











vast majority of PPHs (Cunningham 2010; Lutomski et al. 2012; Mehrabadi et al.
2013; Weeks 2015; Wickham 2011). The possible correlations in Figure 1.2,
however, must be viewed with caution because of the different ways of defining and
reporting PPH as described above. One major increase in medicalisation at birth has
been to make the active management of the 3™ stage of labour mandatory for all
women, at least in NSW where this study is located (New South Wales Health,
Primary Health & Community Partnerships 2005).

Does the Active Management of the 3@ Stage of Labour Prevent
PPH?

In the developed world maternity clinicians have little or no experience with providing
physiological 3" stage care. That lack of experience is because the medical model
has controlled the vast majority of births and interfered with normal female physiology
for a hundred years or more in the West (Alfaifel & Weeks 2012) without any
reference to the physiology of labour and birth. There is no recognition that the
highest levels of maternal endogenous oxytocin are released naturally during the 3™
and 4™ stages of labour (Rahm et al. 2002), especially if the woman breast feeds her
baby at that time (Chua et al. 1994). Disruption to normal physiology as detailed in
Chapter 2, Part 1 is likely to result in PPH because of interference with the uptake of
endogenous oxytocin at the receptor level (Odent 2001a; Saxton et al 2014).. See
Figure 1.3 for 3" stage management across the years.

Reproduced with permission from Alfaifel & Weeks (2012)
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Figure 1.3 Management of the 3" stage of labour across the years

The answer to prevention of PPH, is supposed to be the active management of the
3d stage of labour. Active management is promoted by state, national and
international health bodies including the International Federation of Gynaecologists
and Obstetricians (FIGO), the International Confederation of Midwives (ICM) and
WHO (International Confederation of Midwives & International Federation of
Gynecology and Obstetrics 2003; World Health Organisation 2012b). Worldwide,
however, in spite of active management, an estimated 10 maternal deaths occur
every hour due to PPH (Say et al. 2014; Weeks 2015). The Cochrane systematic
reviews, discussed below, have been most influential with health bodies mandating
the active management of the 3™ stage of labour as evidence-based practice. In the
following section, | briefly review the research regarding active versus expectant
management of the 3 stage of labour. My research question examines two elements
of 3 stage care (skin-to-skin contact and breastfeeding) which are related to, but
more complete than, the definition of expectant management provided in Table 1.1

above.
The Cochrane Reviews of Active Versus Expectant Management

A randomised controlled trial (RCT) conducted in 1988 (Prendiville et al. 1988)
claimed that active management of the 3@ stage of labour reduced the PPH rate to
around 5.9% compared to 17.9% for expectant/physiological management (Odds
Ratio (OR) 3.13, 95% Confidence Interval (Cl) 2.3-4.2). The initial Prendiville study
was followed by a number of RCTs (Jangsten et al. 2011; Kashanian et al. 2010;
Rogers et al. 1998) and several Cochrane reviews (Begley et al. 2010; Begley et al.
2011; Begley et al. 2015; Prendiville, Elbourne & McDonald 2009) all purporting to
show that active management of 3 stage was superior to expectant management.
The RCT by Prendiville et al. (1988) was the basis for the introduction of the
mandatory policy of active management of the 3™ stage of labour in maternity units
across Australia in 2002 (Ford et al. 2007a). In NSW, both active and physiological
management of the 3™ stage of labour was used up until 2005; although active
management was highly dominant during those years. In spite of the medical

management of the 3" stage of labour, the world is experiencing increasing rates of
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PPH year after year (Cameron et al. 2006; Ford et al. 2007). New South Wales
(NSW) Health did not mandate active management of the 3™ stage of labour for all
women until 2005 (New South Wales Health. Primary Health and Community
Partnerships, 2005) based on the Cochrane review in 2000 (Prendiville, Elbourne &
McDonald 2000). The latest 3" stage Cochrane Review (Begley et al. 2015) was
based on a meta-analysis of RCTs from seven hospitals: six located in high-income
countries and one in a low-income country. The evidence from this Cochrane review
showed a reduction in risk of PPH (>1000 ml) (average risk ratio (RR) 0.34, 95% CI
0.14-0.87) for mixed risk women (n = 4636). ). An analysis of the effects of active
versus expectant management on the risk of PPH (=2500ml) was a secondary
analysis in the latest review because of the adverse effects on women of routine
active management for all women e.g. elevated blood pressure (Begley et al. 2015).
In this review Begley et al. advocated that low risk women be given the choice of
active or expectant management providing the risks and benefits of both are outlined

so women can make an informed choice.

