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Abstract

Wrammert, J. 2017. Surviving birth. Studies of a simplified neonatal resuscitation protocol in
a low-income context using a mixed-methods approach. Digital Comprehensive Summaries of
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Upsaliensis. ISBN 978-91-554-9839-9.

United Nations has lately stated ambitious health targets for 2030 in the Sustainable
Development Goal agenda, following the already achieved progress between 1990 and 2015
when the number of children dying before the age of five was reduced by more than half.
However, the mortality reduction in the first month of life after birth has not kept the same pace.
Furthermore, a large number of stillbirths have previously not been accounted for. The aim of
this thesis was to evaluate the impact of clinical training in neonatal resuscitation, and to identify
strategies for an effective implementation at a maternal health facility in Nepal.

Focus group discussions were used to explore the perceptions of teamwork among staff
working closest to the infant at the facility. A prospective cohort study with nested referents
was applied to determine effect on birth outcomes after an intervention with Helping Babies
Breathe, a simplified protocol for neonatal resuscitation. Sustainability of the acquired skills
after training was addressed by employing a quality improvement cycle. Video recordings of
health workers performance were collected to analyse adherence to protocol.

Midwives described the need for universal protocols in neonatal resuscitation and
management involvement in clinical audit and feedback. There was a reduction of intrapartum
stillbirth (aOR 0.46, 95% CI 0.32—0.66) and neonatal mortality within 24 hours of life (aOR
0.51, 95% CI 0.31-0.83) after the intervention. Ventilation of infants increased (OR 2.56,
95% CI 1.67-3.93) and potentially harmful suctioning was reduced (OR 0.13, 95% CI 0.09—
0.17). Neonatal death from intrapartum-related complications was reduced and preterm infants
survived additional days in the neonatal period after the intervention. Low birth weight was not
found to be a predictor of deferred resuscitation in the studied context.

This study confirmed the robustness of Helping Babies Breathe as an educational tool for
training in neonatal resuscitation. Accompanied with a quality improvement cycle it reduced
intrapartum stillbirth and mortality on the day of delivery in a low-income facility setting.
Improved postnatal care is needed to maintain the gains in survival through the neonatal
period. Increased management involvement in audit and quality of care could improve clinical
performance among health workers.
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“You cannot get the truth by capturing it, only by its capturing you’

Kierkegaard, 1850

To the children who lost their
lives in the Gorkha earthquake






Popularvetenskaplig sammanfattning

Fran 1990 till 2015 minskade den globala barnadddligheten fran 12.7 till 5.9
miljoner. Denna fantastiska utveckling dr ett resultat av olika atgirder som
inforts for att minska forekomsten av de vanligaste sjukdomarna under bar-
nets fem forsta levnadsar. Dodsfall hos spadbarn under den forsta levnads-
manaden har tyvirr inte minskat i samma takt och andelen barn som dor
under den neonatala perioden har darfor 6kat. Dessutom har minskningen av
dodfodda barn skett i en langsammare takt. Tillsammans uppgar dodsfall hos
barn under senare delen av graviditeten, i samband med forlossningen eller
under den forsta levnadsménaden till 5.5 miljoner per ar. Majoriteten av dem
(99 %) sker i lag- och medelinkomstldnder. De flesta av de dodsfall som sker
runt tiden for fodelsen kan forhindras med billiga och enkla atgirder. Det
handlar om forbattrad modravérd, béttre fosterovervakning under forloss-
ningen, att forlossningen sker under rena forhallanden, att tidig amning ini-
tieras och nedkylning av barnet forhindras samt upptickt och behandling av
infektioner. Ungefér en tiondel av alla barn som fods varje ar behdver ndgon
form av stod for att komma igdng med sin egen andning. De steg som da
behdver anvédndas kallas neonatal aterupplivning, eller neonatal hjart-
lungraddning. Insatserna som behdvs for flertalet av de barn som inte spon-
tant borjar andas ar ocksa relativt enkla till sin natur. Det kan rdcka med att
torka av barnet eller stimulera huden med handflatan. En del behover hjélp
med sina forsta andetag genom att man blaser in luft i lungorna med hjilp av
en mask. En mycket liten andel av barn som inte spontant borjar andas efter
fodseln behdver avancerade atgirder sdsom kompressioner av brostkorgen,
tillforsel av lakemedel eller respiratorbehandling.

I den hér avhandlingen beskrivs en studie genomford vid ett férlossnings-
sjukhus i Kathmandu, Nepal. Vi genomforde en trdningsinsats med ett for-
enklat program for neonatal aterupplivning som kallas Helping Babies
Breathe. Programmet adr utvecklat av det amerikanska barnldkarforbundet
och dr anpassat for att anvindas i resurssvaga miljoer, sésom Nepal. Férutom
utbildningsmaterial med bilder sa inkluderar metoden dven simulerad trianing
med en docka pé vilken de olika stegen vid aterupplivning utfors. All perso-
nal pa sjukhuset, som har 22,000 forlossningar per ar, tranades enligt pro-
grammet. Vi samlade samtidigt in information om hur det gick for barnen
som foddes fore, respektive efter, traningsinsatsen. Det ar tidigare kint att
formagan att uppratthalla kunskaper efter klinisk trdning kan vara ett pro-



blem. Med anledning av det atfoljdes trdningen av ett antal kvalitetsfram-
jande atgirder syftande till att 6ka uthalligheten av forbattrad praxis. Barn
som dog under forlossningsarbetet minskade med 54 % och antalet barn som
avled inom de forsta 24 timmarna minskade med 49 % efter trdningsinsat-
sen. Barn som foddes levande eller aterupplivades framgangsrikt dverlevde
fler dagar efter trdningen, men risken for nyfodda att do senare under den
forsta levnadsmanaden var oférdndrad. Helping Babies Breathe var séaledes
ett lampligt program for att minska dodsfall bland barn med forlossningsre-
laterade komplikationer eller tidiga dodsfall efter fodelsen. Forbattrat om-
hindertagande av nyfédda under de forsta levnadsveckorna krivs for att
ytterligare minska dodligheten under nyfoddhetsperioden pa forlossnings-
sjukhus i Nepal och i liknande resurssvaga miljoer.



List of Papers

This thesis is based on the following papers, which are referred to in the text
by their Roman numerals.

I Wrammert, J., Devkota, S., Baral, K., KC, A., Malqvist, M., Lars-
son, M. Teamwork among midwives during neonatal resuscitation at

a maternity hospital in Nepal. Women & Birth, Article in press,
2017

II  KC, A., Wrammert, J., Clark, RB., Ewald, U., et al. Reducing peri-
natal mortality in Nepal using Helping Babies Breathe. Pediatrics,
2016:137(6)

III Wrammert, J., KC, A., Ewald, U., Malqvist, M. Improved postnatal
care is needed to maintain gains in neonatal survival after the im-
plementation of the Helping Babies Breathe initiative. Accepted for
publication in Acta Paediatrica

IV Wrammert, J., Zetterlund, C., KC, A., Ewald, U., Malqvist, M. Re-
suscitation practices of low and normal birth weight infants in Ne-
pal: an observational study using video camera recordings. Submit-

ted

Reprints were made with permission from the respective publishers.






Contents

INErOAUCHION ...ttt ettt et e 15
Perinatal MOrtality .......cceeeeiieiiiiiiiecie et e e 15
SHIDITH ..o 16
Neonatal MOTtAlItY ...cccveieeireriieiiiecie ettt sveesebeeeree e 17

1Y 0] 0] 1a 1 2RSSR 18
Stillbirth and live birth overlap.........ccccccveeiieiiieeiieeie e, 19
Interventions for increased neonatal survival...........ccoccevoeniiniiniinianenn. 20
Neonatal reSUSCIEATION ..c...eevieieeieeieeieeie ettt sieesiee e 20
Helping Babies Breathe ..........cccoccviiviiiiciiiiiiceceeee e 22
Ethics of neonatal resusCitation ...........ccceceeeeeeiieniieiiinienie e 24
Knowledge translation............ccueeevieiiieriieeiie e e 24
Implementation StrateIes ........c..cvvveerveeeerieeiieerieerieesreeereeereeeeaeenens 25
Importance of teaMWOTK .........cccoevviiiiiiiiciii e 25
Evaluation of resuscitation practices ..........cccevvvrerirercveencreeenreeeneeeennns 26
Newborn health in Nepal.........occveeiiiiiiiiiiecie e 26
Rationale of the thesis........c.ccoiuiiiiiiiiiiiie e 28
AIM AN ODJECHIVES.....eiiuiieiiiiiiiieciieeiee et eee et e b e e eereeeaaeeeaeenes 29
IMEEROMAS ...ttt sttt 30
StUAY SCHNE ..eeevviieiieeiit ettt et e s e et eereeesabeeseseesaneas 30
StUAY AESIZN ..eievviiiiiieiie ettt ettt e et sabe e eesaneas 31
INEEIVENTION. ...ttt ettt 32
Quality Improvement CyCle.........ccceeviiieciiriiiieiiecie et 32
IMPIEMENTALION ....veeevieeiieeiie ettt sebe e ereeereeeseaeenes 33
SAMPIE SIZE ..evvieniiieiiiecieeciee ettt e et e e e e ereesebeeeaaeas 34
Data collection and analysis .........cccccevrereiierciereiiieiie e 34
Paper Lo e 34
Paper IL..cceeeeieeeee e e e 35
Paper L1 .....oeeeeiee et et 37
Paper IV .o 38
Data Mmanagement ..........ccueeeiiiiiieiiiie et 39
Ethical considerations. ...........cccueiieiiiiienieiiesie et 39
QuUANItAtiVe dAtA .....cveiiiiiiiec e et 40

QUAlITALIVE dALA ...eeeeeeviieiciiie e et 40



RESUILS .ottt e e e e e e e e e e aeeeaeaeeas 41

Perceptions of teamWOrK ...........ccovvieriiiriiieiiii e 41
Intervention effect on perinatal mortality.........ccccoecvveveieriieecrieeeiee e 43
Intervention effect on adherence to protocol.........cccevvvierviercreeecrieeneenee, 44
Causes of neonatal deaths...........ccocoeiiiiiiiiiiiiiieee e 45
ReESUSCItAtioN PraCtiCES .....ccvvieruireriiieriiierieeeieeeieeesieeesireeseveeereeenreeeeeeenes 46
DISCUSSION .ttt ettt sttt st sb et e s bt e bt e bt e sbeesbeesbeenbeenaeens 48
Interpretation 0f TESUILS.........cecuiiiiiiiriieciie e 48
Methodological considerations..........c.ccevveeeveeerieerieerreenieeereeereeeseeeenens 52
Qualitative MEthOdS .......ccviiiiiiiiiiciiie e 52
Quantitative Methods ..........oooiviiiiiiiiiiciiie e 54
Health system implications.........cccuiervreriienerieeiieerie e erveeeveeeveeeeee e 56
CONCIUSIONS ...ttt ettt ettt e b ettt et ete e e e 57
FUtUIE POISPECTIVES...uviiiiiiiiieiiieciee ettt et ettt e e re e e sreeeaaeeeaeenes 58
SUIMIMATY ©eeieeiiiie ettt e et e e et eeestbeeessstbeeeeseseeeeansreeesnsseesenssaeens 59
TTRTE bbbt 61
ACKNOWIEAGEMENTS .....cvviiiiiiiiieciie et 62

