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ABSTRACT

Respiratory distress (RD) is a leading cause of neonatal mortality, with bubble
continuous positive airway pressure (bCPAP) being a low-cost, effective therapy.
Despite its benefits, the adoption of bCPAP in neonatal units remains a challenge. This
study aimed to assess the utilization and outcomes of CPAP therapy among neonates
with RD and identify barriers to its implementation in three hospitals in Nairobi,
Kenya: Mama Lucy Kibaki Hospital, Pumwani Maternity Hospital, and Mbagathi
Hospital. This mixed-methods study employed both quantitative and qualitative
approaches. A total of 178 neonates with RD requiring CPAP were recruited. The
quantitative aspect of this study employed a prospective cohort design to examine the
short-term outcomes of newborns within a defined 28-day period. The study examined
key outcomes, including length of hospital stay, supplemental oxygen use, need for
ventilatory support, referral, and mortality, for each neonate, comparing those initiated
on CPAP with those who missed out on CPAP therapy. Data were analyzed using
SPSS 27 software. A total of 22 healthcare providers participated in the qualitative
component, comprising 22 structured in-depth interviews, of whom 5 also participated
in Key Informant Interviews (KllIs), to identify barriers to effective CPAP
implementation. Qualitative data were manually coded and thematically analyzed. Of
the 178 neonates enrolled, 58% were male, with most neonates (30.3%) being born
between 28 and 32 weeks of gestation. CPAP was initiated for 57.3% of the neonates,
while the remaining neonates received oxygen therapy via nasal prongs (NP) or a non-
rebreather mask (NRM). Neonates in the CPAP group had better outcomes, with a
higher proportion discharged (78.43% vs. 61.84%, p = 0.0242) and a lower mortality
proportion (12.75% vs. 35.53%, p < 0.001). The proportions of referral (2.94% vs.
2.63%, p = 1.000), trauma to the nares (2.94% vs. 0%, p = 0.3580), and air leak
syndromes (0.98% vs. 0%, p = 1.000). The average length of hospital stay for all
neonates was 15.6 days, with neonates initiated on CPAP experiencing shorter stays,
exhibited through discharge within 7 days (43.14% vs. 27.6%, Crude OR = 2.0, 95%
Cl: 1.1-3.8), while those who missed out on CPAP had longer stays beyond 28 days
(46.1% vs. 17.64%, Crude OR = 0.3, 95% CI: 0.1-0.5). The study identified several
barriers to CPAP implementation, including inadequate human resources, poor
infrastructure, limited equipment, and communication gaps among healthcare staff.
Though most healthcare workers had basic CPAP knowledge, many had not undergone
refresher training or continuing medical education. In conclusion, CPAP therapy
demonstrated improved outcomes for newborns with RD, but its successful
implementation is hindered by systemic challenges such as staff shortages, inadequate
infrastructure, and equipment limitations. Addressing these barriers could improve
neonatal survival and healthcare delivery in resource-limited settings.

Xix



CHAPTER ONE
INTRODUCTION

1.1 Background Information

A neonate or newborn is defined as an infant under the age of 28 days (WHO, 2026).
This vulnerable population faces a higher risk of infection and death than other
paediatric groups due to their developing immunity. Between 1990 and 2019, about
79 million neonatal deaths occurred globally, with more than 98% of these deaths
occurring in low- and middle-income regions, preventing attainment of the fourth
Millennium Development Goal (Oestergaard et al., 2011). Every year, approximately
2.5 million neonates die, accounting for about 47% of all deaths among children under
five years of age(WHO, 2023).

In Kenya, neonates account for roughly half of all paediatric admissions and two-
thirds of paediatric deaths(Irimu et al., 2021). The main causes of neonatal death
include prematurity and low birth weight, infections, lack of oxygen at birth, and birth
trauma(WHO, 2023). Universal access to basic, high-quality care technologies at the
preventive, management, and follow-up levels could substantially reduce neonatal
morbidity and mortality. Respiratory distress (RD) is one of the most common causes
of admission to neonatal units and is a major contributor to mortality and long-term
disability(Dewez & van den Broek, 2017). Newborns with RD require timely and
appropriate respiratory support to reduce the risk of death or adverse

neurodevelopmental outcomes.

Continuous positive airway pressure (CPAP) is a respiratory support therapy that
delivers a constant, calibrated pressure to the airways throughout both inspiration and
expiration, typically via a specialized device. This maintains positive end-expiratory
pressure (PEEP), increases the functional surface area of the alveoli, and improves
blood oxygenation(Pinto et al., 2026). In spontaneously breathing preterm infants with
respiratory distress syndrome (RDS), CPAP reduces intensive care admissions by
about 53% and mortality by 48%(Ho et al., 2020). The World Health Organization



recommends CPAP for neonates with specific forms of RD because it is less invasive

and requires less technical expertise than mechanical ventilation.

Despite extensive evidence of CPAP effectiveness in high-income countries, where it
is widely integrated into neonatal care, low- and middle-income countries (LMICs)
face persistent challenges in adopting and sustaining this technology. Studies in
Bangladesh and Malawi have shown that bubble CPAP (bCPAP) can reduce mortality
in severely ill neonates and older children by up to 75% compared with low-flow
oxygen alone(Chisti et al., 2015; Kawaza et al., 2016). However, CPAP use has also
been associated with adverse effects such as nasal trauma and air leak syndromes,
which are likely under-reported in LMICs, partly due to limited staff capacity to detect
and document complications(Lissauer et al., 2017). The main barriers to CPAP
adoption in LMIC neonatal units include inadequate infrastructure for delivering
CPAP effectively, shortages of skilled staff to initiate and monitor therapy, and
insufficient knowledge and training regarding safe CPAP use(Nabwera et al., 2020).

