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Definition of terms

Neonatal period: period from birth to 28 days of life

Neonatal mortality: Death of newborns per 1000 live births within 28
days of life

Early neonatal mortality: Death of newborn per 1000 live births
within first 7 days

Intrapartum period: period from the onset of labour to the end of the

third stage of labour (delivery of placenta)
Prematurity: newborn born before 37 completed weeks of gestation

Intrapartum-related neonatal deaths: deaths due to complications

arising during the intrapartum period.
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Summary

Background: There are 2.6 million neonatal deaths that occur globally
each year, with more than 80% of these deaths occurring in low-income
countries. In Tanzania, available estimates report that approximately
40,000 newborn deaths occur each year, mainly due to intrapartum-
related causes, prematurity-related complications, and sepsis. The
majority of intrapartum-related neonatal deaths can be avoided by
improving care around births. Interventions that have the potential to
reduce intrapartum-related neonatal deaths include foetal monitoring
during labour, availability of emergency obstetric care, and newborn
resuscitation at birth for non-breathing newborns. Low-income countries
are faced with many challenges in providing this care, including
unskilled providers and inadequate training strategies that do not support

the acquirement and retention of skills in newborn resuscitation.

Aims: The overall aim of this thesis was to investigate the causes of early
newborn deaths and the contribution of intrapartum-related events and
their association with ventilation immediately after birth. Furthermore,
we wanted to describe the human factors and interactions that influence

effective newborn resuscitation practices in this rural setting.

Methods: We applied a mixed-methods design and conducted three
studies from October 2014 to July 2017. An observational study of all
admitted newborns, delivered at Haydom Lutheran Hospital (n=671)

between October 2014 and July 2017, was conducted to determine the



presumed causes of 7-day newborn deaths and potential pathways
contributing to death in this setting (Study I). A study that included the
admitted newborns who received positive pressure ventilation in the
delivery room (n=232) between October 2014 and November 2016 was
then performed to compare ventilation characteristics with the newborn
outcome at 7 days (Study I1). Infants who died within the first 30 minutes
of birth were excluded from both Studies I and Il because they died in
the delivery room. Building on the findings of the quantitative studies, a
third study was conducted, consisting of in-depth interviews with
midwives who performed deliveries and newborn resuscitations at
Haydom Lutheran Hospital to explore factors affecting the provision of

effective ventilation during newborn resuscitation (Study I1l).

Results: In Study I, intrapartum-related complications (birth asphyxia
and meconium aspiration syndrome) contributed to almost two-thirds of
all deaths within 7 days. Prematurity, presumed sepsis, and congenital
abnormalities were other causes of death. Intrapartum hypoxia and
prematurity were the major pathways leading to death. Severe hypoxia
and hypothermia upon admission were important additional contributing

factors.

In Study 11, we showed that depressed newborns at birth who eventually
died within 7 days had an abnormal foetal heart rate during labour,
presented signs of bradycardia immediately after birth, and had delayed
heart rate responses to positive pressure ventilation. Abnormal foetal

heart rate during labour, heart rate at the end of positive pressure



ventilation, and duration of positive pressure ventilation were the
perinatal predictors of death in this setting. These newborns developed
seizures and moderate/severe encephalopathy, likely related to
intrapartum hypoxia. Despite inconsistencies in adhering to the Helping
Babies Breathe algorithm, the tidal volume and heart rate responses that
were recorded did not significantly influence the outcome of death or

survival.

In Study 111, midwives reported the importance of monitoring labour and
being prepared for resuscitation before delivery. They also cited good
teamwork and frequent ventilation training as factors to facilitate
effective ventilation. Barriers to effective ventilation were identified as
being anxious and/or feeling fear during ventilation, and difficulties in

assessing clinical responses during ventilation.

Conclusion: The findings in this PhD thesis demonstrate the
contribution of intrapartum-related neonatal deaths to early newborn
mortality in a rural sub-Saharan setting. Furthermore, the data
demonstrate a link between intrapartum events, likely through
interrupted placental blood flow, and a state of depression in the foetus
at birth, as represented by low heart rate at birth, delayed heart rate
responses to positive pressure ventilation, and, eventually, death.
Hypothermia and hypoxia during admission likely played a role in
increasing mortality. The included studies highlight the potential for
improving intrapartum care through enhanced foetal monitoring during

labour to identify those at risk, as well as the benefits of optimizing

Xi



positive pressure ventilation during resuscitation in the delivery room.
The latter should be the focus of frequent resuscitation training sessions
to address the providers’ uncertainties and inconsistencies during
resuscitation. Frequent resuscitation training should build the confidence
of providers to quickly assess newborns immediately after birth, and to
act without delay in order to optimize the provision of positive pressure

ventilation.
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Introduction

1 Introduction

The burden of neonatal mortality is a global concern, with 2.5 million
newborns lives lost every year (1). Global communities, facilitated by
various international agencies, have been working together to identify
various strategies in order to accelerate the reduction of newborn
mortality. In Tanzania, approximately 40,000 neonates die each year
within the first 28 days after birth (2). The risk of death is significantly
higher during the first 7 days, when approximately two-thirds of all
neonatal deaths occur. This burden of neonatal mortality is accompanied
by a significant burden of maternal mortality and stillbirths (3). The
government of Tanzania has responded with several strategies to
improve the outcomes of pregnancies and has stated that the reduction of

maternal, neonatal and child deaths is a high-ranking priority.

1.1 Sustainable Development Goals

In August 2015, United Nations (UN) member states agreed on a set of
actions and goals for the next 15 years; the 2030 Agenda for Sustainable
Development, or the Sustainable Development Goals (SDG). These are
a set of 17 goals and 169 targets that seek to improve the lives of people
and protect the planet, while ensuring prosperity and peace for the next
15 years (4). The SDGs seek to build and expand upon the Millennium
Development Goals (MDGs) (5), which were implemented in 1990 and
extended through to 2015, and which aimed to deliver sustainable

economic, social, and environmental development worldwide.
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During the implementation of MDG number 4 (Child Health), the global
under-5 mortality rate was reduced from 12.7 million (1990) to 6.0
million (53%) (2015). This absolute reduction was not matched by the
decrease in neonatal mortality (from 5.1 million to 2.7 million (47%)).
Consequently, the relative proportion of neonatal mortality to the under-
5 mortality rate increased from 40% to 46% (1) (Figure 1). In Tanzania,
this slow reduction in neonatal mortality was mainly a result of
investments in programmes such as immunization, malaria prevention,
and Integrated Management of Childhood llIness (IMCI) that targeted
the older paediatric population during the initial 15 years of the MDGs’
implementation (2), which did not have an effect on the newborn group.
One of the key focuses of SDG goal number 3 is to reduce the number
of deaths of children aged under 5 to 25 per 1000 births (from 67 per
1000 births in Tanzania) and reduce newborn mortality to 12 per 1000
live births (from 25 per 1000 births in Tanzania) by 2030 (4). With the
current rate of reduction in newborn mortality, Tanzania will struggle to
achieve this target unless efforts are made to accelerate progress and
reduce newborn deaths from 40,000 to 24,000 by year 2030.
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Rate per 1000 live births

Figure 1: Global under-5 mortality trends from 1990 to 2018. U5M, under-five mortality; IMR,
infant mortality rate; NMR, neonatal mortality rate. Source: UNICEF/WHO (2018)

1.2 Burden of neonatal mortality

The burden of neonatal mortality is significant in low-income countries
compared to high-income countries. Sub-Saharan Africa and Southern
Asia accounted for 80% of the 2.5 million neonatal deaths that occurred
globally in 2017 (5,6). Despite an overall decline in the mortality rate of
41% for Sub-Saharan Africa, the number of neonatal deaths did not
decline in 23 of these 46 countries from 2000 to 2017.

In Tanzania, under-5 mortality declined from 131/1000 in 2000 to
49/1000 in 2017, while neonatal mortality declined by less than half,
from 38/1000 to 21/1000 in the same period (1,2). This reduction in
neonatal mortality is not seen as a true decrease, as previous Tanzanian
Demographic Health Surveys, as well as the estimates from the World
Health Organization (WHO) Global Health Observatory data (6), have
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overlapping confidence intervals, indicating a low precision and absence
of true progress. Approximately 40,000 newborns die each year due to 3
major causes: intrapartum-related neonatal deaths, prematurity-related
complications, and infections (2,3). Sub-national variation exists in
neonatal mortality (7) due to variation in provisions and the use of health
services in different regions in Tanzania, with rural areas at a

disadvantage compared with urban areas (2,8).

1.3 Causes of neonatal mortality

Globally, 3 major causes are estimated to account for approximately 75%
of all neonatal mortality: intrapartum-related neonatal deaths (23%),
infections (15%), and prematurity-related complications (36%) (6,9) .
Neonatal mortality can be further sub-divided based on time of death,
into: immediate (24 hours), intermediate (7-days), and later (until 28
days). Nearly half of the neonatal deaths occur within the first 24 hours,
and two-thirds by day 7 (10). Causes of early neonatal mortality differ
slightly from those for mortality between 7 and 28 days. Intrapartum-
related neonatal deaths and prematurity-related complications are the
predominating causes of early neonatal mortality (11,12). In Tanzania,
the causes of neonatal mortality are intrapartum-related neonatal deaths
(30%), infection (30%), and complications of prematurity (25%) (2,3)
(Figure 2). Previous reports in Tanzania have indicated a higher
proportion of intrapartum-related neonatal deaths, i.e., 60% of 24-hour
and 40% of 7-day neonatal mortality (13,14).
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Figure 2: Causes of neonatal deaths. 2A - Global causes of neonatal deaths. 2B - Causes of
neonatal deaths in Tanzania. Source: Afnan-Holmes et al. (2015), WHO (2018)

Intrapartum-related neonatal deaths, including birth asphyxia, account
for more than one million deaths globally (6), where an additional one

million suffer from morbidities such as brain damage (15). These deaths
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are mainly a result of the interruption of placental blood flow, with

subsequent ischemic injury to the brain.

The details of this process of interruption of placental blood flow will be
discussed in later sections, however, the foetus may respond to a hypoxic
state in-utero by passing meconium. Meconium is a thick, black-green
mucoid chemical substance that is passed as stool after birth. The passage
of meconium in-utero is considered a sign of foetal stress, and, thus,
meconium stained amniotic fluid (MSAF) may be considered a risk
factor for adverse perinatal outcomes (16). MSAF is noted in 10-20% of
all deliveries (17,18), and complications associated with MSAF (e.g.,
meconium aspiration syndrome, pulmonary artery hypertension) may

contribute to 4-10% of newborn mortalities (14).