RETETENCES ..ot e e e e e e e e e e aeeeaaaeeas 65



Abbreviations

ANC
aOR
CI
HBB
HBS
KMC
LBW
MDG
NBW
NICU
QIC
QIT
WHO
YLL

Antenatal Care

Adjusted Odds Ratio
Confidence Interval

Helping Babies Breathe
Helping babies Survive
Kangaroo Mother Care

Low Birth Weight
Millennium Development Goal
Normal Birth Weight
Neonatal Intensive Care Unit
Quality Improvement Cycle
Quality Improvement Team
World Health Organization
Years of Life Lost



Glossary

Perinatal mortality: deaths that occur from the time of a viable fetus at 22
weeks of gestation or with a birth weight of more than 500 grams until the
first week after birth

Stillbirth: birth of a viable fetus from 22 weeks of gestation or with a birth
weight of more than 500 grams with an Apgar score of zero at one and five
minutes

Antepartum stillbirth: birth of a viable fetus from 22 weeks of gestation or
with a birth weight of more than 500 grams, with an Apgar score of zero at
one and five minutes, with signs of maceration, and no fetal heart rate de-
tected at admission or at the onset of labor

Intrapartum stillbirth: birth of a viable fetus from 22 weeks of gestation or
with a birth weight of more than 500 grams, with an Apgar score of zero at
one and five minutes, with no signs of maceration, and where fetal heart rate
was detected at admission or at the onset of labor

First-day neonatal mortality: death of a live-born infant within 24 hours
after birth

Early neonatal mortality: death of a live-born infant within seven days of
life

Late neonatal mortality: death of a live-born infant between seven and 27
days of life

Neonatal mortality: death of a live born infant within 27 days of life
Antenatal care attendance: whether a mother attended one or more visits to
a health worker for medical examination and counseling during pregnancy
Gestational age: number of intrauterine weeks of a fetus calculated from the
mothers last menstrual period

Low birth weight: birth weight below 2,500 grams

Preterm birth: infants born before 37 completed weeks of gestation

Term birth: infants born at or after 37 completed weeks of gestation

Very preterm birth: infants born before 32 completed weeks of gestation
Extremely preterm birth: infants born before 28 completed weeks of ges-
tation

Teamwork: the process of working collaboratively in a group of two of
more in order to achieve a common goal

Low-income country: countries with a gross national income per capita
below 1,025 US dollars (2015)



Preface

Where I come from, losing a child at birth is to most parents a most incom-
prehensible thing. Something they have not really considered. Why? Preg-
nancy and childbirth in Sweden is safe. Quality of care for both mothers and
newborn infants is among the better on the planet, if not the best. Having a
child in my country is depicted as a joyful adventure in glossy magazines,
where we learn what cart to chose, or why ecological cotton is better.
Meanwhile, every sixth second, a newborn life is lost around the globe.
Why? Pregnancy and childbirth in many parts of the world is not safe. The
location of your birth determines your odds of survival. When I first came to
Nepal, I was surprised by the attitude of people to the chances of survival of
infants compared to mothers. If a mother would pass during pregnancy or
childbirth, there were articles in the local press; there were meetings at the
hospital and possibly protests outside the facility by family members. The
crowd was demanding answers and looking for accountability. But infants
passed by the numbers inside without any notice. As if all those lives never
lived were unseen. I later realized it was a strategy of self-protection. Moth-
ers, fathers and families just don’t count on leaving the maternal facility with
a new member until they actually pass out through the doors. Most people in
Nepal know somebody who lost an infant during pregnancy and childbirth.
So why should I be lucky? Better to prepare for the worst and hope for the
best. The majority of these deaths can be prevented with cheap and simple
things. The world has the knowledge of what those things are, and we cer-
tainly have the money to pay for them. What remains is zow we should do it,
and I hope this thesis provides some answers.

Johan Wrammert
March 2017
Uppsala






Introduction

Since the launch of the Millennium Development Goals (MDG) in 2001
there has been much progress in promoting child health and reducing child
mortality [1]. From 1990 to 2015, child deaths before the age of five years
were reduced from 12.7 to 5.9 million. A reduction was materialised in all
regions of the world, but low- and income countries still account for 99% of
all child deaths [2]. Although not reaching the MDG target of a reduction by
two-thirds, the achievements cannot be underestimated. However, the reduc-
tion of stillbirths and neonatal deaths has been slower over the last 25 years,
emphasizing the need to focus on the time surrounding birth going forward
[3]. In global calls to further reduce the rates of stillbirths and neonatal
deaths but also the closely linked burden of maternal mortality, the interna-
tional community has launched many collaborative efforts during the last 5
years. A Promise Renewed and Every Newborn Action Plan address the
preventable causes of these deaths, promoting universal coverage of basic
life saving interventions for all mothers and newborn infants globally [4, 5].
The United Nations, through the Sustainable Development Goals (SDG), in
2015 also stipulated new ambitious targets: by 2030, child mortality and
neonatal mortality in all countries should not exceed 25 and 12 deaths per
1,000 live births, respectively [6].

Perinatal mortality

The perinatal period stretches from the time of a viable fetus at 22 completed
weeks of gestation until the first week after birth [7]. This is a period of time
when both the mother and the child are at the highest risk of both mortality
and morbidity. The progress during the last decades in reducing both mater-
nal and child deaths can partly be explained by the increased focus on this
strong link between maternal and child survival [8]. Addressing continuum
of care, and increasing coverage of skilled health care attendance, from
pregnancy, during childbirth and trough the postnatal period has been suc-
cessful in reducing both maternal and perinatal mortality. Approximately 55
million people die each year on our planet from various causes, many of
them preventable. Some might therefore argue why such focus should be
directed at the perinatal period, as it is such a short period of life. A different
way to describe the burden of disease is to use years of life lost (YLL). This
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definition includes the burden of premature death due to different disorders
during life. In 2005, a total of almost 1 billion years of life were lost by this
definition and of them, one tenth originated from stillbirth (Table 1).

Table 1. Years of life lost (YLL) from stillbirth and for the top five disorders globally
in 2005 [9]

Disorder Years of life lost (1,000)
Stillbirth 99,592
Malignant neoplasms 95,928
Respiratory infections 83,068
Ischemic heart disease 79,412
Unintended accidents 78,330
Neonatal conditions 76,627

This proportion exceeds all other individual disorders of, for example, ma-
lignancy, respiratory infections, and ischemic heart disease [9]. Moreover, if
YLL from complications of live born infants leading to premature death,
such as low birth weight (LBW) and intrapartum hypoxia, are added, still-
birth and complications of birth accounted for more than 17% of all YLL in
2005 [10].

Stillbirth

A large number of lives are thus lost before life. The reports and definitions
of stillbirth vary between countries as different cut-offs for gestational age
and birth weight are used. In combination with the exclusion of stillborn
infants from the MDG agenda, these deaths have previously been left behind
and not prioritized [11]. Recent studies estimate that, according to the WHO
definition of a baby born with no signs of life at or after 28 weeks of gesta-
tion or weighing 1,000 grams or more, 2.6 million infants were stillborn in
2015. Although lagging behind, the global burden of stillbirth was reduced
by 19% between 2000 and 2015 [12]. More than half of the stillbirths (1.4
million) are antepartum stillbirths, lost before the onset of labor with the
remaining deaths occurring in the intrapartum period due to complications
during labor and birth [13]. The proportions of intrapartum stillbirths are
higher in low-income countries and highest in south Asia where they consti-
tute 54% of all stillbirths [14]. Risk factors for intrapartum stillbirth in low-
income countries are among others: lack of antenatal care and skilled care at
birth, absence of partogram use during labor, fetal growth restriction and
prematurity, high maternal age and multi parity, and hypertensive disorders
during pregnancy [13, 15].
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Neonatal mortality

In addition to the estimated number of stillbirths every year, there are 2.9
million neonatal deaths occurring during the first four weeks of life [3].
Three-quarters of neonatal deaths occur in the first week with the highest
risk of death on the very first day of life (Figure 1). The proportion of mor-
tality in the first 24 hours of life is consistent across different settings [16].

Figure 1. Global proportions of 5.5 million stillbirths and neonatal deaths [3]

As the reduction of neonatal mortality under the MDG agenda progressed
about 30% slower than child mortality, neonatal health and survival is now
higher on national agendas [17]. The focus going forward will be on target-
ing the three leading causes of neonatal death: complications from preterm
birth, intrapartum-related complications (previously called birth asphyxia)
and severe neonatal infection (Figure 2).

Figure 2. Primary causes of 2.9 million neonatal deaths globally [3]
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Complications of preterm birth is the overall leading cause during the neona-
tal period but even more so during the early neonatal period (day 0-6) where
41% of the deaths are attributable to prematurity. Proportions are similar
over different contexts, but the cause-specific risk is much higher in low-
income countries, reflecting the low quality of postnatal care for premature
infants in high mortality settings. During the late neonatal period (day 7-27),
severe infection is the leading cause, responsible for 37% of deaths. Neona-
tal death from intrapartum-related complications was reduced by a third
from 2000-2012, probably reflecting the increased rate of facility delivery as
opposed to home delivery [18]. However, clearly linked to intrapartum-
related neonatal deaths are intrapartum stillbirths, where death is assumed to
have occurred before birth but where misclassification errors can occur as
described later in this section. Finally, congenital malformations account for
10% of neonatal mortality globally. As diagnostics are improving, especially
regarding cardiac malformations, proportions are rising to include mortality
among infants previously misclassified as pneumonia deaths [19].

Morbidity

Neonatal survival might have consequences later in life. Neonatal encepha-
lopathy is a complication following intrapartum hypoxic events that mani-
fests in difficulties of respiration and neurological symptoms such as abnor-
mal reflexes, muscle tone and seizures during the neonatal period [20]. It is
graded as mild, moderate or severe where mild cases without symptoms
after the first week of life rarely develop long-term morbidity whereas survi-
vors of severe cases suffer life-long morbidity such as cerebral palsy [21].
As many as one million survivors of intrapartum-related events might devel-
op neurological impairments but the lack of quality data from low-income
contexts, especially community settings, make estimations difficult [22].
Morbidity attributed to preterm birth includes neurodevelopment complica-
tions among 354,000 survivors but also visual impairment of 185,000 infants
following retinopathy of prematurity [23]. Premature infants are also more at
risk for other neonatal complications, such as neonatal infection, hyperbili-
rubinaemia and feeding difficulties [24]. The risk for morbidity among all
complications during delivery and the neonatal period is highly correlated to
where the baby is born. In high-income and low-mortality regions few term
and only 20% of preterm infants develop disability whereas as many as 7
million survivors born in regions with higher neonatal mortality are affected
by life-threatening complications during birth and the postnatal period [25].
Impairment is most common in middle-income settings where the coverage
of neonatal intensive care is improving but with still low quality. In settings
with the highest rates of neonatal mortality, extremely premature infants
with the highest risk of long-term disability rarely survive [23].
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Stillbirth and live birth overlap

Following the efforts to distinguish the closely linked mortality from intra-
partum-related stillbirths and intrapartum-related neonatal deaths, the ques-
tion of potential misclassification of such deaths in low-income settings has
been discussed [26]. In a setting where baseline resuscitation skills are low
and where monitoring of vital signs are inadequate, a depressed live born
infant could be inappropriately classified as a stillbirth if left unattended
after birth [27]. With an increased proportion of survivors from intrapartum
hypoxia following the introduction of basic newborn interventions, infants
previously defined as stillborn are to a larger degree resuscitated [28]. How-
ever, when resources are poor, there is usually a need to prioritize. Infants
born with low gestational age, LBW or with apparent congenital malfor-
mations might increase the risk that health workers defer resuscitation of an
apneic infant and instead register a stillbirth (Figure 3) [29].