In Kenya, several initiatives have introduced CPAP into public hospitals, but there is
still marked variation in availability, utilization, and quality of care across facilities.
This thesis explores CPAP uptake and outcomes in the Kenyan neonatal setting and
examines health-system, facility, and provider-level barriers to optimal
implementation, with the aim of informing improved use of CPAP and reducing

neonatal mortality and morbidity in county hospitals in Nairobi.
1.2 Problem Statement

Kenya’s neonatal mortality rate is approximately 21 deaths per 1,000 live births, with
RDS, mainly caused by prematurity, birth asphyxia, low birth weight, infections and
congenital anomalies, being a leading cause of neonatal death(Dyer, 2019; Imbo et al.,
2021). In high-income countries, the combined use of surfactant therapy, mechanical
ventilation and CPAP has substantially improved survival among preterm and sick
neonates(Myhre et al., 2016). However, in low-resource settings such as Kenya,
limited equipment, staff shortages and a lack of specialized skills hinder effective

delivery of evidence-based respiratory support(Kinshella et al., 2020).



Bubble CPAP (bCPAP) offers a low-cost, non-invasive alternative that outperforms
low-flow oxygen therapy and can be implemented in district- and county-level
hospitals. In Malawi, bCPAP reduced mortality in neonates with severe RD weighing
less than 1,000g by 27% compared to nasal cannula oxygen(Kawaza et al., 2016). In
Bangladesh, bCPAP reduced deaths in children under five with severe pneumonia and
hypoxaemia by approximately 75% compared to low-flow oxygen alone(Chisti et al.,

2015). Similar benefits have been reported in other LMIC settings(Ho et al., 2020).

Despite these advantages over more complex and expensive mechanical ventilation,
the use of bCPAP in Kenyan neonatal units remains limited and inconsistent. There is
an urgent need for scalable, high-quality implementation of bCPAP in Kenyan public
hospitals, guided by the WHO quality-of-care framework for small and sick newborns
and by Kenya’s national neonatal care standards. These frameworks emphasize timely
recognition and treatment of RD, access to safe and effective respiratory support, and
adequate monitoring and follow-up of neonates who receive CPAP. Yet, little is
known about how CPAP is currently used in county hospitals in Nairobi, what

proportion of eligible neonates receive it, and what short-term outcomes are achieved.

Mbagathi County Hospital, Mama Lucy Kibaki Hospital, and Pumwani Maternity
Hospital are large, high-volume county facilities serving predominantly low-income
urban populations in Nairobi. They provide specialist neonatal services and receive
referrals from lower-level facilities, but they also face well-documented gaps in

infrastructure, equipment, staffing and clinical governance. CPAP equipment has been
introduced in these hospitals through national programmes and partner initiatives like
NEST-360(Newborn Essential Solutions and Technologies), but there is limited
empirical evidence on CPAP uptake, quality and outcomes in these settings. There is

therefore a critical evidence gap on whether CPAP is being implemented at scale and
with adequate quality in Nairobi’s County hospital newborn units, and on the health-

system, facility and provider-level factors that constrain or enable its effective use.

This study addresses this gap by determining the uptake and short-term outcomes of

CPAP among newborns with RD in three Nairobi County hospitals, and by examining



factors influencing CPAP implementation. The findings are expected to inform context
-appropriate strategies for implementing bCPAP at scale with consistent quality, in

line with WHO quality standards and Kenya’s national neonatal care standards.

1.3 Justification of the Study

Nairobi City County has one of the highest neonatal mortality rates in Kenya,
estimated at about 39 deaths per 1,000 live births, despite having the greatest
concentration of hospitals and specialist newborn services in the country. This paradox
reflects substantial inequities in access to, and quality of, inpatient neonatal care across
public, faith-based and private facilities. Many smaller maternity units remain poorly
equipped to manage sick and preterm neonates, including those with RD, and referral
pathways are often fragmented. Multicentre Kenyan hospital studies have documented
high and variable neonatal case-fatality rates, largely due to preventable conditions
such as complications of prematurity and RD, highlighting missed opportunities for

effective facility-based care.

National work on CPAP in Kenyan newborn units has demonstrated inequitable access
and considerable variation in infrastructure, staffing, equipment, training and protocol
use across hospitals, including those in Nairobi, with particular gaps in public sector
level 4 and 5 facilities. At the same time, Nairobi is a logical hub for scaling high-
impact, low-cost respiratory support such as bCPAP, given its referral role, high
patient volumes, concentration of teaching institutions and presence of major neonatal
care partners. Focusing on three large county hospitals; Mbagathi County Hospital,
Mama Lucy Kibaki Hospital and Pumwani Maternity Hospital allows generation of
evidence that is directly relevant to county and national policy, and transferable to

similar urban, resource-constrained settings.

Understanding how CPAP is currently used in these hospitals, which neonates receive
it, what outcomes are achieved, and which health-system, facility and provider-level
barriers constrain its optimal implementation is therefore essential for informing

context-appropriate quality improvement. Kenya has recently adapted the WHO



standards for improving the quality of care for small and sick newborns and children
into national standards to guide the delivery of high-quality inpatient newborn care.
Generating local evidence from Nairobi on CPAP utilization, outcomes and
implementation barriers directly supports operationalization of these standards by
identifying practical strategies to strengthen infrastructure, staffing, skills, protocols
and processes for safe, effective neonatal respiratory support. Findings from this study
can inform Nairobi County and national policies on neonatal care, guide partner
investments in CPAP and related equipment, and provide a model for scaling quality-
assured bCPAP in similar urban county hospitals across Kenya. By linking quantitative
outcomes with qualitative insights from healthcare workers, the study also contributes
to a deeper understanding of implementation barriers and potential solutions in real-

world neonatal care settings.

1.4 Objectives

1.4.1 Main Objective

e To determine CPAP uptake and outcomes among newborns with respiratory
distress admitted to three county hospital newborn units in Nairobi, Kenya
(Mbagathi County Hospital, Mama Lucy Kibaki Hospital and Pumwani
Maternity Hospital) over a 28-day period.