While complications associated with MSAF in HICs have decreased
substantially in recent years because of improved obstetric and neonatal
practices, the situation still needs significant improvement in low- to
middle-income countries. In one study conducted in a resource-limited
setting, one-third of neonates with severe MAS were delivered post-
term, and 50% of the mothers did not have electronic monitoring
intrapartum, despite having MSAF (19). The identification of infants at
risk of intrapartum hypoxia remains a major endpoint for preventing

MSAF-associated complications.

Prematurity is the leading cause of death in children under 5 years of age
(9). Prematurity accounts for 10% of all deliveries globally, and three-

quarters of preterm births are found in South Asia and Sub-Saharan
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Africa (20). The survival rate of premature newborns varies significantly
around the world, with 90% of premature births prior to 28 weeks
surviving in high-income countries compared to only 10% in low-
income countries (20,21). Lung immaturity contributes to early death in
premature newborns (22) and requires respiratory support immediately
after birth, which may not be available in many low-income countries.
Likewise, infection, another major cause of newborn mortality,
contributes to between 10% and 30% of all newborn mortalities in
Tanzania (2,3,14). Infection affects both term and preterm babies, with
preterm babies being more susceptible due to their immature immune
system. Clinically, infections in newborns present with non-specific
signs and symptoms, necessitating laboratory parameters for
confirmation. Ideally, all newborns suspected of sepsis should have a
blood culture, complete blood count, and/or serial C-reactive protein
tests done before commencing antibiotics. However, obtaining blood
cultures consistently is still a challenge, due to the inconsistency of
availability of stock and equipment. Therefore, the diagnosis of sepsis
relies more on clinical signs and limited results, which may not be
sufficient, resulting in the inappropriate use of antibiotics, subsequent
antibiotic resistance, and a prolonged hospital stay. Recently, the WHO
recommended several interventions that could improve premature
survival, including continuous positive airway pressure (CPAP) for
respiratory support and antibiotics for women in preterm labour (23).

Implementing such recommendations requires careful planning,
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including proper descriptions of facility-based burdens of disease to

guide target-specific interventions.

Current estimates suggest that, every year, 6% of all newborns
worldwide are born with a serious birth defect, 94% of which occur in
low- and middle-income countries (24). The increased frequency of birth
defects in low-income countries is fuelled by high birth rates, poverty,
and limited access to sufficient nutrition in pregnant women, as well as
limited access to pregnancy termination following prenatal screenings.
Congenital anomalies contribute to up to 11% of all newborn deaths
worldwide (6). In Tanzania, congenital anomalies are thought to
contribute to around 10% of all neonatal mortalities; however, these
estimates might not be correct due to an inability to confirm diagnoses,
either clinically or by post-mortem.

1.4 Strategies to reduce/prevent early newborn
mortality

Responding to the global burden of newborn mortality, the WHO and
UNICEF launched the Every Newborn Action Plan (ENAP) in 2014,
which set a goal of reducing preventable newborn deaths to less than 10
per 1000 live births by 2035 (25). This action plan is based on evidence
that improving the quality of care around labour and delivery and during
the first week of life, and care for small and sick newborns, will have the

greatest impact on preventing newborn deaths.
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1.4.1 Care around labour and delivery

One of the ENAP strategies includes investing more resources on the day
of labour and birth, which includes providing optimum intrapartum care,
such as FHR monitoring to identify those at risk, ensuring the availability
of both basic and comprehensive emergency obstetric services, and
increasing the number of competent healthcare workers in lower level
facilities. The latter are essential to adequately monitor the foetus during
labour and to help if the infant fails to establish spontaneous breathing
after birth; both interventions are critical to the survival of newborns.
The ENAP aims to achieve a skilled birth attendance rate of 95% by
2025. In Tanzania, the skilled birth attendance rate has increased; from
51% in 2010 to 64% in 2015 (3). Despite an increase in skilled birth
attendance rate in several low-income countries, many countries are still

behind in reaching a target of 90% with acceptable competency (26).

1.4.2 Essential newborn care

The WHO recommends a bundle of care referred to as Essential
Newborn Care, which includes perinatal and newborn health practices
delivered to every newborn, regardless of where it is born or its size, to
ensure appropriate care at the most vulnerable period in a newborn’s life
(27). These practices include early initiation and exclusive breastfeeding,
thermal care at birth, maximizing skin-to-skin contact, recognizing early
signs of danger, and providing prompt treatment and referral. Other
interventions include hygiene practices, such as cord-care and hand-

washing. These interventions are simple and can be provided by a skilled
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birth attendant or a trained community health worker. Essential newborn
care is known to improve outcomes, but the challenge has been its
coverage. A simple analysis, conducted by the Newborn and Child
Health unit at the Ministry of Health in Tanzania, revealed that only 12%
of healthcare facilities are implementing essential newborn care (28).
The WHO recommends intervention coverage of at least 80% if the

desired impact is to be attained.

1.4.3 Care of small/premature newborns

Newborns born before term have an increased risk of both morbidity and
mortality, in part due to their immature organs. This predisposes the
premature infant during delivery to events such as hypoxia, respiratory
complications such as respiratory distress immediately after birth,

temperature instability, and an increased risk of acquiring infection.

To ensure improved outcome of premature newborns, the management
of preterm labour or of women at risk of preterm labour is important. The
administration of antenatal corticosteroids to women at risk of preterm
delivery has been associated with a reduction of preterm deaths and
major morbidities, such as severe respiratory distress syndrome (29).
Antenatal corticosteroids induce foetal lung maturation, leading to a
reduced need for respiratory support that may not be available in low-
income settings. Previous reports have indicated the need to be cautious
when scaling up antenatal corticosteroid treatment in low-income
settings. However, antenatal corticosteroids administered in hospital

settings, in combination with maternal antibiotics when the woman is in

10
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active preterm labour or experiences premature rupture of the
membranes, will likely reduce mortality, as demonstrated by Massawe
et al. (30). Maternal antibiotics are important, especially for preterm
rupture of membranes associated with subclinical infection. Antibiotics
will prevent ascending infection and subsequently reduce neonatal
infection (31).

Among the interventions that have had a significant impact on small
newborns is Kangaroo Mother Care (KMC). KMC is associated with
decreased risk of neonatal mortality, and has been shown to protect
against nosocomial infection and reduce risk of hypothermia (32). The
protective effect of KMC is in part through the avoidance of
hypothermia. Hypothermia has been linked to an increased risk of death
in a dose-dependent manner (33). Hypothermia is still common in low-
income countries, especially in infants who require admission. The
WHO recommends skin-to-skin contact between the mother and the
newborn immediately after delivery, and the contact should be
maintained within the first hour. Newborns who need stabilisation are
often separated and sent to a newborn care ward, increasing their risk of

hypothermia (34).

The use of bubble CPAP in low-income countries is reported to be
associated with a significant decrease in the mortality of premature
newborns who present with respiratory distress syndrome (35). In high-
income countries, intubation and administration of surfactant followed

by placement on CPAP is part of standard care for infants presenting

11
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with respiratory distress syndrome. Surfactant is still expensive for the
majority of low-income countries, but less expensive CPAP devices are
becoming available worldwide. Both bubble CPAP and the use of
surfactant are more likely to be found in tertiary hospitals and private
facilities in the majority of low-income countries. The implementation
of interventions such as bubble CPAP on a large scale, together with
competent personnel, is likely to improve the birth outcomes for

premature newborns in such settings.

The management of infants at risk of infection is also a huge challenge
in many low-income settings. Due to the limited ability to obtain blood
culture results as mentioned above, the treatment of infections is mostly
based on presumptive diagnosis and probable causative organisms are
solely based on previous experience. All of the above interventions are
likely to have a great impact when used in combination. A mother who
receives a full course of antenatal corticosteroids and maternal
antibiotics, and later delivers a preterm newborn who was stabilised, kept
warm and started on CPAP immediately, has a much higher chance of

leaving the hospital with her baby in her arms.

1.5 Intrapartum-related neonatal deaths

Complications during the intrapartum period, which may lead to
intrapartum-related neonatal deaths, often occur as a consequence of
interrupted placental blood flow. Such complications as prolonged
labour, abruption placenta, or cord compression may commonly be

referred to as intrapartum ‘events’ that may lead to intrapartum-related

12
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neonatal deaths. Previously, newborns who were delivered following
intrapartum-related events were classified as ‘birth asphyxia’, implying
that the foetus had suffered oxygen deprivation. Asphyxia, by definition,
is a state of impaired gas exchange leading to a progressive lack of
oxygen to the tissues (36,37). The term ‘birth asphyxia’ originated from
the Greek word ‘asphuxia’, which means ‘pulseless at birth’. Thus,
infants who were born through intrapartum-related events were noted to
have less movement and to be ‘without life’ at birth. However, the term
‘birth asphyxia’ is known to be imprecise, as it does not suggest the cause
of the asphyxia (absence of respirations) itself. A newborn may fail to
breathe at birth for multiple reasons, such as prematurity or congenital
abnormalities of the lungs. A better term that has been suggested to
represent death from intrapartum-related events is intrapartum-related
neonatal deaths, as it states clearly where the likely cause of asphyxia

has arisen from, i.e., during labour and delivery.

The diagnosis and confirmation of intrapartum-related neonatal deaths
remains a challenge worldwide, but more so in low-income countries.
Foetal intrapartum hypoxia has to be confirmed by the presence of
biochemical changes that indicate impaired gaseous exchange as a result
of the interruption of placental blood flow. Thus, an umbilical cord
arterial pH of <7.00 is widely accepted as evidence of severe foetal
acidaemia, which increases the risk of encephalopathy (38). In 1997, the
WHO suggested a much more practical definition of birth asphyxia as

“failure to initiate and sustain breathing after birth’. This definition is less
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restrictive, as it may include newborns who fail to breathe due to other

reasons, as discussed previously.