A number of criticisms undermine the validity and generalisability of the Cochrane
Reviews of active versus expectant management of the 3 stage of labour, including

the latest review (Begley et al. 2015).

Firstly, in the underpinning trials, ,women were mostly allocated to their groups in the
antenatal period (Begley 1990; Prendiville et al. 1988): occasionally they were
allocated on admission to birthing units (Khan et al. 1997; Prendiville et al. 1988;
Rogers et al. 1998). This allocation meant some women had changed risk status
before and during labour. Putting women, who may develop risks into groups based
on Intention To Treat (ITT) places them at increased risk of PPH, not because of
group allocation but because 1) in the RCTs underpinning the Cochrane Reviews the
midwives were being asked to swap between active and physiological 3" stage care
(based on the random allocation of the women) and these midwives had not been
assessed for their knowledge, skill and confidence in physiological care (Fahy 2009).
Secondly using mixed methods of 3 stage care are well known to increase risk of
PPH (Cunningham 2001;Khan et al.1997). Thirdly the definition of physiological care
in the Cochrane reviews had only one mandatory common element i.e. not using

artificial uterotonics prophylactically- | will reference back to biology in the following
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Chapter 2, parts 1,2 and 3 to support the assertion that physiological 3" stage care is
much more complex, holistic and skilful than the Cochrane Reviews and the
underpinning RCTs tested.

The Cochrane Reviews can be critiqued on the basis of not having clearer exclusion
criteria (Fahy 2009). Women who did not have a physiological labour should not have
been enrolled in the study at all because a decision to facilitate physiological 3
stage care cannot be safely taken until after a physiological labour and birth (Dixon et
al. 2011; Hastie & Fahy 2009). There is increasing evidence that interventions during
labour and birth are more likely to result in PPH (Buckley 2009; Dixon et al. 2011;
Fahy et al. 2010; Grotegut et al. 2011) due to disruption of normal physiological
processes, such as release of endogenous oxytocin.

A careful reading of the RCTs and Cochrane systematic reviews of the management
of the 3 stage of labour do not take account of reproductive physiology (Fahy 2009).
The lack of attention to reproductive physiology is unsafe, particularly for women
whose 3' stage labours were managed by withholding oxytocin in the wrong context,
and with clinicians who were unskilled in facilitating a physiological 3 stage. The
differences between expectant and physiological care in 3™ stage of labour are
highlighted in Table 1.1 and are well described in the midwifery literature (Fahy 2009;
Fahy et al. 2010; Fry 2007). The midwifery definition of physiological care differs
substantially from that of the current NICE guidelines (National Institute of Clinical
Excellence 2014) also described in Table 1.1.

Finally, there was no checking of protocol compliance by the research team to ensure
that the care was given as planned (Fahy 2009). Training and checking protocol
compliance in the expectant care group was particularly crucial because active
management had been institutionalised for years before the trials commenced.
Indeed, the trials were all carried out in hospitals where active management of the 3™
stage of labour was the norm (Fahy 2009). Many midwives, therefore, did not have
the knowledge or expertise to safely facilitate a physiological 3™ stage. These
midwives then would have interfered with normal physiology as they were used to
doing and inadvertently caused preventable PPH (Fahy 2009; Harris 2001).This
criticism is strengthened by research carried out before the PPH trials (Featherstone
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1999) where midwives were surveyed as to their understanding of physiological 3™
stage care with only 57% having the knowledge and confidence to carry out that type
of care safely.

