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Abstract

This thesis considers a fluid dynamic study of blood flow within the um-
bilical vessels of the human maternal-fetal circulatory system. In particular
it evaluates the efficacy of the umbilical coiling index (UCI) in predicting
the blood vessel pressure drop, and develops clinically viable indices for the
quantification of umbilical cord flow resistance. A numerical approach is de-
veloped employing the finite element method via the open-source c++ code
oomph-lib, available from the University of Manchester. This permits the
description of an umbilical vessel geometry as a fully three-dimensional rigid
tube in order to consider a wide range of cords subject to steady and unsteady
boundary conditions.

The thesis is composed of three main studies. The first concerns steady
incompressible Newtonian flow through model geometries representative of
the umbilical vessels. It is found that the UCI is unable to distinguish be-
tween cords of significantly varying pressure and flow characteristics, which
are typically determined by the vessel curvature, torsion and length. Larger
scale geometric non-uniformities superposed over the inherent coiling, includ-
ing cords exhibiting width and/or local UCI variations as well as loose true
knots, typically produce a small effect on the total pressure drop. Crucially,
this implies that a helical geometry of mean coiling may be used to determine
the steady vessel pressure drop through a more complex cord. The presence
of vessel constriction, however, drastically increases the steady pressure drop
and alters the flow profile.

The second study provides an analysis of pulsatile incompressible Newto-
nian flow through arterial geometries. The steady pressure drop is found to
approximate the time-averaged value with high accuracy over a wide range of
arteries. Furthermore, the relative peak systolic pressure measured over the
period is found to remain virtually constant and approximately 25% below
the equivalent straight pipe value for a large range of non-straight vessels.
Interestingly, this suggests that the coiled structure dampens extreme pres-
sures within the arterial cycle and may provide another possible evolutionary
benefit to the coiled structure of the cord.
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xvi Abstract

Having shown the UCI ineffective at predicting the vessel pressure drop,
the third and final study presents two alternative indices for the diagnosis of
cord pathology based on steady calculations. The umbilical pressure index,
PX, and flow index, QX, quantify the deviation of a cord geometry from
typical conditions by considering the steady pressure and flow-rate, respec-
tively. These indices are calculated based on a combination of empirical and
interpolated numerical data and require only one additional geometric mea-
surement to the calculation of the UCI; namely the cord width. Together the
indices provide a non-invasive measure of the flow-resistance inherent to a
particular cord geometry, and allow comparison with typical values in preg-
nancy. Further testing of the indices is required to determine their efficacy in
a clinical setting, however, their simple and robust nature ensures that they
are promising candidates.



Signed Statement

I certify that this work contains no material which has been accepted for the
award of any other degree or diploma in my name, in any university or other
tertiary institution and, to the best of my knowledge and belief, contains
no material previously published or written by another person, except where
due reference has been made in the text. In addition, I certify that no part
of this work will, in the future, be used in a submission in my name, for
any other degree or diploma in any university or other tertiary institution
without the prior approval of the University of Adelaide and where applicable,
any partner institution responsible for the joint-award of this degree. I give
consent to this copy of my thesis, when deposited in the University Library,
being made available for loan and photocopying, subject to the provisions of
the Copyright Act 1968.

I also give permission for the digital version of my thesis to be made available
on the web, via the Universitys digital research repository, the Library Search
and also through web search engines, unless permission has been granted by
the University to restrict access for a period of time.

Signed: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Date: . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

xvii



xviii Signed Statement



Acknowledgements

I wish to extend my gratitude to those that have supported me throughout
my study and in particular, through the completion of this thesis. Firstly,
to Dr. Trent Mattner, for unwavering technical and personal support over
the years. To Prof. Jim Denier, for providing an interesting research topic
as well as the freedom to explore it independently. To Prof. Yee Khong, for
enthusiasm, guidance and direction in an unknown medical world. To Dr.
Phil Haines, for countless meetings on oomph-lib without which this study
may well have taken a decade. To Prof. Matthias Heil and Dr. Andrew Hazel
for developing, and their personal correspondence regarding oomph-lib. To
my fellow Ph.D students, in particular Dr. Wade and Dr. Stanford, for
providing a welcoming office and some respite in difficult times. To my
family; my father Ray, and my two sisters Susannah and Eve, for support
throughout my study and beyond. To Mr. Fahy, Mr. Robertson, Mr. Griffith
and Dr. Ugalov for providing a comfortable home. Finally, to Amelia, for
your love, support and patience.

xix



xx Acknowledgements



Dedication

For my mother, Rosemary.

xxi


	TITLE: Pressure and flow within the umbilical vessels
	Contents
	List of Tables
	List of Figures
	Abstract
	Signed Statement
	Acknowledgements
	Dedication