The foetus is affected by intrapartum events that interrupt placental blood
flow. If the interruption is prolonged, it may result in the death of the
foetus before birth (fresh stillbirths) or, if delivery takes place before
death, intrapartum-related neonatal deaths may occur (39). The foetus
will respond to prolonged interruption of placental blood flow and
progressive hypoxia in several ways. These responses, such as decreased
or absent foetal movements, changes in foetal heart rate (FHR) from the
baseline rate (abnormal FHR), and/or meconium staining of the amniotic
fluid, are sometimes used as proxies for diagnosing intrapartum
hypoxia/foetal acidaemia. In the presence of the above signs, the foetus
may be referred to as being in ‘distress’, indicating the possibility that
the foetus is being subjected to an unfavourable hypoxia/hypoxemia
environment (40). Intrapartum hypoxia can also be clinically suspected
after birth, as infants tend to present with a blue/pale skin colour, low
heart rate (HR), weak muscle tone, poor reflexes, weak/no cry, and
difficulty breathing. These signs were initially observed by Virginia
Apgar, who later developed a scoring system known as the Apgar score
to assess the condition of newborns at birth (41) (Table 1). Since then,
the Apgar score has been widely used as an additional marker of possible
intrapartum hypoxia and acidosis, despite its widely reported limitations
(42). The combination of a 5-minute Apgar score <7 and/or inability to
initiate and/or sustain breathing after birth is widely used to identify

intrapartum-related neonatal deaths in low-income settings.
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Table 1: The Apgar score

Heart rate Absent <100/min >100/min
Muscle tone  Flaccid Some flexion Good
Reflexes No response Grimace Good
Colour Pale/blue Blue extremities  Pink
Respirations  Absent Weak Good

Foetal distress, defined as progressive foetal hypoxia and/or acidaemia,
secondary to inadequate foetal oxygenation, has been used as a proxy for
increased risk of stillbirths and intrapartum-related neonatal deaths (40).
Foetal distress is observed indirectly through the monitoring of FHR.
The current consensus of the International Federation of Gynaecology
and Obstetrics recommends a baseline normal FHR between 110 and 150
beats per minute (bpm) (43), despite the majority of other international
guidelines recommending a baseline of between 110 and 160 bpm based
on expert opinion (44,45). Any FHR persistently outside the specified
range will be considered as abnormal (46). The aim of monitoring
intrapartum FHR is to identify those foetuses at risk of intrapartum
hypoxia so that delivery can be expedited. In high-income settings,
continuous electronic FHR is the gold standard for identifying foetuses
at risk of intrapartum hypoxia. On the other hand, the quality of

intrapartum monitoring in low-income settings, including the correct
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use/usefulness of partograms, has been shown to be sub-optimal (47).
Improving the quality of care during the intrapartum period has therefore
been linked with a reduction in both fresh stillbirths and intrapartum-
related neonatal deaths in many low-income countries (48), as they share

a common hypoxic ischemic pathway (39).

1.6 Newborn transition and resuscitation

programmes

During delivery, a newborn has to undergo a transition from intra-uterine
to extra-uterine life. The process of transitioning involves the onset of
spontaneous breathing, where fluid-filled lungs are converted into air-
filled lungs for gaseous exchange. It also involves transitioning from

foetal circulation to newborn circulation.

1.6.1 Newborn transition

On average, a normal/healthy newborn starts to breathe approximately
5-10 seconds after birth (49,50). The initial and subsequent breaths help
to clear the fluid-filled lungs and establish functional residual capacity
(FRC), defined as air retained in the lungs at the end of each expiration
(51). The establishment of FRC triggers several important physiological
changes critical to the transition period. The expansion of the alveoli
induces dilatation of the pulmonary blood vessels, followed by a

decrease in pulmonary blood flow resistance, leading to an increase in
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blood flow to the lungs (52). The removal of the low resistance placenta
also increases a newborn’s systemic vascular resistance. This is then
followed by an increased cardiac output, increased HR, and improved

oxygen delivery to the tissues.

Not all newborns will be able to undergo this transition smoothly. The
most common reason for a newborn being unable to initiate spontaneous
respiration is hypoxia and/or acidaemia, secondary to the interruption of
placental blood flow, as described previously. Clinically estimating the
duration of interruption is difficult. Dawes et al. (1968) suggested that
newborns undergo stages during the interruption of placental blood flow.
A Dbrief interruption will induce primary apnoea, a state in which HR is
above 60 bpm and blood pressure is compensated; newborns will
invariably respond to stimulation and/or suction if delivered at this stage.
If the interruption of placental blood flow is allowed to continue,
bradycardia and hypotension will ensue, and the newborn is said to be in
secondary apnoea and will require prolonged positive pressure
ventilation (PPV) to establish FRC, reverse the hypoxic state, and correct
the bradycardia (53) (Figure 3). When the interruption of placental blood
flow is severe, the risk of hypo-perfusion to the brain is substantial. Such
neonates present with apnoea and prolonged bradycardia, even following
prolonged adequate ventilation and may need advanced care thereafter.
Thus, an estimated 10% of newborns delivered who need basic
resuscitation are thought to be in primary apnoea, and a further 3-6%
who need more prolonged PPV are thought to be in secondary apnoea

(50,54). A small proportion of newborns (less than 1%) will need
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advanced care, such as intubation, medication and chest compressions
followed by advanced neonatal care thereafter (55). Typically, these

newborns will die in the delivery room in most low-income countries.

1.6.2 Newborn resuscitation

The estimated 3-6% of newborns requiring PPV is equivalent to 1 case
in every 20 deliveries. Indeed, this is not a common occurrence,
especially in facilities with a low number of deliveries. When a baby fails
to breathe immediately after birth, a quick assessment must be performed
while continuing with basic initial drying and stimulation. The
International Liaison Committee on Resuscitation, a committee that
reviews and makes recommendations on resuscitation guidelines every
5 years, recommends that providers spend the initial 30 seconds drying,
stimulating, and keeping the baby warm, while at the same time,

assessing for breathing and HR.
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Figure 3: Dawes et al.’s (1968) monograph: Cardiologic and respiratory changes in near term
rhesus monkeys asphyxiated by tying the umbilical cord and monitoring blood pressure, heart

rate and breathing efforts.

According to the International Liaison Committee on Resuscitation, if
the newborn has apnoea or is gasping for breath, and HR is <100 bpm,
PPV should be initiated within 30 seconds (56). The subsequent steps
and the direction of the action plan rely on assessment of HR responses
as ventilation continues (Figure 4). This is due to HR being the most
important clinical indicator of successful gaseous exchange, and hence

is informative as to whether the resuscitation attempt is succeeding.
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Furthermore, the International Liaison Committee on Resuscitation
action plan involves the use of advanced algorithms, including
medication, chest compressions, and endotracheal intubation.

The process of ventilation with a self-inflating bag and mask involves
squeezing the bag while securing the mask properly around the mouth
and nose of the newborn. The forceful entry of air into the lungs triggers
the same physiological changes that lead to the establishment of FRC. In
order for air to enter the lungs, the mask must be secured around the
mouth and nose without leaks while the bag is being squeezed. The rise

of the chest mostly confirms successful entry of air into the lungs.
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Figure 4: International Liaison Committee on Resuscitation action plan for newborn
resuscitation. Source: Perlman et al., (2015)
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1.6.3 Helping Babies Breathe programme

The science of newborn resuscitation has undergone a dramatic change
since the early 1920s. The emerging of neonatal intensive care units
(NICU) in the mid-1970s led to the need for educational programmes to
guide newborn care in NICUs. The Neonatal Resuscitation Program
(NRP) was then launched in the late 1980s to train and equip care
providers with the necessary skills to help newborns during the transition
period. The NRP was quickly adopted in America and Europe. However,
by the end of the 2000s, many low-income countries were still faced with
challenges in newborn resuscitation, including inadequate knowledge
and skills and unavailability of equipment (57). It was postulated at that
time that establishing the NRP at facility-level in low-and middle-
income countries could avert up to 30% of intrapartum-related neonatal
deaths (58).

With this in mind, in 2009, the American Academy of Paediatrics,
together with its partners, developed the Helping Babies Breathe (HBB)
programme — a simple training algorithm that is tailored to low-income
settings (59). The training programme considered the possibility that a
single provider could be caring for the baby and the mother at the same
time. The algorithm was a simplified version of the NRP, however, it did
not include chest compressions, medication, or intubation. Instead, it
focused on initial stimulation within the first 30 seconds, and assisted
ventilation within the ‘Golden Minute®’, if required. Through the HBB
programme, providers are taught how to assess rises in the chest and to

feel the umbilical cord to assess HR. The course material consists of
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mainly pictorial illustrations and the action plan is colour-coded to

signify the level of care (Figure 5).

The HBB programme was initially piloted in 8 Tanzanian sites, including
the Haydom Lutheran Hospital in the Manyara region. Since then, more
than 15,000 providers have been trained in Tanzania, and approximately
500,000 have been trained worldwide. The HBB programme shows
evidence of reductions in both early neonatal mortality and fresh
stillbirths in Tanzania, as well as across other low-income countries
(54,60,61).

However, studies that followed the implementation of the HBB
programme indicated deterioration in skills after training. In Tanzania, it
was noted that 1 training day was sufficient to improve the simulation
skills of the providers, but these skills could not be replicated in a clinical
environment (62). Other sites also saw the same trend of diminishing
skills over time (63). Furthermore, it was also difficult for providers to
follow the HBB guidelines correctly. Initiating ventilation within the
Golden Minute® seemed to be an unattainable goal; unnecessary
suctioning and pauses during ventilation were also common (49,50). The
concept of frequent training sessions accompanied by quality
improvement measures was later found to be necessary for the retention
of skills, improved clinical performance, and improved patient outcomes
(61,64). These concepts have already been incorporated into the updated

HBB programme because, without adequate and sustained quality
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improvement measures and adequate frequent training, providers are

likely to lose their skills over time (65).
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Figure 5: The Helping Babies Breathe action plan, second edition. Source: American Academy
of Paediatrics

24



Introduction

1.7 Challenges in providing positive pressure
ventilation (PPV)

The first important step in providing effective PPV is rapid identification
of those who need assistance to breathe. Providers must decide, within
30 seconds of birth, whether ventilation is needed, cut the cord, move the
infant to the resuscitation table, and then begin ventilation within 60
seconds of birth. The HBB algorithm instructs the providers to ventilate
continuously for one minute, before HR is checked, and preferably the
HR should be checked without interrupting ventilation. Providers must
ventilate at a frequency of 40-60 breaths/minute. Thus, uninterrupted
ventilation of 40-60 breaths/minute until the baby begins to breathe is
recommended. Additionally, an inspiration tidal volume of 4-8 ml/kg is
believed to be adequate during PPV (66,67), as a volume greater than 8
ml/kg has been associated with lung injury. Recently, Linde et al. (2017)
showed that a minimum tidal volume of 6 ml/kg was required to provide
a positive change in HR, and a volume of 9 ml/kg was associated with
rapid increase in HR, signifying establishment of FRC (68).
Furthermore, in the same study, interrupted sequences of PPV were

associated with an increased likelihood of death within 24 hours.