Figure 3. Stillbirth and live birth overlap. An apneic live born who is not resuscitat-
ed or for whom resuscitation is not available might be registered as a stillbirth

The anticipation that withholding resuscitation could spare staff from blame,
or save the family from unacceptable costs of neonatal care or future disabil-
ity, could also play a role if the chance of survival is taken as low [25]. Gen-
der could also affect the decisions in such situations. Males actually run a
higher risk of neonatal complications, but the different value attributed to
sons and daughters by the prevailing social context could also play a role
[30, 31]. The scope of errors in misclassification of stillbirths could be
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greater in the still high number of home births in many low-income settings,
where available data is scarce. The significant reduction of stillbirth rates
from intervention studies performed in such settings also indicate effective
resuscitation of infants after intervention, infants that were previously classi-
fied as stillbirths [32].

Interventions for increased neonatal survival

The introduction of the MDG number four addressing child mortality, and
especially its attached measurable targets, inspired the global community of
governments, researchers, medical specialists and donor organizations to an
unprecedented level of engagement to improve child health and survival
[33]. The knowledge of low-cost, and evidence-based interventions to re-
duce mortality around the time of birth followed. In a pivotal publication
from 2005, Darmstadt et al demonstrated how universal coverage by a num-
ber of health interventions during pregnancy and birth could avert up to 70
% of all neonatal deaths globally at a low cost [34]. Out of the 16 interven-
tions identified as supported by robust evidence for neonatal mortality re-
duction, 10 targeted the intrapartum and postnatal period. All of them are
basic interventions possible to implement in most settings such as: injectable
corticosteroids for mothers in preterm labor, labor surveillance using a par-
togram to early detect complications, clean delivery practices, promotion of
early breast-feeding, kangaroo mother care (KMC) for LBW infants, neona-
tal infection detection and management, and resuscitation of non-breathing
newborn infants.

Neonatal resuscitation

Early initiation of respiration is essential for the infant after leaving the in-
tra-uterine life where all oxygenation has been supplied by the umbilical
cord. The first breath we take in life will start a rapid transition to air-filled
lungs as we overcome the frictional resistance of airway liquid and the sur-
face tension at the air-liquid interface [35]. Most newborn infants perform
this important transition spontaneously, whereas about 10 of the 130 million
infants born every year require some assistance. Neonatal resuscitation is
primarily of a basic nature. Most infants will respond to drying with a cloth
after birth to initiate breathing. Some will need additional stimulation pro-
vided by rubbing the back of the infant and approximately 6 million will
require support with positive pressure ventilation provided with a bag and
mask (Figure 4). Which infants should then be resuscitated? The Interna-
tional Liaison Committee on Resuscitation states that this decision should be
based on a combination of signs: crying, breathing, muscle tone, heart rate,
maturity, and response to stimulation [36]. This initial assessment requires a

20



high level of skill. The WHO guide, on the other hand, recommends a more
simple approach. All infants that do not cry; do not breathe at all; or who are
gasping at 30 seconds after birth should be ventilated with a bag-and-mask
[37].

Figure 4. The need for various interventions during neonatal resuscitation [28]

Also infants suffering secondary apnea from a prolonged hypoxia during
delivery will in most cases respond to ventilation as the bradycardia usually
is secondary to respiratory failure [38]. Less than one percent of infants will
need advanced resuscitation, including intubation, chest compression and
administration of drugs, e.g. injections of adrenaline and provision of oxy-
gen.

The role of suctioning of the airways has been widely used in neonatal re-
suscitation but it has lately been refuted as especially suctioning of the lower
airways can harm the infant, causing injury or reflective bradycardia. In
international guidelines for 2015, suctioning of the airways is no longer rec-
ommended in any situation other than when there is an apparent obstruction
of the airway [39]. Administration of oxygen is another part of neonatal
resuscitation under debate. There is no evidence to support initiation of re-
suscitation with 100% oxygen compared to room air and for premature in-
fants high levels of oxygen might even be harmful [40]. If used, oxygen
should be titrated according to the oxygen saturation levels of the infant and
as medical gas blenders, and even oxymeters, are not always available in
low-income settings, oxygen administration should not be a priority [41].
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Several studies on training in neonatal resuscitation in low-income settings
have demonstrated a reduction of intrapartum-related death. As randomiza-
tion to such a study would be unethical, most studies are observational. In a
large meta-analysis of facility-based studies available, and also using an
expert Delphi panel, it was concluded that full coverage of this basic inter-
vention in facilities worldwide could reduce mortality from intrapartum-
related events by 30% [28].

Helping Babies Breathe

In a response to the available evidence supporting universal coverage of
neonatal resuscitation skills in low-income settings, the American Academy
of Pediatrics developed Helping Babies Breathe (HBB) [42]. This is an edu-
cational package consisting of context-adjusted pictorial flip charts, a learner
workbook, a mannequin, and equipment of bag, mask and a bulb suction
device. The protocol used is based on evidence from international guidelines
[43]. The protocol is simplified in comparison to, for example, the National
Resuscitation Protocol, focusing on the basic interventions of assessment,
drying, stimulating, clearing the airway and initiating ventilation (Figure 5).
‘The Golden Minute™’ concept where ventilation should be started within
60 seconds on a non-breathing infant, emphasizes the key element of venti-
lation, should the infant not establish breathing spontaneously [44]. HBB has
been evaluated in several studies, both for the effect on mortality outcomes
and the development of skills. In an evaluation in Tanzania, HBB training
reduced intrapartum stillbirth by 24% and neonatal death within 24 hours by
47% [45]. A study in India demonstrated a reduction of intrapartum stillbirth
by 46% with unchanged neonatal mortality, suggesting resuscitated infants
survived the neonatal period [46]. The educational package of HBB has also
been tested for its effectiveness as a tool for training in low-income settings.
In a study performed in Ethiopia, the HBB protocol was feasible for imple-
mentation and it improved knowledge and skills of neonatal resuscitation
among health workers [47].
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Figure 5. The Helping Babies Breathe (HBB) neonatal resuscitation protocol [48]
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Ethics of neonatal resuscitation

As basic neonatal interventions such as HBB at facilities result in more sur-
vivors, ethical considerations might be raised [49]. The decision not to re-
suscitate immature infants in low-income settings may seem logical as ex-
tremely and very premature infants (<32 weeks) have lower odds of survival
in such a setting [50]. However, historical leaps taken for neonatal survival
in high-income settings has been demonstrated to follow a pattern of more
survivors with unchanged morbidity requiring follow-up investment in post-
natal care to subsequently decrease neonatal mortality (22). Pre-term babies
with extremely low gestational age have driven the quality of neonatal care
in high-income countries, but those babies rarely survive in settings with a
baseline of high neonatal mortality. But, 85% of all pre-term births are mod-
erate pre-terms and therefore account for most of the potentially impaired
survivors. As there is considerably less morbidity in this group, the resusci-
tation and treatment of moderate pre-term infants should not be deferred
because of the risk of long-term disability when basic postnatal care is avail-
able (23). Evidence of changes in long-term morbidity following training in
neonatal resuscitation in low-income settings is scarce and remains a critical
research question. Improved skills will most certainly prevent many hypoxic
events and thus morbidity, but there are also concerns that those vulnerable
survivors will develop disabilities [51]. Results from the few existing long-
term follow-up studies in low-income settings do not clearly show an in-
creased rate of morbidity after training in neonatal resuscitation, supporting
the universal use of resuscitation for all infants who do not initiate breathing
after birth regardless of gestational age and birth weight [28].

Knowledge translation

Even though several evidence-based interventions to improve health care
outcome are available, health workers often fail to perform according to
established guidelines [52]. This is also true for the performance of interven-
tions aimed at reducing neonatal deaths [53]. This is not a problem isolated
to low- and middle-income regions, and it has gained more attention the last
decades. Also in high-income countries the simple steps in an evidence-
based protocol for neonatal resuscitation is not always followed [54]. Under-
standing the critical determinants of performance and accordingly develop-
ing specific interventions will be crucial to achieve quality delivery of health
care services [55]. Regarding neonatal resuscitation and the retention of
acquired skills after training, a study of HBB in Rwanda revealed that the
competency dropped to an unsatisfactory level three months after training,
indicating that training alone was not enough for a long-term improvement
in clinical performance [56]. A number of other studies performed in differ-
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ent settings confirm this problem of knowledge retention following training
in neonatal resuscitation [57-60].

Implementation strategies

The challenge of turning evidence-based interventions into sustainable
change in clinical practice has inspired the growing field of implementation
research [61]. Addressing this “know-do” gap in newborn care is of crucial
importance in low-income settings as most of the mortality and morbidity
stem from such settings [62]. Understanding contextual factors and tailoring
interventions to bridge the gap has attained increased attention when target-
ing improved quality of care in complex health systems [63, 64]. In a re-
sponse to knowledge translation issues, the Promoting Actions on Research
Implementation in Health Services (PARiHS) framework highlight three
crucial cornerstones: strong evidence, supportive organizational context, and
appropriate facilitation [65]. Culture, leadership and evaluation are im-
portant factors to consider within the concept of context. Culture in an or-
ganization can simply be described as “the way we do things”. More specifi-
cally, its stance on: values and beliefs, authority, response to organizational
problems, interpersonal relationships, rewards, and teamwork [66]. As train-
ing alone to improve adherence to clinical guidelines does not seem to be
sufficient, educational strategies have been developed [67]. A Cochrane
report on effectiveness of implementation strategies in healthcare reported
that educational meetings together with interactive sessions have the poten-
tial to change behaviour in complex clinical situations [68]. Such repetitive
meetings and interactive sessions could be packaged into a quality im-
provement cycle (QIC), be implemented together with the neonatal resusci-
tation training, and kept in place for continuous re-training and management
involvement.