These criticisms of the randomised controlled trials underpinning the Cochrane
Reviews demonstrate an unacknowledged bias towards active management by
including women with risk factors for PPH in the expectant arm (Fahy 2009). The
inclusion of women with risk factors in the expectant arm of the study was unsafe.
What is not known is how effective physiological care is by skilled midwives for
women at low risk of PPH at the end of the 2" stage of labour. This dissertation goes
some way to answering that question. Chapter 2 describes reproductive physiology
with discussion on physiological 3 stage of labour care.

Skin-to-skin and breastfeeding are two elements of physiological 3" stage care. If
these two elements show a decrease in PPH rates, as | hypothesise in this
dissertation, then that is evidence towards the benefits of full physiological care in the
3" stage of labour.

MY INTEREST AND BACKGROUND

| have practiced as a midwife for more than 40 years in a variety of settings in
Australia. | have worked as a clinician in small rural and medium sized metropolitan
hospitals and as a manager in large tertiary referral units. | have also worked as a
homebirth midwife. From my broad experiences, | have observed increasing
medicalisation of the childbearing process; an observation which is borne out by
various Australian publications (Hilder et al. 2014a; Laws & Hilder 2008; Laws, Li &
Sullivan 2010; Li et al. 2012; Nassar & Sullivan 2001; Lumby 2001, p. 33). The
advent of accurate birth records in the Western world since the 1990’s (Ford et al.
2007a; Joseph et al. 2007; Knight et al. 2009; Rouleau et al. 2009) has identified the
rapid rise in the rate of PPH as a major issue in maternity services (Lumby 2001;
Mander & Murphy-Lawless 2013).

My management role involved responsibility for 19 maternity units, which included a

very busy tertiary referral unit, regional units and small rural units. Meetings with key
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stakeholders to discuss maternity services outcomes occurred on a regular basis.
The outcomes discussed at these meetings included the rates of PPH and what
could be done to ameliorate or prevent recurrence, especially as we planned the
introduction of midwife-led antenatal clinics for healthy women and continuity of care
models. Recent research has shown these models result in lower PPH rates (Catling-
Paull et al. 2013; Davis et al. 2012; Dixon et al. 2009; Fahy et al. 2010).

In my role as a homebirth midwife, | observed that women who experienced a
homebirth with a known midwife did not, generally speaking, experience excessive
blood loss following the birth. As the manager of tertiary referral units, | also observed
that PPH rates for women birthing in a public hospital, with independent midwives
with visiting rights, were also low. | was interested to understand why PPH rates were
rising in the maternity service setting. What was different when midwives were
primary caregivers and was there anything that could be done to halt and reverse the

trend of increasing PPH rates.

A major impetus for starting this study was trying to understand why the rate of PPH
had not reduced to around 6% as foreshadowed with the implementation of active
management of the 3 stage of labour (Prendiville et al. 1988) but had instead,
continued to rise (Bateman et al. 2010; Cameron et al. 2006; Ford et al. 2007a;
Knight et al. 2009). As will be explained in Chapter 3, part 1 the major cause of PPH
is uterine atony which is thought to account for 70-90% of all PPH (Bateman et al.
2010; Driessen et al. 2011; Khan & Refaey 2012; Lutomski et al. 2012; Mehrabadi et
al. 2013; Wickham 2011). | found the apparent necessity for all women to require
artificial oxytocin for their 3" stage of labour disturbing, because it implied human
females are unigue among mammals in having high rates of endogenous oxytocin
deficiency during birth. Equally, because the rates of PPH are continuing to rise in
Western countries, it suggests successive generations of Western women must have
progressively less endogenous oxytocin and/or fewer oxytocin receptors (Kruska
1993; Odent 1998). Along with other researchers and theorists, | began to think that
our model of maternity care was likely to be causing oxytocin deficit in women (Odent
2015). | was also recognising that the effects of the maternity care system could not
be eliminated by using an artificial form of oxytocin (See Chapter 2 for more detalil

and discussion on physiology).
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CONTEXT OF THE STUDY

The setting is three hospital maternity units, managed as a single entity within the
former Hunter New England Area Health Service (HNEAHS). In 2010, NSW was
divided into 15 Local Health Districts (eight metropolitan and seven rural) of which
Hunter New England Health is one of the rural networks. See Figure 1.4 for Map of
NSW Area Health Services and Figure 1.5 for Map of HNE Local Health Network
(both adapted from http://www.hnehealth.nsw.gov.au).

