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ABSTRACT

Adequate maternal, intervillous and fetal blood flow are all necessary for fetal wellbeing.
Compromise to any part of this exchange would be detrimental to pregnancy outcome. Pre-
eclampsia is associated with reduced maternal spiral artery flow, resulting in reduced placental
perfusion. This in turn creates an ischemic environment which may pre-dispose morphological
changes in placental villi. This pilot study utilized morphometric image analysis to examine
some features of the fetal component of the placenta in normotensive (NT) and pre-eclamptic
(PE) groups. The features examined included: density of placental villi (expressed as
percentage of field area occupied by placental tissue); stem vessel carrying capacity
(expressed as percentage of stem villus area occupied by vessel lumina); the thickness of the
stem arterial walls relative to artery size (expressed as percentage of artery area occupied by
arterial wall) and the extent of fibrosis associated with villi (expressed as percentage of field
area occupied by fibrosis). The results were as follows: density of placental villus arrangement
NT:51.8946.19, PE:64.78+6.93 (P<0.001); carrying capacity of stem villi NT:17.20+11.78,
PE:8.67+8.51 (P<0.001); relative thickness of stem villi arterial walls NT:74.08+£12.92, PE:
86.85+10.55 (P<0.001); and extent of fibrosis NT:0.727+0.310, PE:1.582+0.707 (P<0.001).
These significant differences between normotensive and pre-eclamptic placentae suggest
possible fetal maladaptations in response to the intervillous ischemia, compounding the

existing maternal compromise to materno-fetal exchange.
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CHAPTER ONE

INTRODUCTION



1.1 BACKGROUND

Placental growth and function involve a magnificent orchestration of multiple factors in order
to ensure the life-giving exchange of pregnancy. This orchestration involves changes in the
maternal uterine and systemic circulation, growth and development of the fetal circulation and
of course the development of the specialized interface for materno-fetal exchange. Burton et
al. (2006) states that “the placenta is manifestly the result of maternal-fetal interactions”,
however, the individual contributions and interrelationship between maternal and fetal
circulations in ensuring adequate physiological exchange within the placenta is still an area of

much debate and ongoing investigation.

In a brief historical overview, Burton ef al.(2006) mention several key researchers who
contributed to our current understanding of placental structure. In the 1700’s two brothers,
William and John Hunter did a series of investigations in which they injected molten wax into
the circulation of gravid uteri. In this manner, they were able to provide proof that the
maternal and fetal circulations were separate. Subsequently, in the 1800’s Weber, Dalrymple
and Stieve made significant contributions to the understanding of the structure of the fetal
villous tree, and German researchers Borell and coworkers used cineradiography to describe
the flow of blood through the intervillous space in 1958 (Burton et al., 2006) Original articles

not available.

Advances in tissue preparation techniques and microscope technology have allowed rapid
growth in our understanding and interpretation and as a result, theories of placental

development, function and malfunction are constantly evolving.



The birth of a healthy infant at term is undoubtedly dependent upon normal placental
development, and disordered placentation is responsible for pregnancy complications ranging
from miscarriage to pre-eclampsia (Kingdom, 1998). Development of the villous tree under
normal circumstances is governed by several factors, which if perturbed have the capacity to

induce adaptive or maladaptive changes (Kingdom et al., 2000).

Amongst the many possible contributing factors for pre-eclampsia, it is clear that the placenta
is involved (Redman, 1991). The role of the placenta in the aetiology of pre-eclampsia is
confirmed by several factors:

e Pre-eclampsia occurs in molar pregnancies, a complication of pregnancy in which
there is a placental mass with dysregulated trophoblast proliferation but no fetus
(Benirschke and Kaufmann, 2000; Chun et al., 1964; Clarke and Nelson-Piercy, 2008).

e An increased incidence in pregnancies with larger placentas such as twin pregnancies
(Basso and Olsen, 2001; Sibai et al., 2000).

e Resolution of the disorder only occurs with delivery of the placenta (Borzychowski et
al., 2000).

For this reason, research in pathogenesis has predominantly focused on the role of the

placenta in this syndrome.



1.2 PLACENTAL DEVELOPMENT

1.2.1 CLEAVAGE

The fertilized ovum undergoes a series of changes as it moves down the fallopian tube and
into the uterus (Fig 1.2.1). Initially, cleavage (involving rapid mitoses without cellular growth)
results in the formation of the multicellular morula. As the morula enters the uterine cavity
fluid enters forming a fluid filled cavity, the blastocyst cavity. The developing zygote is now
referred to as a blastocyst, and consists of an inner cell mass (the embryoblast) which will
develop into the embryo, umbilical cord and amnion, and an outer cell mass (the trophoblast)
which will develop into the fetal membranes and placenta (Benirschke and Kaufmann, 2000;

Boyd and Hamilton, 1970; Ross and Romrell, 1989)

oy — Blastocyst Embryoblast
g e cavity
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e !- | J ¥
< X 5 B *—Trophoblast
(a) Zygote (b) Early cleavage (c) Morula——_ (d)Early —— (e) Late blastocyst

blastocyst | (implanting)

(fertilized egg)  4-cell stage —_

Fertilization —— TS
Uterine tube "\ V7
Secondary —— ;”
oocyte -4

) (-4

Uterus

Ovulation - A
Endometrium

Figure 1.2.1: Cleavage of the zygote, giving rise to the blastocyst Adapted : (Marieb, 2003).



1.2.2 IMPLANTATION AND VILLOUS DEVELOPMENT

Implantation is the invasion of the blastocyst into the endometrium. It is generally recognized
that it begins around 6 days post fertilization (p.f). For implantation to occur, there needs to
be apposition between the trophoblast and the endometrial epithelium. In most cases, the
attachment of the blastocyst to the endometrium occurs in the region overlying the
embryoblast, referred to as the embryoblast pole or the implantation pole (Boyd and Hamilton,

1970).

Implantation begins when the apical plasma membranes of the trophoblast cells, and the apical
plasma membranes of the endometrial cells become attached (Fig 1.2.2A). This is most
unusual, as the apical plasma membranes of epithelial cells are normally non-adhesive
(Denker, 1990). In addition, the blastocyst has not displayed any adhesiveness throughout it’s
journey in the fallopian tube, or during the pre-implantation time in the uterine cavity. The
human blastocyst expresses L-selectin on its surface, and in a fashion akin to that of
leucocytes, this receptor interacts with special carbohydrate ligands which results in tethering
of the blastocyst to the endometrial surface, (Red-Horse et al., 2004; Norwitz et al., 2001;
Vitiello and Patrizio, 2007). Apical adhesiveness of these two cell membranes is only of short
duration, a time referred to as the “implantation window” (Psychoyos, 1988; Red-Horse et al.,

2004; Achache and Revel, 2006).

The trophoblast cells rapidly proliferate and begin to invade the endometrium. The increased
proliferation results in the differentiation of the trophoblast into two distinct layers (Heuser
and Streeter, 1941; Benirschke and Kaufmann, 2000). Internally, is a mitotically active

cytotrophoblast layer. The ongoing fusion of the proliferating trophoblast cells forms an outer



multinucleate cytoplasmic mass known as the syncytiotrophoblast (Fig 1.2.2B). The
syncytiotrophoblast is a non-mitotic invasive layer, displaying fingerlike extensions that
invade into the endometrium. The cytotrophoblasts essentially support the growth and
regeneration of the syncytiotrophoblast by mitoses and subsequent fusion with the overlying
syncytium (Burton et al., 2006; Gauster et al., 2009). Over the following days, the progressive
invasion along with cytotrophoblast proliferation and fusion results in the syncytiotrophoblast

becoming relatively thick over the implantation pole of the blastocyst.

Around day 8 p.f. small vacuole-like spaces appear in the syncytiotrophoblast. These enlarge
and fuse in such a way as to become confluent, forming a system of lacunae. The sections of
separating syncytiotrophoblast are referred to as trabeculae (Burton et al., 2006). Around day
12p.f.(Fig 1.2.2C) the blastocyst is deeply embedded and the endometrial epithelium closes
over the implantation site (Boyd and Hamilton, 1970). At this point, the entire outer surface of
the blastocyst consists of syncytiotrophoblast. The cytotrophoblast continues to multiply, and
around day 12 p.f. the proliferating cytotrophoblast layer of the chorionic plate begins sending
cords of cells into the syncytiotrophoblast trabeculae, forming what are referred to as primary
chorionic villi. On day 14 p.f. (Fig 1.2.2D) mesenchymal cells derived from the cyto-
trophoblast spread on its inner surface transforming into a loose network, the embryonic

mesenchyme (Enders and King, 1988).

Shortly after this, secondary chorionic villi are formed (Fig 1.2.2E) by the embryonic
mesenchyme invading and forming a central core of loose connective tissue, and reducing the

cytotrophoblasts to a single layer (Boyd and Hamilton, 1970; Wislocki and Streeter, 1938).



These secondary villi become tertiary chorionic villi (Fig 1.2.2F) once fetal blood vessels
develop in the connective tissue cores (Demir et al., 1989; Burton et al., 2006; Kingdom et al.,
2000). As the tertiary villi are forming around day 15, some cytotrophoblast cells in reaching
the peripheral ends of the trabeculae, meet up with cytotrophoblasts from neighbouring villi
and grow laterally to form an outer boundary called the trophoblastic shell (Boyd and

Hamilton, 1970).

The longer villi which remain attached to the trophoblastic shell form the anchoring villi.
Proliferative activities together with branching result in the development of the primitive
villous trees. The cytotrophoblastic cells at the foot of the anchoring villi are called cell
columns, and their proliferation allows for longitudinal growth of the villi. These cells also
give rise to what is referred to as the extravillous trophoblast population (see section 1.2.3). As
the invasive syncytiotrophoblast encounters maternal vessels, it erodes their walls, allowing

maternal blood to fill the interlinking lacunar system.

The difference in pressure between the maternal arterial and venous elements linking into the
lacunae allow for directional flow through the arteries and back through the veins, thus
beginning to establish uteroplacental circulation. Initially sluggish, the flow increases as the
invasion deepens to include larger vessels (Boyd and Hamilton, 1970; Burton et al., 2006).
As the lacunae enlarge, they link up forming a large collective space surrounding the
developing villi. By definition this is now the intervillous space, and is filled with maternal
blood in contact with the syncytiotrophoblast surface of the villous trees (Kingdom et al.,

2000).



L & p

Figure 1.2.2: Implantation of the blastocyst and villous development. A:Apposition between the blastocyst
trophoblast and endometrial epithelium. B: Invasion of the syncytiotrophoblast (S) which is formed by mitoses
and fusion of the cytotrophoblast cells (CT). C:Repair of endometrial epithelium and formation of lacunar
system. D:Cords of cytotrophoblast (CT) cells invading the syncytiotrophoblast, and formation of embryonic
mesenchyme (M) internally. E:Invasion of embryonic mesenchyme to form secondary chorionic villi.
F:Development of fetal blood vessels in the connective tissue cores, transforming them into tertiary villi.
Adapted from Ross and Romrell (1989) and Benirschke and Kaufmann (2000).



1.2.3 EXTRAVILLOUS TROPHOBLAST INVASION

The extravillous trophoblast cells invade the endometrium along two pathways: Interstitial
invasion takes place into the endometrial tissue, whilst endovascular invasion takes place into
the vessel lumina of spiral arteries (Fig 1.2.3). This invasion of the extravillous trophoblast
populations transforms the previously narrow and vasoreactive spiral arteries into large
sinusoidal like vessels (Pijnenborg et al., 2006; Brosens et al., 1967). This is achieved by the
invading trophoblasts degrading and replacing the endothelium, smooth muscle and internal
elastic lamina, thus reducing vascular reactivity (Brosens et al., 1967). These low-pressure
high-flow vessels ensure adequate blood flow into the intervillous space to meet the oxygen

and nutrient demands of the fetus (Kaufmann et al., 2003).

|FIRST TRIMESTER | | SECOND TRIMESTER

@O — Endovascular Trophoblast

Fibrinoid

Intrarural trophoblast

Decidua
Interstitial trophoblast
Myometrium

Figure 1.2.3: Diagram illustrating the concept of two waves of trophoblastic invasion into the spiral artery. On
the left hand side one can see the endovascular tophoblast migration into the decidual segments of the spiral
arteries which occurs during the first trimester. On the right hand side which is illustrating a second semester
spiral artery, this endovascular migration is seen extending into the myometrial segments the of spiral arteries. In
addition, the intramural trophoblast invasion which transforms the vessel walls and alters vasoreactivity is
illustrated. Red arrow: direction of blood flow; black arrow: direction of endovascular trophoblast migration.
Adapted from Pijnenborg et al. 2006.



1.3 PLACENTAL STRUCTURE

1.3.1 GENERAL OVERVIEW

The human placenta is disc-shaped thickening of the membranous sac of the fetus, in which
the exchange area, the intervillous space, is located between the chorionic plate and the basal
plate (Fig.1.3.1). Towards the placental margin, there is a narrowing and eventual obliteration
of the intervillous space, until the placenta ends with the fusion of the basal plate and
chorionic plate to form the chorion laeve. Overlying the chorion laeve is the amnion, and
underlying the basal plate (consisting of stroma of the maternal decidua) lies the myometrium

(Benirschke and Kaufmann, 2000).

Section
illustrated

Figure 1.3.1: A section through the human placenta showing the intervillous space (IVS) between the chorionic
plate (CP) and basal plate (BP) fusing peripherally to form the chorion laeve (CL) The amnion (A) is seen
overlying the chorion laeve, and under the basal plate lie the myometrium (M) and perimetrium (P). (Adapted
from Bernirschke and Kaufmann 2000).
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1.3.2 THE VILLOUS TREE

The placental design is classified as “villous” (Boyd and Hamilton, 1970; Burton et al., 2006).
In villous placentas, numerous branching tree-like villi project out of the chorionic plate into
the intervillous space. These villi constitute the fetal side of the placenta. They have a core of
connective tissue or mesenchymal stroma in which the fetal vessels are located. Surrounding
this is a covering of trophoblast. The fetal vessels of the villi are involved in the exchange of
nutrients and oxygen with the maternal blood, and are connected to the actual fetal circulation
via the larger vessels of the chorionic plate, as well as the umbilical vessels (Benirschke and

Kaufman, 2000).

The trophoblast layers separate the maternal blood of the intervillous space from the interior of
the villi (Fig. 1.3.2). The outer multinucleated syncytiotrophoblast is in contact with the
maternal blood. Between the basement membrane of the syncytiotrophoblast lie the
cytotrophoblast cells. In early fetal life they are seen as a continuous layer, but as pregnancy
progresses, the number of cytotrophoblasts relative to syncytiotrophoblast area diminishes and
they become discontinuous, only being seen as isolated cells or clumps of cells. However,
although the number in a given area is decreasing, studies have shown that the actual number

of cytotrophoblasts increases steadily until term (Simpson et al., 1992).

11
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Figure 1.3.2: Single anchoring tertiary villus with trophoblastic cell column. Waves of invading extratrophoblast

cells 1: interstitial invasion and 2: endovascular invasion.