Importance of teamwork

The midwife or birth attendant working closest with the mother and her
newborn infant is central to determining the quality of care that is provided,
and thus the outcome in neonatal resuscitation [69]. In order to evaluate
what occurs on the resuscitation table, quantitative methods can be used to
measure, for example, time to intervention, oxygen saturation levels, Apgar
scores and mortality outcomes. However, the personal experiences of the
staff involved as well as various group dynamics will also affect the steps
taken to resuscitate the infant. To understand these contextual factors, there
is a need for qualitative studies to complement quantitative measures. In this
area very little data is available from low-income settings [70]. The im-
portance of teamwork in newborn care has been studied before but mainly in
high-income settings. Focus group discussions with staff from a neonatal
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ward in the USA found that provider characteristics, such as personality,
reputation and expertise as well as organization and working environment,
are important for a well-functioning team [71]. Another study from a neona-
tal facility in south-central USA proposed that professional attitudes, main-
taining relationships and having concurrence about the team’s goal are fac-
tors that influence teamwork [72]. Finally, reviewing the little qualitative
data available from low-income settings, literature suggests other specific
barriers that can affect the quality of care for newborn infants. A study in
Malawi demonstrated that knowledge and experience was in place, but the
lack of equipment and universal protocols along with ethical considerations
could form barriers for health workers to apply neonatal resuscitation [73].

Evaluation of resuscitation practices

The immediate care for respiratory depressed infants is a stressed and often-
chaotic situation in any setting, and a better understanding of what is actual-
ly going on at the resuscitation table is in demand [74]. Within the PARIHS
framework, evaluation is also referred to as an important part of the contex-
tual aspect, as it can be used to provide feedback and improve organizational
learning. PARIHS also emphasizes that effective health care systems should
take the opportunity to use multiple sources of evidence for evaluation [66].
Quantitative observational methods can be used to measure the initiation and
timing of different interventions, but lacks reliability when classical data
collection tools, such as manual registration of events or retrospective re-
views of medical records, are used [75]. Methods using video camera sur-
veillance have therefore emerged as a promising way of investigating per-
formance and adherence to clinical protocols in resuscitation. The first at-
tempt in an adult setting was performed as long back as 1969, but it was not
utilized in evaluating neonatal resuscitation until 2000 [76, 77]. Authors of
the studies that have followed, found it to be a feasible method for quality
assessment and to increase the level of teamwork, leadership and communi-
cation within a resuscitation workgroup [54, 77]. However, when analyzing
video manually, issues of intra- and interobserver variability are introduced,
and for large cohorts the analysis is time consuming [54, 78]. Collecting data
from video recordings using image processing or recent advances in deep
learning action classification could be an alternative [79].

Newborn health in Nepal

Nepal is a low-income country situated between India and China (Figure 6).
The population is 26.5 million with an annual growth rate of 1.3%. The Cen-
tral Bureau of Statistics reported 2010 that 25% of the population in Nepal
lived below the poverty line. According to the human development index,
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the country’s living standards sit below the average of south Asia [80]. De-
spite this, Nepal has made steady progress in health outcomes for its popula-
tion. The number of births every year is approximately 720,000 and with
regards to achievements in child and maternal health, Nepal was one of the
countries to meet both MDG four and five ahead of schedule [2]. Child mor-
tality actually dropped 73% from 1990 to 2014, surpassing the MDG target
of two-thirds. This is partly the result of national policies and increased cov-
erage of both maternal and child care interventions through a community
based program [81]. Unfortunately, the reduction rate in neonatal mortality
has not kept the same pace.

Figure 6. Map of Nepal (with permission from www.maps.com)

Although Nepal was the first low-income country to launch a national new-
born strategy in 2004, neonatal mortality has only dropped at half the pace
compared to child mortality. Reduction in early neonatal mortality has stag-
nated even more and now accounts for 85% of all neonatal deaths in Nepal
[82]. Nepal reported 22.4 stillbirths per 1,000 pregnancies in 2011 and since
then the reduction of stillbirth rate has been slow [3].
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Rationale of the thesis

Despite available evidence-based interventions that can reduce the global
burden of intrapartum stillbirth and neonatal mortality and the efforts to
implement them, progress is clearly behind the trend seen for reductions of
deaths in the post-neonatal period. In this thesis we study the implementa-
tion of training in neonatal resuscitation with a mixed methods approach. In
a qualitative baseline context evaluation, we explore the perceptions of
teamwork among delivery staff in caring for neonates in need of resuscita-
tion. We then hypothesized that by implementing HBB together with a QIC,
perinatal mortality could be reduced in a low-income facility setting studied
in a prospective cohort study. Furthermore, we explored if postnatal care in
such a setting is ready to handle the potential increased number of survivors
in the neonatal period. Finally, using video recording observations, we at-
tempt to answer the question whether there is some selection process in play
when health workers decide which infants to resuscitate (Figure 7).

Figure 7. Research questions responding to the rationale of this thesis
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Aim and objectives

The overall aim of this thesis was:

To study the implementation strategy of a simplified neonatal resuscitation
protocol at a maternity hospital in a low-income setting using a mixed meth-
ods approach.

The specific objective for each paper were:

Paper I
To explore nurse midwives’ perceptions of teamwork when caring for a
newborn in need of resuscitation in a low-income setting

Paper 11

To improve adherence to the Helping Babies Breathe neonatal resuscitation
protocol and reduce perinatal mortality by using a quality improvement cy-
cle in a tertiary hospital in Nepal

Paper 111

To describe the time and cause of in-hospital neonatal deaths before and
after Helping Babies Breathe training at a maternity health facility in a low-
income setting

Paper IV

To compare neonatal resuscitation of low birth weight and normal birth
weight infants born at a facility in a low-income setting
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Methods

A co-operation between Uppsala University and Patan Academy of Health
Sciences in Nepal (PAHS) was initiated, and a hospital-based study was
launched in the middle of 2012. Both quantitative and qualitative methods
were used. A prospective cohort study was applied for quantitative data col-
lection with a baseline period from July to December 2012, and an interven-
tion period from January to September 2013 [83]. During the course of the
study, information on socio-demographic status, obstetric history, delivery
outcome and postnatal care was collected. To achieve data on changes in
clinical practice regarding neonatal resuscitation, video cameras were
mounted at each newborn care station. In order to explore the perceptions of
teamwork among the staff working closest to the infant during delivery,
focus group discussions were performed during the baseline period.

Study setting

Paropakar Maternity and Women’s Hospital is a tertiary government hospi-
tal providing gynaecological and obstetrical services to the Kathmandu val-
ley. It also serves as a central referral point for Nepal (Figure 8). The hospi-
tal provides antenatal, delivery and postnatal care for women and newborn
infants, as well as academic programs like postgraduate diploma and Mas-
ters in obstetrics and gynecology. Approximately 22,000 deliveries take
place every year and there are 425 beds. Ahead of the study, stillbirth rate
was 19 per 1,000 deliveries and early neonatal mortality rate was 9 per 1,000
live births. Maternal mortality was 17 per 100,000 deliveries, and the rate of
Caesarean Section was 20 % [84].

Births take place at three wards in the facility. The Maternal and Newborn
Service Center is staffed by nurse-midwives and tend to low-risk vaginal
deliveries. The Labor Room cares for high-risk vaginal deliveries with a
human resource of nurse-midwives and obstetricians. Finally, in the case of
cesarean section, delivery takes place in the Operation Theater, staffed by
anesthesiologists, obstetricians and nurse-midwives. Residents, and medical
and nurse students, mainly train in the Labor Room. Occasionally, delivery
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took place at the Admission Room. If needed, resuscitation of newborn in-
fants was performed at designated tables in each ward.

The hospital also features a postnatal ward staffed by nurse-midwives and a
neonatal intensive care unit (NICU) consisting of 30 beds along with an
attached Kangaroo Mother Care (KMC) unit of four beds. The NICU treats
infants suffering of severe neonatal complications from premature birth,
intrapartum-related events, neonatal infection, hyperbilirubinemia or con-
genital malformations. The KMC unit admits infants with low birth weight
(<2,000 grams) or premature infants from 34 gestational weeks after 24
hours of observation in the NICU. Nurses and junior doctors staff the NICU
with neonatologists attending in daytime.

Figure 8. Paropakar Maternity and Women's Hospital situated in Kathmandu at the
time of the study. This building was partly destroyed in the 2015 Gorkha earthquake
and was later evacuated and demolished.

Delivery at the facility was free of charge and an incentive fee of 1,000 Ne-
pali Rupies, corresponding to nine Euros, was offered at discharge to en-
courage facility delivery as opposed to home delivery. Apart from govern-
ment facilities, Nepal also feature private hospitals. Private alternatives gen-
erally offer a higher quality of care but are inaccessible for most inhabitants.

Study design

The papers in this thesis used different designs in response to the four re-
search questions posed (Table 2). In Paper I we summoned five focus groups
and used qualitative content analysis to arrive at one theme and five catego-
ries. In paper II a prospective cohort with a nested case-referent design was
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used along with video recordings to measure adherence to the neonatal re-
suscitation protocol and outcomes of intrapartum stillbirth and neonatal mor-
tality within 24 hours. Paper III used the cases of neonatal deaths in the co-
hort to compare in-hospital neonatal survival before and after training in
HBB QIC. Finally, paper IV used available video recordings during the
study to compare resuscitation practices of low and normal birth weight
infants. Full description of data collection and analysis is provided for each
paper below.

Table 2. Study design for paper I-1V in the thesis

Study design  Sample size Exposure Analysis QOutcome
Paper 1 Focus group Five groups Topic guide  Qualitative Theme and
discussions with 4-11 and moder-  content categories
with mid- participants ated discus-  analysis
wives each sion
Paper 11 Prospective 443 still Neonatal Logistic Intrapartum
cohort with births, 299 resuscitation  regression stillbirth;
nested case- neonatal first day
referent deaths; 25,108 mortality
deliveries
Paper III  Prospective 299 neonatal Neonatal Compara- Neonatal
cohort deaths resuscitation  tive statis- survival
tics
Paper IV Prospective Video record-  Birth weight  Logistic Resuscita-
cohort ings of 2,253 regression tion activi-
resuscitations ties
Intervention

The general design of the study to evaluate an intervention of HBB QIC at
Paropakar facility was performed in May 2012. The trial was registered (IS-
RCTN97846009) and a study protocol was published later the same year
[83]. Meetings were held with the administration of the hospital, the Mid-
wife Society of Nepal, the Ministry of Health in Nepal, the collaborators at
Patan Academy of Health Sciences and funders to facilitate the study and
create participation. Tools for data collection were produced and an on-site
research team consisting of one research coordinator and several surveil-
lance officers were recruited. The baseline portion of the study started in
July 2012.

Quality Improvement Cycle

In November 2012, two months ahead of the intervention, the study team
organized a workshop together with hospital leadership, nursing supervisors
and the in-charges of each ward. Those participants formed a quality im-
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provement team (QIT) and discussed the barriers to improved skills in neo-
natal resuscitation practices at the hospital. With support from an interim
analysis of the baseline data, quality improvements were suggested based on
available literature and resources within the facility [53, 85]. The QIT decid-
ed to set a goal of reducing intrapartum-related deaths by 50%. Meetings
with all staff of each delivery unit were conducted and causes of low adher-
ence to resuscitation guidelines from the point of view of the staff were iden-
tified. It was found that better clinical skills through training, equipment
support, intermittent reviews and meetings for reflection of the practices
were in demand. After meetings with all delivery wards, the QIT decided on
a multi-faceted intervention of universal HBB training and refresher training
together with five quality improvement components (Table 3). All staff par-
ticipated in the different components of the quality cycle, which were facili-
tated by the in-charge at each unit. HBB trainers facilitated the HBB training
and refresher training.