Greater Western

A Sydney Area
{ Hleaith Services

Greater Southern Q\ﬂlh!-n

Figure 1.4 Map of NSW Area Health Services

Hunter New England Health is subdivided into seven clusters. The three study sites

are in the Greater Newcastle cluster.
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arguments and evidence presented in this dissertation to answer the research
question are summarised. In this final chapter, the recommendations for policy,
midwifery and medical practice and education are detailed.

CONCLUSION

In this chapter | have introduced the study and set it within the global and Australian
context. | have presented the possibility that modern maternity settings and the way
in which maternity care is provided may be contributing to the increasing rates of
PPH. | have explained my background and my interest in the topic. The significance
and limitations of the study are presented and finally, the content of the remaining

chapters of this dissertation have been summarised.
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CHAPTER 2 CONCEPTUAL FRAMEWORK

The present study concerning PPH was introduced in Chapter 1, including discussing
the relevant international literature and the context of the study. In that chapter |
argued that the present study is justified by current theory and evidence which
supports the notion that simply ensuring skin-to-skin (S2S) contact for women and
their babies and allowing spontaneous breastfeeding (B/F) in the first 30 minutes
after the baby’s birth may be protective of PPH (Catling-Paull et al. 2013; Davis et al.
2012; Dixon et al. 2009; Fahy et al. 2010; Hastie & Fahy 2009). Whether or not
women and babies experience either or both S2S and B/F is recorded by midwives
as ‘Yes’ or ‘No’ in ObstetriX, (the electronic data base)—see Chapter 4 for more
details on ObstetriX.

Chapter 2 provides the physiological and theoretical frameworks for this study. In
approaching this chapter, | want to first acknowledge that the best way to fully
understand the living human body is to consider the whole organism: body and mind.
The standard bio-medical ways of understanding human anatomy and physiology is
based on cadaver anatomy. The human body and its functioning in the bio-medical
model is conceptualised and taught as discrete parts, i.e. cells, tissues and organs. In
reality, however, the body and mind function as an integrated whole; the subject of
the branch of scientific enquiry known as psychophysiology (Cacioppo et al. 2007). In
the theory presented in this chapter | seek to capture some of the dynamic interplay

between various body systems and organs, and between the mind and body.

This chapter is guided by the question:

‘How does skin-to-skin and breastfeeding at birth affect the physiological
functioning of the uterus as it relates to bleeding in the 39 and 4" stages of

labour?”

In the study reported in this dissertation | defined the concept of ‘Pronurturance’
which was subsequently operationalised in the methods (See Chapter 4 for more
detail). Pronurturance is the simple combination of S2S and B/F within 30 minutes of
the baby’s birth. The concept of Pronurturance—described and discussed in detail in
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this chapter, was chosen because it encapsulates both S2S and B/F and emphasises
what is already well known about the benefits of these at birth in terms of
breastfeeding and bonding (Crenshaw 2007, Crenshaw 2010; Kennell & McGrath
2003; Klaus 1998; Uvnas-Moberg 2013a).

Key biological and theoretical terms used in this chapter are defined in tables within
relevant chapter parts. Basic scientific terms are included in the Appendix 7 Glossary
of Terms.

This chapter is divided into three parts:

Part 1 was published as a peer reviewed paper. In that paper | review the biological
knowledge of reproductive physiology and the autonomic nervous system as it
relates to uterine functioning in the 3" and 4™ stages of labour. Part 1 also describes
and explains why skin-to-skin contact in the 3 and 4™ stages of labour optimises
oxytocin release and uptake at the myometrium and should therefore minimise

bleeding.