12



The villous branches in differing positions in the villous tree display different features in
relation to their function. Five villous types (Fig.1.3.3) have been described (Benirschke and

Kaufmann, 2000; Burton et al., 2006; Kaufmann et al., 1979; Sen et al., 1979)

=N

= ISER
terminal villi ﬂ { .EQR\%

mesenchymal
villus and sprout

immature intermediate villus mature intermediate villus

Figure 1.3.3: Diagrammatic representation of a single villous tree together with typical cross sections of the

different villous types (Adapted from Benirschke and Kaufmann, 2000)
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1.3.2.1 Stem Villi

Stem villi include: the main central trunks connecting the villus trees to the chorionic plate;
several generations of branching from these trunks; and the anchoring villi. They comprise
about 20-25% of the total villous volume in the normal mature placenta. Stem villi are
characterised by a condensed fibrous stroma made up of bundles of collagen and occasional
fibroblasts. Whilst the peripheral connective tissue contains non-contractile fibroblasts, the
more centrally located connective tissue cells (those located closer to the vessels) are
myofibroblasts (Demir et al., 1997). The central myofibroblasts have been referred to as the
perivascular sheath (Graf ef al., 1995). The trophoblastic cover often degenerates towards
term, becoming replaced by perivillous fibrinoid (Benirschke and Kaufmann, 2000), Fig.1.3.4.
One or more arteries/veins (or arterioles and venules in smaller calibre villi) are present, with a
clearly visible media or adventitia. These are generally accompanied by paravascular

capillaries representing vasa vasora (Kingdom et al., 2000).

Figure 1.3.4: Photomicrograph of a stem villus. Note the large vein (V) and artery (A) and dense collagenous

stroma (S) Initial mag 115X. (Benirschke and Kaufmann, 2000).

HER A -
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Functionally, stem villi serve as a mechanical support to the villus tree, as well as carrying
vessels conducting the fetal blood to and from the peripheral exchange areas. Taking into
consideration the lack of fetal capillaries as well as the degeneration observed in the
trophoblast layer, it is generally assumed that their role in materno-fetal exchange can be
considered negligible. However, the presence of large fetal vessels with thick muscular walls
with myofibroblasts suggests a role in auto-regulation of the fetal aspects of placental
circulation (Benirschke and Kaufmann, 2000). In addition, because stem villi extend far into
the villous space and, in the case of anchoring villi, actually connect the chorionic plate and
the basal plate, contraction of longitudinally oriented muscle in the perivascular sheath of
these villi could conceivably effect a decrease in the intervillous volume, thus increasing
uteroplacental flow impedance (Fig.1.3.5). In this way, the fetus could gain some control over
flow of the maternal blood through the intervillous space by increasing or decreasing

impedance (Demir et al., 1997).

e

abizel

.

Figure 1.3.5: Diagram illustrating how the anchoring villi, which span from the chorionic plate (CP) attaching
onto the basal plate (BP), have the capacity to reduce the intervillous depth (Yellow arrow) thereby increasing

impedance in the intervillous space (Benirschke and Kaufmann, 2000).
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1.3.2.2 Mature Intermediate Villi

These are the long slender branches of stem villi from which the terminal villi arise. They are
typically zigzag in appearance due to this branching (Fig.1.3.6). About a quarter of villous
volume of the mature placenta is comprised of mature intermediate villi. They lack the dense
collagenous stroma of the stem villi and have rather loose bundles of connective tissue fibers

and fixed connective tissue cells (Benirschke and Kaufmann, 2000).

The vessels are slender elongated fetal capillaries, as well as small terminal arterioles and
collecting venules (although these arterioles and venules lack a media or adventitia
identifiable by light microscopy) (Kaufmann, 1982; Kingdom et al., 2000). In cross section,
they are very similar in appearance to terminal villi, but can be differentiated on the basis of a
lower percentage of the villous volume being occupied by vessel lumina-21% as opposed to

the 45% of terminal villi (Benirschke and Kaufmann, 2000).

Functionally, the mature intermediate villi give rise to the terminal villi. During development,
the capillary growth exceeds that of the villi themselves, causing lateral bulges in the
capillaries, which push against the trophoblast, bringing fetal blood close to the intervillous
space and forming the terminal villi. The high degree of vascularisation along with the large
contribution to the surface area (31%) shown in intermediate villi indicate their importance in
materno-fetal exchange. Together with the terminal villi they form the exchange surface area

of the villous tree (Benirschke and Kaufmann, 2000; Kaufmann et al., 1985).
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Figure 1.3.6: Photomicrograph of a longitudinal section of an intermediate villus. Note the zig-zag appearance,
the loose connective tissue stroma and small calibre vessels located relatively close to the trophoblastic cover.

Initial mag 430X (Benirschke and Kaufmann, 2000).

1.3.2.3 Terminal Villi

The final grapelike ramifications of the mature intermediate villi generally branch from a
constricted neck region of the mature intermediate villi on the convex side (Fig.1.3.7).
Terminal villi comprise 40% of villous volume, and 50% of villous surface area. They are
characterised by a high degree of capillarization many of which are sinusoidally dilated. These
capillaries occupy more than 50% of stromal volume and more than 35% of villous volume

(Benirschke and Kaufmann, 2000; Kaufmann et al., 1985).

The dilated sinusoidal capillaries often bulge against the thin trophoblastic layer, attentuating
it into an extremely thin vasculosyncytial membrane (VSM) devoid of nuclei and other large
organelles. The result is that the diffusion barrier is extremely thin in these areas (Burton e?
al., 2006). It has also been noted that there is an inverse relationship between the incidence of

villous VSM’s and fetal hypoxia (Benirschke and Kaufmann, 2000).
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The high degree of vascularisation of terminal villi, as well as the small mean materno-fetal
diffusion distance are features suited to diffusional exchange. Together with the mature
intermediate villi, the terminal villi represent the main sites of materno-fetal exchange in the

third trimester placenta (Kaufmann et al., 1985).

Figure 1.3.7: Diagram (A) and scanning electron-micrographs (B-D), showing appearance of an intermediate
villus with the grape-like terminal villi branching off the the convex sides. Initial mags: B 180X, C 470X,
D500X. Transmission electron micrograph of a cross section through a terminal villus (E). Initial mag 2000X

(Benirschke and Kaufmann, 2000).
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1.3.2.4 Immature Intermediate Villi

These are distal bulbous continuations of stem villi, which whilst not yet mature, will
ultimately mature into stem villi (Fig.1.3.8). They are numerous in early pregnancy and persist
in small groups in the mature placenta. They are covered in a thick trophoblastic layer.

The large amounts of collagen characteristic of the mature villus is absent, and instead they
have a reticular net like arrangement of processes from the connective tissue cells. Numerous
fluid filled channels are located between the fibres. There are capillaries, arterioles and
venules, but the larger arteries and veins are absent.

Functionally, the immature intermediate villi are the growth centres of the villous trees

(Benirschke and Kaufmann, 2000).

Figure 1.3.8: Transmission (A) and scanning (B) electron micrographs of the typical reticular appearance of the
internal stroma in an immature intermediate villus. Vacuolated macrophages (Hofbauer cells) can be seen in the

stromal channels (see arrows). Initial mag 520X. (Benirschke and Kaufmann, 2000).
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1.3.2.5 Mesenchymal Villi

As the most primitive villi, they predominate during the first stages of pregnancy. They are
basically the tertiary villi of early placentation, and all other villi types are derived from
mesenchymal villi. Later in pregnancy, this type of villus is not readily seen, although can be
found on the tips of immature intermediate villi where they represent zones of proliferation
and branching (Benirschke and Kaufmann, 2000). Table 1.1 summerizes the main features of

the three main villus types.

Table 1.1: Table summarising main features of the three main villi types of the mature placenta. Constructed

from data in Benirschke and Kaufmann, 2000.

Villus type % of total % contribution % of villlus pum

villus volume to the total occupied by fetal

in the mature | surface area of vessel lumina

placenta the mature
placenta

Stem 22.7 12.4 26 80-3000pum
Mature 27.8 31 21 60-150pum
intermediate
Terminal 38.7 46.3 45.2 30-80um
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1.3.3 FACTORS AFFECTING MATERNO-FETAL EXCHANGE

1.3.3.1 Circulation Through The Placenta

Amongst the mammals of the animal kingdom one encounters various anatomical
arrangements of maternal and fetal blood flow in the exchange areas (Fig 1.3.9). The more
efficient an exchange system is, the higher the feto:placental weight ratio at term (Dantzer et

al., 1988).

crosscurrent

SLLIM B

D
countercurrent

Figure 1.3.9: Diagrammatic representation of various materno-fetal exchange systems. Maternal blood
represented by black arrows and fetal blood by white arrows. Density of dots gives indication of efficiency of
exchange. In the concurrent system (A), maternal vessels run parallel to fetal vessels with matching direction of
flow. This is the least efficient system. In the countercurrent system (D), maternal and fetal vessels run parallel
with opposing directions of flow creating a very efficient arrangement for maximum exchange. A crosscurrent
system (C) would be less efficient. The human placenta has a multivillous system (B). (Adapted from Benirshke
and Kaufmann 2000).

The human placenta has a “multivillous” exchange system which is not as efficient as the
countercurrent mechanism which is the most effective vascular arrangement when placental
transfer relies on passive diffusion (as is the case for water, oxygen and carbon dioxide). A
multivillous exchange system therefore depends more heavily on good maternal oxygen

loading as well as good maternal, intervillous and fetal flow.
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1.3.3.2 Materno-Fetal Barrier

According to the Grosser classification of materno-fetal barriers (Benirschke and Kaufmann,
2000) the human placenta is a “hemochorial barrier”. In this kind of placental barrier, the
invading fetal trophoblast cells end up in direct contact with the maternal blood. Initially, the
barrier is a hemo-dichorial barrier in which there is both syncytiotrophoblast and
cytotrophoblast cell layers. As pregnancy progresses, however, the population of
cytotrophoblasts diminishes as stated previously, forming what is classified as a hemo-
monochorial barrier (Fig 1.3.10). Fetal vessels may even abutt directly onto the
syncytiotrophoblast, or even protrude into the syncytiotrophoblast, reducing this layer to a
negligible barrier, and forming what is referred to as a vasculo-syncytial membrane (Burton et
al., 2006). According to Fick’s law of diffusion, any reduction in the diffusion distance
between maternal and fetal blood is going to impact greatly on the materno-fetal diffusional
exchange. This is the case for all passively exchanged substances (which include oxygen,

carbon dioxide and water) (Benirschke and Kaufmann, 2000).

hemo-dichorial hemo-monochorial

Figure 1.3.10: Diagrammatic representations of two different classifications of the materno-fetal diffusion
barrier. Both these are seen in the human placenta at different stages of pregnancy (Adapted from Benirschke and
Kaufmann 2000).
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1.3.3.3 Surface Area

Other forms of transport across the materno-fetal barrier include facilitated diffusion (eg
glucose); active transport (ions and amino acids); and vesicular transport (proteins and lipids).
In the case of these forms of transport, the limiting factor is not diffusion distance. The
limiting factors here are the available surface area of the syncytiotrophoblast, as well as the
activity of the transport mechanisms (carrier molecules, enzymes and receptors) (Benirschke
and Kaufmann, 2000). Syncytial surface area can be increased by an increase in villous growth

as well as by microvillous folding of the apical plasma membrane (Fig. 1.3.11).

Figure 1.3.11: Electron micrograph of a section of terminal villus showing the microvilli on the
syncyotrophoblast which protrude into the intervillous space and increase surface area for materno-fetal exchange

Initial mag 2000X . (Adapted from Benirschke and Kaufmann 2000).
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14 PRE-ECLAMPSIA

1.4.1 THE INCIDENCE OF PRE-ECLAMPSIA

Pre-eclampsia is a condition unique to pregnancy characterised by abrupt onset of
hypertension and proteinuria. It is associated with an increase in maternal morbidity and
mortality, and with a five-fold increase in perinatal mortality (Baker and Kingdom, 2004;
Moodley, 2008; Sahin, 2003). Worldwide, pre-eclampsia and eclampsia account for over 50
000 deaths annually, occurring in about 2-8% of pregnancies in developed countries, but being
up to three fold higher in developing countries (Sahin, 2003; Clarke and Nelson-Piercy, 2008).
In South Africa, hypertensive disorders of pregnancy (HDP) account for 19 % of all maternal

deaths, and of these, 83 % are due to pre-eclampsia and eclampsia (Moodley, 2008).

1.4.2 THE CLINICAL PICTURE OF PRE-ECLAMPSIA

It is generally accepted that a woman is pre-eclamptic if she develops new onset hypertension
during pregnancy in which her blood pressure is >140/90mmHg on two separate occasions in
addition to proteinuria (Clarke and Nelson-Piercy, 2008; Davey and MacGillivray, 1988;
Baker and Kingdom, 2004). Hypertension and proteinuria are, however, only two features of a
very complex clinical syndrome involving many body systems. Severe pre-eclampsia can

involve the cardiovascular, pulmonary, renal, digestive and nervous systems as follows:
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¢ Endothelial damage with activation of the coagulation cascade and altered
permeability.

e Low cardiac output and increased peripheral resistance.

e Pulmonary edema or cyanosis.

e Impaired liver function with increased release of enzymes such as transaminases and
transferases secondary to parenchymal necrosis.

e Epigastric tenderness due to stretching of Gilson’s capsule with possible hepatic
rupture.

e Headache, dizziness, blurred vision, tinnitus and altered conciousness.

e Decreased renal function with oliguria (<400-500m{ in 24hr).

e Thrombocytopenia (<100 000/mm?®) and haemolysis.

Collectively, the hemolysis, elevated liver enzymes and low platelet count are referred to as

the HELLP syndrome of pre-eclampsia (Hayman and Myers, 2004).

1.43 THE AETIOLOGY OF PRE-ECLAMPSIA

There are various theories as to how pre-eclampsia occurrs. As far back as 1939, researchers
had associated the development of pre-eclampsia with reduced placental perfusion (Page,
1939). In later years, examination of the placental bed in women with pre-eclampsia
demonstrated shallow trophoblast invasion with associated failure of the vascular remodelling
that is characteristic of normal pregnancy (Brosens et al., 1972). This finding has since been
corroborated by numerous studies demonstrating that in pregnancies complicated by

intrauterine growth retardation and pre-eclampsia, extravillous trophoblast invasion only
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extends into the decidual portions of the spiral arteries. These non-invaded and thus
unmodified vessels retain a narrow lumen and an intact muscular wall, hindering a normal
blood supply to the placenta which in turn leads to decreased perfusion of the intervillous
space (Kaufmann et al., 2003; Meekins et al., 1994; Moodley and Ramsaroop, 1989; Naicker
et al., 2003; Sheppard and Bonnar, 1981; Vitiello and Patrizio, 2007). Doppler waveflow
studies of the uterine arteries done at 20 and 24 weeks of pregnancy in which there is a raised
pulsatility index, have been linked with an increased risk of developing pre-eclampsia and/or

intra-uterine growth restriction (Clarke and Nelson-Piercy, 2008).

Redman and colleagues (1991) suggest that pre-eclampsia should be considered a two-stage
disorder with the first stage being a reduction in placental perfusion, which leads to the second

stage or maternal syndrome (Fig.1.4.1), (Borzychowski et al., 2006; Redman, 1991).