Table 3. Components of the Helping babies Breathe (HBB) Quality Improvement
Cycle (QIC) implemented at a maternity facility in Nepal

Component Activity Facilitator

HBB training Two-day training; first day on HBB pack- HBB trainers
age and second day on components of QIC

Weekly review Weekly review and reflection meetings on Unit in-charge
the progress of HBB QIC standards

Daily skill check Each staff member completes a bag-and- Unit in-charge
mask skill check before starting duty

Preparation before Preparation before each birth according to Unit in-charge

birth HBB protocol

Self-evaluation Using the checklist in the HBB package, Unit in-charge
staff complete a self-evaluation after each
delivery

Peer-review Peer-review after each resuscitation using Unit in-charge
the HBB protocol poster at the resuscitation
table

HBB refresher training  One-day refresher training after six months  HBB trainers

Implementation

The intervention started in January 2013 with a two-day training in HBB and
QIC for staff working at the three delivery units. All staffs, including medi-
cal doctors, nurses and students were invited to attend the sessions. After
training, the equipment and tools in the HBB package were provided to the
units. Mannequins for daily skill checks were placed at the entry of each
unit. Posters were applied to the wall at the resuscitation tables and self-
evaluation checklists were provided. A total of 12 weekly review meetings
were scheduled in each unit. To follow the progress and visualize the HBB
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QIC concept for all staff, progress boards were displayed at the units and
used during the weekly meetings (Table 4).

Table 4. Progress boards for Helping babies Breathe Quality Improvement Cycle
placed at each ward within the facility

Week 1 Week 2 Week 3 Week...

Macerated still birth

Fresh still birth

Neonatal death

Non-breathing baby

Non-breathing baby ventilated

Ventilation within one minute

Resuscitation corner available

Adequate function of suction

Adequate function of bag-and-mask

Mannequin for skill check

Weekly review meeting

Sample size

In order to detect a change in perinatal mortality from the intervention a
conservative power calculation was performed. With a baseline perinatal
mortality of 30 per 1,000 deliveries, the delivery rate at the hospital (22,000
per year) indicated that a 20% reduction in mortality rate would be detecta-
ble within a six-month time frame (alpha 0.05, beta 0.20).

Data collection and analysis

Paper [

To address the research question of teamwork perceptions, focus group dis-
cussions was chosen as the method of data collection for paper 1. In order to
retrieve varied data on thoughts, actions and communication within the
group, this was found to be preferred to, for example, in-depth interviews
[86]. Five focus groups from different wards were recruited by purposive
sampling with the aim to have 6-8 people in each group [87]. Staff available
for sampling was however limited as most of the staff were busy with clini-
cal duties. Supervisors from the wards formed their own group (Table 5).

Focus group discussions were performed during the baseline of the study in
October 2012. Discussions were moderated by a Nepali midwife with expe-
rience from qualitative studies and from the context. Data were transcribed
into Nepali and then translated by a professional translator. A topic guide
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was used and the authors developed it collectively. It was tested in a short
pilot with midwives provided by the Midwife Society of Nepal who had
experience from similar facilities in Kathmandu. The topic guide contained
questions on teamwork collaboration in situations with infants undergoing
neonatal resuscitation and related perceptions of hierarchies, routines and
possible obstacles to effective clinical practice.

Table 5. Characteristics of the five focus groups sampled for discussion on team-
work perceptions at a maternity hospital in Nepal

Group Participants Years of experience
Labour room 4 female 3-24

Operating theatre 5 female, 3 male 6-32

Supervisors 11 female 20-33

Maternal and newborn service centre 4 female 4-13

Admission room 6 female 1-6

The final text was analyzed with qualitative content analysis using software
OpenCode (Freeware, Umed University) [88]. Meaning bearing units were
condensed and coded. After going through the text several times, the codes
were sorted into sub-categories. Using abstraction and assigning the sub-
categories to categories, a back and forth process was performed by two of
the authors together (Table 6).

Table 6. Example of the coding and categorizing process while analyzing material
from focus group discussions with nurse midwives in Kathmandu, Nepal

Text Code Subcategory Category

It is our duty as staff Team ensures pa- Knowledge in the Benefits and chal-
to ensure the safety tient safety team lenges of working
of mother and child together

In my case the au- Blamed for baby’s Coping with nega- Dealing with sys-
thorities openly said  death tive outcomes temic and personal
that the death was mistakes

my responsibility

From the categories, we went back to the original text to find representable
quotes to describe each category. The findings were presented to all authors
and one theme running through all the categories was finally decided upon.

Paper 11

A prospective cohort study with a case-referent design was applied. A sur-
veillance system was set up in the hospital for data collection. Guided by a
research coordinator, a total of 12 surveillance officers with public health
background were recruited. A rotational 24-hour shift was constructed so
that surveillance officers were present twenty-four hours in the admission
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room throughout the study period. All deliveries at or after 22 gestational
weeks were included in the study. As the total number of deliveries was too
large to include in the study, 20 % were randomly selected as nested refer-
ents using randomization. The process used an opaque jar at admission filled
with 20 yellow and 80 white balls. When a woman was admitted for delivery
a ball was drawn. When a yellow ball was selected, the woman was included
in the referent population if consent was given. When all balls were drawn,
the research group would start over with all 100 balls in the jar. A referent
form was attached to the hospital chart that would follow the woman until
discharge. In the case of stillbirth or neonatal death, a case form was at-
tached. If a referent mother delivered a stillbirth or if her infant died within
the hospital during the neonatal period, transfer to the case population was
performed. Data collection forms (A, B, C and D), were designed and de-
ployed in the study. The design of them followed collaboration between the
research team and the pediatricians and obstetricians at the facility (Table 7).

Table 7. Forms for data collection during the prospective cohort study in Nepal

Data collection form Target popula- Description
tion
A: Referent form Referents Demographic information, obstetric history,
intrapartum monitoring and neonatal infor-
mation
B: Case form Cases of stillbirth ~ Demographic information, obstetric history,
and neonatal intrapartum monitoring, neonatal information,
deaths and outcomes of stillbirth and neonatal death
C: interview form Referents and Socio-economic characteristics
cases
D: Video observa- Referents and Place, date, time, gestational age, Apgar scores,
tion form cases' birth weight, resuscitation practices and sex of

all resuscitated infants captured on video

1 During the first four months of baseline all video recordings of resuscitation were analysed

The surveillance officers collected data from the referent (form A) and case
(form B) population on demographic information, previous obstetric history,
intrapartum monitoring and outcome (Table 8). All referents and cases were
also interviewed (form C) using a standard form from Nepalese health care
authorities. Motion-triggered charge-coupled device (CCD) cameras (model
MTC-505DH) were installed over the resuscitation tables located at the dif-
ferent wards where delivery took place. The obtained videos contained time
stamps to allow for coupling with the hospital register of the recorded deliv-
ery. The video was analysed by the surveillance team trained in utilising a
data collection tool (form D) in order to retrieve data for initiation of resusci-
tation measures of stimulation, suction, ventilation and provision of oxygen.
It was also noted if the infant was crying or not after birth. Non-crying was
considered a failure to initiate breathing and thus used as a proxy for the
clinical indication of neonatal resuscitation initiation.
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Table 8. Definitions of primary outcomes in the Helping Babies Breathe study

Variable Definition

Perinatal mortality Death during the perinatal period; including stillbirth of a
viable fetus after 22 weeks of gestation or birth weight >500
grams and neonatal deaths within the first 7 days of life

Stillbirth Birth of a viable fetus after 22 weeks of gestation or birth
weight > 500 grams, with Apgar score of 0 at 1 and 5 minutes
Antepartum stillbirth Birth of a viable fetus after 22 weeks of gestation or birth

weight > 500 grams, with Apgar score of 0 at 1 and 5
minutes, with signs of maceration or no fetal heart rate at
admission or at the onset of labour

Intrapartum stillbirth Birth of a viable fetus after 22 weeks of gestation or birth
weight > 500 grams, with Apgar score of 0 at 1 and 5
minutes, with no signs of maceration or where fetal heart rate
was detected at admission or at the onset of labour

First-day mortality Death of a live-born infant within 24 hours of life

Statistical analysis was performed using Statistical Package for the Social
Sciences (IBM, New York). Pearson’s Chi-square test, t-test and Wilcoxon
rank-sum test was used to compare mortality-related outcomes and back-
ground characteristics of the referent population in the baseline and interven-
tion period. Multiple regressions were performed in order to establish any
change in perinatal outcome. The model was adjusted for the background
characteristics that were different in the referent population during baseline
and intervention. Univariate regression was conducted of the video data to
determine any change in clinical practice after the implementation of HBB
QIC. Statistical significance was set at p-values below 0.05.

Paper II1

This paper used data from the prospective cohort study on birth weight, ges-
tational age, mother’s age and neonatal outcome. The causes of neonatal
deaths and the timing of them (day 0-27) were retrieved from hospital regis-
ters. Only in-hospital deaths were used. Senior neonatologists working in the
NICU determined the cause of death (Table 9).
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Table 9. Causes of neonatal deaths used by neonatologists at the facility

Cause of death Definition Description

Congenital anomaly  Clinical suspicion Many cases, such as cardiac malfor-
mation, passed before cause was estab-
lished as diagnostics, e.g. cardiac so-
nograph, was not available

Preterm birth Gestational age < 32 Last menstrual period was used to deter-
weeks mine gestational age

Intrapartum-related Neonatal encephalo- If criteria for neonatal encephalopathy
pathy was not fulfilled, infants with an Apgar

score below 4 at 5 minutes were also
included in this group

Neonatal infection Clinical suspicion and  Example given: sepsis, meningitis and
pathological lab tests pneumonia
Other causes All other causes Example given: renal failure, kernicterus,

and necrotizing enterocolitis

Data were analyzed with Stata 13.1 (Stata Corp, College Station, TX, USA).
Pearson’s chi-square test was used to compare outcome measures and the
causes of neonatal death in the baseline and intervention period. Kaplan-
Meier survival estimates were performed to describe and compare the timing
of all neonatal deaths and also for each cause of death. To determine if sur-
vival estimates were different in the two study periods, log-rank tests were
applied. Statistical significance was set at p-values below 0.05.

Paper IV

Data collected from observations of the video recordings were used together
with information on birth weight, gestational age, sex and Apgar scores at
one and five minutes. Out of 257 recordings of resuscitations performed
during October and November 2012, 50 were randomly selected to assess
inter- and intra-reliability of the observations. The reliability was found to be
high for use of bag-and-mask and suctioning, but lower for oxygen admin-
istration and stimulation [78]. The reliability of whether the baby was crying
or not was low (56%), but this was assumed to be uncorrelated to birth
weight. We also compared the data on crying versus non-crying with cut-
offs for Apgar scores at one minute and five minutes.

After starting the study, the workload for the surveillance officers was found
to be unmanageable with regards to the number of videos for observation.
During the first part of baseline a// resuscitations captured by the video cam-
eras were analyzed but this procedure was abandoned from November 2012.
To achieve better power than in Paper II, when only case and referent obser-
vations were used for both study periods, we included more observations
from baseline in this paper. Thus, the data that represents baseline in Paper
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IV was restricted from July 2012 to October 2012 including all resuscita-
tions. From November 2012, and trough the intervention period only cases
and referents captured on video were analyzed.