PPV skills can be difficult to learn, requiring repeated practice to perfect
and maintain the skills. Several studies have reported a significant drop
in knowledge and skills 3-6 months after training (69—-73). Furthermore,
retaining skills after training did not guarantee improved clinical practice

(74) or improved clinical outcomes (62). Previous studies have indicated
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that the inability to identify those who need assistance, delays in
initiating PPV, and the inability to administer effective ventilation are
contributing factors to increased intrapartum-related neonatal deaths
(50,75). At Haydom Hospital, before-and-after observational studies
conducted following the introduction of HBB revealed that the outcomes
of neonates who received PPV did not change, and that deaths after PPV
were common (50,64). However, the quality of PPV had not been
assessed until that point. This was one of the main reasons for the
establishment of the Safer Births project (www.saferbirths.com/), where
a research device was developed and implemented that could monitor
quality of PPV administered to newborns. Moreover, adherence to HBB
guidelines were also reported to be a challenge (74). The reason for poor
adherence could be due to lack of training competence, but also because
of human factors that play a part in a complex and demanding
environment such as resuscitation, which had not previously been

adequately studied in this setting.

1.8 The Safer Births Project

In 2013, a research, development and implementation project to improve
FHR monitoring and newborn resuscitation was initiated at Haydom
Hospital and later in other 3 Tanzanian sites. The project was inspired by
the initial findings of the HBB programme that was piloted at Haydom
Hospital and at other Tanzanian sites. As the name of the project
suggests, the major aims were to create new knowledge and develop

innovative solutions to better train and equip midwives with the
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necessary knowledge and skills while easing their workload to support

safer delivery and improve newborn outcomes.

The project was divided into two main domains. The first was to improve
FHR monitoring, and the second was to improve newborn resuscitation
training and practices. In order to achieve these broad aims, a
comprehensive research infrastructure was established involving

observations during labour and delivery, 24 hours a day.

Since 2013, full HBB training sessions have been conducted twice yearly
at Haydom Hospital, mainly due to the high turn-over of providers.
Furthermore, midwives were given easy access to two newborn manikins
and a bag and mask specifically reserved for short, regular self-training
sessions to emphasize the correct ventilation technique. Moreover,
because of the multiple sub-studies within the Safer Births project, it was
mandatory for midwives to complete various different training

programmes before the hospital initiated any new study.

Data collection for the Safer Births project started in 2013, and multiple
types of data were collected through data collection forms, video
recordings of all resuscitations, and signal data obtained through
newborn resuscitation monitors. This PhD thesis was part of the Safer
Births project, with a specific focus on PPV and newborn outcome within
the first 7 days of life among newborns delivered at Haydom Hospital.
Previous studies conducted at the same site with different objectives,
including the evaluation of different types of bag and mask equipment,
had their main endpoints at 24 hours of life (68,76).
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The Safer Births project has made a tremendous contribution to Haydom
Hospital, including the raising of the standards of practice for labour and
delivery in this rural hospital. The project activities have also contributed
to a gradual decrease in perinatal mortality, starting with the initiation of
the HBB programme (77).

1.9 Tanzanian Health System

The United Republic of Tanzania was formed in 1964 by two Sovereign
States, Tanganyika and The Republic of Zanzibar. It is a large country in
east Africa, covering 945,000 km?. The United Republic of Tanzania is
a unitary republic composed of 31 regions. The population is estimated
to be 54.2 million (78). Selected healthcare indicators are presented in
Table 2.

Tanzania consists of a pyramidal heath system, with primary healthcare
facilities at the bottom and referral health facilities at the top of the
pyramid. Primary healthcare facilities include health centres,
dispensaries, and community health posts. Referral facilities include
district, regional, zonal, and national referral hospitals. The health
system also accommodates privately owned facilities, many of which
operate as faith-based organizations. Under the public-private
partnership agreement, these private facilities provide services as
designated district hospitals. In 2018, health expenditure was 7% of the
total national budget, which is below the 15% Abuja declaration target
(79). The Tanzanian Health system is funded mainly through the
government itself (taxation) (21%), donor funding (48%), health
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insurance revenue (3%), and out-of-pocket contributions (direct payment

during access of services) (25%) (80).

Table 2 — Summary of the Healthcare indicators in Tanzania

Population 54.2 million
Population growth 2.75
Fertility rate 5.2/woman
Life expectancy (male and female) 62.5 years
Maternal mortality 552/100000
Under-five mortality 57/1000
Infant mortality 43/1000
Neonatal mortality 21/1000
Health expenditures: percentage of 5.60%
GDP (2014)

Workforce density (physicians, nurses, 5

midwives per 10,000 population

Reducing maternal and newborn mortality requires a functioning health
system with good quality of care around the time of birth (81,82). In
Tanzania, several national policies, strategies, and programmes are in
place to address reproductive, maternal, newborn, and child health. Of
these policies, the Health Sector Strategic Plan 1V 2015-2020 aims to

provide basic health and social services that are of good quality,
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equitable, accessible, affordable, sustainable and gender sensitive (83).
The health sector’s strategic plan provides guidance on improving the
quality of health services through equal distribution of skilled health
workers at a primary level and equitable access to health services among

other targets.

In Tanzania, only 65% of women are reported to deliver in healthcare
facilities (3). The National Strategic Road Map to Improve
Reproduction, Maternal, Newborn, Child and Adolescent health in
Tanzania was introduced in 2016 (84). The strategy highlights key
interventions that are geared towards improving reproductive health.
Some of the interventions that are associated with improving
intrapartum-related complications highlighted in this strategy include
basic emergency, obstetric, and newborn care, comprehensive
emergency obstetric care, skilled birth attendants, and essential newborn
care services. The plan aims to reduce maternal mortality from 556 to
292 per 100,000 live births, neonatal mortality from 21 to 16 per 1000
live births, and under-5 mortality from 54 to 40 per 1000 live births by
2020.

1.10 WHO framework for improving maternal and

newborn care

The work of this thesis has been built around the WHO quality of care
framework for improving the quality of maternal and newborn care in

health facilities. The framework was built on the evidence that high
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quality care, to manage and prevent complications during labour,
childbirth and the immediate postnatal period, is likely to significantly
reduce the number of maternal deaths, stillbirths, and early neonatal
deaths (48). The framework emphasizes the functioning of the health
system as a structure that facilitates the actual process of service delivery
in order to obtain better health outcomes. One of the standard statements
in this framework states: ‘The skilled birth attendants and support staff
must have appropriate competence and skills to meet requirements
during labour, childbirth, and the early postnatal period’. Thus, the WHO
quality of care framework (Figure 6) was chosen as a base on which to
explore the quality of care offered by midwives during resuscitation,
ways to improve resuscitation practices, and to explore major

contributors to newborn mortality in this setting (85).

As | have highlighted in the previous sections, the majority of newborn
deaths occur within the first 7 days. Apart from these deaths being
directly linked to events in the intrapartum period, poor quality of care is
likely a significant additional contributor to death. The WHO introduced
several interventions that all newborns should receive immediately after
birth. These interventions include immediate skin-to-skin contact to
improve thermal control, initiation of breastfeeding within 1 hour, cord
care, and eye care (86,87). However, sick newborns, such as those who
receive PPV, and premature newborns should receive further specialized
care to improve their chance of survival. If not, the delivery room
resuscitation efforts will prove ineffective. Monitoring breathing,

adequate oxygenation, thermal control, and maintaining glucose and
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fluid homeostasis are just some of the important parameters that should

be observed post-resuscitation to avoid increased mortality (88-90).

Structure

Outcome

Figure 6: A framework for improving maternal and newborn care. Source: Tuncalp et al. (2015)

1.11 Statement of the problem and rationale for the

The burden of newborn mortality in Tanzania is significant. Available
estimates report approximately 40,000 newborn deaths each year in
Tanzania, primarily as a result of intrapartum-related neonatal deaths,
prematurity-related complications, and sepsis. One of the identified
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interventions with the potential to alleviate intrapartum-related
complications is improved quality of care during labour and delivery.
However, the challenges that low-income countries are faced with
include high levels of unskilled workers, coupled with suboptimal care

during labour and delivery.

One of the initial prerequisites for the implementation of any programme
IS to have an idea of the burden of the problem itself. With great variation
in neonatal mortality within and between Tanzanian regions and
facilities, obtaining specific mortality rates, including the causes and
pathways leading to death, become important for local implementation.
In addition, challenges and sub-optimal PPV provision, as discussed
previously, could also contribute to increased mortality.

Additionally, previous studies in the area of newborn resuscitation that
explored resuscitation practices have been conducted mainly using
quantitative methods. Few studies have looked at the midwives’
perspective in terms of what factors could improve or hinder
resuscitation practice, including the addressing of the subject of human
factors and interactions during resuscitation. This is important, because
the HBB programme was initially tailored to single providers in low-
resource settings. However, at Haydom, two or more providers were

noted to be available during newborn resuscitation.

We therefore sought to determine the magnitude of newborn mortality at
Haydom Hospital and the major pathways leading to deaths in this

remote area. Additionally, we wanted to study a group of newborns who
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received PPV and to determine the quality of PPV and factors affecting
PPV delivery in this setting.

1.12 Summary

The contribution of intrapartum-related neonatal deaths to newborn
mortality rates in Tanzania is significant, accounting for 3 out of 10
newborn deaths. One of the identified interventions that have the
potential to alleviate intrapartum-related complications is improved
quality of care during labour and delivery. Specifically, during the
immediate post-delivery period, newborns who receive PPV are at a
greater risk of dying compared to those who receive only basic
stabilization. On the other hand, multiple studies have reported poor
retention of skills after resuscitation training, posing a question as to
whether PPV is provided optimally during the actual practice of
resuscitation. The Safer Births project provided an opportunity to study
PPV in detail, including the assessment of the 7-day outcomes of
newborns in relation to delivery room interventions. It is our hope that
the results of this project will help to improve the care of newborns
during labour, delivery, and in the postnatal period and, ultimately,
contribute to reducing the mortality rate for this and other similar

settings.
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2 Aims

The aim of this thesis was to describe presumed causes of death among

admitted newborns after birth in a rural setting, and to explore

resuscitation interventions, barriers, and facilitators that potentially

affect early newborn outcomes of either death or survival.

2.1

1.