STAGE I
Reduction in
placental
perfusion with
oxidative stress

Early pregnancy

Pre-clinical events

STAGE I
Maternal
syndrome with
systemic
inflammatory
response

Later pregnancy

Clinical events

Figure 1.4.1: The two stage theory of pre-eclampsia. Adapted from Roberts and Hubel (2009)
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The first stage of the two-stage model is pre-clinical, occurring in early pregnancy. It is
essentially a localized condition of placental oxidative stress, caused by an inadequate utero-
placental blood supply (Pijnenborg et al., 2006). The second stage is characterized by a
systemic inflammatory response which involves all the maternal inflammatory mechanisms

including the endothelium (Borzychowski et al., 2006).

The challenges have been to identify the factors that could predispose pregnant women to
inadequate trophoblast invasion, and then to define the precise mechanisms which could link

stage 1 and stage 2.

Multiple predisposing factors have been identified. Primiparity almost doubles a woman’s risk
of developing pre-eclampsia, with 75% of pre-eclamptic women being nulliparous (Chelsey,
1984). This could possibly have its roots in immune tolerance towards paternal genes, as a
change of partner also increases risk (Esplin et al., 2001; Lie et al., 1998). Age seems to play a
role, with women aged more than 35 years having an increased risk of developing pre-
eclampsia (Saftlas et al., 1990). Pre-existing disease including chronic hypertension, renal
disease and diabetes are risk factors (Garner et al., 1990; Samadi et al., 2001). Obesity, which
interestingly is also a risk factor in diabetes, cardiovascular disease and hypertension, has been
linked to an increased risk of a woman developing pre-eclampsia (Baker and Kingdom, 2004).
Genetic factors play a role, such as family history of pre-eclampsia and ethnicity. Also
amongst the possible contributors, it is believed that angiotensin-II and the renin—angiotensin
pathways could be mediators of suboptimal implantation and placentation (Baker and

Kingdom, 2004; Clarke and Nelson-Piercy, 2008).
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In identifying possible factors which could link stages 1 and 2, substances being released from
the villi into the maternal circulation have been investigated. This release would possibly
occur as a result of reduced oxygen delivery. Factors shown to increase in pre-eclampsia
include cytokines, antiangiogenic factors, and syncytiotrophoblast microparticles (STBM). If
released into the maternal circulation, these elements could potentially cause cell injury,
endothelial dysfunction, vasoconstriction and activation of the coagulation cascade with the
resulting systemic maternal syndrome (Fig.1.4.2), (Clarke and Nelson-Piercy, 2008; Roberts
and Hubel, 2009). Another possibility presented by Roberts and Hubel is that given the
reduced placental perfusion and subsequent reduced delivery of nutrients, the fetal-placental
unit may release materials intended to provide the needed stimulation in order to modify
maternal

metabolism with a view to increasing nutrient availability. The large percentage (70%) of
normal size-for-age infants who are born of pre-eclamptic mothers would support this theory.
The two stage theory has been modified over time to include maternal genetics, constitutional
and behavioural factors, as well as environmental factors, with the linkage of the two stages

likely being multifactorial (Roberts and Hubel, 2009).
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Figure 1.4.2: Flow diagram illustrating the “two stage model” of pathogenesis of pre-eclampsia as proposed by
Redman ef al.(1991). Stage 1 occurring in early pregnancy when insufficient trophoblast invasion leads to poor
placentation resulting in placental hypoxia. Stage 2 reflecting the systemic effects of factors released from the

oxidatively stressed placenta into the maternal circulation (Adapted from Borzychowski et al. 2006).
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1.44 MORPHOLOGICAL CHANGES OF THE PRE-ECLAMPTIC PLACENTA
Clarity in the relationship between placental function and morphology on the one hand, and
pre-eclampsia on the other is still lacking. Kingdom and Kaufmann (1997) suggested that
placental changes will depend on intraplacental oxygen status, which in turn depends on both
maternal supply as well as fetal extraction (Kingdom and Kaufmann, 1997). Multiple
maternal, placental and fetal factors would need to be taken into account when considering the
total picture of materno-fetal exchange.

Extending their discussion, these investigators outlined three different scenarios which could
result in the fetus being hypoxic. These included uteroplacental hypoxia (where the hypoxia
begins at the level of supply into the intervillous space); pre-placental hypoxia (which is
caused by a factor such as maternal anaemia, or pregnancy at high altitude); and post-placental
hypoxia in which the intervillous space is well oxygenated, but fetal extraction is inadequate

(Fig. 1.4.3).

B uteroplacental hypoxia N

A normoxia .

Figure 1.4.3: Diagrammatic representations of normoxia (A) and different forms of materno-fetal hypoxia. In
uteroplacental hypoxia (B), there is adequate oxygenated blood in the mother, but inadequate perfision of the
placenta. In preplacental hypoxia (C), there is a problem with the mother having adequate oxygenated blood, and
in post-placental hypoxia (D), fetal extraction is inadequate in spite of a well perfused plcenta (Adapted from
Kingdom and Kaufmann, 1997).
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Kingdom and Kaufmann then proceeded to collate data from numerous authors, outlining
placental morphological changes related to these different classifications of hypoxia.
Conditions falling into the classification of “preplacental hypoxia” demonstrated an increase
in branching angiogenesis, an increased capillary volume fraction, with the placenta
maintaining oxygen transfer by a thinning of the placental barrier. In addition, these placentas
demonstrated an increased proliferation of villous cytotrophoblasts, increased syncytial
nuclear aggregation, decreased density of stromal matrix and increased numbers of

macrophages (Kingdom and Kaufmann, 1997).

In contrast to this, compromise to flow in the umbilical vessels or “post-placental hypoxia” in
which there is altered end diastolic flow (AEDF) in the umbilical arteries, resulted in a
different pattern of villous alterations. There was a reduced proliferation of villous
cytotrophoblast together with an increased deposition of villous stroma and decreased number

of macrophages (Kingdom et al., 2000; Kingdom and Kaufmann, 1997).

Pre-eclampsia is generally recognized as being characterized by “uteroplacental hypoxia”.
Whilst the maternal blood entering the intervillous space is oxygenated, the amount of blood
entering is inadequate. In the resulting ischaemic environment of the pre-eclamptic placenta,
one would expect structural compensations of the villi such as increased surface area or
decreased diffusion distance. Alternatively, there could be increased damage such as fibrotic

deposition or necrotic areas which would adversely affect placental efficiency.

Most of the structural findings reported by Kingdom and Kaufmann corresponded to those

described in the preplacental hypoxia group, including increased capillary volume fraction
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increased amount of villous cytotrophoblast proliferation, increased syncytial knotting and an
increased number of villous macrophages. Some believe that the entry of maternal blood into
the intervillous space is restricted focally, and that as a result placental hypoxia will also be
focal and hence any resulting alterations to villous development would be variable rather than
homogeneous (Meekins et al., 1994). It has also been postulated that in the case of late onset
pre-eclampsia we may in fact be dealing with an example of “post-placental” hypoxia in
which fetal elements of the placenta fail to transfer blood to the fetus itself in spite of
oxygenated blood entering the villous space. In the latter case, the intervillous space could in

fact be hyperoxic as opposed to hypoxic (Kingdom and Kaufmann, 1997).

Studies on the comparative morphology of pre-eclamptic versus normotensive placentas have
demonstrated conflicting results. In 1996, Mayhew utilized stereological techniques to
compare placentas from pregnancies associated with hypoxic stress with those from normal
pregnancies. The latter study related villous surface area to volume, and found that villous
surface area altered disproportionately to volume in pregnancies associated with certain
hypoxic conditions. This was also true of pre-eclampsia (Mayhew, 1996). In three subsequent
studies, working with other investigators, Mayhew found that intrauterine growth restriction
(IUGR) was associated with changes in placental morphology such as decreased surface area,
impoverished growth of peripheral villi and decreased fetal angiogenesis. However, this was
not the case for pre-eclampsia in the absence of [UGR (Mayhew et al., 2007; Mayhew et al.,
2003; Mayhew et al., 2004). The latter finding was corroborated by Egbor et al. (2006) when
they examined features of intermediate and terminal villi (Egbor et al., 2006b; Egbor et al.,

2006a).
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However, other researchers have demonstrated altered placental morphology associated with
pre-eclampsia. Utilising confocal laser scanning microscopy to create three dimensional
images, Resta ef al., (2006) found significant hyper-ramification of the capillary loops in
terminal villi of pre-eclamptic placentas together with irregular vessel profiles and narrow
vessel lumina (Resta ef al., 2006). The prevalence of inflammation, infarction, ischaemia,
hemorrhage, and syncytial knots was found to be increased in both pre-eclampsia and [IUGR
by Jain et al., (Jain et al., 2007). Correa et al., found an increased number of terminal villi
vessels associated with pre-eclampsia (Correa et al., 2008), and it has long been established
that the placentas from pre-eclamptic pregnancies display increased syncytial knotting

(Haezell et al., 2007; Tenney and Parker, 1940).

To date, many of the studies looking at placental villous morphometry have focused on the
peripheral (intermediate and terminal) villi, as these villi form the surface for actual materno-
fetal exchange. Although stem villi play a critical role in fetal circulation, studies examining
them are limited. In conducting fetal blood to the peripheral villi, stem vessels will affect
hemodynamics at the exchange sites, including fetal extraction of oxygen. In conducting the
oxygenated blood back to the umbilical veins, they will affect umbilical hemodynamics (blood

transfer back to the fetus).
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145 THIS STUDY

Taking the view of Kingdom and Kaufman (1997) that pre-eclampsia is an example of
“uteroplacental hypoxia” this study accepts the reported increase in the capillary volume
fraction and the increased amount of villous cytotrophoblast proliferation. These factors
essentially focus on exchange surface areas of the peripheral villi, and are expected forms of
compensation in the ischaemic environment. However, whilst the alterations in the peripheral
or exchange villi are well documented and clear, there is a paucity of data on the conducting

pathways within the villi?

The main research questions of this dissertation are the following:

e  Whether the increased growth of peripheral villi affects placental density (and
therefore intervillous flow), and whether the ischaemic environment could have
increased fibrotic areas which would also impact on placental efficiency?

e Whether there is any evidence of differences in the conducting/stem areas of the

placental villi in the pre-eclamptic samples?

Therefore, in an attempt to address the above questions, the aims of this dissertation are:

1. To morphometrically estimate and compare placental density between normotensive and
pre-eclamptic groups, and linked to this to make a comparison of the occurrence of fibrotic

areas between normotensiive and pre-eclamptic groups.

2. To make a comparison in the carrying capacity of stem vessels between normotensive and

pre-eclamptic groups as evidenced by luminal areas of these vessels.

34



CHAPTER TWO

MATERIALS AND METHODS
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2.1 FORMAL HYPOTHESES

As outlined in the introduction, the main research questions of this dissertation are the

following:

e  Whether the increased growth of peripheral villi affects placental density (and
therefore intervillous flow), and whether the ischaemic environment could have
increased fibrotic areas which would also impact on placental efficiency?

e Whether there is any evidence of differences in the conducting/stem areas of the

placental villi in the pre-eclamptic samples?

Based on this, two formal hypotheses have been formulated as follows:

1. The increased growth of peripheral villi associated with pre-eclamptic placentas
affects placental density, possibly resulting in diminished intervillous flow and

contributing to an increase in the formation of fibrotic areas.

2. The vessels in the stem/conducting villi of pre-eclamptic placentas show

diminished carrying capacity in comparison to normotensive samples.
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2.2 ETHICAL APPROVAL AND PATIENT CONSENT

The study was conducted at the Obstetric Unit, King Edward VIII hospital, and the Optics and
Imaging Centre, Doris Duke Medical Research Institute, Nelson R. Mandela School of
Medicine, Durban, South Africa. Ethical approval was obtained from the Biomedical Research
Ethics Committee (appendix 1), University of KwaZulu-Natal. Following a full explanation,
informed consent (appendix 3 and 4) was obtained from all patients by a Zulu speaking
research midwife.

23 THE SAMPLE

2.3.1 SAMPLE SIZE

This study comprised two groups, namely, a pre-eclamptic group and a normotensive group.
The latter was to act as the control group providing a norm against which to make
comparisons. Under the guidance of the resident university bio-statistician, a sample size of 30
was chosen for each study group in order to ensure statistical validity. This choice took into
consideration the fact that basic T-tests were to be used in making a comparison of the data of
the two groups. Therefore, thirty normotensive patients and thirty pre-eclamptic patients were
recruited by a trained research midwife to participate in this study as per inclusion and
exclusion criteria outlined below. Demographic and clinical data, including maternal,
placental and neonatal data was also collated as an important aspect to the project.

2.3.2 INCLUSION CRITERIA

Patients included in the normotensive cohort had BP < 130/80 mmHg, whilst those included in
the pre-eclamptic cohort had SBP>140mmHg; DBP > 90 mmHg and demonstrating
proteinuria. Patients between the ages of 18-40 years and parity 0-5 were included in the

study.
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2.3.3 EXCLUSION CRITERIA

When selecting patients for a study involving pre-eclampsia, one needs to ensure that
exclusion criteria incorporate any medical factors which could potentially mimmick the
symptoms of pre-eclampsia (such as pre-existing hypertension or seizure disorder). Failure to
do so would create confounding variables. For this study, exclusion criteria included chronic
hypertension, pre-existing seizure disorder, eclampsia, pre-gestational diabetes, placental
abruption, gestational diabetes, thyroid disease, asthma, chronic renal disease, intrauterine

death, cardiac disease and infection with HIV.
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24  SAMPLE COLLECTION, PROCESSING AND STAINING

2.4.1 SAMPLE COLLECTION AND FIXATION

Sample collection was standardised in order to avoid confounding variables associated with
the method of sample collection. The umbilical cord was clamped following delivery of the
baby, and placental samples were taken immediately following delivery of the placenta. These
samples of the placentas were taken from the amnion through to the decidua approximately
Scm from the umbilical cord, avoiding the larger radial vessels running just under the amnion
in the chorionic plate (Fig.2,1). In order to ensure preservation of the tissue structure and
prevent any autolytic changes, the samples were immediately fixed in 10% buffered

formaldehyde at room temperature for 24 hours.

LI o e

Figure 2.1: Fetal surface of human placenta with umbilical cord attached (red arrow). Large radial vessels (blue
arrows) can be seen running under the transparent membranous amnion, better seen towards edge of the placenta
in this image (yellow arrow). Black square indicates an area where a centralized sample could have been taken
from in order to avoid the large vessels. Adapted from an image available at www-

edlib.med.utah.edu/WebPath/jpeg2/PLACO031.jpg
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24.2 TISSUE PROCESSING

Smaller pieces of the sample were cut and placed in tissue cassettes for processing. Processing
of the samples was performed on a Sakura VIP 500 Automated Tissue Processor. The tissue
samples were dehydrated through a series of ethanol (99% ethanol, Saarchem, SA), cleared
with xylene as the intermediate solvent (AR, Saarchem, SA), and infiltrated with paraffin wax
(Paraplast Plus, Sherwood Medical, St Louis, USA) as depicted in Figure 2.2 and Table 2.1
below. The wax-infiltrated tissue sections were then placed in moulds for automated wax

embedding in a Leica EG1160 tissue embedding station.