1.4.2 Specific Objectives

1. To evaluate the uptake of CPAP among newborns with RD in three county
hospital newborn units in Nairobi, Kenya, over 28 days.

2. To assess the impact of CPAP use on key health outcomes, including length of
hospital stay, duration of supplemental oxygen, need for escalation to invasive
ventilatory support and mortality among newborns with RD in three county
hospital newborn units in Nairobi, Kenya, over 28 days.

3. To evaluate health-system, facility and provider-level barriers and facilitators
influencing CPAP uptake and correct use among newborns in three county

hospital newborn units in Nairobi, Kenya.



1.5 Research Questions

This study was guided by the following research questions:

1. What is the uptake of CPAP among newborns admitted with RD to three
county hospital newborn units in Nairobi, Kenya?

2. What are the short-term clinical outcomes among newborns admitted with RD
to the three county hospital newborn units in Nairobi, Kenya?

3. What health-system, facility and provider-level barriers and facilitators
influence CPAP uptake and correct use among newborns with RD in three

county hospital newborn units in Nairobi, Kenya?

1.6 Hypotheses

The quantitative objectives (Objectives 1 and 2) were evaluated using hypothesis
testing, while Objective 3 (barriers and facilitators) was addressed primarily through

qualitative analysis, complemented by descriptive quantitative associations.

Overall CPAP effect

e HO (null): Among newborns with RD in the three Nairobi County hospitals,
there is no difference in 28-day clinical outcomes between those who receive
CPAP (CPAP group) and those who do not (oxygen therapy group).

e H1 (alternative): Among newborns with RD in the three Nairobi County
hospitals, those who receive CPAP have better 28-day clinical outcomes than

those who do not receive CPAP.



CHAPTER TWO
LITERATURE REVIEW

2.1 Overview and Literature Review Question

Neonatal mortality and respiratory morbidity remain major public health challenges
globally, with the highest burden in low- and middle-income countries, including
Kenya. Evidence indicates that RDS and related conditions are leading causes of
neonatal deaths, particularly among preterm and low-birth-weight infants, and that
timely respiratory support can improve outcomes. This literature review synthesizes
current evidence on neonatal RD and mortality, CPAP use and outcomes, and barriers
to CPAP implementation in neonatal units comparable to Kenyan county hospitals.
Specifically, it aimed to answer the following question: What is known about the
uptake, effectiveness, safety and implementation barriers of CPAP for neonatal RD in

low- and middle-income countries, particularly in sub-Saharan Africa and Kenya?

2.2 Literature Search Strategy

A structured literature search was conducted to identify empirical studies, reviews and
relevant guidelines on neonatal RD, CPAP use, neonatal outcomes and
implementation barriers in hospital settings. The following electronic databases were
searched: PubMed/MEDLINE, Embase, CINAHL, Cochrane Library and Google
Scholar. Additional grey literature and policy documents were identified from WHO,
UNICEF and Kenyan Ministry of Health websites. Searches were performed for
articles published between 2000 and 2025, in English, using combinations of keywords
and Medical Subject Headings (MeSH), including: “neonatal respiratory distress”,
“respiratory distress syndrome”, “neonate* AND CPAP”, “bubble CPAP”,
“continuous positive airway pressure”, “low- and middle-income countries”, “sub-
Saharan Africa”, “Kenya”, “neonatal outcomes”, “implementation barriers” and
“health system factors”. Reference lists of key articles were also screened to identify
additional relevant studies. Studies were included if they: (i) involved neonates or
young infants with RD or related conditions; (ii) evaluated CPAP or bubble CPAP as

a primary or adjunctive respiratory support intervention; and/or (iii) examined



implementation, health-system or provider-level factors influencing CPAP uptake or
outcomes in hospital settings. Evidence from randomized and observational studies,
as well as qualitative and mixed-methods research, was considered. Global, regional

(African) and Kenyan data were reviewed to provide a comprehensive context for the

current study.

2.3 Neonatal Mortality

2.3.1 Global Neonatal Mortality

Neonatal mortality rates and their leading causes are crucial indicators of a
population’s overall health and the effectiveness of healthcare systems, especially in
maternal and neonatal care. Global neonatal mortality rates have been declining;
however, significant disparities persist across regions and countries. According to the
WHO, the global neonatal mortality rate in 2020 was 17 deaths per 1,000 live births,

with the highest rates recorded in Sub-Saharan Africa and South Asia. In contrast,
high-income countries generally report much lower neonatal mortality rates, often

below 5 deaths per 1,000 live births(WHO, 2024).

2.3.2 Neonatal Mortality in Kenya

Kenya’s neonatal mortality rate has declined over the years but remains a significant
public health concern. It dropped from 33 deaths per 1,000 live births in 2003 to 31 in
2008/09, 22 in 2014 and 21 in 2022 (KNBS, 2023). However, as overall child mortality

decreases, neonatal deaths account for an increasing proportion of under-five
mortality(Aluvaala et al., 2015). Despite improvements in childhood health indicators,
neonatal mortality remains high, with only marginal reductions over the years.
Government efforts to reduce neonatal and under-five mortality rates have had limited

impact(Imbo et al., 2021).