2.2

Specific objectives

To describe the presumed causes of death and potential pathways
contributing to newborn mortality within 7 days of birth in a rural
hospital setting (Study ).

To describe perinatal predictors of death, including the quality of
PPV administration in admitted newborns (Study II).

To explore midwives’ opinions on the barriers and facilitators to

newborn resuscitation, including PPV, in rural Tanzania (Study

).

Research questions

In a rural Tanzanian hospital:

1.

What are the predominant causes of newborn mortality in this
specific rural setting? (Study I)
Is the quality of PPV (delivered tidal volume) associated with

outcome of admitted newborns during the first 7 days? (Study I1)
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3. What are the midwives’ opinions about barriers and facilitators

for newborn resuscitation and ventilation? (Study I11)
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3 Methodology

3.1 Study setting

The Manyara region is one of Tanzania’s 31 administrative regions
(Figure 7). It has a population of 1.4 million inhabitants with an annual
population growth of 3.2% (91). The 44,522 km? region has four
hospitals. Haydom Hospital, owned by the Lutheran church, is the
central hub for the Haydom Township, with approximately 20,000
inhabitants. The immediate catchment area includes about half a million
people with a higher reference area covering 2 million people. The
community around Haydom Hospital is mostly low-income. Haydom
Hospital offers both reproductive and child health services, such as
routine immunization and outreach clinics for pregnant women and

under-five children. The hospital itself has a capacity of 450 beds.

The maternity block at Haydom Hospital houses the labour ward,
postnatal ward, and the neonatal area. Haydom has approximately 4500
annual deliveries, equating to roughly 53% of deliveries occurring in the
catchment area. Less than 10% of women give birth in other facilities,
and the remainder give birth at home (92). The hospital provides
emergency obstetric services, 24 hours a day, with a caesarean section
rate of 22% (93). Midwives work in three shifts. They conduct birthing
procedures and newborn resuscitation with a midwife—patient ratio of
1:8. Intermittent FHR monitoring is the preferred method for monitoring

FHR during labour using a Pinard stethoscope or hand-held Doppler.
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During the study period of this thesis, other concurrent studies evaluating
methods of FHR monitoring were taking place. The normal FHR range
is regarded as being 120-160 beats/min according to Tanzanian national

guidelines, and these were the reference ranges used in this study.

Haydom Lutheran Hospital

Manyara region

Figure 7: Map of Tanzania showing the Manyara Region and Haydom Lutheran Hospital. Source:
Internet
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All labour rooms and theatres have a resuscitation table in the corner of
the room. The rooms are kept warm by closing the windows. No radiant
warmer is available in the labour ward or theatre. Newborns are kept
warm mainly by drying followed by wrapping them with a khanga (a
piece of cloth that is commonly used in Tanzania). Midwives are taught
to use chest rises and changes in HR to confirm air entry into the lungs
and as a guide to improve their resuscitation efforts. Oxygen saturation

was not monitored, and all resuscitations were undertaken with room air.

The neonatal unit, located within the maternity block, is approximately
20 ft from the labour ward and has a separate team of nursing staff
working in a 3-shift rotation (nurse—patient ratio of 1:7). The unit
accommodates 10-15 newborns at a time. At the beginning of the study,
the neonatal unit consisted of two simple rooms that were later improved
in 2017 by modifying these to 3 three separate rooms to accommodate
preterm, presumed septic, and asphyxiated newborns. One general
practitioner in charge of the neonatal unit, assisted by intern doctors, was
responsible for the care of newborns in the neonatal unit. In October
2016, a local paediatrician was recruited and has been in charge of the
neonatal unit since then. The unit admits both inborns and outborns. The
majority of admitted outborns are home-delivered preterm newborns and
referrals from other health facilities, mainly due to intrapartum-related
complications and prematurity. Admission criteria include prematurity

(<37 weeks), a 5-minute Apgar score <7, fever (>38 ©C), and signs of
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respiratory compromise, i.e., inter-costal, sub-costal retractions, or
grunting. A newborn can also be admitted for observation for the initial
24 hours after birth. Premature newborns <1500 g are nursed under a
shared radiant warmer and the rest are nursed in locally made ‘baby cots’
(Photo 1). Interventions offered include intravenous fluids, intravenous
antibiotics, oxygen therapy wusing oxygen concentrators, and
phototherapy. Stable newborns are allowed to breastfeed, however, if the
newborn is not able to breastfeed, the mother expresses milk and it is
administered via either an orogastric tube or a cup. Stable premature
babies of <1800 g are transferred to a ‘kangaroo mother care’ ward,
where they are nursed skin-to-skin until they attain a minimum discharge
weight of 1800 g. Mechanical ventilation and continuous positive airway

pressure were not available during the study period.

The hospital has a radiology department located approximately 200 m
from the neonatal unit. Due to the unavailability of a portable chest x-ray
machine, routine chest radiographs are not obtained. Furthermore, only
basic laboratory investigations are performed, mainly for haemoglobin
and blood grouping and cross matching if a blood transfusion is required.
Blood work for complete blood counts and C-reactive protein levels are
performed inconsistently due to a lack of stock, making these

investigations unsuitable for inclusion in the study.
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Photo 1 — Neonatal unit at Haydom Lutheran Hospital (photo by Robert Moshiro)

At Haydom, admitted newborns are separated from their mothers, and
therefore, continuous skin-to-skin contact is not possible until they are
transferred to the Kangaroo mother care ward or are discharged.
Evidence of poor thermal control has also been reported before in this
hospital, despite efforts to train health workers on effective measures for
temperature control (30). Moreover, the monitoring of sick newborns is
performed by pulse oximetry only. Vital statistics (temperature, HR, and
oxygen saturation) are recorded twice daily on a monitoring sheet. Two
commonly used antibiotic courses at Haydom are a combination of
ampicillin and gentamycin or ceftriaxone as second-line treatment.
Treatment is mostly initiated on a presumptive basis and, if clinical
deterioration is apparent, or non-improvement of clinical signs are noted
after 48 hours of first-line treatment, then second-line treatment is

commenced.

41



Methodology

3.2 Study design

An overview of the studies included in this thesis is presented in Table
3. This PhD study used a combination of both quantitative and qualitative
methods, commonly known as a mixed-methods design, to answer our
research questions. The mixed-method design model is a procedure for
collecting, analysing and eventually integrating data using both
quantitative and qualitative methods in a single study or a series of
studies (94). A mixed-methods design is employed only when the
combining of both qualitative and quantitative data will lead to an
understanding that neither of the two methods would be able to generate
when used alone (95). In this PhD thesis, the overall aim of using mixed
methods was to gain a deeper understanding of what transpires during
newborn resuscitation and how we can use the experiences of midwives
to improve our resuscitation training programmes. We employed a
modified sequential explanatory design, which is a model in which
quantitative studies generate knowledge that is enhanced by performing
a qualitative study after analysing quantitative data gathered earlier (95)
(Figure 8). The first quantitative study (Study 1) answered our first
research question, which was to describe pathways leading to death and
the causes of newborn deaths at Haydom Hospital. The second
quantitative study (Study Il) answered our second research question;
whether the quality of PPV affected the outcome of newborns during the
first 7 days. The final and third study (Study I11), a qualitative study, was
directly linked to Study Il, and explored the human factors that may

affect resuscitation and ventilation. The qualitative study depended on
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the second quantitative study as it was designed to expand on the results
of Study I1 to provide more information about potential factors affecting

ventilation and how to best improve resuscitation practices.

During the execution of the three studies, we performed interim analyses
after one year of data collection (Study I1) and used the results to inform
and build the design of the qualitative study. Additionally, the qualitative
study integrated additional information generated by other quantitative
observational studies conducted earlier at the same site, but with 24-hour
mortality as the end point (68,96). As a result, we ultimately carried out
the three studies using a modified sequential explanatory mixed methods

design.

The decision to integrate the quantitative and qualitative studies occurred
during the interpretation of the results. Thus, after the completion of both
the quantitative and the qualitative studies, separate analyses were
conducted, and the three studies were discussed together and the data

merged to answer the aim of this thesis.

Quantitative Qualitative
data collection Followed Data Collection Overall
and preliminary by and Analysis interpretation
analysis

Figure 8: Modified sequential explanatory mixed methods design (designed by Robert Moshiro)

Table 3: Overview of the 3 studies in the thesis
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Study 1

Study 2

Study 3

Observational
study
(quantitative)

Observational
study
(quantitative)

Qualitative

study

Causes and
pathways
leading to
death

Perinatal
and
ventilation
factors
associated
with death

Explore
barriers and
facilitators
of newborn

resuscitation

Mothers and
newborns
who delivered
at Haydom

Newborns
resuscitated in
the delivery
room and
admitted

Midwives
who conduct
births and
resuscitation

at Haydom

Observational
using a data
collection form

Observational
using a data
collection form
and a newborn
resuscitation

monitor*

In-depth

interviews

*For a description of the Newborn Resuscitation Monitor, see page 51

3.3 Quantitative observational (non-

interventional) studies

Descriptive
statistics,
Chi-square
test, Mann—
Whitney U
test,
regression
analysis
Descriptive
statistics,
Chi-square
test, Mann—
Whitney U
test,
regression
analysis
Qualitative
content

analysis

Study | and Study Il were prospective observational clinical studies

where all newborns who were delivered at Haydom Hospital and

thereafter admitted to the neonatal unit were recruited between October
2014 and July 2017. The timeline of the studies conducted and the
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inclusion and exclusion criteria are presented in Table 4 and Table 5,
respectively. Included newborns were then followed to determine their
outcomes at 7 days (Studies I and I1).

Table 4: Timeline of all studies in this PhD

Quarter of 112
the year
Study |

Study |1
Study 111

For Study I, we performed an estimation of the required sample size
based on the early neonatal mortality of 11 per 1000 live births at
Haydom Hospital in 2013. We estimated that 2 years of data collection
would provide a sample size of 100 deaths that would be considered
sufficient to describe the causes of death with acceptable error margins.
However, due to an improvement in early neonatal mortality during the
course of the study (77), the data collection period was extended for
approximately 9 months to include enough data for analysis. For Study
I1, duration of time for HR to increase to >100 bpm was considered the
best indicator to study the effectiveness of ventilation. However, we did
not have all of the information that was required to calculate a sufficient
sample size at the beginning of the study. Therefore, we began data
collection and the sample size was calculated at a later stage (4 months
afterwards). Based on the previously collected data, the standard
deviation for HR to increase above 100 bpm was 30 seconds and 65

seconds between those who survived and those who died, respectively.