Readyfor
embedding and
microtomy

/ Fixed samples placed
in casettes

e

/ Dehydrated,

/i AUTOMATED  achungnsto
( wax only. TlSSU E water for alcohol
PROCESSOR

Wax infiltratiion beginswith
Intermediatesolvent

wax and xylene solution
(Xylene) replaces the
alcohol.

T

-_

Figure 2.2 Stages of automated tissue processing.
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Table 2.1 Solutions used in automated tissue processing

STEP SERIES OF SOLUTION CHANGES TEMP | TIME
Fixation 10% buffered formal saline Room 24 h
T
Dehydration | 95% ethanol 24°C lh
95% ethanol 24°C lh
95% ethanol 24°C lh
absolute ethanol 24°C lh
absolute ethanol 24°C lh
absolute ethanol 24°C lh
Clearing xylene 24°C lh
xylene 24°C lh
Vacuum paraffin wax 1 60°C 2h
infiltration
paraffin wax 2 60°C 2h

243 MICROTOMY

Tissue sections were cut at 3-5um thickness using sterile disposable blades on a rotary

microtome (Leica Jung, RM2035). They were floated in a water bath and picked up onto

polysine coated glass slides (B & M Scientific, Cape Town), and baked in a Memmert 400

oven at 60°C for 60 min prior to dewaxing and staining.
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244 PROCEDURE FOR HAEMATOXYLIN AND EOSIN STAINING

The sections were deparaffinised and rehydrated using standard techniques prior to being
stained with Mayer’s Haematoxylin (Sigma Chemicals, St Louis) and 0.5% alcoholic eosin
(BDH Lab Supplies, UK). Post staining, sections were dehydrated using alcohol and cleared
using xylene prior to securing coverslips with DPX mountant (dibutyl phthalate). The process

is outlined in Table 2.2 below.

Table 2.2: Procedure for Haematoxylin and Eosin staining.

STEP SOLUTION TIME
Dewaxing Xylene 3 x 5 min
Rehydration 100% Ethanol 3 x 5 min

90% Ethanol 1 x 5 min

80% Ethanol 1 x 5 min

70% Ethanol 1 x 5 min

Running tap water 1 x 5 min
Staining for Mayer’s Haematoxylin 1 x 5 min
basophilia Rinse in running tap water 1 x 5 min
Staining for 0.5% alcoholic eosin 1 x 2 min
acidophilia Rinse quickly by immersing slides in 95% ethanol 30 sec
Dehydration Absolute Alcohol 2 x 1 min

Xylene 1 min
Securing coverslips | Using DPX as the mountant.
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25 PLACENTAL MORPHOMETRY

Placental pathological assessment together with stereological measurements, were also
performed on a Nikon Eclipse E600 microscope interfaced with the Software Imaging
Systems (Germany) image analysis package. A single observer did all the measurements in

order to minimize inter-observer bias. The following morphological parameters were assessed:

2.5.1 DENSITY OF PLACENTAL VILLUS ARRANGEMENT

In order to measure this, four images were captured from each Haematoxylin slide using the
4X objective, one in each quadrant (120 fields per sample group). Color thresholds, saturation
and intensity were individually set for each image. Binary images were created (Figure 2.3),
and phase analysis was performed to determine the area of the field that was occupied by
placental villi. This was then expressed as a percentage of the total field area of 11 500 000

um’. The average of the measurements for the 4 quadrants was determined for each slide.

R LB OO0
v IS

Figure 2.3: A: Light micrograph of H and E stained placental tissue. B: Binary image of micrograph A. The
combined area occupied by white in micrograph B was expressed as a percentage of the total field area.
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2.5.2 PERCENTAGE OF STEM VILLUS AREA OCCUPIED BY VESSEL LUMINA

Two stem villi were selected in each section on the basis of clarity of morphology for
measuring purposes (60 stem villi photographed per sample group). Cross sections were
preferentially selected. Stem villi at different levels of branching (and therefore different
calibers) were included. For each stem villus, the lumina were outlined and the sum of all
luminal areas calculated. This combined area was then expressed as a percentage of total villus

area (Fig.2.4).

Figure 2.4 Photomicrograph of a stem villus showing outline of stem villus area (green) and perimeters of vessel
lumeni (black), the latter expressed as a percentage of the former as a measure of carrying capacity. Initial mag
100X.
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2.5.3 RELATIVE THICKNESS OF STEM ARTERIAL WALLS

Following the parameters outlined in 2.4.2, the main arterial vessel was selected in each image
(60 stem arteries measured per sample group). The area of the artery was demarcated from its
outer adventitial boundary. The lumen area was subtracted from the latter in order to ascertain
the area occupied by arterial wall. This wall area was expressed as a percentage of total vessel

area, in order to compensate for differing calibers of stem villi (Fig.2.5).

Figure 2.5 Photomicrograph of a stem villus showing outline of main stem artery/artery area (blue) and outline of
the arterial lumen (black), the latter was subtracted from the former to get a measure of area occupied by the wall,
then expressed as a percentage of vessel area. Initial mag 100X

Calculation done as follows:

Area of vessel = area inside adventitial boundary

Area occupied by arterial wall = area of vessel - lumen area

Percentage of arterial wall area was then calculated as follows: (Area of artery wall/Area of

vessel) X 100
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2.5.4 EXTENT OF FIBROSIS

Samples were examined utilizing the 10X objective, and the area of greatest fibrosis was
selected in each quadrant (4 fields per specimen or 120 fields per sample group and 240 fields
in all). All fibrotic areas in the field of view were outlined (Fig.2.6) and the sum of all these

areas of fibrosis was expressed as a percentage of total field area for each photomicrograph.

Figure 2.6: Photomicrograph of villi showing outlines of fibrotic areas (blue), the latter expressed as a
percentage of the total field area as a comparative measure of fibrotic change. Initial mag 100X.
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26  STATISTICS

Mean + standard deviation were calculated for clinical and morphological quantitative
variables by group. Statistical significance was determined using t-tests (P<0.001).
Comparisons of categorical variables between groups were achieved using the Pearson Chi-
square test, with a P<(0.05. Correlations of mean arterial pressure (MAP) vs placental weight,
baby weight vs placental weight, baby weight vs weeks gestation and baby weight vs MAP
were performed using two tailed Pearson correlation coefficient (r) with P<0.01 indicating

statistical significance.
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CHAPTER THREE

RESULTS
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3.1 MATERNAL, PLACENTAL AND FETAL CLINICAL DATA

The maternal clinical characteristics of the normotensive and pre-eclamptic groups of this
study are shown in Table 3.1. They are expressed as mean + standard deviations and P values
for t-tests. As expected, blood pressure parameters were significantly different between

groups. Systolic pressures were 117.71+£10.319 for normotensive and 156.94+15.131 for pre-
eclamptic (P<0.001). Diastolic pressures were 72.19 *8.064 for normotensive and
100.4248.101 for pre-eclamptic (P<0.001). Mean arterial pressures were 87.366%7.745 for
normotensive and 119.263+9.206 for pre-eclamptic (P<0.001). Platelet counts were
significantly lower in the PE group at 212.47£94.748 compared to 285.90+100.688 in the
normotensive group (P=0.005). Thirty six percent of the pre-eclamptic mothers had platelet
counts under 175 X 10°/€. There was, however, no evidence of haemolysis (P=0.346).

Baby and placental data are shown in Table 3.2. Birth outcomes were n=31 and n=33 for the
normotensive and pre-eclamptic groups respectively, due to twin pregnancies. Twenty of the
normotensive babies and thirteen of the pre-eclamptic babies were females, whilst eleven of
the normotensive babies and twenty of the pre-eclamptic babies were males. The mean
gestational age of the normotensive babies was 38.87+£1.432 compared to 36.58+2.840 in the
pre-eclamptic group (P<0.001). Baby weight at delivery was lower in the the PE group at
2.74+0.813 compared to the normotensive group at 3.16+£0.402 (P=0.012). The placental
weight in the normotensive group was lower (573g + 98.336) compared to the PE group (635g
+ 172.722), However, this difference was not statistically significant (P=0.094). Pearson 2-
tailed correlation (Table 3.3) showed a moderate positive correlation between baby weight and
placental weight (r=0.623) and weeks of gestation (r=0.743). Baby weight weakly correlated

with mean arterial pressure (r= -0.380).
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Table 3.1: Maternal demographic and clinical data comparisons between the N and P groups

Variable (Units) Normotensive Pre-eclamptic P-values
Mean and SD Mean and SD
MATERNAL DATA
Age (Years) 25.03£6.008 25.424+6.154 0.798
Maternal weight (kg) 77.87+15.74 85.38+15.40 0.058
Maternal height (cm) 1.54+0.057 1.55+0.041 0.803
Body mass index (kg/m’) 32.81+6.459 35.54+5.680 0.084
Systolic B.P. (mmHg) 117.71£10.319 156.94+15.131 <0.001
Diastolic B.P. (mmHg) 72.19+8.064 100.42+8.101 <0.001
Mean arterial pressure (mmHg) 87.366+7.745 119.263+9.206 <0.001
PREGNANCY DETAILS
Gravidity (No of pregnancies) 2(1.94+0.854) 2(1.82+1.158) 0.648
Parity (No of live births) 1(0.94+0.854) 1(0.70+1.104) 0.339
Weeks Gestation (Weeks) 38.87+1.432 36.58+2.840 <0.001
BLOOD PARAMETERS

Red blood cells (X10°/¢) 3.87+0.446 3.98+0.519 0.346
Haemaglobin (g/dL) 11.90+1.337 11.74+1.620 0.677
Haematocrit (ratio) 32.75+3.287 34.35+9.241 0.382
Mean cell volume (fL) 84.19+7.215 83.25+8.387 0.641
Mean cell Hb (pictograms) 30.7443.211 30.37+4.425 0.713
Platelets (X10°/( ) 285.90+100.688 212.47+94.748 0.005
Leucocytes (X10/¢) 11.62+5.480 11.11£3.803 0.664
Neutrophils (X70°/¢) 74.89+7.474 67.23+£25.008 0.107
Lymphocytes (X10°/) 17.89+6.086 15.17+£9.366 0.180
Monocytes (X70°/¢) 3.80+1.782 4.42+2.737 0.296
Eosinophils (X10°/¢) 0.89+1.193 0.73+0.993 0.551
Basophils (X10°/ £) 0.23+0.349 0.23+0.236 0.933
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Table 3.2: Baby and placental clinical data comparisons between the N and P groups

Variable (Units) Normotensive Pre-eclamptic P-values
Mean and SD Mean and SD
BABY DATA
Apgar 1 (Score out of 10) 8.23%£1.203 7.97+1.357 0.429
Apgar 2 (Score out of 10) 9.48+0.851 9.36+0.783 0.558
Baby weight (kg) 3.16+0.402 2.74+0.813 0.012
PLACENTAL DATA
Full placental weight (g) 573+98.336 635+172.722 0.094
Placental diameter (cm) 20.16+0.523 19.97+0.467 0.126

Table 3.3: Correlation coefficient between MAP, gestational age and placental weight

Variables correlated N Correlation coefficient (r)
Mean arterial pressure with placental weight 64 0.175

Baby weight correlated with placental weight 64 0.623%*

Baby weight correlated with weeks gestation 64 0.743%*

Baby weight correlated with mean arterial pressure 64 -0.380*

*Correlation significant at the 0.01 level.

Pearson Chi-square tests comparing categorical data between groups are shown in Table 3.4.

Presence of protein in the urine was nil in 83.9% of the normotensive group, whilst the

remaining 16.1% presented with traces of protein. Proteinuria varied from 1+ to 3+ in the pre-

eclamptic group, only 1 patient presented with nil protein.

Pearson Chi-square tests for

“indication for delivery” and “method of delivery” showed that initiation and delivery were

completely normal in 56.7% of the normotensive group. In the pre-eclamptic group, however,

indication for delivery was predominantly associated with maternal and fetal distress (75.8%)

and in 54.5% of cases, delivery was by means of an emergency caesarean (P=0.001).
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Table 3.4: Comparison of categorical data between the groups

Oedema
0 1 2 3 4
(none) (ankle) (knee) (groin) (generalized) Total
Normotensive Count 31 0 0 0 0 31
% within group 100.0% .0% .0% .0% .0% 100%
Pre-eclamptic Count 3 5 15 5 5 33
% within group 9.1% 15.2% 45.5% 15.2% 15.2% 100%
Protein Dipstick
None + ++ +++ Total
Normotensive Count 26 5 0 0 31
% within group 83.9% 16.1% .0% .0% 100%
Pre-eclamptic Count 1 10 14 8 33
% within group 3.0% 30.3% 42.4% 24.2% 100%
Indication for Delivery
0 1 2 3
Spontaneous | Maternal Fetal Maternal
interest interest and fetal
interests Total
Normotensive Count 17 11 2 1 31
% within group 54.8% 35.5% 6.5% 3.2% 100%
Pre-eclamptic Count 8 12 1 12 33
% within group 24.2% 36.4% 3.0% 36.4% 100%
Method of Delivery
1 2 3 4
Spontaneous Elective Induced Emergency
Vaginal Caesarean vaginal Caesarean Total
Normotensive Count 17 11 2 1 31
% within group 54.8% 35.5% 6.5% 3.2% 100%
Pre-eclamptic Count 8 12 1 12 33
% within group 24.2% 36.4% 3.0% 36.4% 100%

“Although the dpistick of one patient was normal, the 24 hour protein was 1g.

52




3.2 PLACENTAL MORPHOMETRY

INTERVILLOUS SPACE: Histological examination of placentas revealed a denser
arrangement of villi in the pre-eclamptic samples (Fig 3.1), when compared to the
normotensive samples. On calculation of the actual percentage of field area occupied by
placental villi (as opposed to intervillous space), a higher percentage of the field area was

shown to be occupied by placental tissue in the pre-eclamptic group (64.78+6.93) versus the
normotensive group (51.8916.19) (P<0.001). This indicates a reduction in the available
intervillous space in this group (Table 3.5, Fig 3.4).

LUMINAL AREA & ARTERIAL WALL THICKNESS: Initial qualitative observations
revealed a decreased carrying capacity of the stem vessels (Fig. 3.2). Stem villi morphometry
demonstrated a lower total luminal area (expressed as a percentage of the villus area) in the
pre-eclamptic group (8.67+8.51), when compared to normotensive group (17.20+£11.78)
(P<0.001) (Table 3.5, Fig 3.4). Whilst the carrying capacity of the stem vessels was reduced,
the thickness of stem villi arterial walls was increased in the pre-eclamptic placentas. The
morphometric comparisons indicated that the percentage of the vessel area occupied by vessel
wall was substantially higher in the pre-eclamptic stem arteries (0.87£0.106) compared to the
normotensive arteries (0.74+0.129) (P<0.001).