Hospital -based studies further demonstrate the magnitude of the problem.(Nabwera et

al., 2021) reported an overall hospital mortality rate of 18.7% among admitted

neonates (423/2262). Mortality was particularly high among very low birth weight



(VLBW) infants (47.0%), with the highest risk observed in extremely low birth weight
(ELBW) infants (<1.0 kg), where 77.9% did not survive. Similarly, very preterm
infants (<32 weeks) had a mortality rate of 46.6%, and among extremely preterm
infants (<28 weeks), 71.8% died. The majority of these deaths (79.6%) occurred during
the early neonatal period, with a median age of death of 2 days (IQR: 1-5 days). These
findings emphasize the urgent need for targeted interventions to improve survival
outcomes among preterm and low-birth-weight neonates in resource-limited
settings(Nabwera et al., 2021). In Kenya, neonates make up a substantial proportion
of paediatric hospital cases and fatalities; a study in 14 Kenyan hospitals revealed that
neonates comprised 46% of all paediatric admissions and accounted for 66% of deaths

among children aged 0-13 years (Irimu et al., 2021).
2.4 Leading Causes of Neonatal Mortality
2.4.1 Preterm Birth Complications

Preterm birth (before 37 weeks of gestation) remains the leading cause of neonatal
mortality globally, with complications such as respiratory distress syndrome (RDS),
intraventricular haemorrhage and necrotizing enterocolitis significantly contributing
to early neonatal deaths. Complications arising from preterm birth account for
approximately 35% of neonatal deaths worldwide(Blencowe et al., 2013). Reducing
neonatal mortality remains a major global challenge, with 3.0 million neonatal deaths
recorded in 2011, 75% of which occurred in Sub-Saharan Africa and Southern Asia.
While post-neonatal under-five mortality declined by 47% between 1990 and 2011,
neonatal mortality fell by only 32%, and now accounts for 43% of all under-five
deaths(Blencowe et al., 2013). Similarly, (Mubiri et al., 2020) reported high neonatal
mortality among preterm infants in Uganda, particularly those born at less than 28
weeks of gestation, with an in-hospital mortality rate of 31.6%. In a population-based
retrospective cohort study, (Schindler et al., 2017) found that neonates born at 22-25
weeks and 26-28 weeks had significantly higher odds of mortality, emphasizing the
increased risk associated with extreme prematurity. These findings highlight the need

for targeted interventions to improve neonatal care, particularly in resource-limited



settings, where preterm birth complications remain a major contributor to neonatal

mortality.

2.4.2 Infections

Neonatal infections, including sepsis, pneumonia and meningitis, remain major causes
of neonatal mortality, especially in low- and middle-income countries. According to
the Global Burden of Disease Study 2019, neonatal sepsis and other infections caused
approximately 230,000 deaths worldwide, despite a 12.93% decline in mortality since
1990. However, the incidence of these infections increased by 12.79%, highlighting
the ongoing burden and the need for strengthened prevention and management
strategies(Naghavi et al., 2017). According to the Child Health and Mortality
Prevention Surveillance (CHAMPS) network, infections were identified as a
contributing factor in 40% of neonatal deaths across seven countries, including
Kenya(Mahtab et al., 2023) . The study also highlighted complications from
intrapartum events and prematurity as major underlying causes of neonatal mortality.
In a 2023 single-centre study, (Jovic¢i¢ et al., 2023) reported that 37.5% of neonatal
deaths were attributed to early-onset neonatal sepsis. Low birth weight, Gram-

negative bacterial infections, the need for double inotropic therapy and erythrocyte

transfusion during the first week were identified as key risk factors.

2.4.3 Intrapartum-Related Complications

Birth asphyxia remains a major cause of neonatal mortality, particularly in regions
with inadequate obstetric care. According to the World Health Organization, it
significantly contributes to neonatal deaths, especially in sub-Saharan Africa(WHO,
2024). A study in Benin, Malawi, Tanzania and Uganda reported a 7.0% incidence of
birth asphyxia, with grand multiparity and intrapartum referrals as key risk
factors(Hundalani et al., 2015). In Nigeria, intrapartum-related events accounted for
3.0% of births, with a 16.8% case fatality rate, linked to uterine rupture, pre-
eclampsia/eclampsia and placental complications(lkechebelu et al., 2024). Innovative
solutions, such as Al-enabled fetal monitoring, have shown promise, reducing

stillbirths and neonatal deaths by 82% in Malawi (The Guardian, 2024). These findings
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highlight the urgent need for better obstetric care and new technologies to reduce birth

asphyxia-related deaths.

2.4.4 Congenital Anomalies

Structural anomalies develop during fetal life and may be detected before birth, at
delivery, during infancy or, in some instances, later in adulthood(WHO, 2024).
Congenital anomalies, including heart defects, neural tube defects and chromosomal
abnormalities, account for a substantial portion of neonatal deaths. The March of
Dimes report notes that congenital anomalies are a leading cause of neonatal mortality,
responsible for around 10-15% of deaths in many regions(Christianson et al., 2006).
In 2019, an estimated 8.5 million new cases of congenital anomalies occurred

worldwide, with 30% of these cases reported in sub-Saharan Africa(\Vos et al., 2020).

Existing literature extensively documents CPAP use in preterm neonates with RDS,
highlighting its role in reducing the need for mechanical ventilation and improving
survival. However, there is a notable paucity of studies evaluating CPAP outcomes in
neonates with congenital anomalies, particularly in relation to treatment efficacy,
potential complications and predictors of CPAP failure. This gap in knowledge limits

the ability to optimize CPAP management strategies for this vulnerable subgroup.

2.4.5 Low Birth Weight

Low birth weight (LBW), defined as a birth weight of less than 2,500 grams, is
associated with a higher risk of neonatal mortality, with additional factors that may
indirectly predispose these infants to mortality through a longer stay on the
ward(Mehretie et al., 2024). LBW infants are more susceptible to infections,
hypothermia and feeding difficulties. According to the WHO, LBW contributes

significantly to neonatal mortality, especially in low-resource settings(WHO, n.d.). In
Kenya, neonates with LBW have a 3.2-fold increased risk of death within the first 28
days(Imbo et al., 2021).
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2.5 Neonatal Respiratory Morbidity and Survival

Neonatal respiratory morbidity is influenced by intrapartum and postnatal factors,
including place and mode of delivery, gestational age, birthweight and co-morbid
conditions.(Muhunzi et al.,, 2020) reported that 35.5% of births in Dodoma
Municipality, Tanzania, occurred at home, mainly due to high transportation costs,
long distances to health facilities and lower maternal education levels. These factors
increase the risk of out-of-hospital deliveries and associated complications, including
respiratory distress. A systematic review and meta-analysis demonstrated that elective
caesarean sections are associated with a higher risk of neonatal respiratory morbidity
compared to spontaneous vertex delivery(Tefera et al., 2020). Given the relatively high
global rates of spontaneous vaginal delivery, one might expect respiratory distress to
be a lesser burden, but this is not consistently observed in clinical practice(Clark &
Lake, 2021). Several studies have also reported that male infants have a higher risk of
adverse neonatal outcomes, including mortality, than female infants(Drevenstedt et al.,
2008; Subedi et al., 2022).