45



Methodology

With these numbers, a power calculation, based on a t-test, indicated that,
for a total sample size of 100 newborns with an initial HR <100 bpm at
the start of ventilation, the power to detect a difference of 30 seconds
(from start of ventilation to reach HR >100 bpm among newborns with
initial HR <100 bpm) was 91%. For the Mann-Whitney U test, which
was necessary because the data were not normally distributed, the power
was a bit lower; at worst 15% lower, implying that we would achieve

power of at least around 80% with a sample size of 100.

Table 5 — Inclusion and exclusion criteria for Study | and Study |1

Study | All newborns who were 1. All newborns who
delivered and then admitted to were delivered and stayed
the neonatal unit during the with the mother in the
study period post-natal ward

2. Newborns who died

within 30 min in the

labour ward
Study Il All newborns who received PPV 1. Newborns who were
and were then admitted to the not admitted following
neonatal unit PPV in the labour ward

2. Newborns who died
within 30 min in the

labour ward

3.3.1 Study procedures

3.3.1.1 Training of relevant clinical staff
Before the commencement of the studies, all nurses working in the

neonatal unit were given a short training session on essential newborn
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care, including the monitoring of newborns who were admitted. The
training also served as part of the hospital clinical improvement
programme. This involved updating the healthcare workers on different
treatment protocols and procedures. The training was conducted twice
yearly by a PhD student (RM) together with other members of the
research team. Training, related to the Safer Births programme, on
newborn resuscitation started in 2011, as stated previously. Midwives
were trained in the HBB programme (59) with short ventilation training
sessions conducted on a weekly basis and full HBB refresher training
twice yearly, as previously stated. RM was the primary local HBB
trainer, together with three nurses who were also involved in the training
of other midwives and theatre nurses during the implementation of the
HBB.

3.3.1.2 Data collection and management

Observational data

After the Safer Births programme was instigated in 2013, several
research assistants (n=14) were identified and trained to observe and
document every delivery in the labour ward and theatre. The research
assistants, who have no medical background, were purely observers and
were not allowed to interfere with any procedure or intervention. They
recorded their observations on a standard Safer Births data collection
form (Appendix 1). The research assistants were available 24 hours a day
in a 3-shift rotation. Research assistants used stopwatches to record

variables which required timing, such as duration of time from
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ventilation to breathing. FHR was measured by the attending midwife by
auscultation using a Pinard stethoscope, handheld Doppler, or
continuous Doppler. Moreover, all resuscitations were video-recorded
for the purpose of quality improvement and to better understand the
information recorded by a newborn resuscitation monitor (NRM). The
characteristics of admitted newborns and information collected during
admission in the neonatal area were collected using a separate “Neonatal
Room” data collection form (Appendix 2). Admitted newborns were

followed for the initial 7 days.
Signal data

HR and ventilation parameters were recorded using an NRM (Laerdal
Global health, Stavanger, Norway) (Figure 9) (49). The NRM was
certified and met European standards for patient safety (CE marked). The
monitor was installed in all delivery rooms and mounted on the wall in
front of the resuscitation table for the provider to see the displayed HR
(Photo 2). The monitor had sensors capable of synchronously recording
HR, airway pressure, ventilation parameters such as flow and volume,
and expired carbon dioxide. Ventilation flow and volume (inspiratory
and expiratory) were measured using a flow sensor (MIM Gmbh,
Krugzell, Germany) placed between the self-inflating bag and mask. The
sensor had negligible flow resistance and dead space (1 ml) and
measured airflow using hot wire anemometer technology. Mask leakage
was calculated (volume was also calculated based on flow) by the

difference between the inspiratory and expiratory volumes. The bag and
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mask used was a standard newborn bag and mask or an upright bag and
mask without positive end-expiratory pressure (Laerdal Global Health,
Stavanger, Norway) (76) (Figure 10).

2 A

Photo 2: Newborn resuscitation monitor mounted on the wall in front and above the resuscitation
table (photo by Robert Moshiro)

ol
—

ECG based
newborn heart
rate sensor with
dry electrodes

Figure 9: Newborn resuscitation monitor (figure courtesy of Laerdal Global Health)
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Figure 10: Standard and an upright bag and mask (figure courtesy of Laerdal Global Health)

HR was calculated from electrocardiogram (ECG) recordings measured
by dry electrodes. The ECG was recorded and HR calculated using a
proprietary algorithm based on a zero crossing count algorithm (97). The
dry-electrode ECG technology and HR algorithm were validated (by the
manufacturer) on human subjects against HRs measured on the industry
standard equipment, a Philips HeartStart MRx Monitor/Defibrillator
(Philips Healthcare, Andover, MA). The HR sensors incorporated an
accelerometer to record any movement that might indicate possible ECG
signal disturbance. The HR sensor was then connected to the display
screen by a cable. The HR displays functioned to provide the midwife
continuous HR feedback during resuscitation. Data from all sensors were
stored in an internal memory card and could be downloaded to a

computer through a USB connection.

Whenever resuscitation was required, a midwife would perform the
initial stabilization by drying, stimulation and/or suctioning, as
instructed by the HBB guidelines. If the midwife decided that
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resuscitation was necessary, the cord was separated, and the newborn
moved to the resuscitation table. The NRM HR sensor was then fitted
around the abdomen before ventilation commenced with a bag and mask
attached to the NRM. The application of the ECG-based sensors was
noted to take an average of 3 seconds to complete, and a HR was detected
within approximately 5 seconds (49). The time from birth to decision to
ventilate, and hence application of ECG sensors, varied between patients.
Time in seconds for HR to reach 100 bpm and expired tidal volume, was
downloaded from the NRM and extracted using Q-CPR Review 3.1.2.2
(Laerdal Medical, Stavanger, Norway). Figure 11 represents an example
of a volume signal as extracted by Q-CPR Review.

A pause of more o
than 5seconds A sequence of PPV Ventilations

LJ \

| Ll i | |
| IHH | ll“”l)l rll ’/“HWW

WA

Figure 11: Volume signal output from newborn resuscitation monitor (diagram by Robert
Moshiro)

Selection of variables to be used in the analyses

Study |
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The Safer Births data collection form was initially developed in 2013 and
underwent several amendments to accommodate different studies that
commenced at different time points. Study | utilised variables drawn
from the Safer Births form that would help to reveal pathways for causes
of deaths, such as FHR during labour, amniotic fluid characteristic, PPV
at birth, and Apgar score. We also included baseline characteristics, such
as gestational age, mode of delivery, birth weight, gender, and
gestational age. In this study, signal data were excluded. In addition, we
developed a second form for the purpose of collecting information during

the 7 days of follow-up in the neonatal area.
Study 11

In addition to the variables that were used in Study I, Study Il included
time variables in the labour ward and ventilation parameters that were
recorded by the newborn resuscitation monitor. The time variables, such
as start and end of PPV, were important, as they helped us to understand
and interpret the data from the newborn resuscitation monitor.
Ventilation parameters to be analysed were selected based on parameters
used in previous studies in the same setting, the findings from these

studies, and parameters planned for future studies.
Data management

Data from the data collection forms were double-entered using EpiData
3.1 (EpiData Association, Odense, Denmark) into computers by two
different trained data clerks, and then crosschecked immediately for

discrepancies. The research manager, Estomih Mduma, was responsible
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for supervising data collection and the data entry systems. In addition, |
verified all of the information that was collected and entered for
consistency.

Recorded resuscitations were downloaded and matched with a Safer
Births data collection form based on the date, time of resuscitation, and
the monitor used. The Safer Births form (Appendix 1) was then matched
by clinical information drawn from the ‘“Neonatal Room” form
(Appendix 2). A standard operating procedure was developed for the sole
purpose of guiding a matching process. If the resuscitation episodes
failed to match with the variables on the Safer Births data collection
form, the recorded resuscitation was then discarded. Furthermore, all of
the signal data included in this PhD project were proofread by a team of
researchers to ensure the inclusion of the episodes with minimal
discrepancies. | also verified all of the episodes manually using the Q-
CPR Review 3.1.2.2 (Laerdal Medical, Stavanger, Norway) software
application. Any signal data that were not clearly understood were cross-
checked against the video data record of the same episode. Ventilation
parameters, including HR signals, were extracted from the Q-CPR
review and merged into an SPSS database. The original data were
secured in the database at Haydom Hospital and a copy of all data,
including matched resuscitation episodes, were uploaded onto a
dedicated Safer Births server that only researchers with clearance were

able access.
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3.3.2 Data analysis

Analyses of the quantitative observational data (Studies | and II)
involved variables from the Safer Births data collection form, signal data
from the NRM, and data gathered from the newborn unit. Categorical
data were summarized as numbers and percentages, and continuous data
as means and standard deviations (SD) or medians and interquartile
ranges (IQR), as appropriate. Chi-square tests were used to test for
differences in categorical variables, and Mann-Whitney U or t-tests, as
appropriate, were used to test for differences in continuous variables
after testing for normality using the Shapiro-Wilk test. Multivariable
logistic regression analysis was used to model how various variables
influenced the risk of death. Variables with a p-value <0.20 in the
univariable analyses were included in the multivariable analysis using a
stepwise backward elimination method, with the retention of predictors
with p-value <0.05. In the final step, eliminated variables where re-
entered into the model one-by-one and kept if p<0.05. The results are
presented as odds ratio (OR) with 95% confidence intervals (Cls). We
could not include variables obtained during admission due to missing
information as regression analyses were performed with complete cases.
Variables obtained during the initial assessment upon admission were
therefore entered into a separate model. Statistical analyses were
performed using SPSS (IBM SPSS Statistics for Windows, version 22.0;
IBM Corp., Armonk, N.Y. USA). Variables used in both Study I and
Study Il are summarized in Table 6.
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Table 6: Variables included in Study | and Study 11

Primary outcome

Caesarean section

Neonatal outcome at 7 days Dead, Alive v
Time to achieve heart rate >100 Seconds y
Secondary outcomes
Presumed causes of death Birth asphyxia, prematurity, \/
sepsis, meconium aspiration
syndrome, congenital
abnormalities
Foetal heart rate during labour Normal, abnormal/not v v
detected, not measured
Amniotic fluid colour Normal, meconium stained, ~ ~
blood stained
PPV attempted Yes, No V
Apgar score Low (<7), Normal (>7) \/
Heart rate at the start of ventilation <100 bpm, >100 bpm
Median time for heart rate to raise Seconds 3
above 100 bpm
Medium ventilation volume Millilitres per minute N
Median time from birth to start PPV | Seconds
Median number of ventilations Number V
before reaching 6 ml/kg
Median ventilation frequency during | Seconds v
first 60 seconds
Baseline characteristics
Birth weight Grams v v
Gestational age Weeks v v
Antenatal care attendance Yes, No ~ ~
Mode of delivery Spontaneous vertex delivery, | v