VILLI FIBROSIS: An increased occurrence of fibrosis was observed in the pre-eclamptic
samples compared to the normotensive samples (Fig. 3.3). Morphometric image analysis of
these fibrotic zones confirmed a higher percentage of fibrosis in the pre-eclamptic group
(1.582%0.707) compared to the normotensive group (0.727+0.310) (P<0.001) (Table 3.5, Fig
3.4). Note that the percentage of fibrosis must be seen as relative rather than absolute

reflections of fibrosis throughout the placenta, as the areas of greatest fibrosis were measured.
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NORMOTENSIVE PRE-ECLAMPTIC

Figure 3.1: Photomicrographs showing examples of placental density of Normotensive and Pre-eclamptic

placentas. Note the greater density of the pre-eclamptic samples with limited intervillous space. Initial mag 40X.
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Figure 3.2: Photomicrographs showing stem villi from Normotensive and Pre-eclamptic placentas. Note the size

of vessel lumina relative to villus area, as well as the thickness of the stem arterial walls (A). Initial mag 100X
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NORMOTENSIVE PRE-ECLAMPTIC

- 9

Figure 3.3: Photomicrographs showing examples of fibrin deposition in Normotensive and Pre-eclamptic

placentas. Initial mags of all images 100X. Fibrin is a brighter pink compared to the maternal blood which is

adarker red.
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Table 3.5: Comparisons of % placental tissue, % fibrosis, % stem vessel lumina, and ratio of arterial wall

Variable Normotensive Pre-eclamptic P-values
Mean and SD Mean and SD
% placental tissue in field
51.89+6.19 64.78+6.93 P<0.001
% fibrosis in field
0.727+0.310 1.582+0.707 P<0.001
% of stem villus
) ) 17.20£11.78 8.6748.51 P<0.001
occupied by stem vessel lumina
Ratio: Area occupied by stem villus
arterial wall/ total area occupied by the 0.74+0.129 0.87+0.106 P<0.001
artery
p< 0.001
40 . p< 0.001
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Figure 3.4: Bar graphs illustrating comparisons of means of morphometric data of Normotensive (N) and Pre-
eclamptic (P) groups. (Note that the percentage of fibrosis must be seen as relative rather than absolute reflection
of fibrosis throughout the placenta, as the areas of greatest fibrosis were measured in both groups).
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CHAPTER FOUR

DISCUSSION
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As one of the leading causes of maternal and fetal morbidity and mortality(Baker and
Kingdom, 2004; Moodley, 2008; Sahin, 2003), pre-eclampsia continues to be a challenge for
obstetricians at the bedside as well as scientists in the laboratory. It offers additional
challenges in the management of pregnancy and birth, and the scientific community continues
to debate the complexities of its precise aetiology. The complex puzzle it presents has resulted
in the development of different yet interrelated fields of research, including maternal, fetal and
placental areas of specialisation. Differences of opinion regarding its causes and effects make
for a dynamic and growing niche of medical science, with a growth in collaboration between

clinicians and scientists in order to answer the many remaining questions.

41  MATERNAL AND FETAL CLINICAL DATA

In this study 51 % of the normotensive group went into labour spontaneously, and delivered
by normal vaginal delivery, whereas this scenario only occurred in 24% of the cases in the
pre-eclamptic group, with the highest percentages being emergency caesarean (53.3%)
resulting from both fetal distress and maternal danger (40%). These results confirm the
increased medical danger, and therefore the concern of the medical profession associated with

the management of pre-eclampsia.

The incidence of pre-eclampsia was not related to either parity or gravidity of the mothers in
this study. The risk of pre-eclampsia has been well documented as being higher in a first
pregnancy, with 75% of women with pre-eclampsia being nulliparous (Chesley, 1984; Misra
and Kiely, 1997). However, further studies also showed that pre-eclampsia can occur in
subsequent pregnancies if there is a new sexual partner. The possibility that pre-eclampsia

may be a problem of primipaternity rather than primigravidity was suggested by Robillard et
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al. (1993) in which they found that in 61.7% of multiparous women with pre-eclampsia, the
father of the current pregnancy was different than that of the former, and that this was the
case in only 6.6% of the control group (£<0.0001) (Robillard et al., 1993). A further Dutch
study found that 22-25% of women presenting with pre-eclampsia had new partners compared
to 3.4% of the normotensive mothers (Tubbergen et al., 1999). It has been shown that the
paternal genes which are expressed via the fetus are as important in contributing to the risk of
pre-eclampsia as the maternal factors (Terje Lie et al., 1998). Whilst paternal data was not
included in this study, this could be an explanation for the incidence of pre-eclampsia in
differing gravida in the current study population, and would be worthwhile including in a

future study.

In attempting to elucidate whether a relationship between maternal weight and the incidence
of pre-eclampsia occurred, body mass index was utilized in order to correct for differences in
height. Whilst initial observations indicated many higher body mass index readings in the pre-
eclamptic group, this did not prove to be statistically significant. As the BMI seemed to be
clinically significant, statistical significance may have been absent due to a type two error, and

could possibly be revealed by a larger sample size.

Pre-pregnancy body mass index has been shown to increase the risk of pre-eclampsia (Bodnar
et al., 2005). Compared to women with a BMI of 21, women with a BMI of 26 had two times
the risk, and those with a BMI of 30 had three times the risk of developing pre-eclampsia.
Women with a BMI of 19 had a 33% reduction in the risk. Pre-pregnancy weights were,

however, not available for the current study population.
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Maternal blood parameters analysed were restricted to those performed as standard of care at
King Edward VIII Obstetrics unit. Biochemical tests such as liver function tests, urea and
electrolytes were only performed on pre-eclamptic patients; hence these parameters could not
be included in the statistical comparisons. The lower platelet count observed in some mothers
of the pre-eclamptic group is characteristic of the HELLP syndrome (Haemolysis, elevated
liver enzymes, and low platelet count) associated with pre-eclampsia. In this study, thirty six
percent of the pre-eclamptic mothers had a decreased platelet counts (< 175 X 10°/0), there
was, however, no haemolysis observed, although the patients with low platelet counts had
borderline low red blood cell counts. The HELLP syndrome occurs in 4-12 % of patients with
pre-eclampsia. Generally, 6% present with one of the abnormalities suggestive of HELLP,
12% develop two characteristic abnormalities, and 10% develop the triad referred to above

(Baker and Kingdom, 2004).

The increased incidence of twins in the pre-eclamptic group was not surprising. Researchers
have found a strong association between twin pregnancies and pre-eclampsia (Basso and
Olsen, 2001). It is widely established that the incidence of pre-eclampsia in primigravidae
women with twin pregnancies, is four or five times higher than in women with singleton
pregnancies (Sibai et al., 2000). The results of this study corroborate the latter studies in that
there were three sets of twins in the pre-eclamptic group as opposed to one in the
normotensive group. This increased incidence of pre-eclampsia associated with multiple
pregnancies could conceivably be due to the increased combined placental mass, with an

increase in placentally derived factors which play a role in aetiology.
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The ratios of male and female babies were also as one would expect. Pre-eclampsia
development has been linked with a higher incidence of male neonates (Basso and Olsen,
2001). In the present study, eleven of the thirty-one normotensive births (35%) were male
births, compared to twenty of the thirty-three pre-eclamptic births (66%). These results
strongly support the hypothesis that predisposition towards pre-eclampsia in increased by male

fetus conception.

James (1995) links mammalian (including human) sex ratios at birth to parental hormone
concentrations at the time of conception, with high concentrations of testosterone and estrogen
favoring the production of sons whilst low concentrations favouring the production of
daughters. He further extrapolated his data to investigate whether pregnancy pathologies could
possibly be caused or be associated with abnormal hormone concentrations either during or
prior to pregnancy. Because one risk factor for hypertension in pregnancy is pre-existing
hypertension , and given the fact that free testosterone concentrations have been positively
correlated with diastolic blood pressure in non-pregnant women of childbearing age, James
postulated that high androgen concentrations could play a role in the aetiology of hypertension

of pregnancy (James, 1995).

Taking cognizance of Davey’s observation that in some patients who later develop gestational
hypertension there is an excessive production of estrogen (Davey, 1986), he states that
“...there are grounds for suspecting that the high concentrations of ovarian hormones
(androgens and estrogens) which are postulated to be responsible at the time of conception for
the excess of male offspring carried by hypertensive pregnant women, may later also be

causally implicated in the hypertension development itself ” (James, 1995).
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The positive correlation of baby weight with gestational age is not unexpected, and must be
interpreted in relation to the strong association observed between the weeks of gestation and
the incidence of pre-eclampsia. Pre-eclampsia carries with it a lower chance of carrying the
baby to term. It is also associated with a higher incidence of growth restriction (Huppertz,
2011). Therefore the problem presents itself of distinguishing the lower baby weights due to
early birth from those due to intrauterine growth restriction. In this study, multiple regression
analysis confirmed a highly significant (p<0.001) positive association between birth weight
and gestational age rather than intrauterine growth restriction. Therefore the apparent crude
association between pre-eclampsia and lower birth weight was confounded by gestational age.
One would perhaps need to correct for gestational age before performing correlations,
unfortunately fetal weights related to differing gestational ages were not available for our local

population.

Worth noting is the negative relationship between baby weight and maternal mean arterial
pressure. This negative correlation indicates that the higher the mean arterial pressure of the
mother, the lower the birth weight of the baby is likely to be (or based on previous arguments,

the lower the gestational age at birth is likely to be).
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4.2 PLACENTAL DATA AND MORPHOMETRY

Several investigators have shown a higher incidence of pre-eclampsia in pregnancies where
there is a greater placental mass being carried such as twin pregnancies and molar pregnancies
(Basso and Olsen, 2001; Sibai et al., 2000). Yet others have found that placental mass is
decreased in pre-eclampsia (Boyd and Scott, 1985; Jain et al., 2007). In the current study, the
mean placental weight was greater in the pre-eclamptic group whether the twin placentas were
combined (normotensive mean = 573g and pre-eclamptic mean 635g) or separated
(normotensive mean = 554g and pre-eclamptic mean = 577g). Whilst this was not statistically

significant, a larger sample size could alter this result.

Vinnars ef al. (2008) found that pre-eclampsia associated with the HELLP syndrome had a
higher mean placental weight adjusted for gestational age than pre-eclampsia alone (Vinnars et
al., 2008). However, utilizing only mean, SD and P-values could prove to be inadequate in the
case of placental weights. A study performed on 317688 singleton pregnancies (Dahlstrom et
al., 2008) found that the in preterm pre-eclampsia, there was an increase in smaller placentas,
and a decrease in bigger placentas; whilst in ferm pre-eclampsia there was an increase in both
bigger and smaller placentas. This pattern was repeated in a study looking at birth weights
(corrected for gestational age) where the risk of preterm pre-eclampsia showed an L-shaped
association with birth weight, whereas the risk of term pre-eclampsia showed a U-shaped
association with birth weight (Vatten and Skjaerven, 2004). This U-shaped association was
corroborated by a later study in which data from over 300 000 placentas was collated (Eskild

and Vatten, 2010).
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In the normotensive cohort of the current study, a large percentage (81%) of placental weights
fell between 450g and 650g with the lowest placental weight being fairly close at 400g and the
highest being 670g. In contrast, only 55% of pre-eclamptic placental weights fell within this
central range, whilst the total range of placental weights was much wider, extending from240g
to 960g. This suggests a tendency towards the U-shaped distribution typical of term pre-
eclampsia. Although this U-shaped distribution is associated with pre-eclampsia, placental
weight is not considered to be a useful indicator for the placental dysfunction in pre-eclampsia

(Eskild and Vatten, 2010).

In this study, the weak association between placental weight and pre-eclampsia may be
attributed to the inclusion criteria for pre-eclampsia diagnosis. Roberts and Catov (2008)
suggest that there may be two clinical presentations of pre-eclampsia, each with completely
different aetiologies, and as such may not necessarily present with the same placental
dysfunction/ alterations in weight or structural anomalies (Roberts and Catov, 2008). Future
studies should consider sub-categorising pre-eclampsia (early and late onset ), in order to
accurately examine placental anomalies, placental weights and total placental contribution to

the disorder.

One of the main differences observed in the current study was the increased density of the
placental tissue in the pre-eclamptic samples. This would suggest increased growth, or hyper-
ramification of the villi, which is known to occur in response to hypoxia (Resta et al., 2006;
Kingdom et al., 2000). This is proposed to be caused by increased branching angiogenesis
together with trophoblast proliferation which occur in response to the hypoxia (Kingdom and

Kaufmann, 1997). The fairly rapid branching angiogenesis also pushes the developing
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capillaries against the trophoblastic barrier, causing extension and thinning of this cover
(Burton et al., 1996). Thus, the placenta responds to the ischaemia by producing greater
amounts of highly vascularised terminal villi, effectively increasing surface area and reducing

diffusion distance.

In response to the rapidly increasing surface area described above, the cytotrophoblasts would
need to divide and become incorporated into the syncytiotrophoblast layer at a greater rate.
Hence cytotrophoblast proliferation warrants attention. Cytotrophoblast proliferation has been
described as being upregulated by intraplacental hypoxia and downregulated by increasing
intraplacental oxygen levels (Benirschke and Kaufmann, 2000). This is corroborated in the
data collated by Kingdom and Kaufmann (1997) in which they demonstrate an increased
amount of villous cytotrophoblast proliferation in pre-eclampsia (utero-placental hypoxia).
However, Heazell ef al. (2008) found that in in vitro studies using placental explants exposed
to differing oxygen tensions, villous cytotrophoblast proliferation was decreased at lower
oxygen concentration (Heazell et al., 2008). Studies by Ducray et al (2011) implicate an
increase of the cytotrophoblast proliferation and fusion in pre-eclamptic pregnancies. In
addition, the distribution of cytotrophoblasts was different to that in normotensive sections,
with larger numbers of cytotrophoblasts associated with the intermediate and terminal villi. A
large percentage of these cytotrophoblasts were located at areas of branching (growth) of the
villous tree, and an increase was observed in the numbers of cytotrophoblasts staining positive
for cleaved or activated caspase 8, which is responsible for initiating the apoptotic
differentiation of the cytotrophoblasts and their fusion with the overlying syncytiotrophoblast

(Ducray et al., 2011).
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In contrast to the findings of the present study, Boyd and Scott (1985) report a significantly
lower volume of parenchyma, as well as lower villous surface area in pregnancies complicated
by pre-eclampsia. A study by Mayhew et a/ (2004) examining villi volumes, surface areas and
lengths, found that pre-eclampsia alone had no effects on morphology, whereas pre-eclampsia
with intrauterine growth restriction demonstrated abnormal growth. These findings provoke

the need to clinically sub-categorise pre-eclampsia diagnosis.