2.6 Factors Influencing Neonatal Outcomes

Neonatal outcomes are influenced by factors such as gestational age, birthweight,
illness severity and co-morbid conditions, which impact hospital stay duration,

oxygen requirements and mortality.
2.6.1 Gestational Age

Premature birth and low birth weight are strongly associated with prolonged hospital
stays and increased mortality risk. Studies have shown that each additional week of
gestation significantly reduces the length of hospital stay. Among very-low-birth-
weight preterm neonates, the length of hospital stay decreased by 45% for every
additional week of gestation(Mehretie et al., 2024). South African research showed
that for every additional week of gestational age, the length of hospital stay for very-
low-birth-weight preterm neonates was reduced by 0.4 days(Mahovo & Velaphi,

2020). A study conducted in the newborn unit at Kenyatta National Hospital found
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that preterm neonates were 2.8 times more likely to have a longer hospital stay than
their term counterparts. Preterm complications have been strongly linked to mortality
in infants, with prematurity ranked as the second leading cause of neonatal death

(prevalence 28%) in a Kenyan study(Masaba & Mmusi-Phetoe, 2020).
2.6.2 Birthweight

Birthweight is a key determinant of neonatal outcomes. Studies have consistently
demonstrated that neonates with lower birthweights require extended hospital stays
compared to their normal-weight peers. A comprehensive analysis by the Agency for
Healthcare Research and Quality revealed that newborns weighing less than 1,500
grams had an average hospital stay of 42.6 days, with associated costs substantially
higher than for infants weighing 1,500 grams or more. RDS significantly affects
neonatal outcomes. A study by (Bacha et al., 2022) found that 62.8% of preterm
neonates with RDS had poor clinical outcomes, including mortality or leaving against
medical advice, while only 37.2% were discharged after improvement. (Birhanu et al.,
2022) highlighted that neonate with low-birth-weight experience significantly longer
hospital stays compared to their peers. Neonates with extremely low birth weight, very
low birth weight and low birth weight have a higher risk of death compared to those
with normal birth weight, with reported mortality rates of 86.7% and 69.7% for
extremely low and very low birthweight.

2.6.3 Severity of Illness, Co-morbid Conditions and Associated Complications

Neonates with severe respiratory distress or infections often require prolonged
respiratory support, such as supplemental oxygen or mechanical ventilation, which can
worsen their overall prognosis. Elevated respiratory severity scores have been
associated with a higher risk of bronchopulmonary dysplasia-associated pulmonary
hypertension; a one-point increase in respiratory severity score is linked to an

increased likelihood of developing this complication(Kielt et al., 2023)

Neonates receiving CPAP therapy alongside antibiotics tend to have longer hospital

stays compared to those receiving only supportive care such as maintenance fluids,
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reflecting greater illness severity(Mehretie et al., 2024). Additionally, positive C-
reactive protein and blood culture results have been associated with prolonged

hospitalization among low-birth-weight neonates(Niknajad et al., 2012).

2.6.4 Respiratory Support Needs

The need for intensive care unit respiratory support is significantly reduced among
neonates managed on CPAP compared to those managed with lower-level oxygen
modalities. One analysis estimated 79 fewer cases of respiratory support needed per
1,000 newborns when CPAP is used appropriately(Lawn et al., 2013). These findings
underscore the importance of timely and appropriate respiratory support in improving

neonatal outcomes.

Figure 2.1: Vayu bubble CPAP

*Adapted from Vayu Bubble CPAP System, by Vayu Global Health Innovations

(https://vayuinnovations.org/vayu-bcpap-system)
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Figure 2.2: Pumuani Bubble CPAP

*Adopted from: NEST 360 (https://nest360.org/)
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Figure 2.3: Benefits of CPAP

*Adopted from (Sankar et al., 2008)

2.7 Neonatal Respiratory Distress and Existing Interventions

2.7.1 Global Perspective

Neonatal respiratory distress is a major contributor to neonatal morbidity and mortality
worldwide. The most common causes include transient tachypnoea of the newborn
(TTN), respiratory distress syndrome (RDS), meconium aspiration syndrome (MAS),
neonatal sepsis and perinatal asphyxia. A study conducted in India reported that TTN
(22%) was the leading cause of neonatal respiratory distress, followed by RDS (20%),
MAS (16.9%), neonatal sepsis (14%) and perinatal asphyxia (12%)(Gaurav et al.,
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2023). RDS remains a prevalent cause of neonatal respiratory distress, particularly in

preterm infants, due to inadequate surfactant production(Yong et al., 2005).

CPAP has emerged as a critical intervention for neonatal respiratory distress,
significantly reducing the need for mechanical ventilation. A randomized controlled
trial across 12 South American centres found that neonates on CPAP required less
mechanical ventilation compared to those receiving only supplemental
oxygen(Switchenko et al., 2020). Early CPAP initiation within the first hour of life has
been shown to decrease mechanical ventilation requirements in preterm infants
(Morley et al., 2008). Studies have also reported that CPAP enhances alveolar stability
and prevents lung collapse, thereby reducing neonatal mortality(Dewez & van den
Broek, 2017).