LBW was defined according to the WHO definition of a birth weight less
than 2,500 grams [89]. When reviewing data regarding birth weight, we
found a problem of over-registration of birth weights at multiples of 250
grams. This is a known source of error in data of birth weight, especially
from low-income settings, called heaping and it was adjusted for at the cut
off for LBW at 2,500 grams [90]. Pearson’s chi-square test was applied to
compare resuscitation practices for LBW and normal birth weight (NBW)
infants during baseline and intervention. Logistic regression was then used
to identify any difference in odds of receiving the four interventions during
resuscitation of LBW and NBW. We adjusted for the place of table within
the facility and the sex of the infant. Baseline and intervention period were
analyzed separately and subsequently as one dataset adjusting for the inter-
vention of HBB QIC. Statistical significance was set at p-values below 0.05.

Data management

A full-time data entry manager was responsible for quantitative data man-
agement. All forms were re-checked for discrepancies before entering the
data in a CSPro database (The Census and Survey Processing System), a
public domain software package developed and supported by the U.S. Cen-
sus Bureau. The research coordinator verified at least 10 % of the forms for
accuracy from its primary source. In order to avoid data loss a protocol for
data tracking was developed. Similarly, bi-monthly internal and external
verifications or audits were conducted to ensure data completeness and accu-
racy. An independent data monitoring committee, which was formed before
the study started in June 2012, performed quarterly reviews of interim data
for completeness, quality, and adherence to ethical requirements. If any form
was incomplete ahead of entry into CSPro, the research coordinator went
back to the primary source to minimize missing data. This was performed to
the greatest extent possible. However, some background information on
mothers was not possible to retrieve and in those cases, multiple imputation
was performed [91].

Ethical considerations

Approval for the study was received from Nepal Health Research Council
(Reg. No. 37/2012) and the Ethical Review Board of Uppsala University
(dnr 2012/267). The hospital management supported and endorsed the study.
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Quantitative data

All women selected as referents at admission and all women that had a still-
birth or gave birth to an infant that died within the hospital signed a written
consent. In case of illiteracy, the consent form was read to them. Participants
could withdraw from the study at any time of their choice. Regarding video
recordings, only the infants and the hands of health care providers were in
the field of vision to ensure confidentiality of the staff. No sound was rec-
orded. Hard copies of video recordings, data files and forms were kept in a
locked filing system in a secure room.

Qualitative data

All participants signed a written consent ensuring confidentiality ahead of
the focus group discussions. Quotes were de-identified already during data
collection. Members were not coerced into participation and withdrawal was
possible at any point. The moderator kept notes and recordings in a safe and
locked place at all times, except for a short period of time when the data was
used by the translator after which is was returned to the moderator.
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Results

The exploration of teamwork perceptions during baseline (Paper I) found a
theme where nurse midwives look for a universal display of resuscitation
protocols, shared medical responsibilities and management involvement
when dealing with clinical incidents. The HBB QIC intervention (Paper II)
demonstrated a reduction of intrapartum stillbirth and neonatal mortality
within 24 hours, as well as increased adherence to the clinical protocol. Ne-
onatal deaths related to intrapartum complications were reduced and prema-
ture infants survived additional days in the neonatal period after the HBB
QIC implementation (Paper III). Low birth weight does not seem to be a
predictor for deferred neonatal resuscitation in the studied context (Paper
IV). Below these findings are further elaborated upon.

Perceptions of teamwork

From the analysis of focus group discussions (Paper I) we found one theme
running through all the five categories (Table 10):

Table 10. Categories and theme from focus groups discussions with nurse midwives
at a maternity hospital in Kathmandu, Nepal

Categories Theme
Benefits and challenges of working together Looking for comprehensive
Dealing with systemic and personal mistakes guidelines and shared responsi-

bilities in neonatal resuscitation
to avoid personal blame and
learn from mistakes

Importance of a strong and transparent leadership
Protocols to cope with resuscitation
The unpredictable working environment

Discussions revealed a desire to have universal guidelines within the facility
in order to share responsibilities and work in the same direction during neo-
natal resuscitation. Skills of neonatal resuscitation are relied upon, but staff
described a hesitancy to use them in situations where the outcome might be
unfavorable. This hesitation is partly the result of an experienced practice of
hospital leadership to assign blame to person rather than to the organization
in the case of clinical incidents.
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The lack of a formal and universal protocol for neonatal resuscitation was
highlighted during the discussions. Many of the nurse midwives had com-
pleted Skilled Birth Attendant (SBA) training before and applied those skills
but there were perceptions of unclear official guidelines within the facility.
Staff from Operation theatre and Admission Room explained:

No, there is no such thing [as a protocol]. If we have to, we all carry out each
other’s duty

The major problem in our hospital is the lack of proper rules and regulations
... so many changes are made in the original guidelines but they are not im-
plemented in the hospital

The unclear responsibility and mandate of each member in the team created
confusion when dealing with difficult cases of neonatal resuscitation. This
sometimes made nurse midwives hesitant to begin interventions such as
ventilation until more experienced or higher ranked staff arrived. The group
of supervisors and staff from Labor Room noted:

You see, when an incident takes place the doctors have an excuse, the sisters
[nurses] didn’t call on time

When it comes to addressing a [resuscitation] case everybody backs out ...
everyone tries to escape their responsibility ... they try to shove it off to one
another

The tendency of management to assign responsibility of adverse outcomes to
individuals rather than to the organization caused tension and anxiety among
staff. When clinical incidents were investigated, many felt it was important
to stay out of the limelight to avoid personal blame and liability. In some of
the wards this culture initiated spontaneous audit within the teams to prepare
for questioning. Participants from Labor Room and Maternal and Newborn
Service Centre described:

In my case the authorities openly said that the death was my responsibility. I
was the only one held liable

If we don’t learn lessons from the mistakes of others we might be the next
ones standing for questioning

Participants often returned to the hectic working environment present in the
facility. In such situations they have no time to document details in the regis-
ters, as they need to prioritize the care of mothers and infants. This was de-
scribed as putting extra pressure on them as incidents tend to happen more
often during work-overload.

42



Intervention effect on perinatal mortality

During the prospective study period a total of 25,108 deliveries took place
and 4,531 of them were enrolled as referents. A total of 299 neonatal deaths
and 443 stillbirths were registered (Figure 9).

Figure 9. Flowchart of the baseline and intervention populations

The rate of perinatal mortality was lower (p<0.01) in the intervention period
(23.0/1,000 deliveries) compared to the baseline period (30.9/1,000 deliver-
ies); the intrapartum stillbirth rate was lower (p<0.01) in the intervention
period (3.2/1,000 deliveries) compared to baseline period (9.0/1,000 deliver-
ies); and neonatal mortality within 24 hours was lower (p<0.01) in the inter-
vention period (1.9/1,000 live births) compared to baseline (5.2/1,000 live
births). Rate of antepartum stillbirth was unchanged (Paper II).

The background characteristics of the referent population were different
between the two study periods regarding the number of antenatal check-ups
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(ANC) the mothers performed (4 or more versus less than 4) and the gesta-
tional age of the infants. A larger proportion of the mothers attended the
minimum four visits of ANC in the intervention period (33.8% versus
30.0%) and there were a larger proportion of term infants (at or >37 weeks
of gestation) in the intervention period (91.1% versus 90.3%). Thus, we
adjusted for those two factors in the multiple regression analysis when calcu-
lating odds for the primary outcomes after HBB QIC implementation in the
case-referent population (Table 11).

Table 11. Odds for mortality outcomes after Helping Babies Breathe Quality Im-
provement Cycle intervention

QOutcome Adjusted Odds ratio” 95% CI lower 95% CI upper
Perinatal mortality 1.03 0.84 1.25
Stillbirth 1.04 0.84 1.30
Intrapartum stillbirth 0.46 0.32 0.66
First-day mortality 0.51 0.31 0.83

* Multivariate regression analysis demonstrating odds for mortality outcome adjusted for full
antenatal attendance and gestational age (preterm or term)

The odds for intrapartum stillbirth and first-day mortality were lower after
the intervention, corresponding to reductions of 54% and 49%, respectively.
There was, however, no change in the recorded perinatal mortality or overall
stillbirth after adjusting for confounders (Paper II).

Intervention effect on adherence to protocol

During the study of HBB QIC, resuscitations of infants captured by the mo-
tion-triggered video cameras were analyzed. A total of 488 and 588 resusci-
tations were registered in the baseline and intervention period, respectively.
Odds for suctioning were lower (OR 0.13 95% CI 0.09-0.17) and odds for
ventilation were higher (OR 2.56 95% CI 1.67-3.93) after the intervention
(Table 12).

We also used information on non-breathing infants to investigate the clinical
indication for correct initiation of ventilation. In the baseline period, none of
the non-breathing infants (0/31) in the referent population received ventila-
tion within 60 seconds, whereas after the intervention, 84% (73/87) of the
infants in need of resuscitation received ventilation within the time period
stipulated in the protocol.
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Table 12. Resuscitation of referent infants before and after Helping Babies Breathe
Quality Improvement Cycle

Baseline® n (%) Interv®n (%) OR® 95% CIlower 95% CI upper

Stimulation

No 255 (52.3) 437 (74.3) Ref

Yes 233 (47.7) 151 (25.7) 0.38 0.29 0.49
Suctioning

No 66 (13.5) 324 (55.1) Ref

Yes 422 (86.5) 264 (44.9) 0.13 0.09 0.17
Ventilation

No 457 (93.6) 501 (85.2) Ref

Yes 31(6.4) 87 (14.8) 2.56 1.67 3.93

 The referent population in the baseline that received resuscitation captured by video
® The referent population in the intervention that received resuscitation captured by video
¢ Odds ratios for stimulation, suctioning or ventilation (bag-and-mask within 60 seconds)

Causes of neonatal deaths

Out of 24,665 live births during the whole study period, 299 died in the neo-
natal period, of them 120 in the baseline and 179 in the intervention period.
As demonstrated previously (Paper II), rate of mortality within 24 hours was
reduced after the intervention. However, overall, early and late neonatal
mortality was unchanged. Neonatal death from intrapartum-related compli-
cations was reduced from 51% to 33%, but deaths from all other causes dur-
ing the neonatal period were unchanged (Paper III). Introducing the day of
death into the analysis, Kaplan-Meier survival analysis indicated that the
time of death in the neonatal period was postponed (p<0.01). The contribu-
tion to this postponement was provided by deaths from complications of
intrapartum-related events and preterm birth whereas the timing of neonatal
deaths from congenital anomalies, neonatal infections and other causes was
not changed by the intervention (Figure 10).
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Figure 10. Kaplan-Meier survival estimates for neonatal deaths, deaths from com-
plications of preterm birth, intrapartum-related conditions and neonatal infection at
baseline and after intervention period during the Helping Babies Breathe trial at a
maternity facility in Kathmandu, Nepal (p-values calculated using log-rank test)

Resuscitation practices

During the first four months of the baseline and trough the intervention peri-
od, a total of 2,253 resuscitations recorded on video were included. Of the
non-crying infants, assumed to be in need of resuscitation, 250 were LBW
and 941 NBW infants (Figure 11). Non-breathing infants in both weight
groups were more frequently ventilated after the intervention of HBB QIC
(»<0.01) whereas all other practices of stimulation, suction and provision of
oxygen was more common in the baseline than in the intervention period
(»<0.05). For the whole study period, odds of suctioning of LBW infants
were lower (aOR 0.53 95% CI 0.34-0.82), and they were higher for ventila-
tion (aOR 1.73 95% CI 1.24-2.42). There was no difference in odds for
stimulation and provision of oxygen. Adjustments were made for the HBB
QIC intervention, gender of the infant and place of delivery in the multivari-
ate regression model (Paper I'V).
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Figure 11. The total number of low birth weight and normal birth weight infants
where resuscitation was recorded included in Paper IV from the Helping Babies
Breathe study in Kathmandu, Nepal
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Discussion

Interpretation of results

Health care improvements required to reduce the burden of intrapartum re-
lated mortality are mainly straightforward. Neonatal resuscitation and other
simple interventions could prevent many cases of neonatal death when im-
plemented under ideal conditions. However, ideal conditions will not prevail
in any setting. Also in high-income countries simple steps in an evidence-
based protocol for neonatal resuscitation are not always followed [54].
Therefore, evaluating the context of the target setting and bridging the
know-do gap when intervening for improved neonatal survival has come
into focus. In this area qualitative research such as our study comes into an
important play [62]. Providing health care is a complex combination of peo-
ple and knowledge were organizational issues, previous experiences of the
providers, cultural factors and the specific situation interact to create the
final result.