Pijnenborg (2006) in discussing the purpose of the spiral arteries in normal pregnancy states
that the spiral design assists in reducing the speed and pressure of the blood as it travels
towards the intervillous space, as well as dampening the pulse in order to ensure a steady flow
(Pijnenborg et al., 2006). It is possible that the spiral design would be insufficient to achieve
these controlling effects in the absence of trophoblastic conversion of these vessels. Burton et
al. (2009) theorises that in pregnancies complicated by pre-eclampsia, a combination of a lack
of spiral artery conversion, together with smaller and fewer uterine arterio-venous shunts, will
not so much result in intervillous ischaemia as opposed to a much higher velocity of the blood
entering the intervillous space. They speculate that this increased momentum would damage
villous architecture, even breaking the decidual attachments of anchoring villi, and propose
that placental changes would be due to rheological consequences rather than chronic hypoxia
(Burton et al., 2009). If this is the case, some areas of the villous tree would effectively be
eroded by the increased pressure of the incoming blood, leading to large bare areas overlying
the openings of the spiral arteries. Extending this view, morphological changes would not be
uniform over the placental area, and sampling would greatly affect the observations made. It is
conceivable that the research midwife in sampling for the current study may have intentionally

avoided such “empty” areas. It could be helpful in morphometric studies such as this one, to
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include gross biometry of the maternal aspect of the placenta. Randomised sampling would

also be of greater importance in order to ensure validity of results.

The possible negative implications of a greatly increased villous volume, is two-fold. Firstly,
if the villous hyperplasia is occurring at the expense of intervillous space, blood flow through
the placenta (intervillous flow) will be compromised. Secondly, if there is any malfunction in
trophoblast turnover and disposal, the impact on the maternal systemic circulation would be
substantially increased by virtue of the increased surface of trophoblast contacting the

maternal blood.

In this study, the increased placental density was also associated with more areas of fibrosis.
These findings match those of Corréa et al. (2008) who found that fibrin deposition was
greater in all hypertensive syndromes in pregnancy. They also found that in the more severe
cases, fibrin deposits changed from perivillous to intravillous, an observation also noted in the
current study (Correa et al., 2008). Fibrin deposition is often observed as a defensive
mechanism in vessels subjected to increased internal pressure, such as the fibrinoid necrosis
of the renal vessels seen in chronic hypertension. Whilst this may protect the vessel wall itself
from damage, it creates impedance to flow, further exacerbating the raised peripheral vascular
resistance. Deposition of fibrin is also common in areas of sluggish blood flow with
associated ischaemia, such as occurs in cirrhosis of the liver (Rippey, 1994) . The intervillous
space is essentially a vascular space, and whilst it is not lined by endothelium, but
syncytiotrophoblast, it is conceivable that fibrin deposition could be a defensive reaction as a
result of villous damage. This villous damage could in turn be due to the physical factors of

blood leaving narrowed spiral arteries as referred to by Burton (2009) above, but could also
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conceivably occur in response to a sluggish flow or ischaemia. Either way, this fibrin will
diminish the functional area of the villous tree, creating impedance without viable surface

arca.

With an established compromise to maternal blood flow, and a possible impedance to
intervillous flow, it is natural to turn one’s attentions to fetal or post-placental flow.

In considering the fetal contribution to exchange, factors such as the development of the
villous tree and angiogenesis are of great importance and have been the subject of much
investigation. Studies conducted by Resta ez a/ (2005) examined the capillary loops in terminal
villi of pre-eclamptic and normotensive placentas utilising confocal laser scanning
microscopy. They report significant hyper-ramification together with irregular profiles and
narrow lumina. Mayhew et al. (2004), found no difference in the capillary:villus ratio.
Another study indicated that in both [UGR as well as pre-eclampsia, the vascular and non-

vascular volumes appear to alter proportionately (Ong et al., 2004).

The stem villi and their vessels have not received as much attention as the intermediate and
terminal villi because they are not considered to be of the same importance in exchange.
Benirschke and Kaufmann (2000) state that based on the lack of fetal capillaries in the stem
villi, as well as the degeneration observed in the trophoblast layer, it is generally assumed that
their role in materno-fetal exchange can be considered negligible. However, if conduction
between peripheral exchange areas and the umbilical cord vessels is compromised, a condition

of “post-placental” hypoxia could result.
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By examining the percentage of stem villus area occupied by lumina, the current study sought
to compare conduction capacity of the stem villi relative to stem villus area. The lower
collective luminal volume of the pre-eclamptic stem villi vessels observed in this study
suggests a possible compromise to fetal flow through these villi as opposed to the stem vessels
in normotensive placentas. This observation of narrow stem artery lumeni of the pre-
eclamptic samples is linked to the next investigation, which examined the area of the stem

arterial vessel wall in relation to the total villous area.

The higher ratios obtained for the pre-eclamptic stem arteries when relating vessel wall to total
villus area, reveal a thicker arterial wall in this group compared to the normotensive group.
Narrow lumina have also been identified by Las Heras et al (1983) together with endothelial
proliferation, proliferation of smooth muscle cells within the tunica media, and within the villi
stroma (Las Heras et al., 1983). This thicker wall of the stem arteries could be an
compensatory mechanism to increase pressure and flow in the fetal circulation, with the

resultant smaller luminal volume.

Greater amounts of highly vascularized terminal villi occurring in hypoxia (as described by
Kingdom and Kaufmann, 1997) will have the effect of reducing capillary-mediated impedance
to blood flow in these terminal villi. It is conceivable that this would have an effect similar to
“peripheral vasodilation”, with resulting diminished “venous return” towards the conducting
areas of the villi. Whilst the materno-fetal system generally operates with low impedance, the
reduction in impedance occurring in this greatly increased villous volume could possibly be
too high. As blood moves towards the vessels of the conducting areas of the villous tree, it

encounters vessels with more smooth muscle capable of providing an increase to the
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impedance. If this is occurring however, the control would have to be via paracrine
interactions of endothelium and smooth muscle, as the stem villi arteries and arterioles (like
the umbilical cord vessels), are not innervated by the autonomic nervous system (Kingdom et

al., 2000).

An interesting concept is that the muscular walls (as well as the extra vascular myofibroblasts
of the villus stroma) contributes to the autoregulation of the feto-placental vascular system as
a whole, and not just to the fetal flow (Demir et al., 1997). Myofibres of the vessel wall or
myofibroblasts of the villus stroma which are oriented parallel to the longitudinal axis of the
villous stems could possibly aid circulation of maternal blood through the intervillous space.
This would be particularly so in the case of anchoring villi which connect the chorion to the
basal plate thus extending across the full intervillous space, as their longitudinal contraction
could decrease intervillous volume and thus increase intervillous pressure (Benirschke and
Kaufmann, 2000; Krantz and Parker, 1963). However, pressure increases in the intervillous
space have been postulated to reduce fetal perfusion by increasing fetoplacental impedance
(Benirschke and Kaufmann, 2000; Kingdom and Kaufmann, 1997). It could be theorized that
if the proliferation of tunica media of stem vessels in pre-eclampsia is in order to compensate
for diminished flow through the intervillous space, this could in fact represent a

maladaptation.

The field of research is still wide open with many differing opinions. There could be many
reasons for the differing observations made by authors when examining the morphometry of

pre-eclamptic placentas. The most likely explanation is that at present we are erring by
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including conditions of several different etiologies under one banner. To explain why not all
instances of pre- eclampsia are associated with placental abnormalities, Ness et al. propose
that the disease constitutes a spectrum including ‘maternal’ and ‘placental’ forms. Placental
pre-eclampsia would have an abnormal placenta occurring in an otherwise normal woman,
and maternal pre-eclampsia, would have a normal placenta within a woman who suffers from
a preexisting problem, such as cardiovascular disease or diabetes (Ness and Roberts, 1996). In
addition, there is growing support that there are differences between the aetiology and
alterations in placental morphology of placentas from early and late onset pre-eclampsia, as
well as with or without growth restriction (Roberts and Catov, 2008). For example, Kingdom
and Kaufmann (1997) propose that if pre-eclampsia manifests in later pregnancy, the situation
may in fact be one of fetal hypoxia with placental hypoxia or even hyperoxia, as a result of an

imbalance in placental entry and fetal extraction of oxygen.

43  CONCLUSION

The findings of this study, of increased villous density and associated increased fibrin
deposition; as well as an apparent compromise to stem vessel carrying capacity, would
indicate that placental and post-placental ischaemia are possible threats to materno-fetal
exchange in pre-eclampsia, in addition to the existing pre-placental (maternal) ischaemia. As
placental growth is a dynamic process which occurs in response to a variety of factors,
including varying oxygen concentrations, it would seem that the changes observed could be
adaptations of the fetal components of the placenta to the intervillous ischaemia. However, as
these adaptations could in fact further compromise the fetus, they may represent

maladaptations.
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Future studies should incorporate Doppler blood flow measurements spiral artery, intervillous
and umbilical vessels as an adjunct to morphological studies of both the placental villi and
placental bed. This would allow correlations to be made in order to elucidate pre-placental,
utero-placental and fetal ischaemia and their inter-relationships. The collaboration of clinician
and scientist will become increasingly important in unfolding the many complexities of pre-

eclampsia.
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5.1

APPENDIX 1: ETHICS APPROVAL AND TITLE CHANGE

J

Yours sincerely
_ —
)
h DR'J MOODLEY LY Nk

= UNIVERSITY OF
4 KWAZULU-NATAL
N

Research Office
BIOMEDICAL RESEARCH ETHICS ADMINISTRATION

Research Office
Room N40 - Govan Mbeki Building
University Road, WESTVILLE CAMPUS
KwaZulu-Natal, SOUTH AFRICA
Tel: 27 31 2604769 - Fax: 27 31 2604609
Email: - - Website:

24 August 2007

Mrs J Ducray

Optics & Imaging Centre

DDMRI

Nelson R Mandela School of Medicine
University of KwaZulu-Natal

Dear Mrs Ducray

PROTOCOL: Morphometric image analsis of caspases 3, 8 and 9 in term placentae of
normotensive and preeclamptic pregnancies. Mrs. Jennifer Ducray. Durban University
of Technology. Ref: BF042/07.

The Biomedical Research Ethics Committee considered the abovementioned application
and the protocol was approved at its meeting held on 15 May 2007 pending appropriate
responses to queries raised. Your responses dated 13 August 2007 to queries raised on 19
June 2007 has been noted by a sub-committee of the Biomedical Research Ethics
Committee. The conditions have now been met and the study is given full ethics approval
and may begin as at 24 August 2007.

This approval includes the amendment to the Information to participants dated 09 August
2007.

We acknowledge receipt of the permission from the hospital manager of King Edward VIl
hospital and the Zulu translations of the information and consent documents.

Please submit evidence that the translator is accredited.

This approval is valid for one year from 24 August 2007. To ensure continuous approval,"\:“
an application for recertification should be submitted a couple of months before the expiry s
date. In addition, when consent is a requirement, the consent process will need to be\J
repeated annually.

| take this opportunity to wish you everything of the best with your study. Please send the
Biomedical Research Ethics Committee a copy of your report once completed.

Chair: Biomedical Research Ethics Committee o 4, '
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g UNIVERSITY OF
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12 Octater 2071

Profeszar T Maicker

Ciptics and Imaging Centra

COMR

Melson R Mandefa Sciool of Medicing

Dear Professor Maicker

Master of WMedical Scignce
PROTOCOL: “Immunaiocalization of caspages 3, B and ¥ in the placanta of

normotensive and preeclamptic pregnancies”
J Ducray, Optice & Imaging 2065264 06

Al a meefing of the Postgraduats Education Commites held 11 Ostabar 2001, your reguest fos
approval of protecol amendment 25 July 2011 has been notad and approsa,

Mew title: “Morphometric comparisons of the term placanta from normotensive and pra-
eclamptic pregnancies suggest maladaptions of the foetal component of the placents in

Pre-sclampsia®

Yours sipsgnely

rofeszar 3J Batha
Chair: Postgraduate Education Comimities

CC. MsJF Ducray Biomedical Research Eihics Committse
WWestille Campus

Pasigraduate Education SAdeminizlration
Medical School Campus

Fusial Bddrass P iessr 520 ¢ Grogolia 3000

T Facaoele, SETOEST losd —ninheslenr Sk Lanon WIARGIE el T AN ER

Twaphune #2700 S0 0T 30T
-l 1910 - 2010 .t.

100 ¥ERTS OF ACARCEMIC EXCELLENGE
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52 APPENDIX 2: HOSPITAL PERMISSION

Nelson R Mandela M

School of Medicine UNIVERSITY OF
KWAZULU-NATAL

Optics & Imaging Centre

Doris Duke Medical Research Institute
Nelson R Mandela School of Medicine
Faculty of Health Sciences

P4 Private Bag 7 Congella 4013 South Africa
Telephone: +27 (0)31 260 4435

+27 (0) 31 260 4274

Facsimile: +27 (0)31 260 4435

E-mail: Naickera@ukzn.ac.za

Medical Superintendent / Hospital Manager
King Edward V111 Hospital
Dear Sir

Permission to conduct a research study: Ethics study number: BF042/07
I would like to apply for permission to conduct a masters research study entitled:
Morphometric image analysis of caspases 3, 8, and 9 in term placentae of normotensive and pre-eclamptic
pregnancies.
Under the guidance of my supervisors Prof T Naicker, and Prof J] Moodley, I would like to quantify levels of
some key biochemical players in the apoptotic pathway of the placental villi. This is with a view to increasing our
understanding of the aetiology of pre-eclampsia.
In order to do this, we require small pieces of delivered placentas to process for immunocytochemistry, and an
access to patient records in order to compare clinical data such as blood pressure, weeks of gestation, maternal
age, birth weight of baby etc.
A research nurse will be employed to liaise with the patients, and to collect the data as well as the placental
samples. We will utilize results of tests and examinations routinely done for the patients. There will be no
financial or human resource implications for King Edward Hospital.
Prof Moodley has funding available for the research nurse, who is ready to begin her work as soon as we receive
full ethics approval. We have also applied to NRF and MRC for project funds (see attached documentation).
Please note that this is not a clinical trial, and I am not currently involved in any other studies.
Yours sincerely

Date

Mrs Jennifer Ducray (Student number 206526406)
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PERMISSION TO CONDUCT A RESEARCH STUDY/TRIAL

This must be completed and submitted to the Medical Superintendent/s / Hospital
Manager/s for signature.

For King Edward VIIl Hospital (KEH) and Inkosi Albert Luthuli Central Hospital (IALCH)
studies please submit the document together with the following:

1. Research proposal and protocol.

2. Letter giving provisional ethical approval.

3. Details of other research presently being performed by yourself if in the employ of
KEH, (individually or as a collaborator).

4. Details of any financial or human resource implications to KEH, including all
laboratory tests, EEGs, X-rays, use of nurses, etc. (See Addendum 1)

5. Declaration of all funding applications / grants, please supply substantiating
documentation.

6. Complete the attached KEH Ferm - “Research Details”

To: Chief Medical Superintendent / Hospital Manager

Morphometric image analysis of caspases 3,8,and 9
in term placentae of normotensive and pre-eclamptic pregnancies.

BF042/07

Permission is requested to conduct the above research study at the hospital/s indicated
below:

Site 1 address: Investigator/s:

Inpatients Principal: Mrs Jennifer Ducray

Obstetrics and gynaecology (maternity) Co-investigator: Prof T Naicker-supervisor
King Edward VIIl Hospital Co-Investigator: Prof J Moodley-clinical

NOTE: On{:{rée docéument has been signed it should be
Biomedical Research/Ethics Administration, Room 112 Old MRC

NB: Medical Superintendent/s /-Hespital Manager/s to send a copy of this document to
Natalia

Site 2 address: N/A Investigator/s

Principal:

Co-investigator:
Co-Investigator:

Signature of Chief Medical Superintendent / Hospital Manager:
Date:
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53 APPENDIX 3: PATIENT INFORMATION

Greeting: Good day Miss/ Mrs . My name is
Thank you for giving me the time to speak to you.