However, CPAP can result in complications such as hypercarbia, air leak syndromes,
gastric distension leading to feeding intolerance and nasal septum breakdown(Abdel-
Hady et al., 1998; Milner et al., 1977; Van Marter et al., 2000; Yong et al., 2005)
(Milner et al., . A study in Fiji showed a 50% reduction in the need for ventilatory
support among neonates following CPAP introduction, while an Indian study reported
a reduction in need for mechanical ventilation from 86% to 30%(Desai et al., 2017,
Koyamaibole et al., 2006). These findings emphasize the global recognition of CPAP

as an effective intervention in neonatal care.

2.7.2 Regional Perspective (Africa)

In Africa, neonatal respiratory distress remains a major challenge due to limited
healthcare resources and inadequate access to advanced respiratory support. A study
in Egypt estimated the prevalence of RDS at 49.6%, with a significant burden in urban
areas(Ho et al., 2020). In Kabul, Afghanistan, the prevalence of RDS in preterm infants
was reported at 51.3%, emphasizing the need for improved neonatal care
interventions(Aslamzai et al., 2023). Male neonates have been reported to have a
higher risk of developing RDS(Abdel-Hady et al., 1998; Fang et al., 2024).

CPAP has demonstrated significant benefits in reducing neonatal mortality and

hospital admissions in low-resource settings. In Malawi, the introduction of CPAP led
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to a 48% reduction in mortality(Ho et al., 2020). A non-randomized study in Malawi
by (Kawaza et al., 2016) showed a significant decrease in neonatal mortality among
CPAP-treated neonates (29.0%) compared to those on nasal cannula oxygen therapy
(56.0%). In Uganda, CPAP was associated with a 44% reduction in mortality (Okello
et al., 2023). Despite these benefits, CPAP implementation faces challenges such as

limited training, staffing and infrastructure.

The NEST360° initiative has developed and delivered a package of affordable medical
devices, including CPAP machines, to address neonatal health problems such as
respiratory distress in Sub-Saharan Africa. Compared to countries with low neonatal
death rates (3 per 1,000 births), neonatal mortality remains approximately nine times
higher in sub-Saharan Africa, with an average of 28 per 1,000 babies dying within the
first month of life. These statistics highlight both the potential and the urgency of

scaling up effective interventions such as CPAP in African neonatal units.

2.7.3 Kenyan Perspective

Neonatal respiratory distress is a significant concern in Kenya, particularly in preterm
and low-birth-weight infants. A study conducted in Kijabe, Kenya, found that the
introduction of bubble CPAP improved survival rates for preterm infants with RDS to
85%, reducing neonatal mortality by 61%. Referral rates of preterm infants
significantly declined from 17% to 4% after CPAP implementation, highlighting its
impact on neonatal care outcomes (Myhre et al., 2016). At Moi Teaching and Referral
Hospital, late CPAP initiation (on average, day 3) was associated with poorer survival
outcomes, whereas early CPAP initiation (within 24 hours) in the Kijabe study
demonstrated better outcomes(Nyandiko et al., 2021). However, (Ryder et al., 2016)
suggested that CPAP can still be effective even when initiated later, indicating that
timing interacts with illness severity and other contextual factors. Despite the proven
benefits, CPAP uptake remains inconsistent in Kenyan neonatal units due to

infrastructural and training limitations.

A pre- and post-initiative study in Nakuru, Kenya, examined ways to enhance CPAP

utilization, including improved training, nurse leadership and treatment protocols. The

18



study reported a 27% improvement in survival rates among neonates with respiratory
distress following CPAP adoption (Switchenko et al., 2020). Common CPAP
machines used in Kenya include the Vayu bubble CPAP and the Pumani CPAP device.
These devices have been integrated into neonatal care in several hospitals, improving
the survival rates of preterm infants with respiratory distress. Overall, CPAP has
proven to be a cost-effective and life-saving intervention for neonatal respiratory
distress, but optimizing its implementation through proper training, infrastructure

development and protocol integration remains crucial.
2.8 Uptake of CPAP in Neonatal Care
2.8.1 Global Uptake

Globally, the adoption of CPAP in neonatal care varies significantly across regions. In
high-income countries, CPAP has been widely implemented as a standard intervention
for neonatal respiratory distress, leading to improved outcomes and reduced
mortality(Dewez & van den Broek, 2017). A study in India revealed that 68.3% of
medical college hospitals and 36.6% of district hospitals employed CPAP for neonatal
care. However, challenges such as inadequate infrastructure, lack of trained staff and
insufficient equipment hinder effective implementation. For instance, only about half

of hospitals had air-oxygen blenders, and just over half had staff trained in CPAP use;
nurse-to-patient ratios were often around 1:7, indicating staffing shortages that could

impact care quality(Dewez & van den Broek, 2017).

Conversely, in many low- and middle-income countries, CPAP utilization remains
limited due to challenges such as inadequate infrastructure, lack of trained personnel
and financial constraints(Nabwera et al., 2021). Studies indicate that only 10-30% of
donated CPAP machines are in regular use, highlighting barriers such as limited
equipment availability, inadequate staff training and high staff turnover(Dewez & van
den Broek, 2017; Jain & James, 2017). Early CPAP initiation has been associated with
better outcomes, but delays in initiation due to resource constraints hinder its

effectiveness(Morley et al., 2008).
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2.8.2 Regional Uptake (Africa)

In African countries, the uptake of CPAP in neonatal units is hindered by multiple
factors. Healthcare facilities often face shortages of CPAP machines and essential
accessories such as appropriately sized nasal prongs, limiting utilization(Nyondo-
Mipando et al., 2020). Staffing shortages and limited training opportunities further
impede effective initiation and monitoring of CPAP therapy(Jain & James, 2017). A
survey across 49 African nations found that CPAP was available in roughly two-thirds
of the best-equipped government and private hospitals, but availability decreased
substantially in smaller cities and rural facilities. Continuous oxygen saturation
monitoring was available in only about one-third of countries, highlighting gaps in
comprehensive neonatal respiratory care(Tooke et al., 2022). Despite device donations
and programmes such as NEST360°, CPAP adoption remains inconsistent due to
infrastructural and human resource constraints(Okello et al., 2019). Compared to
developed settings such as South Africa, which has reported CPAP uptakes of around

54%, many African countries remain at much lower levels(Lategan et al., 2022).