55




Methodology

Gender Male, female N N
Oxygen saturation on admission Percentage Y

Initial assessment on admission N N
Temperature Degree Celcius

Heart rate Beats per minute

Need for oxygen therapy Yes, No

Random blood glucose Millimole per litre

PPV, positive pressure ventilation; bpm, beats per minute

3.4 Qualitative study design

Individual, semi-structured interviews with midwives who are
responsible for managing deliveries and newborn resuscitations at
Haydom Hospital were conducted and recorded using a digital audio
recorder. Individual interviews were chosen because they allow for
insight into people’s thoughts, feelings, and behaviours (98). This was
also determined to be the best method for exploring their individual
experiences, beliefs, and behaviours about newborn resuscitation, an
important and lifesaving procedure. To ensure maximum variation, the
selection of the individual interview participants was based on the
number of years spent working in the maternity/labour ward and the
number of babies resuscitated during the same period. Haydom Hospital,
being a rural hospital, has a high turnover of young midwives. There is
a good mixture of midwives who have settled in the area and have more
than 10-15 years’ working experience, with younger midwives having

less experience. A total of 18 midwives were working in the hospital at
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the time of the interviews. Because the objective of this qualitative study
was to obtain a deeper understanding of ventilation and resuscitation
practices, we set a minimum criteria of including those who had worked
in the labour ward for at least one year and those who had conducted at
least three resuscitations by that time. This ensured inclusion of
information-rich informants (99). During the actual recruitment process,
| first approached midwives with many years of experience and invited
them to participate in the initial individual interviews. These were older
midwives who had been in practice for more than 10 years. Midwives
with 2-5 years of practice were also invited, resulting in a balance of
interviewees with an average of 8 years of experience (Table 7).

Table 7: Profile of the midwives who participated in the study

1 28 Female 4
2 47 Female 18
3 36 Female 7
4 34 Female 7
5 26 Female 2
6 36 Female 13
7 28 Female 4
8 30 Female 5

Participants were informed about the study and asked for their

permission to be interviewed. Once permission had been granted, the
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interview sessions were conducted within the hospital premises, in a
private office, and at a time convenient to the participant. Participants
were asked to sign a consent form before taking part in the interview.
The questions for the interview guide (Appendix 3) were developed
based on the observations that were made during the initial analysis of
quantitative resuscitation data (Study Il) and previously generated data.
The initial analysis of the Study Il data revealed delayed initiation of
ventilation with an average time from birth to start of ventilation at close
to 2 minutes, as opposed to the recommended one minute timeline
termed the “Golden Minute®”. Interruption during ventilation was also
common, indicating that the midwives were not following the
resuscitation protocol. Efforts to address interruption had already begun
through previous training sessions. We therefore developed the first draft
of the interview guide with questions under the following headings:
communication and cooperation during resuscitation; initiation of
ventilation; continuation of ventilation; resuscitation training;
resuscitation protocol; and resuscitation monitoring. The interview guide
was initially shared among researchers working on the Safer Births study
who were experts in newborn resuscitation for further enhancement. The
interview guide was then piloted with one midwife working in the labour
ward. This pilot interview helped to modify the language used in the
questions for clarity. Key questions were followed by probes, depending
on the flow of the interview, to prompt the interviewee further and obtain
a deeper understanding of the topic. The pilot interview was not included
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in the final analysis. The final interview guide was then used to interview

8 midwives between December 2015 and January 2016.

I conducted the initial two interviews for the purpose of gaining
experience in qualitative interviewing, and the rest of the interviews were
conducted by one research assistant (SM) who holds a Bachelor in
Clinical Psychology. SM was working as a psychologist in a mental
health unit at Haydom Hospital and knew the study site very well, having
worked at Haydom for 2 years. However, he had no previous experience
of performing qualitative interviews or conducting qualitative research.
After familiarising himself with the study protocol and aims of the study,
we reviewed the interview guide together and discussed each of the
questions in detail. SM then conducted one pilot interview which was
reviewed and by the research team, who approved of his technique. The
interviews sessions lasted an average of 40-50 minutes. At the end of
each interview day, | met with SM, together with a senior researcher in
our group, and we reviewed the information that had been collected. This
allowed us to generate an emerging understanding of newborn
ventilation practices before the subsequent interview session. This
iterative process of data collection and review was used to shape the
questions being asked in the subsequent interviews, as well as to
recognize the saturation point at which no new information was
emerging (99). The interviews were conducted in Swahili and were

audio-recorded.
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3.4.1 Data analysis

Qualitative data analyses were performed using qualitative content
analysis (100). Content analysis allows the analysis of textual data to
identify relationships between texts, allowing an understanding of the
meaning to emerge, and eventually to summarize the data into categories
with similar meanings. The audio recordings were transcribed verbatim
by a native Swahili speaker who was not directly involved in this project,
but who is a healthcare worker experienced in transcription. Transcripts
were then translated into English by the same person to allow researchers
who are non-Swabhili speakers to understand the materials that have been
generated. Each paragraph was translated and positioned below the
original Swahili paragraph to preserve the meaning of the whole
paragraph. | reviewed all of the transcribed and translated transcripts to
ensure that the meaning was maintained and that any minor mistakes
were corrected. The transcripts were then read and re-read to identify text
relevant to newborn ventilation and resuscitation. Using qualitative
content analysis, text containing key thoughts about ventilation and
resuscitation was then condensed, abstracted, and labelled with a code
(Table 8). The codes were shared and reviewed again by researchers to
make sure they indeed captured the meaning of the text represented.
Similar codes were grouped to obtain sub-categories, and similar sub-
categories were grouped into categories using the constant comparative
method (101). During the process of developing sub-categories and
categories, emphasis was placed on the original transcripts with minimal

interpretation of the text, i.e., the manifest content analysis level, as
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explained by Graneheim and Lundman. NVivo 11 software was used to

facilitate the generation and sorting of codes.
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Table 8: lllustration of how codes, sub-categories and categories were obtained

Interview quote Condensed | Code Sub- Category
meaning category
unit
What helps is the Initial preparation Preparation
initial preparation, preparation of
before any delivery of equipment
we prepare our equipment and staff
equipment making helps
sure they function
well [RNM2].
For now it is not Nowadays equipment
difficult since we our located in
have it in place, not equipment one place
like in the past where | is located in
when the baby is born | one place
that’s when you run
to look for it “guys
can | have a mask,
can [ have this”
[RNM1]
Sometimes it happens | Conducting | Uncleaned Proper
that you deliver delivery ina | equipment monitoring of
another woman in the | room that lads to labour and
labour room that it’s has delays preparation for
equipment has uncleaned starting delivery helps
already been used equipment ventilation to start
without cleaning, it ventilation on
leads to delays in time
helping another baby
[RNM5]
first thing is to detect | Early Monitoring | Close
a baby who will need | detection of | of fetal monitoring
resuscitation during those who heart rate of labour to
monitoring of labour, | need during detect
that the woman is resuscitation | labour problems
going to deliver soon | using early
and there is abnormal | abnormal
fetal heart rate fetal heart
[RNM2] rate
You will have doubts | Calling for Prepared to
since she had assistance do
prolonged second due to resuscitation
stage, and you prolonged after

wonder if the baby
will come out ok, you
will have to call for

second stage

diagnosing
fetal distress
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help because you
don’t know what will
happen after delivery
[RNM3].

3.5 Ethical considerations

This thesis was part of the Safer Births project, which obtained ethical
approval from the National Institute for Medical Research (NIMR),
Tanzania (Ref. NIMR/HQ/R.8a/Vol.1X/1434 and NIMR/HQ/R.8c/Vol.
1/325) and the Regional Committee for Medical and Health Research
Ethics in Western Norway (Ref. REK 2009/302). All relevant healthcare
workers at Haydom Hospital were informed about the Safer Births
programme and gave their consent to participate. Women delivering at
Haydom Hospital were informed about the Safer Births research. Only
those eligible for interventional studies (other studies in the Safer Births

project not included in this thesis) were asked for consent.

Midwives who participated in the qualitative study (Study IIl) were
asked to provide signed written consent. The written information,
including the consent form, was given to the midwife before the
commencement of the interview. Enough time was given to the
midwives to read and understand the information, followed by a period
where questions and clarifications were addressed, until the interviewee
was comfortable with signing the consent form. All of the midwives who

were asked to participate in in-depth interviews agreed to do so.
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This PhD study was funded by the Norwegian Research Council. The
Safer Births project received funding from the Research Council of
Norway and the Laerdal Foundation. The study was also sponsored by
Haydom Lutheran Hospital, which took all of the responsibility to ensure
patient safety and good clinical practice. The Safer Births project was
part of the quality improvement initiative at Haydom Hospital and

participants did not receive any form of monetary compensation.
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4 Summary of Results

4.1 Causes of newborn mortality

This study set out to answer our first research question, which asked what
the predominant causes of newborn mortality are in this specific rural
setting. This study included a total of 671 newborns who were admitted
to the neonatal area between October 2014 and July 2017. A total of 124
(18%) newborns died within 7 days; of these, 61 (49%) died within 24
hours, 38 (31%) died within 72 hours, and 25 (3.7%) died beyond 72
hours of life. The presumed causes of death included birth asphyxia (BA)
(n=59), complications related to MSAF (n=13), prematurity (n=19),
presumed/suspected infection (n=19), and secondary complications

related to congenital anomalies (n=14).

BA and complications related to MSAF, i.e., intrapartum-related
neonatal deaths, were responsible for a total of 72 (54%) deaths within
the first 7 days. Delivery was via emergency caesarean section in more
than half of the cases in both conditions. PPV was applied in the delivery
room in 92% and 69% of those who died of BA and MSAF, respectively.
Moderate hypothermia and moderate to severe hypoxia were found in
more than 60% in both BA and MSAF cases. Early death (within 24
hours) occurred in 50% of BA and MSAF cases, and, by the end of 72

hours, 90% of newborns had died in both groups.

Prematurity and its subsequent complications contributed to 19 (15%)

newborn deaths. This group of newborns had uneventful labours and
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delivery room transitions. During admission, moderate hypothermia and
severe hypoxia occurred in 74% and 37% of newborns, respectively.
Two-thirds died within 72 hours, while only 26% died beyond 72 hours.
Presumed sepsis also contributed to 19 (15%) newborn deaths, while 14

(11%) died due to congenital abnormalities.

