors interact with the
hindered, again, by the complexity of the villous tree. The intricate detail of the flow being studied. This is not an insurmountable challenge, however.
tree must be replicated (programmed) before flow around it can be simulated
– flow particle image velocimetry (PIV), it is possible to measure fluid flows in a
4.3. Constancy of blood With
this is no easy task. Verification of the accuracy of the simulated flowThe
iseffects
an on rate and
complex
geometry
using
pressure of inflow
are mediated
by the the methods described in 6. Briefly, a reflective-particle
terminal
dilations of the spiral arteries, yet the vessels undergo
equally daunting task (qualitative verification is shown in Figures 3 and
4).
laden fluid is pumped through a geometry; laser-photographic tracking of the motion
conversion as far as the inner third of the myometrium where the
vessel does not dilate to the same extent. As discussed earlier, we
speculate that the goal of this deeper invasion is to remove the
smooth muscle from the highly contractile segment of the spiral
artery in the junctional zone (Fig. 1b). Doing so will reduce the risk
of spontaneous vasoconstriction, and so the extent of intermittent
perfusion that might otherwise occur, as evinced by the rhesus
monkey. Ensuring an uninterruptible circulation to the placenta
must be of the utmost importance, since removal of the segment
that normally prevents excessive menstrual blood loss might
reasonably be expected to predispose the woman to an increased
risk of post-partum haemorrhage. Although experiments to
examine the effects of administration of catecholamines on

of these particles allows three-dimensional velocity fields within the entire geometry to
be measured non-intrusively.
4.4. Volume of intervillous blood flow
Uterine artery blood flow increases dramatically during
gestation in all mammalian species whether or not trophoblast
invasion occurs, and so is most likely an endocrine mediated
event. The dilatation of the human uterine artery initially
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