2.8.3 National Uptake (Kenya)

In Kenya, the uptake of CPAP therapy for neonates with RD has been suboptimal and
variable across facilities. A study at Kenyatta National Hospital found that only 43.1%
of neonates who needed CPAP received the therapy out of 53% who were
eligible(Ng’ang’a, 2017), while a cross-sectional retrospective study reported an
uptake of 18.7% across four county hospitals (Magondu, 2023). The main reported
barriers to CPAP adoption in Kenyan neonatal units include inadequate infrastructure,
a shortage of skilled staff, insufficient training, limited availability of CPAP machines
and consumables and weak systems for monitoring and supervision(Nabwera et al.,
2020). Much of the published evidence, however, comes from tertiary, mission or
provincial hospitals, with limited data from county hospital newborn units in Nairobi.
This underscores the need for context-specific data from high-burden urban county
hospitals, where patient volumes are high and resources are constrained but

opportunities for impact are substantial.
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2.9 Theoretical and Conceptual Framework
2.9.1 Theoretical Framework

This study is informed by the WHO Standards for Improving the Quality of Care for
Small and Sick Newborns and Children and by health-system quality-of-care
concepts that distinguish between structure, process and outcome. The WHO
framework emphasizes that high-quality neonatal care requires adequate
infrastructure and equipment, competent and motivated health workers, evidence-
based clinical care processes and effective communication with caregivers, all
embedded within an enabling governance and information environment. Drawing on
these principles, the study adopts a health-systems perspective in which CPAP use
and outcomes are shaped by the interaction between: (i) structural inputs
(infrastructure, equipment, staffing); (ii) processes of care (recognition of RD,
initiation of CPAP, monitoring, escalation and weaning); and (iii) neonatal
characteristics and clinical severity. This perspective guides the selection of variables,
interpretation of quantitative associations and development of qualitative themes

relating to barriers and facilitators of CPAP uptake.
2.9.2 Conceptual Framework

The conceptual framework for this study depicts how neonatal factors (e.g., gestational
age, birthweight, primary diagnosis and severity), health-system and facility factors
(e.g., availability and functionality of CPAP equipment, staffing levels, training,
protocols and supervision) and provider-level factors (e.g., knowledge, attitudes and
communication practices) influence CPAP uptake and downstream clinical outcomes
such as length of hospital stay, duration of oxygen therapy, need for escalation to
invasive ventilation and mortality. The framework suggests potential interactions
between these domains; for example, the effect of neonatal severity on outcomes may
be modified by staffing levels or the availability of functioning CPAP devices. In the
current study, however, we primarily analyzed main associations between selected

variables and outcomes. Interaction effects between variables were not formally
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modelled in the quantitative analysis, but are explored qualitatively through healthcare

worker accounts of how contextual factors shape CPAP use and outcomes.
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Figure 2.4: Conceptual Framework of the Study
2.10 Summary of the Literature and Identified Gaps

Existing literature demonstrates that CPAP can substantially reduce mortality and the
need for mechanical ventilation among neonates with RD, including in low-resource
settings, and that CPAP has been introduced in various Kenyan hospitals with
encouraging results. However, evidence also points to major implementation barriers
related to infrastructure, equipment, staffing, training and governance, which limit
CPAP uptake and compromise quality of care. Despite several studies from tertiary
and mission hospitals in Kenya and other African countries, there is limited empirical
data on CPAP uptake, outcomes and implementation barriers in county hospital
newborn units in Nairobi. In particular, few studies have systematically compared
outcomes for neonates who receive CPAP versus those managed on lower-level
oxygen therapy within such settings, while also exploring health-system and provider
-level determinants of CPAP use. This study addresses these gaps by combining
quantitative analysis of CPAP uptake and 28-day outcomes with qualitative

exploration of barriers and facilitators among healthcare workers in three Nairobi

County hospitals.
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Study Setting

The study was carried out in three county hospitals located in Nairobi City County,
Kenya: Mama Lucy Kibaki Hospital (MLKH), Mbagathi County Hospital (MCH) and
Pumwani Maternity Hospital (PMH). These hospitals are public, high-volume
facilities that provide maternity and newborn services to predominantly low-income
urban populations and receive referrals from lower - level facilities in Nairobi. All three
had CPAP equipment available in their newborn units at the time of the study. NEST
(Newborn Essential Solutions and Technologies) is a global health initiative that
supports newborn care through provision of essential equipment like CPAP machines,
healthcare worker training on use of these machines, and quality improvement
systems; this support is implemented at Mama Lucy Kibaki Hospital and Pumwani
Maternity Hospital.

3.1.1 Mama Lucy Kibaki Hospital

Mama Lucy Kibaki Hospital is a level-5 hospital located in the densely populated
Embakasi Central constituency of Nairobi County. It is situated along Kangundo Road
in Umoja 3, between Umoja Il and Komarock estates, approximately 11 km east of
Nairobi city centre, in a largely residential area with numerous informal settlements.

The hospital serves the wider Eastlands region of Nairobi.