Characteristics of newborns who died versus characteristics of those who
survived were entered into a model to predict the risk of death. An Apgar
score <7 at 5 minutes (Adjusted odd ratio (AOR) = 3.20; 95% confidence
interval (Cl): 1.42;7.22), oxygen saturation on admission (AOR=4.73;
95% Cl: 2.02; 11.13) and birth weight (AOR=0.64; 95% CI: 0.48;0.84)
were associated with increased odds of death in the final model for all
admitted neonates. Temperature was not included in the model due to
missing data. We also performed additional analysis of term newborns
only (excluding congenital malformations). The odds of dying versus
survival increased 4.5-fold (95% CI: 1.40;11.44) (p=0.010) with PPV,
3.6-fold (95% ClI: 1.67;7.81) (p=0.006) with a 5-minute Apgar Score <7,
and 4.6-fold (95% ClI: 1.82;11.65) with an admitted saturation <60%.

4.2 Positive pressure ventilation and outcome of
admitted newborns

Study Il aimed to answer our second research question on how the

quality of delivered tidal volume is associated with the outcomes of

admitted newborns. In this study, a total of 514 newborns received PPV.
Of these, 232 were admitted and were followed up; 53 (23%) died within

66



Summary of Results

seven days. Of those who died, 15 (28%) died within 24 hours, and 75%
died within the initial 72 hours of life.

Of the 232 admitted newborns, 196 had a complete set of ventilation
parameters, including expired volume and HR, parameters used as
proxies for quality of ventilation (Study II). The HR response of
newborns who died took a longer time to reach 100 bpm during PPV
compared to those who survived i.e., median 180 seconds versus 149
seconds (p=0.07), respectively, but the difference was not statistically
significant. Less volume (ml/kg) was delivered to newborns who died
compared to survivors during the first 60 seconds of PPV, i.e., 5 ml/kg
versus 6 ml/kg (p=0.13), and more during the whole PPV episode, i.e., 9
ml/kg versus 7 ml/kg (p=0.41), but the difference was not significant
(Table 9). It took a longer time to achieve a target volume Vi >6 ml/kg
for those newborns who died compared to those who survived, i.e., a
median value of 14 seconds versus 4 seconds (p=0.008), respectively.
However, newborns who died were ventilated for a much longer time
compared to survivors, i.e., 402 seconds versus 230 seconds (p=0.001),
respectively, and had less mask leakage compared to those who survived
(p=0.027) (Table 7).

We conducted multivariable logistic regression analysis to determine
which variables could predict an increased risk of death. When adjusted
for all variables in the final model, abnormal FHR (AOR=3.15; 95% ClI:
1.21;8.19) (p=0.019), HR at the end of PPV (AOR=7.63; 95% CI:
2.05;28.41) (p=0.002), and median duration of PPV (AOR=1.002; 95%
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Cl: 1.001;1.003) (p=0.001)] were all associated with an increased risk of
death.
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Table 9: Responses of newborns to positive pressure ventilation in relation to outcome dead vs

survived within first 7 days

Time from birth to

episode (inflations/minute)

o 116 (73-140) 108 (76-158) 0.522
application of HR sensor (s)
Time from birth to detection
o 116 (83-152) 113 (85-158) 0.922
of initial HR (s)
Time from birth to start PPV
- 117 (85-147) 115 (85-147) 0.352
S
Time from birth to HR
] 180 (119-235) 149 (105-208) 0.072
increase >100 bpm (s)°
V¢ first 60 s of PPV (ml/kg) 5 (3-10) 6 (4-12) 0.122
Vi whole episode of PPV
0.362
(ml/kg) 9 (5-14) 8 (5-12)
Vol/min first 60 s of PPV
) 781 (375-1414) 896 (429-1528) 0.142
(ml/min)
Vol/min whole episode of PPV
) 1389 (731-1900) | 1140 (643-1876) 0.418
(ml/min)
Time from start PPV to Vi >6
14 (2-31) 4 (1-18) 0.008?
mi/kg (s)
Number of ventilations before
7 (2-20) 3 (1-10) 0.006?
>6 ml/kg
Time used ventilating during
) 44 (31-54) 40 (28-55) 0.572
first 60 s (s)
PPV frequency during first 60
) ) i 50 (40-59) 45 (37-57) 0.192
s (inflations/minute)
PPV frequency during whole
52 (39-60) 44 (36-55) 0.25%
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Mask leak during ventilation

33 (21-55) 40 (26-54) 0.027°
(%)

Time of whole episode of PPV

o 402 (203-785) 230 (104-466) | <0.001°
S

PPV, positive pressure ventilation; Vol/min, volume per minute; s, seconds; HR, heart rate; BPM,
beats/minute; V,, expired tidal volume; IQR, inter-quartile range.

aMann-Whitney U tests; °Chi-square

All ventilation parameters n=196 except “median time from birth to HR to increase >100 BPM n=127

4.3 Factors affecting ventilation

This qualitative study received inputs from Study Il to explore further
factors that affect the effective delivery of PPV by the midwives. A total
of 8 midwives aged between 26 and 47 years with a median experience
of 8 years working in the labour ward were interviewed. Each had
performed at least 10 resuscitations before the interview. All the
midwives who were interviewed held a diploma in nursing, which is a
three-year training programme to become a registered nurse midwife.
The level of resuscitation training was almost the same for all midwives,
i.e., all had attended a full HBB course (one day of training) at least once.
Few had attended multiple HBB courses. None had received advanced
resuscitation training such as the Neonatal Resuscitation Program
(NRP), which is widely used in high-income countries. Five main
categories were identified to affect ventilation practices. First, midwives
were of the opinion that increased frequency of self-practice was the key
to improving skills and their performance. They agreed that ventilation
skills do take time to acquire and thus practice was important. They went

further to suggest that improving simulation training and including a
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sense of urgency in the simulations was needed. One midwife said: ‘if
there was a way of improving the manikin so that when we are

stimulating there is something that shows you some improvement (...)".

The monitoring of labour and preparation for delivery was another main
category that was identified to improve ventilation performance. Good
monitoring of labour was reported to decrease the need for resuscitation.
Midwives were of the opinion that anticipating problems early and
preparing resuscitation equipment helped them to start resuscitation on
time, if the need arose. Storing resuscitation equipment in one specific
place close to the resuscitation table was specifically mentioned as being

important for starting ventilation quickly.

Furthermore, effective teamwork and commitment during resuscitation
was reported to determine how quickly ventilation could be initiated.
Midwives reported that they do call on each other in the event of an
emergency, and that they are able to use each other’s strengths to help
the baby to breathe. Despite this perception, they sometimes do not agree
on their roles prior to resuscitation; however, in the presence of two or
more midwives, they will give each other ideas and remind each other
what has to be done or even let someone who is more experienced
perform ventilation. One midwife explained: ‘(...) once you see that she
IS not managing to get air in, then you ask to help her, and what we care
about is the life of the baby, therefore you can’t keep quiet, you ask her
to let another person ventilate’. Alternatively, midwives shared their

experiences of not being organized, leading to confusion, interference
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and interruptions in ventilation when resuscitation is attended by more
than two midwives. They reported that it is not routine to first agree on
the role that each midwife will perform during resuscitation, especially

when resuscitation was not anticipated.

Difficulties interpreting clinical signs immediately after delivery were
also mentioned as a factor that hinders efforts to start ventilation on time.
Midwives reported that they sometime fail to identify those in need of
ventilation quickly, and they spend more time stimulating and suctioning
hoping the baby will improve. However, by the time they realize the baby
IS not improving or is worsening, significant time has lapsed. One
midwife reflecting on such situations said: “(...) sometimes you decide
that this baby does not have a big problem, it will breathe and cry, like
this baby does not have to be resuscitated but after few seconds later,

suddenly it changes condition (...)’

Feelings of fear and anxiety during actual resuscitation were described
by the midwives as a reason for not following the HBB guidelines
accurately. Midwives reported that they become stressed under the
pressure to try to save the life of a human being, as described by one
midwife: “(...) you become fearful thinking whether you will be able to
save that life (...) that is why sometimes we do panic’. Although it is
expected that health workers faced with emergencies will be a bit
anxious, this can sometimes make them react quickly in an appropriate
manner. However, if healthcare workers are not capable of containing

their anxiety during such emergencies, this might lead to poor
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performance due to an inability to follow best practice guidelines and
algorithms, as explained by another midwife: ‘Once you have fear, you
will not be able to hold it properly (bag and mask) the way we have been
instructed to, and you will get air leaks because you are shaking, you
have fear, also it will make you not to hold it properly and the baby will

not get the air you are giving it’.
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5 General discussion of results

We found that intrapartum-related neonatal deaths contribute
significantly to neonatal mortality and constitute a major pathway
contributing to death in this rural setting. Other important pathways to
death included prematurity, presumed sepsis, and congenital
abnormalities. Newborns who died of presumed intrapartum-related
causes exhibited more FHR abnormalities in utero, lower initial HR upon
delivery, and lower HR following PPV. The median tidal volume
delivered during the first 60 seconds of PPV and during the whole
episode of PPV did not influence the outcome; neither did the HR
responses during PPV. However, newborns who died were slower to
respond to PPV compared to survivors. Fear and anxiety about whether
the newborn will improve during PPV and difficulties interpreting
clinical signs immediately after delivery were identified as factors that
affect effective ventilation, such as frequent interruption during PPV and
delays in initiating PPV within the first minute. Other factors that were
suggested to contribute to ineffective ventilation were a lack of proper

training and lack of effective teamwork.

5.1 Presumed causes of newborn deaths and

pathways leading to death

The contribution of intrapartum-related neonatal deaths to 7-day
newborn mortality in this rural setting was higher than previously
reported in Tanzania (2,3,14) and globally (6,9,12). In this study,
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intrapartum-related early neonatal deaths, i.e., a combination of BA and
complications of MSAF, likely resulted from the interruption of
placental blood flow. Mortality due to intrapartum-related neonatal
deaths was still high, despite not including deaths that occurred in the
delivery room in the analysis. In a recent published report conducted in
Asia and Africa, intrapartum-related events or hypoxia-ischemia were
found to be the leading cause of newborn deaths, as opposed to
prematurity as has been widely reported previously (102). Although this
recent report was based on verbal autopsies, the similarity of their
estimates to our findings