Introduction: The reason I want to speak to you today is because my colleagues and I are presently involved in a
study of pregnant women. It has been noted that some women get very high blood pressure during pregnancy,
and we are trying to understand more about why this happens.

I’'m sure you know that when a baby grows inside you, it gets its nutrition from a piece of tissue that is attached
to your womb called the placenta. People studying in this field have seen that for some reason it is the placenta
that causes the high blood pressure.

When the baby is born, this piece of tissue (which is usually called the afterbirth) is also delivered. After the
baby’s cord has been tied and cut, the placenta is discarded. In order to learn more about high blood pressure
in pregnancy, we need to study a small piece of your placenta.

Invitation to participate: We are asking for your permission to include you in our research study. We require
your permission to take a small piece of your placental tissue (after it has been delivered) and to study it. This
will not harm you or your baby in any way.

What is involved in the study: We will be collecting placenta samples from 30 woman whose blood pressure
was normal, and 30 samples from women whose blood pressure was high. All these samples are being collected
here in this hospital from South African woman and will be studied at the Nelson Mandela Medical School. The
results of this will benefit medical science and be used for a masters degree. We will require nothing more from
you except permission to use a piece of your placenta. The piece of placenta will be labelled, maintaining your
anonymity and then processed for experimental procedures. Post-study the sample will be archived in wax. The
remainder of the placenta not utilized for study purposes will be incinerated as usual by KEH.

Risks Because this sample is taken after the placenta has been discarded, it will not harm you or your baby in any
way.

Participation is voluntary Please note that participation in this study is completely voluntary. You are in no way
obligated to consent to us taking this sample, and should you decline you will still receive the normal hospital
treatments to which you are entitled.

Confidentiality Personal information will remain confidential. Personal information may be disclosed if
required by law. Organizations that may inspect and/or copy your research records for quality assurance and data
analysis include groups such as the Research Ethics Committee and the Medicines Control Council (where
appropriate).

Questions Do You have any questions?

Contact details of researcher/s If you want any more information, or are unhappy about

anything, you may contact the following people:

Nalini Pillay, or Jennifer Ducray 204-2406

Contact details of BREC Administrator — for reporting of complaints / problems
Biomedical Research Ethics Committee

MRS S BUCCAS, Nelson R Mandela School of Medicine, Private Bag 7, Congella 4013
Telephone: +27 (0) 31 260 4769

Fax: +27 (0) 31 260 4609 email: buccas@ukzn.ac.za
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ZULU TRANSLATION OF PATIENT INFORMATION
Ukubingelela: Sawubona Nks./ Nkz. Igama lami ngiwu
Ngiyabonga ngokunginika lelithuba ukuthi ngikhulume nawe.

Isandulelo:

Into eyenza ukuba ngifise ukukhuluma nawe namhlanje yingoba mina nalabo esisebenzisana nabo senza
ucwaningo ngabesimame abakhulelwe. Kuyinto esibonakele ukuthi i-BP iyanyuka kakhulu ngesikhathi umuntu
ekhulelwe, esizama ukukwenza ukuthola ukuthi ngabe lokhu kudalwa yini.

Ngiyakholwa uyazi ukuthi uma umntwana ekhula ngaphakathi kuwe ukudla ukuthola ngenkaba exhumeke
esibelethweni ebizwa ngokuthi umzanyana. Abakuwo lomkhakha sebebonile ukuthi into eyenza i-BP inyuke
kuphathelene nawo umzanyana.

Ngesikhathi umntwana ezalwa, kunezicubu eziphumayo (umzanyana) futhi ngesikhathi ubeletha.
Emva kokuthi inkaba isiboshiwe yanqunywa, bese uyalahlwa (umzanyana) ngendlela esemthethweni. Ukuze sazi
kabanzi nge-BP uma ukhulelwe, kumele sithathe ucezwana oluncane lomzanyana ukuze sifunde kabanzi ngalo.

Isimemo sokuzibandakanya: Siyakucela ukuba ube yingxenye yalolucwaningo. Sicela imvume yokuthatha
isicucu somzanyana uma usulahliwe (emva kokubeletha), siwusebenzisele ucwaningo. Lokhu angeke neze
kulimaze wena noma umntwana.

Okuphathelene nocwaningo: Sizogoqa imizanyana yomame abangu-30 akade bene-BP enganyukanga, bese
kuba ngeyomame abangu-30 akade bene-BP enyukile. Lemizanyana iziqoqwa ezibhedlela komame baseMzansi
Afrika, izobe isiyocwaningwa esikoleni sobudokotela i-Nelson Mandela. Usosayensi bezempilo bayozuza
ngemiphumela yalolucwaningo. Akukho okunye esikudingayo kuwe ngaphandle kwemvume yokusebenzisa
isicubu somzanyana wakho. Isicubu somzanyana siyobhalwa imininingwane yakho engeke yaziwa ngomunye
umuntu bese sisetshenziselwa indlela okuyohlolwa ngayo. Emva kocwaningo amasampula omzanyana
ayogcinwa ukuze asetshenziselwe ikusasa. Umzanyana ongasebenzanga ngesikhathi socwaningo, uyoshiswa
njengokujwayelekile.

Ingozi engabakhona: Ngenxa yokuthi isicubu siyothathwa uma umzanyana usubelethiwe, lokhu angeke neze
kulimaze wena noma umntwana.

Ukuzibandakanya akuphogiwe: Sicela ukukwazisa ukuthi ukuzibandakanya kulolucwaningo akuphogelekile
neze, kanti futhi uma ukhetha ukunqaba lokhu angeke kuthikameze impatho yakho esibhedlela.

Imfihlo: Imininingwane yakho izohlala iyimfihlo. Abantu abangafunyana lolulwazi yilabo abasemakomitini
nezinyunyzna zocwaningo.

Imibuzo: Kungabe unayo yini imibuzo?

Imininingwane yomcwaningi: Uma udinga olunye ulwazi noma kukhona ongagculisekile ngakho,
ungaxhumana nalaba abalandelayo:

Nalini Pillay, noma u- Jennifer Ducray 204- 2406.

Imininingwane kamabhalane we- BREC- ukuze wethule izinkonondo.

Ikomiti locwaningo lwezobudokotela:

NKZ. S BUCCAS, isikole sezobudokotela i-Nelson Mandela, Private Bag 7, Congella 4013. inombolo
yocingo: +27 (0) 31 260 4769. I- faxi: +27 (0) 31 260 4609. i-email: buccas@ukzn.ac.za
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54  APPENDIX 4: CONSENT FORM

Consent to Participate in Research

Morphometric image analysis of caspases 3, 8, and 9 in term placentae of normotensive

and preeclamptic pregnancies (Ethics reference number BF042/07)
I understand that I have been asked to participate in a research study
I have been informed about the study by Jennifer Ducray.
It has been explained to me that because this sample is taken after the placenta has been delivered, it will not
harm me or my baby in any way.
It has also been explained to me that that participation in this study is completely voluntary. I understand that I do
not have to give my permission, and if I refuse, I will still receive the normal hospital treatments.
I understand that you will require nothing more from you except permission to use a piece of my placenta and to
see my medical records.
I know that I may contact Nalini Pillay or Jenny Ducray at 204-2406, or the Medical Research Administration
office at the Nelson R Mandela School of Medicine at 031-260 4604 at any time if | have questions about the
research.
I will receive a signed copy of this document and the sheet of information about the project which has been
explained to me.

The research study, including the above information, has been described to me orally. I

understand what my involvement in the study means and I voluntarily agree to participate.

Signature of Participant Date
Signature of Witness Date
(Where applicable)
Signature of Translator Date
(Where applicable)
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Imvume yokuzibandakanya kulolucwaningo
Isihloko socwaningo: Ukuhlola ukuthi kumzanyana kwenzakalani nanokuthi yini eholela
ekutheni kunyuke i-BP. (Ethics reference number BF042/07)

Ngiyaqonda ukuthi ngiceliwe ukuba ngizibandakanye kulolucwaningo.

Ngazisiwe ngalolucwaningo wu .

Ngichazeliwe ukuthi ngenxa yokuthi umzanyana uzothathwa emva kokuba sengibelethile, lokhu angeke neze
kulimaze mina noma umntwana.

Ngichazeliwe futhi ukuthi ukuzibandakanya kulolucwaningo akuphogelekile neze, kanti futhi uma ngikhetha
ukunqgaba lokhu angeke kuthikameze impatho yami esibhedlela.

Ngiyaqonda futhi ukuthi akukho okunye okudingayo kimi ngaphandle kwemvume yokusebenzisa isicubu
esincane somzanyana wami kanye nokubona imininingwane yami yasesibhedlela.

Ngiyazi ukuthi ngingathintana no-Nalini Pillay, noma u- Jennifer Ducray kulenombolo 204- 2406, noma ihhovisi
likamabhalane wocwaningo esikoleni sezobudokotela i-Nelson Mandela kulenimbolo 031 260 4604 noma
ngasiphi isikhathi, uma nginemibuzo ephathelene nocwaninga.

Ngizothola ikhophi yalencwadi esayiniwe kanye nencwadi yesaziso mayelana nalolucwaningo esengichazelwe
ngalo.

Ucwaningo, kanye nolwazi, ngichazeliwe ngalo ngomlomo. Ngiyaqonda ukuthi
kuphathelene nani ukuzib andakanya kwami kulolucwaningo nokuthi angiphogiwe.

Isiginisha yozibandakanyayo Usuku

Isiginisha kafazi Usuku
(uma kunesidingo)

Isiginisha yomhumushi Usuku
(uma kunesidingo)
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5.5 APPENDIX 5: DATA SHEET

CASPASE / PRE-ECLAMPSIA STUDY JENNY DUCRAY

Category (tick): Normotensive = N [] Pre-eclamptic = P [] Study no:

© No exclusion criteria present (check against Iist)|:|

Please place hospital sticker here

General hospital information

Admission date KEH number |

Diagnosis (tick) | MILD: BP 140-150 SEVERE: BP> 160

if PET 90-110 10
Protein + Protein ++

Demographics

Surname First Name
Date of Birth Age
Lifestyle (tick) | Rural Urban
Clinical Data
Parity | P: G: | Weeks gestation on admission |
Highest BP | Systolic: Diastolic:
Maternal weight | | Maternal height
Oedema (tick) | ankle ‘ Up to knee | Up to groin | Generalised (facial)
Lab proteinuria Dipstick
results Lab 24hr protein
Creatinine clearance
Full blood | Red cell count White cell
count count
Haemoglobin Neutrophils
Haematocrit Lymphocytes
Mean cell Monocytes
volume
Mean cell Hb Eosinophils
Platelets Basophils
Urea and | Sodium Urea

&3




electrolyte | Potassium Creatinine
Chloride Anion gap
CO2
Liver Total protein Alkaline phos
function | Albumin AST
tests Globulin ALT
Alb : Glob LDH
Total bilirubin

Antenatal Fetal Investigations

Type (tick )

Note any abnormalities

Sonar

Doppler

Electronic fetal HR

Birth details

Weeks of gestation at time of birth |

Indication for | Maternal Fetal Combination of
delivery interest Distress Maternal and fetal
(tick one) (CTG abnormal) interest.
Explain above if | Explain above if Explain above if
relevant relevant relevant
Method of Normal vaginal Caesarean
Delivery (tick | Spontaneous Elective
one) Induced Emergency
Complications Eclampsia — Severe pre-eclampsia Imminent eclampsia

in labour.

related (tick)

Other (explain)

Baby details at birth

APGAR 1 min 5 min
Baby (tick) Live Stillborn
Perinatal death Neonatal
(1% 7days) death (up to
28 days)
Baby weight | (kgs)
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Placental details

shape normal abnormal
Weight (grams)
Diameter (cm)
Thickness (cm) |Lessthan2cm | 2-3cm More than 4
Colour Maternal surface Dark Maroon Pale
Fetal surface Dark Pale
Infarcts Amount of clear mild severe
(maternal infarcted tissue
surface ) Colour of infarcts | Pale grey | Verydark | Both
(if present)
Clots (maternal | none few many
surface) tick
Umbilical cord Point of central peripheral
attachment
Length Less than 30 | 30-90 cm Greater than
cm 90 cm
No of vessels E (2
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1. Inirodusction

Pre-eclampsaia is & conditon wnique to pregnancy, charac-
terised by abrupt onset of hypertension and proteinuda It is
azmoci sted with an increxse in matemal morbddity and mortalicy,
and with & fivefold increase in perinastal montality [1-3] Pre-
eclampsia occurs in showt 2-8% of pregnancies in developed
cowntries, but this fgure can be threefold higher in developing
countries. Wordwide, pre-eclampsia and eclampsia sccount lor
over 500000 deaths annuslly [3] In South Afica hypensnsive
disorders of pregnancy (HDF) account fbr 19% of all matenal

" Correspodsding Fatheor. Tel: =27 31 3I06; Gx: 27 31 ITI06.
E-mad addresser jesdleadd dat ac 2o, toanbeliaien a0 2a (LF. Doeorayl
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desths, and ol these, 83% are due to pre-eclampiis and eclampsia
|2]. Resohs tion of t hedisorder ocours withdelivery of the placents,
Themee misch resesrchihas beenfoosed on the placent al role in this

As far back 25 1939, resesrchers had associaved the develop-
ment of pre-eclampain with reduced placentsl perfusion 4]
During early placentsl development, extravillms trophoblest
invasion into the placental bed is inadequate, resuwlting in failuwe
of the physiological conversion of the spiral arteries that is
charsctertstic of normal pregnancy [5-13] This in tum lesds to
decrexed perfision of the intervillous space In this ischaemic
enviromment omne woukll expect strectural compensations of the
villli such a8 inremsed sufsce area of decressed diffuson distance.
Alematively, there could be incressed damege such x5 librotic
depodition or necratic aness.



k]

Studies an the comparative morphology of pre-eclamptic
versus normotensive placentss have demonstrated interesting
and sometimes condlicting results Villous sufasce sres has been
ahown to be altered disproportionately to volume in pre g e
asocisted with censin hypoxic conditions, ind uding pre-ecamp-
aia | 14] Intrasterine growthrestriction (IUGR) has been a socisted
with changes in placent sl morphalogy swch & decressed swfae
arexs, impoverished growt boof pepheral villi and decressed letsl
angiogenssis. This was not the cae for pre-scdlampsia slone
howewver [15-18] Significant hyper-ramification of the capillary
loops in terminal villi of pre-eclamptic placentse has been
obse rved, together with i megular vessel profiles and na mow vesesl
lwmina [1920) The prevalence of inflammation, infarction,
ischaemis, haemorhage and symcytial knots was found to be
increased in both pre-eclampsa and DGR [21]. and it has long
been established that the placentse from pre-sclamptic pre gnan-
cles display incresxed gynoytial lkvotting [2223]

Olarity in the reltionship between placental function and
maviphal ogy on the omne uamd, 2nd pre-ec ampsa on the other hand
s arill lacking. Kingdom smd Ksnlimann suggested that changes in
pl acental morphology will depend on i ntrapl scental o ygen status,
which in tem depends on both maternsl supply asnd fetsl
extraction [24] Pre-eclampais is generally recognized a5 being
characterized by reduced maternal flow with uwberoplacental
hypaia (insdequate oxygensted blood entering the intervillous
apace) This, however. is only one aspect of the equation. If the
villous elements of the placenta do not transpont svailable oxygen
to the ket efficiently, a situstion of pest plaremial hyposxia omild
arise, in which a compromised wvillous flow compoends the
reduced maternal fow. Added to this, the eficiency of exchange
could also be affected by sny impedance to interllos Bow (such
a3 omild redult from an incresse in dendity of villifreduction of
intervillows space flibross of villi L

1L liging, morphometric image snalysis this study compared
sgime vill lous par amete s wii ch cowld afect the haemodynamics of
matermo-fetal exchange This was with & view to investigating
possible morphological changes in the villi ooourting in response
to, but slso compounding, the effects of the placental chaemia
asocisted with pre-eclampaia

2. Materials and methods
2.1 Patient selection and sample collection

T stuchy wis cothaoted in Durban, Smeth Africa, a3 noffshoot of
& larger pre- eclam piic stidy. Fol kow ngi nsti tutional ethical spproval

and informed consent, thimy normotensive (BP < 130/80mm Hg)
and 30 pre-edamptic (SEP > 140 mm Hg DEP > 90mmHg pro-
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teinuria) African patients were selected by a research midwile
Patients between the ages of 18 and 40 years and of parity (-5 were
inchuded inthe study. Excluwsion oritera included chionic hyperten-
son, pre-existing seirure disorder, eclampsia pre-gestationsl
disbretes, placental shruption, gestationsl dishetes, thyroid disesse,
it i, chronic renal dise sse_intra erine desth, candia e diseme and
infection with HIV. Demaographic, clindcal snd neonstal data were
ol lated.