Midwives in our study asked for universal display of guidelines so that all
staff can work in the same direction. Previous studies on simple dissemina-
tion of written guidelines to staff has demonstrated it is usually ineffective
when it comes to changes in practice, although it might leave supervisors
with a reassuring comfort that routines are in place [67]. Furthermore, when
comparing groups of anaesthesiologists in Canada where one of the groups
used the neonatal resuscitation protocol chart in the emergency room and the
other group did not, there was no difference in retention of skills [92]. How-
ever, when baseline resuscitation skills are low, displaying charts of the pro-
tocol could provide support for feedback to the group after cases of resusci-
tation [93]. Also, with a chart as reference, peer review after a resuscitation
case is clear and simple. Although not yet published, data from our study in
Nepal demonstrates that peer review could play a part in retaining skills in
neonatal resuscitation following HBB training [83]. Displaying the protocol
for neonatal resuscitation will also make the implemented guideline univer-
sal and clear for everybody involved. This is an example of the complex
interaction between staff working in health care, and the study in Malawi
also revealed that unclear protocols could be a barrier for initiation of neona-
tal resuscitation [73].
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The findings in Paper I also indicated that staff looks for a structured way to
deal with incidents and that management needs to be involved in that pro-
cess. Personal mistakes are only one little part of medical incidents and or-
ganizations should take the opportunity to learn from adverse outcomes to
better prevent them in the future [94]. It has been hard to prove any im-
provement of mortality and morbidity from clinical audit in high-income
settings, but the feedback of such audit to staff can improve health worker
performance [95]. As our study also suggests that such audit could relieve
the staff from anxiety around personal performance in difficult resuscitation
cases it should be considered in this setting. Clinical audit will also enable
management to track changes of practice in the organization [96]. Criterion-
based clinical audit seems to be feasible in low-income settings but it needs
to be further investigated how such a system should be designed and imple-
mented [97].

Our study added to the growing evidence base of HBB implementation in
low-income settings. Similar to our Nepal-based study, previous studies in
Tanzania and India, demonstrated a reduction of intrapartum stillbirth and
reduced or unchanged early neonatal mortality [45, 46]. This supports the
validity of outcome findings, and that HBB training has the potential to re-
duce mortality in such settings. These are important findings but the ques-
tion of sustainability is also important and still relevant, emphasized by the
HBB feasibility study in Rwanda [56]. Some other previous initiatives of
team training in neonatal resuscitation also initially reduced neonatal mortal-
ity but changes were not sustainable [98, 99]. We have tried to address this
problem of sustainability by using the QIC in Nepal. This strategy is sup-
ported by a Cochrane report on effectiveness of implementation strategies in
healthcare which reported that educational meetings together with interac-
tive sessions have the potential to change behaviour in complex clinical situ-
ations [68]. Although we cannot unbundle the package of QIC to detect what
parts that caused the effect of outcome measures, it seems to be a feasible
method of implementation. In a forthcoming publication we explore the
retention of skills with bag-and-mask ventilation six months after HBB QIC
[100]. Findings suggest that the retention of skills was mostly associated
with daily bag-and-mask skill checks and the use of a self-evaluation check-
list after every delivery. A routine preparation before each birth and weekly
review meetings were less associated, and peer-review after resuscitation
cases was not associated with skill retention. Each component of the QIC
needs to be further tested and evaluated, preferably also in district and com-
munity settings, but parts of the package clearly seems to be a favorable add-
on to HBB training.
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Intrapartum stillbirth and mortality in the first 24 hours of life were reduced,
but perinatal mortality was unchanged after adjustment for confounders in
our study as presented in Paper II. The confounders we found to be different
in the two study periods were a higher incidence of premature infants in the
baseline period and a better ANC attendance in the intervention period. As
the combination of these two confounders favors the intervention period,
they exercise a plausible effect on our outcome measure of perinatal mortali-

ty.

Furthermore, in Paper III we demonstrated that mortality during the whole
neonatal period was unchanged by the intervention although death from
intrapartum-related complications was reduced and preterm infants survived
additional days. One can argue that vulnerability among the survivors could
have been higher after the intervention as the prevalence of low Apgar
scores was higher among those survivors. These findings suggest that post-
natal care was not sufficient to maintain gains in survival on the day of de-
livery [101, 102]. Thus, although training in neonatal resuscitation can im-
prove neonatal outcomes in low-income settings, the quality of care post
resuscitation also needs to be addressed. Currently, a large study of HBB
implemented together with Essential Newborn Care, as suggested by a WHO
program, is underway in 71 facilities in India and Kenya [103]. The Essen-
tial Newborn Care program teaches evidence-based management of the
newborn infant from the moment of birth through the first days of life until
discharge. A similar package building on the HBB educational concept is
Helping Babies Survive (HBS) [104]. HBS aims to prevent neonatal death
from severe infection and complications of prematurity by teaching man-
agement of danger signs in the newborn infant; prevention of hypothermia;
promotion of early breast-feeding; of KMC for low birth weight infants; and
alternative feeding strategies when nutrition is poor. HBS is evaluated as a
feasible and acceptable educational package, but its effect on neonatal mor-
tality has not been tested to date and no on-going trials are to our knowledge
registered [105].

Our study also, for the first time, presented data verifying a change in actual
clinical practice after training in HBB. The rate of ventilation captured by
the video cameras was significantly higher while the rate of suctioning was
lower after the intervention. Stimulation was also less frequent after the in-
tervention, possibly reflecting an increased awareness of apneic infants as
health workers moved quicker to ventilation when drying and was not suffi-
cient to initiate breathing. Ventilation within the golden minute for referent
infants registered as non-crying increased from none (0/31) in baseline to a
majority (73/87) after the intervention, clearly indicating a robust change in
practice [106]. The use of suctioning was thus reduced, but the prevalence
was still high (45%) after the intervention. This presents a challenge as in-
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ternational guidelines from 2015 state that routine suctioning should not be
performed on any indications, not even non-breathing infants born through
meconium stained fluids as was the previous recommendation [39]. But the
practice of suctioning of the airways is more complex and multi-faceted. The
international recommendation refers to deep suctioning of the lower airways,
while the HBB protocol recommends to use a bulb syringe suction device
only 5 cm beyond the lips to clear the airway if breathing is not established
after drying and stimulation [42]. This is in line with international guidelines
if ventilation is indicated. The still high usage of suctioning of the lower
airways also after the intervention in our study suggest the indication for
suctioning, and how it is performed, needs to be emphasized further in the
HBB protocol.

We also used the results from video recordings to explore if there was any
selection of infants where health workers chose not to resuscitate. We could
not find any support for the hypothesis that resuscitation of low birth weight
infants was deferred [26]. On the contrary, odds for ventilation were higher
for the group of non-breathing low birth weight observed in the study. Odds
for suctioning of low birth weight infants were lower, but suctioning was
excessively used, and ventilation is the most crucial step to initiate in a non-
breathing infant [44]. One major weakness in our study was that we had no
information of decisions taken outside the resuscitation tables. Health work-
ers could have decided not to bring an apparent stillbirth or apneic live birth
to the resuscitation table, especially if premature or of very low birth weight.

When implementing large scale training in neonatal resuscitation in low-
income settings ethical considerations arise. As quality of neonatal care is
improved, indeed we expect mortality and morbidity from intrapartum-
related complications to be reduced [28]. However, the risk of morbidity
among resuscitated survivors, especially preterm infants, must also be con-
sidered [107]. Over the last decades, the quality of care for extremely and
very preterm infants has driven the development of neonatal care in high-
income settings [108]. Over time, improvements have resulted in an in-
creased number of early survivors with unchanged morbidity [109]. Similar
to what our findings suggest, investments in postnatal care has been required
also in high-income settings to subsequently reduce overall mortality [110].
Increased investment in NICU resources, especially in middle-income coun-
tries, is underway. As the quality of recently added neonatal intensive care is
a problem, morbidity from neonatal complications is highest in that group of
countries [25, 111]. However, extremely premature infants rarely survive in
low-income contexts, especially in community settings, highlighting the
rationale to continue the investment in basic neonatal interventions [23].
Most births are term infants, and approximately 85% of all preterm infants
are moderately preterm (born at or after 32 weeks of gestation). As morbidi-
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ty in this group of infants is considerably lower, basic interventions for in-
creased neonatal survival should not be deferred because of the long-term
risk of neurodevelopment impairment [112].

Few studies have systematically addressed the still lingering question of
long-term outcomes of mortality and morbidity after training in neonatal
resuscitation in low-income settings [28]. A promising tool to explore in
future studies is the strong correlation between neurological symptoms after
birth and long-term outcome. The incidence of neonatal encephalopathy
among infants who suffered and survived an intrapartum complication has
been proven to be a strong predictor of long-term neurological impairment
[25]. Assessing neonatal encephalopathy in its simplified and modified form
is rather straightforward and possible to apply also in low-income settings
[113, 114]. Future large-scale interventions of training in neonatal resuscita-
tion should therefore consider the inclusion of neonatal encephalopathy out-
comes to explore neurodevelopment impairment following increased cover-
age of this life-saving intervention.

Methodological considerations

Qualitative methods

In pursuing knowledge of the complex interactions between people and their
perception of the situation when caring for infants we also introduce our
own views and expectations. Thus, the result will always include some level
of abstraction performed by the authors to interpret the latent content of the
data [115]. By observing some of the measures outlined below we tried to
enhance the trustworthiness of the findings.