Part 2 draws upon advances in cognitive neuroscience and related mindfulness
psychology to describe, predict and explain how a woman’s thoughts, attention and
feelings affects and is affected by her autonomic nervous system which, in turn,

affects her reproductive psychophysiology.

Part 3 focuses on the functioning of the woman/baby dyad in the 3@ and 4" stages of
labour. The theory of Birth Territory and Midwifery Guardianship (Fahy et al. 2008)
together with concepts from Part 1 and 2 and are used to conceptualise a new
theory, Pronurturance Plus, i.e. S2S and B/F with more concepts and propositions
added. This new theory can be used to describe, explain and predict how the risk of
postpartum haemorrhage should be reduced when Pronurturance Plus is practised

as routine care in the first 30 minutes after birth.
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PART 1

The paper as presented in Women and Birth (2014) follows:

Title: Effects of skin-to-skin contact and breastfeeding at birth on the incidence of

PPH: A physiologically based theory

Authors: Anne Saxton, Kathleen Fahy, Carolyn Hastie

Abstract

Background: The importance of optimising maternal/baby psychophysiology has
been integrated into contemporary midwifery theories but not in the detail required to
really understand the underpinning biological basis.

Method: The functioning of the autonomic nervous system, as it relates to the uterus
is reviewed. The physiology of myometrial cell contraction and relaxation is outlined.
The main focus is on the factors that affect the availability and uptake of oxytocin and
adrenaline/noradrenaline in the myometrial cells. These are the two key neuro-
hormones, active in the 3 and 4™ stages of labour, that affect uterine contraction
and retraction and therefore determine whether the woman will have an atonic PPH

or not.

Discussion: The discussion explains and predicts the physiological functioning of the
uterus during the 3™ and 4" stages of labour when skin-to-skin contact and

breastfeeding occurs and when it does not.

Conclusion: This biologically based theory hypothesises that to achieve and
maintain eutony and eulochia, midwives and birthing women should ensure early,
prolonged and undisturbed skin-to-skin contact for mother and baby at birth including

easy access for spontaneous breastfeeding.

Introduction

This paper presents a physiologically based theory that describes, explains and
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predicts the mechanisms by which skin-to-skin contact and breastfeeding at birth
may reduce the incidence of PPH (key terms used are defined in Table 2.1). The
ideas for this theory have their roots in the practice, wide reading and writing of the
three authors of this paper. The overall focus of this paper is on the neuro-hormonal
control of the myometrium, including the regulation of uterine contraction and
retraction that is essential to minimise blood loss in the 3™ and 4" stages of labour.
First, the background literature concerning the importance of the 3™ and 4™ stages of
labour is presented. Next, the structure and function of the myometrium is
summarised. Then, the functioning of the autonomic nervous system, as it relates to
the uterus is described. Attention is then narrowed to the key neuro-hormonal factors,
oxytocin and adrenaline/noradrenaline, which interact to affect the functioning of the
uterus during the birthing process. The discussion section integrates this knowledge
to explain and predict the physiological functioning of the uterus during 3™ and 4%
stage labour both when skin-to-skin contact and breastfeeding occurs, and when they
do not.
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Table 2.1 Definitions of key terms

Term

Definition

Breastfeeding at birth

Any attempt by the baby to suckle the breast within 30
minutes after the birth.

Eulochia The physiological vaginal blood loss during the 3™ and 4"
stages of labour that does not cause signs of anaemia or
shock. The volume of blood loss varies depending upon
the woman’s individual health status (New term
developed during this study).

Eutony

Maintenance of physiological uterine contractility which
ensures eulochia and prevents excessive bleeding (New

term developed during this study).

Corticotrophin
Releasing Hormone
(CRH)

CRH plays a fundamental role in orchestrating the
General Adaptation Syndrome which is also called the
stress response. Released from the anterior pituitary CRH
stimulates the release of beta-endorphin and ACTH,
which in turn stimulates the release of cortisol, antidiuretic
hormone and aldosterone. In addition, during labour CRH
stimulates release and enhances effectiveness of

prostaglandins and oxytocin (Blackburn 2013).