232, Sgmple preparation and maorphormenny

Placental samples were immedistely fixed in bulfered foomal-
dehyde amd processed using 4 Salura VIP 500 Automasted Tissue
Processor Asingle3-5 wm section from easch sample was prepared
lor gener sl monplvolog cal e i nti on wing 2 Mayers Hae ma o -
ylin and Eminstain [25)] Nuwmerous plotomi orogra phs wer e taken
&t dliMerent levels of magnification, and wtilized for the morplom-
etry using & Nikon Eclipse BS00 micrmoope interfsced with the
Softw are Imaging Systems (Germany ) image anabysis package A
single observer did all the messurements in order to mindmize
inter-observer bizs The following morphology parameters were
iseaed:

(i) Demity of plocental villus avangement: Using the 4 abjective,
the fowr quadrants of esch shide were photogr aphed. Colowr
thredholds, waturation and intensity were individuslly set for
each image, binary images were crested (Fig 1A and B). and
phase snslysis was performed to determine the area of the
feld that was ocospied by placental willl This was then
expredsed a2 percentage of the total i eld area The serage of
the me xurements for the o quadrants wis determi ned for
each slide

(i) Pereemiage of stem villus area oaupied by stem vessel luming
ILhtil s g o G viress. of stemn villli owtlined by Bendrschke and
Kawbmann [26] two stem villl were selected ineach section on
the basis of clarty of morphalogy for mexsuring purposes
Stem villi st different levels of branching (and therefone
diffiere nt calibres ) weere inchuded. For eadh stem il the sum
of sl the vesel hominal sness was expressed x s percentage of
total vills area

(iil) Relative thickness of siem arenal walls: Utilising the
micrographs from (i) above, the main anedal vessel was
selected in each The srea of the amery was established
using the outer sdventitial bowndary. The hemen ares was
subtracted from this in order to adcenain the anes oooupded
by arterial wall. This was expressed o s percentsge of wial
vessel area in order to compensate for differing calibres of
stem villl

prmenage of the roGl Seld ama
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ariabde [ s} [T [— Povabus
Mean+ 50 Mean+ 50
Fasiny (mo. of B k) 1054 + 0354} 1070 1004 0.339
Graviday (s of 2 (15440854 2 (181,158 043
Systolic bioad presoee (memHg) 1771410319 15654+ 15.01 0,000
i s Blooed paesse (mmHy) TEAS+E064 10042+ 100 0,000
Ma s armerial pressere | mem Hy 8736647745 19258 + 9. 06 =0.000
Bty mass e ITTTHEST IEBELET o.am
Welrels gestason [ wiesis) IRET+ 14T 36,55+ 2340 <0000
By (g} 30402 2744030 oo
Foll pilac el wsight (5} 5734936 B35+ 172722 .08
Placental diameter [ o) 2016+058 19,97 + 0467 015

(iv) Extent of fibrods: Samples were examined wtilising the 10
objective, and the srea of grestest i brosis was selected in each
quadrant. The sum of sl srexs of fibrosis in the feld was
expresed & 2 percentage of total feld area

2.3 Sratistics

Mean + dtandard deviation was caloulsted for clinical and
ooyl engd e | uanitati ve v bl e by g roup. Stati st cal 4 gnificance
wird determined using (-tests (P - 0.001 ) Comparions of cabegorical
varishles betwesn groups were achieved using the Pearson Chi-
aquare test, with a P < 05 Correlations of mean arterial predaune
(MAP) w2 placentsl weight, lrh weight vo plecentsl weight, lith
wetglht vi. weeks gestation and binh weight v MAP were performed
using two-tailed Pearson's aerelation coefficient () with P < 001
indicating statistical sigmificance.

3. Resulis

The clinical characteristics of the normotensive (NT) and pre-
eclamptic (PE) groups are shown in Table 1. Blood preswre
parameters, iz, systolic (P D01} diastolic (P <0U001) and
mesn artersl pressure (P B001) were significantly different
beetwveen groups. Platelet cownts wene 3ignificantly lower in the PE
growp (P =0.005) with 36% of the pre-sclamptics having platelet
codents <175« 10F 177, The gestationsl age (P 00001 ) and birth
weight (P« L1 ) were bower in the PE group compared to the NT
group Table 2 shows a8 moderate positive correlation betwean
birth weight and placentsl weight (r= 0,623 binth weight and
weals of gestation (r=0743) and binh weight and MAP
{r= 0330}

1.1 Plarental morphomealry

The percentage of feld area occupied by placental willi (2=
oppaied to intervillous space) was higher in the PE group
(P 000 ) This i ndicates a reduction in the svailsble intervillows

apace in this group (Fig. 2ZA and B) Stem villi morphometry

Tabke2
Comelainn coelfichens berwmen mean amerial presere, geraimal age asd

placental wisghe

Variabdes ¢ornelined N Correla o
ook nr® ()
Mhea s armeral presoute with placesal wisght = 17s
Bimh mml.na with pl.unnl wisght & =53
Bl g (2] 743"
B wikg e conm Lated m e :'r.l.'l B4 —3En"
e

* Cormlaion sigsaficans ar e 001 el
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demonstrated a lower total luminal ares (carying capadty) in
relation to the villus ares in the PE samples), compared to NT
samples (Fig-2C and V(P - 00NN L concomitant with an inche xed
thickness of stem villi arterisl walls in the PE growp(Fig. 2C and D)
This was sttributable to an increse in the muscle tissue where
maorphometric comparisons indicabed that the percentage of the
veddel area oooupied by vessel wall was substantislly higher in the
pre-eclamptic stem anteries (P 0.001)

Fig-2(E and FF) shnws an inireade in the oourrence of fibross in
the PE samples, which was confirmed by morphometric image
analysis of thede fibrotic srexs (P < 00N L Fig 3 shows a bar graph
illustrating the results of the placentsl morphometry.

4. Comment
4.1, Admovdedged shontcomings in the study

There are argwment s both for and against the theory that what
we currently disgnme x pre-eclampsia in (2o represents maore
than ane disorder [27.28] In order to schieve complete scourscy
wihen studying the relstionship between pre-eclampsia and
placentsl morphology. the idea i to sub-categorise the disorder
into early and lste ondet a3 well 25 PE with or without IUGR, 2
done, lor example, by Egbar etal 23] In developing countries such
as South Africa, hiwever, researchers are unable to do this x
|patients genera lly present tothelospital st the ind tia tion ofl abodwr.
The hospital in Durban st which the study was done is no
exee ption, in that patients sre ot en dizgnosed with pre-ecl ampsia
T the first time on admission. Asce nasining the timeoflonset of the
condition i generally not possble. To complicate matters, nolocal
population nodms have been established for fetal weights related
togestationsl xge_and patients sre generally wisire & to their |zt
mensiriesl period_ These Botors make il stion of pre gnances with
amall lior gestational sge (SCA ) babies difficult Multiple regression
analysis confirmed & highly significant (P . 0001) poditive
asiociation between binh weight and gestationsl sge, rather than
intrauterine growth restriction However s the resasrchers
canmot be sure that the PE cohort is free of IUGR, interpretation
dilfhculti es arise_ The results therefore can be uwsed to give insight
im0 possble clhuanges and to suggest possibile Rt wre iniestig ot ons,
bast mot to make oonclusive statements.

4.2, bnage analysis

The raatermmal contrbution to mate ro-letal exchange is ol resdy
egtablished x being compromised in pre-eclampsia at the level of
the spiral arerioles The histological comparisons performed in
this udy inval ve ol companents of this exchange, investigating
possibde structiral sdapstions, malsda ptations or even ischaemic
damage that may ooour in pre-eclampsia.
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The increased dendsity of the villous arrangement obderved in
the pre-eclamptic growp of this study suggests increxed growth or
hyper-ramification of the placental villi. This response would
imcresse the interfsce available for matemmo-letal exchange, and i
kninwn o ooowr in hyposic conditions. These hypoxic oomdi tions
could be pre-placental such & maternal snsemis, or utenopls-
cental such a3 retention of vasoreadivity by the maternal spiral
aneries 24,30 An increxied density of the villous arrangement
will diminishthe intervillous space t hus impacting on flow inthis
area 5o whilst the villos sufsce ares would be incremed, flow
would decresse, possibly compromising matermo-letal exchange
Baoyd and Scott [31 | however, Bund significantly lower voleme of
parenchyma, as well & lower villous surface sres in pregnanc e
complicated by pre-eclampsia. A study by Mayhewet sl [16] fownd
that & reduced voleme of intervillous space was xsocisted with
TUGR, bast mot with pre-sclampsia, once sgain emphasizing the
bemefits of sub-categorisation in stwdy design.
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To date, many of the studies looking at placentsl villmes
have looised on the periphenal (intermediste and
terminal) villi, a5 these villi form the swuface for sctusl matenmo-
letsl exchange The vessel in the sbem villi are for conducting
bood to and from these intermediste and terminal silil In
conducting fetal bood to the peripheral villl stem vessels will
affect haemodynsmics st the exchange sited including fetal
extraction of oxygen In conducting the aygensted bood back
to the umbilical veins, they will affect umbilical hsemodynamics
(ood transfer back to the lehs) Any compromise to ther
i yi g capaci ty willl i n twrn comprami se materno-fetal exchange.
Althoughstemvilli play this crivical role in fetal cirod stion, studies
exaimining them are limited.

Reesta et al [19) excamimed the capillary loopsin terminal villi of
pre-eclamptic and normotenshve placentse wtilising confocal |aser
scanming. They reponted significant hyper-ramifi cation together
with irregulsr profiles and narmow leming L Heras et al [32]
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examined stem vessel in different hypertensive disorders of
pregnancy, incheding pre-eclampsia They fbwnd  endothelisl
profiferation, & well as proliferation of the subendothelisl and
amaoth musce oells of the medial lyer. The stem vesel luming
were narrowed. In this study the lower collective luwminsl ares of
the pre-eclamptic stem wvilll vessels (relstive to villus area)
supgedts a compromise of et Mood low through these villi 2=
oppeed to the stem vessels in normotensive placentse.

The percentage of stem artery ares ocowpied by the vesel wall
wis higher in the pre-eclamptic growp, revealing thicker arterisl
walls. This may be due to circuler muscle hy perplaga arising from a
need to inorexse pressune and (low in the ol croulston The
thicker wall cmeld, however, also be due to the longudina
elements of the media Long tudinasl myofibres of the media a well
a5 e vill his stroama which are oniented parallel o the |ongitwdinal
axis of the villows stems are postulsted to ad circulation of
muternal bl ood ther ough theintervill oies space. this cont ribating to
the vaseular fyaten o a whale, and not just to the feisl
circulation [33] This would be particulardy so in the cae of
anchoring wili which connect the chorion to the basal plate. thus
extending soross the full intervillous space. a5 their longitwdinal
contraction could decresse intendiloms volume and this incresse
intervillows preddure |26, 34) Predsure inoraxses in the intervillous.
apare have, hive ver, been podtulsted to redice fetsl perfusion by
increxsing ketoplacentsl impedance [24.26] & may be hypothe-
sized that in pre-eclasmpsia the medial hyperplagia of the stem
artery wall oooers 25 3 compensatory mechaniim o the reduced
Now throwgh the intervillos space. As the increased size of the
mueddia cowld be the rexson for the decressed total camyng capacity
of the stem vessels, this medisl hyperplesia omsd in fact represent
& mal sd sptation. Kingdom snd Kaufnan [24] suggest that in IUGR
there is a Fsilwre in the trampon of oxygen from the intervillows
space to the umbilical vein. Thus whilst the s is hypaxic. the
intervillows space remains rel stively “hyperacic™. As the relesse of
growth [sctors swch & vascular endothelisl growth botor (VEGF)

andl placentsl growth fector (PGF) is oxygen-dependent, the
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hyperaxic environment would alter their secretion snd resulting
effects This would sooownt for dilfens nees inpl acental morphology
betwesn IUGR and pure pre-eclampsia

The morphometfic obdervation invalving aress of fbrodis
showed s grester incidence of ibross in the pre-eclamptic growp.
These findings corraborate those of Corres et . [20]. who lfownd
that fibsin deposition was grester in all hypemensive
i pregnancy, and that the de pasition changed from perivillows to
intravillous in the more severe caies, an observation noted in the
current study. Fibdn depmition could be a reparative process in
response to infarction or inflammation. Jain et al. bund both
inflammation and infarction o be increxsed in pre-eclampsia
121].

I o] wsi on, the mosrphological and morphometrical evahes-
tions of this stwdy showed inorexsed villous ares in pre-ecl ampsia,
asiociated with increxed perdvllows and intervillous b nodd.
Stem villi morphometry revesled a significant reduction of stem
vessel hemina with 2 conamitant increased meadia_ These resuits
suggest a compromise in wvllous camying capacity, therely
alfecting placental transpont amd heemodynamics, compownding
the ischaemis resuling fom the reduced maternal spiral arvery
Now. Further investigaions would be necesaary in order o
determine whether the featires obienved are asmocisted with
IUGR, and to determine wiether the time of ondet of gestati onal

hypertendion impacts on them in any way.
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