Credibility refers to whether the findings are believable from the perspective
of the participants and it corresponds to the idea of internal validity in quan-
titative research. In our study the topics used in the discussions were open-
ended to make way for different and contrasting views from the respondents.
If participants hesitated to engage in the discussions, the moderator would
encourage them. Focus groups continued until all the topics in the guide
were debated and after all participants were able to respond, suggesting a
saturation of the data [116]. The potential problem with gatekeepers was
reduced by allowing supervisors to form a separate group [117]. The text
transcribed from the discussions was varied and circled among many topics
where all participants had the chance to express their views. All views from
the interviewees were treated as important and were not enhanced by the
frequency by which they appeared [118].
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Transferability relates to the idea of external validity in quantitative research
and the degree of how the findings can be generalized to other or similar
contexts. When we designed the study we knew there were previous studies
highlighting the need for focus on teamwork as an important factor in the
care for infants. It was explored before, but mainly in high-income settings
[71]. It is reasonable to expect that staff working for the infant’s best out-
come would recognize the teamwork of colleagues regardless where on the
globe they operate. To accomplish this transferability we tried to describe
the context and methods as thoroughly as possible [86]. An example of the
transferability in our study was findings of self-confidence among the staff
in their resuscitation skills combined with an intermittent hesitation to use
those skills. This was similar to the study in Malawi where staff also some-
times experienced barriers to start neonatal resuscitation [73].

Dependability deals with if the methods used would generate a similar result
if repeated. It relates to the concept of reliability in quantitative research. In
qualitative research we can never measure the same thing twice as the con-
text always will be different the second time around. But we can describe the
context in detail and address any changes in it during the study. We sampled
five focus groups and there were 4-11 participants in each. Ideally, there
would have been 6-8 in each group [87]. The process of using the wards to
form each group was defined as a purposive sampling but the availability of
nurse midwives off duty created a limitation in staff available for sampling
[119]. The amount of data collected was estimated to be a large enough unit
for analysis when we closed data collection [120]. All focus groups were
conducted in a single week and the topic guide was the same in all groups.
We used the same moderator for all discussions. This is advisable, as it po-
tentially will make comparisons more consistent [121].

Finally, confirmability describes how other researchers can find similar re-
sults with the same material. The corresponding quantitative concept would
be objectivity. We tried to achieve this by describing the process of analysis.
Using a large number of codes was preferred as opposed to starting with a
condensation of the meaning units. Some material might then initially not
correspond to the objective but the process made it possible for the author to
pick up a large variation in the material at the early stage of analysis as sug-
gested by the chosen method [88]. The author tried to stay as neutral as pos-
sible but in qualitative research one has to accept to be a part of the results
[122]. In the later stages of the analysis during the work with categories the
supervisor of the author was involved to create a consensus of the findings.
Results and chosen quotes were then presented to the other co-authors.
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Quantitative methods

The evaluation of HBB QIC was an observational study and its design offers
some limitations. The main concern is that we can only describe the associa-
tion between the intervention and its desired effect, not the actual causality.
Also, the intervention was multi-faceted and made up of a package. We can-
not unbundle the package to demonstrate the individual effect of its different
parts on the outcomes. The implementation of the intervention was also per-
formed in each unit supervised by the in-charge. Therefore, there might have
been some variation in the nature of the final intervention between the units.

This was a case-referent study where 20% of the admitted mothers were
selected to represent the characteristics of the whole population. Although
the number of referents was large and the selection of them was randomized,
there could have been some selection bias when women were included in the
referent group. For example, a written consent was needed for inclusion. If
the woman was illiterate, the consent was read to her. However, in such a
situation the woman could have been more inclined to defer participation.
Thus, the socio-economic status of the woman could have influenced the
selection of referents.

The external validity of the results from the intervention should be consid-
ered when applying the results to other contexts. This was a hospital-based
study in the capital city and when turning to district or community level the
population and context targeted will be different. However, the weak system
of perinatal and maternal surveillance in Nepal leaves hospital-based studies
as one of the best choices so far. The extensive background data in our study
can also be used in the future to compare populations, would HBB QIC be
launched in other contexts within Nepal or in other low-income countries.

The lack of antenatal care among some of the women included in the study
could have induced an under-reporting of maternal complications, as they
were not known. This information bias could also have been incurred when
health workers did not have the time to document steps that were taken dur-
ing labor and delivery. There could also have been a performance bias in the
study. Staff at the facility was aware about the ongoing study and it could
have affected their work and decisions, e.g. the willingness to refer an infant
to next level of care or withholding discharge and increasing monitoring. As
blinding was not possible, health workers were also aware of whether a
mother or infant belonged to the referent or case group.

Finally, attrition bias could have been a problem as neonatal deaths out of

the hospital was not fully known. There was only telephone follow-up
among the referent population. Any data on neonatal deaths after discharge
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in the rest of the cohort was therefore not available. We cannot assume that
neonatal deaths out of the hospital were systematic during the study because
of the risk of performance bias discussed above.

We generally used logistic regression reporting odds ratios when calculating
outcome probabilities. Although the concept of relative risk is easier to
grasp, it is not appropriate to use if the incidence of a condition is not
known. However, a general rule is that when the prevalence of a condition is
below 10%, the relative risk and odds ratio will be approximately the same
[123]. This was true for the main outcomes in our study. For comparisons of
groups we typically used the chi square test for binary variables. If expected
frequencies were below five we complemented the chi square test with Fish-
er exact test. T-test was used for comparisons of continuous variables. For
ordinal variables we applied Wilcoxon rank-sum test [123].

The interpretation of the video material proved to be a challenge, especially
when determining if the need for resuscitation was present. The time con-
suming process of watching all the videos and collecting data from them
induced intra- and inter-rater bias. Collecting data from video recordings
using image processing or recent advances in deep learning action classifica-
tion could be an alternative in the future [79]. To our knowledge, no attempt
to use such methods for video analysis has been applied in health care set-
tings.
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Health system implications

The feasibility of the HBB curriculum, along with its proven potential to
reduce intrapartum stillbirth and neonatal mortality in low-income settings,
set the stage for future large scale-up of training in neonatal resuscitation.
After numerous trials, HBB has come to be the golden standard for such
training, at a low cost. With the prevailing unacceptable rates of stillbirths
and neonatal deaths globally, HBB will play a vital role in future efforts
targeting this unfinished agenda. The quest for universal coverage of HBB
and other low-cost and evidence-based interventions surrounding the time of
birth in low-income settings must continue.

Quality of care and implementation strategies must also be addressed. The
sustainability of acquired skills after clinical training is still a problem in
various settings, and we have suggested a number of quality improvement
strategies. We have also demonstrated that management involvement, both
in quality development and in clinical audit and feedback, is crucial to arrive
at robust changes in clinical skills going forward.

Finally, quality in the continuum of postnatal care must be improved to
maintain improved survival at the time of birth following training in neona-
tal resuscitation. We have suggested exploring some of the programs availa-
ble such as Essential Newborn Care or HBS. With better basic postnatal care
in place, the time would also be right for investments in neonatal intensive
care resources in low-income contexts, especially in terms of human re-
sources.
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Conclusions

* Health workers confirmed the importance of displaying protocols of
neonatal resuscitation in order to have teams working in the same direc-
tion and to facilitate feedback

* Management in low-income situated contexts needs to address the way
organizations deal with clinical incidents and initiate processes to learn
from such audit

* Helping Babies Breathe implemented together with a Quality Improve-
ment Cycle was effective to reduce intrapartum stillbirth and neonatal
mortality on the first day of life in a low-income setting like Nepal

* Postnatal care needs to be strengthened in low-income situated facilities
to maintain gains in neonatal survival on the day of delivery following
training in neonatal resuscitation

* Pre-term and low birth weight infants in a low-income facility setting
are not withheld resuscitation initiation and resuscitation of moderate
pre-terms should not be deferred because of the low risk of long-term
morbidity
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Future perspectives

This thesis has generated answers related to the question of an effective im-
plementation strategy for neonatal resuscitation training in low-income set-
tings. However, new evidence usually generates new questions. From our
findings, we suggest future research in this field and context to focus on the
following areas listed below.
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Helping Babies Breathe implementation needs to be evaluated in a pack-
age together with interventions to improve quality of postnatal care
Future study protocols of studies on neonatal mortality in facilities after
training in neonatal resuscitation should include follow-up after the neo-
natal period to assess out of hospital mortality

The long term mortality and morbidity outcomes after training in neona-
tal resuscitation should be explored along with cost-effectiveness anal-
yses to map the full impact on society from such training

The processing of data from video recordings of neonatal resuscitation
needs to be developed if video is to be used as an effective tool for
quality improvement

The concept of quality improvement strategies when implementing
training in neonatal resuscitation would benefit from further exploration,
preferably also in district or community settings

The effects on outcomes and sustainability of health worker skills in
neonatal care from clinical audit should be evaluated in low-income set-
tings



Summary

From 1990 to 2015 child mortality, defined as death occurring during the
first five years of life, was reduced from 12.7 to 5.9 million globally. This
accomplishment, fuelled by effectively addressing the most common causes
of child mortality, cannot be underestimated. However, the reduction of
neonatal mortality has not kept the same pace. Death during the first four
weeks of life have continued to represent a growing part of child mortality
and in 2015, 2.9 million lives were lost in the neonatal period. In addition to
them, a total of 2.6 infants were stillborn. Stillbirth and neonatal mortality
thus represent a large part of years of life lost due to disease and complica-
tions every year on our planet. The majority, or 99%, occur in low- and mid-
dle-income countries. Most of those infant deaths can be prevented with
cheap and simple interventions such as better antenatal care for pregnant
women; improved intrapartum surveillance; a clean delivery; early and ex-
clusive breast-feeding; preventing the newborn infant from low body tem-
perature; and treating infections. Approximately one tenth of all children
born every year need some support to initiate breathing. The steps taken to
help the newborn to establish its own breathing is called neonatal resuscita-
tion and the method is usually simple and straightforward. For most non-
breathing newborn infants the steps of drying, stimulating and applying ven-
tilation with a bag-and-mask will be sufficient. Only a small fraction of in-
fants born every year will need advanced care such as chest compressions,
treatment with oxygen or medicines and continued mechanical ventilation.

In this thesis we describe a study at a maternity health facility in Kathman-
du, Nepal. We arranged training in a simplified method for neonatal resusci-
tation training called Helping Babies Breathe developed by the American
Academy of Pediatrics. Helping Babies Breathe is an educational package
with pictorial charts and a simulation mannequin designed to be applied in
low-income settings such as Nepal. All staff, including medical doctors,
midwives and students at the facility was educated and we measured the
outcome of stillbirth and death during the first period of life before and after
training. To address the sustainability of acquired skills, we also introduced
a cycle of quality improvement components with the training. After the in-
tervention, stillborn children dying because of intrapartum complications
was reduced by 54% and death of live born children during the first 24 hours
was reduced by 49%. We also noted a prolonged survival during the neona-
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tal period after the intervention. However, we also demonstrated that postna-
tal care for newborn infants was not sufficient to maintain the gains in sur-
vival on the day of delivery. Helping Babies Breathe was thus a feasible
educational program with the potential to reduce newborn mortality in a
low-income setting, but better quality of care after birth is also needed.
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