Cortisol

Cortisol is released by the adrenal cortex in response to
stress. It spares available glucose for the brain, generates
energy from stored reserves and prioritises glucose to
those activities needed for survival over lower-priority
activities (Blackburn 2013, pp. 642-3). Levels of

circulating or salivary cortisol act as a marker for stress.

Mammal (Mammalia)

A class of animals characterised by breasts which secrete
milk for the nourishment of their young (Onions 1973).

Placental mammals (including humans) share the same
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reproductive physiology (Uvnas-Moberg 2013a; Odent
2001b).

Postpartum

haemorrhage

1. Medical = blood loss greater than 499 ml (World Health
Organisation 2009)

2. Physiological = blood loss of any volume that causes
signs of shock or anaemia; the volume varies from
woman to woman (new definition developed during this

study)

Reproductive

psychophysiology

Psychophysiology is a field of science that studies the
ways in which the mind and body are mutually interactive.
Thus, what a woman is thinking and/or feeling affects the
physiological processes associated with her sexual
response, pregnancy, labour, birth, breastfeeding and

nurturing (Cacioppo et al. 2007).

Stress

Stress is an organism’s total response to environmental
stressors (perceived or real). Distress occurs when the
stressors exceed the person’s bodily or mental ability to
adapt. Eustress is an optimal amount of stress to promote
successful adaptation and thus resulting in health, growth

and happiness (Seaward 2013).

Skin-to-skin contact
at birth

The naked healthy newborn baby is placed prone on the
mother’s bare abdomen/chest (depending upon cord
length) immediately after birth. The baby’s head will,
ideally, be on the maternal sternum with the woman in an
upright or semi-upright position. In this position, the baby
has ready access to the maternal nipple and can hear the
mother’s heart. Both mother and baby should be covered
with a warmed blanket and left there undisturbed for at
least an hour. The mother and baby are carefully and
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unobtrusively observed to ensure optimal adaptation of
both following birth. This definition is consistent with, but
more specific than, previous definitions (Finigan & Long
2012; Trevathan 2013; Vincent 2011).

d
3" stage of labour The period of time extending from the birth of the baby

until the delivery of placenta and membranes (Fraser &
Cooper 2009).

th
4™ stage of labour The first hour after the delivery of the placenta and

membranes (old definition passed down in the oral

tradition).

Theory A theory presents a systematic view of phenomena by
specifying the interrelationships between concepts using
definitions and propositions with the purpose of
explanation and prediction (Scott & Marshall 2005).

Background

Early mother-infant skin-to-skin contact and breastfeeding is associated with rapid
changes to maternal and infant physiology: changes that are known to be important
for bonding and breastfeeding (Olza-Fernandez et al. 2014; UNICEF and World
Health Organisation 2009). Although there have been great advances in the
understanding of reproductive physiology, it remains complex and incompletely
understood (Blackburn 2013; Gimpl & Farenholtz 2001; Gratten et al. 2000). What is
known is that there is an intricate interplay of multiple neuro-hormonal factors, e.g.
prolactin, oxytocin, vasopressin, corticotrophin releasing hormone (CRH) and
prostaglandins (pro-contraction), progesterone (pro-relaxation) and cytokines
(Blackburn 2013; Silverthorn 2013). One recent review (Dixon et al. 2013) reports on
the holistic interactions of the mind, body and behaviour during pregnancy, labour
and birth. These authors focussed their discussion on labour up to the birth of the
baby: they stopped short of examining the reproductive psychophysiology of 3 and
4t stage labour. An even more recent review (Olza-Fernandez et al. 2014) explains

how disturbances caused by medicalised interventions disrupt the neuroendocrine
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mechanisms and thus the initiation of mother child attachment. This interference,

they argue, has life-long negative sequelae for mothers and babies.

The importance of optimising maternal/baby psychophysiology during labour and
birth has been integrated into contemporary theories and models of midwifery care
(Dahlen et al. 2010; Fahy et al. 2011; Walsh & Downe 2010). These theories,
however, are not fully grounded in reproductive psychophysiology. Similarly obstetric
and midwifery text books have not included key biological knowledge in their
discussions of labour and birth. For example, four prominent texts are silent on the
autonomic nervous system (Cunningham 2010; Fraser & Cooper 2009; MacDonald
& Magill-Cuerden 2011; Pairman et al. 2010 ) as is Coad and Dunstall’s Anatomy and
Physiology for Midwives (Coad & Dunstall 2011) and Blackburn’s Maternal Fetal and
Neonatal Physiology (Blackburn 2013). This paper makes a contribution to filling the
gap as it provides a biologically-based theory about the effects of the autonomic
nervous system and oxytocin on mammalian reproductive neurophysiology. We focus
on the hypothesis that mother-infant skin-to-skin contact and early breastfeeding in
34 and 4" stages of labour are integral psychophysiological processes of a ‘sensitive
period’ in parturition (Olza-Fernandez et al. 2014) and key to optimal uterine tone. It
is plausible that disruptions to these psychophysiological processes are contributing
to the increasing rates of postpartum haemorrhage (PPH) in the Western world
(Kramer et al. 2013; Ford et al. 2007a).

The Uterus as a Muscle

This section considers the muscle cells of the myometrium, which need to contract in
a coordinated way to birth the baby and ensure eutony and eulochia. The uterus has
three muscle layers; the perimetrium (outer), the myometrium (middle) and the
endometrium (inner) layers. The middle layer of the myometrium is highly vascular; it
also has a thick network of spiralling muscle fibres; these fibres act like ‘living
ligatures’ to ensure that blood vessels in the uterus are occluded in the 3" stage of

labour, thus preventing postpartum haemorrhage (Blackburn 2013).

The myometrium is composed of thin and thick syncytial smooth muscle fibre
filaments: actin and myosin (Payton & Brucker 1999). The initiation of muscle
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contraction is an inherent quality of smooth muscle although it is mediated by
neurological and hormonal activity. All myometrial cells have the potential to be the
pacemaker of the uterus (Blackburn 2013). In well co-ordinated labour contractions
the pacemaker is in the fundus (Blackburn 2013). Uterine contraction is dependent
upon the availability of intracellular calcium which enters the cell after an action
potential temporarily changes the permeability of the cell membrane. Calcium binds
to myosin and the filaments slide over each other, shortening the cell (Blackburn
2013). These filaments are arranged in such a way that intracellular changes
generated in one fibre can easily and quickly transfer to the next fibre via gap
junctions (which are areas of low resistance in-between uterine muscle cells)
(Blackburn 2013). Gap junctions are crucial because they allow the uterus to contract
in a coordinated way. Control of smooth muscle activation is either mediated
electromechanically, as discussed above, or receptor mediated, i.e. an agonist binds
to a myometrial receptor site on the cell membrane. When oxytocin binds to a
myometrial receptor, the ensuing action potential increases intracellular calcium,
which causes the muscle cell to contract. Conversely, if adrenaline, a stress
hormone, liberated when the sympathetic nervous system (see below) is dominant
(MacDonald & Magill-Cuerden 2011), binds to the receptor site, calcium is prevented
from entering the cell and the muscle relaxes (Ford et al. 2007a; Payton & Brucker
1999).

Neuro-hormonal regulation of uterine activity

The uterus is innervated by the autonomic nervous system comprised of two
branches: the parasympathetic and the sympathetic. Interestingly, the sympathetic
nerve fibres in the uterus degenerate during normal pregnancy and regenerate
following birth, thus offering some protection to the foetus from sympathetic
stimulation during pregnancy (Brauer 2008). The sympathetic and parasympathetic
branches are active simultaneously via different neural pathways. The
parasympathetic branch is dominant when the mammal feels safe as evidenced by
calm behaviour (Uvnas-Moberg 2003). Optimal functioning of the reproductive
system during labour and birth requires parasympathetic dominance even though a
stress response, related to physical exertion, is occurring simultaneously. For

example, when a woman feels in control and has a trusting relationship with
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