The Newborn Unit (NBU) has a nominal capacity of 40 beds but often cares for around
100 admitted neonates, with an average of about 10 new admissions per day. At the
time of the study, the NBU was equipped with five Pumani bubble CPAP machines
and had approximately 30 nurses on the roster, with 2—3 nurses covering each shift.
There was no functional neonatal intensive care unit (NICU) during the study period.
CPAP was prescribed by various clinicians, including neonatologists, paediatricians,

registrars, medical officers, medical officer interns and clinical officer interns. Nurses

23



initiated CPAP in most cases, but all these cadres could participate in initiating

therapy, depending on their skills and experience.
3.1.2 Mbagathi County Hospital

Mbagathi County Hospital is located in the Kenyatta Golf Course area within Kibra
Sub-County, Nairobi County. It serves an urban population estimated at about 3.1
million people, with approximately 22% living below the poverty line. During the
study period, the hospital’s dedicated NICU was not yet functional, it was
subsequently inaugurated in December 2023 with a capacity of 76 neonatal care
spaces. Before the NICU opened, neonatal care was provided within existing

paediatric and maternity facilities.

While routine data on daily neonatal admissions for RDS were limited, a Kenyan multi
-site study estimated that about 10% of neonatal admissions were due to RDS.
Applying this to Mbagathi’s reported 180-200 monthly neonatal admissions suggests
that approximately 18-20 neonates per month (about 0.6-0.7 neonates per day)
presented with RDS before NICU establishment. CPAP treatment was prescribed by
clinicians, including a neonatologist, paediatricians, medical officers and medical
officer interns, and in some circumstances by experienced nurses when a clinician was

not immediately available. All these cadres also took part in initiating CPAP therapy.
3.1.3 Pumwani Maternity Hospital

Pumwani Maternity Hospital, historically Lady Grigg Pumwani Maternity Hospital, is
a major referral centre in the eastern part of Nairobi City. The name “Pumwani” is
derived from the Swahili word “pumwa”, meaning “to breathe”. Established in 1929
to serve the urban poor, it has grown to become one of the largest maternity hospitals
in Kenya. Its mission is to provide affordable, high-quality maternal and child health
services, and its vision is to offer comprehensive essential maternity care to all mothers

regardless of socio-economic background.

From an initial capacity of 24 beds, the hospital has expanded to 268 beds, with about
150 cots in the NBU and an average NBU occupancy of around 100 babies. The facility
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handles between 1,500 and 1,600 deliveries per month. During the study period, there
was no functional NICU. The NBU was equipped with six CPAP machines, including
both Vayu and Pumani bubble CPAP devices. CPAP was prescribed by paediatricians,
medical officers, medical officer interns and clinical officer interns. Nurses also
initiated CPAP when they identified a need in the absence of a clinician. All listed

cadres participated in initiating newborns on CPAP therapy.

3.2 Study Design

The study employed a mixed-methods design, combining quantitative and qualitative
approaches. The quantitative component was an analytical prospective cohort study
based on a review of medical records for 178 neonates with RD who met the inclusion
criteria and had a prescription for CPAP within 24 hours of birth in the three-county
hospital newborn units in Nairobi, Kenya. For each enrolled neonate, key outcomes
were abstracted from hospital records for 28 day outcome. Outcomes included duration
of supplemental oxygen use, length of hospital stay, discharge status, need for referral
(including referrals for advanced ventilatory support and other reasons), complications
such as pneumothorax and nasal injury, and mortality. No active follow-up was done.

All data were obtained from routine inpatient documentation.

The qualitative component consisted of structured in-depth interviews and key
informant interviews with medical staff involved in CPAP prescription and
implementation in the newborn units (Appendices IV and V). These interviews
explored health-system, facility and provider-level factors that influence CPAP

uptake, correct use and perceived outcomes.

3.3 Study Population

The quantitative study population comprised 178 neonates with RD who had a
prescription for CPAP within 24 hours of birth, met the inclusion criteria and had
outcome data available by day 28 in the three-county hospital newborn units (MLKH,
MCH and PMH). The qualitative study population included healthcare workers

providing newborn care in the three hospitals’ NBUs. In total, 5 key informant
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interviews (KIIs) and 22 structured in-depth interviews were conducted, involving 22
unique healthcare workers in total with varying levels of expertise in newborn care,
including neonatologists, paediatricians, registrars, medical officers, medical officer
interns, clinical officer interns and nurses who were involved in CPAP prescription

and implementation.
3.3.1 Inclusion Criteria for Quantitative Data
Newborns were included if they met all of the following criteria:

e Neonates admitted within the first 24 hours of life

eNeonates with respiratory distress requiring CPAP, defined as a Silverman
Andersen respiratory Severity Score (SASS) > 4

eNeonates of any gestational age (preterm or term), determined using earliest
antenatal ultrasound, last normal menstrual period (LNMP), or Ballard score
(Figure 3.3)

e Neonates of any birth weight category (ELBW, VLBW, LBW, and normal birth
weight)

e Neonates with mild Hypoxic-lschemic Encephalopathy (HIE) (Sarnat and Sarnat
or Thompson classification) who met criteria for CPAP (Figures 3.2 and 3.4)

e Neonates whose parents or caregivers provided informed consent
3.3.2 Exclusion Criteria for Quantitative Data

Newborns were excluded if they had conditions likely to confound respiratory support

needs and CPAP outcomes, including:

e Neonates with dysmorphic features and/or neonates with major congenital
anomalies (respiratory or cardiac): These infants are at higher risk of CPAP
failure because structural lung or heart defects, altered pulmonary circulation,
increased pulmonary congestion and reduced lung compliance may limit the
effectiveness of CPAP, leading to inadequate gas exchange and persistent
hypoxia. Such cases often require alternative interventions such as mechanical

ventilation or surgical correction.
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e Birth asphyxia with moderate to severe HIE: Neonates with central causes of
respiratory distress and moderate to severe HIE based on Sarnat and Sarnat or
Thompson scores were excluded, as their respiratory compromise and prognosis
differ substantially from those with mild HIE and primarily pulmonary

pathology.

These exclusions minimized confounding and helped ensure that observed outcomes
reflected CPAP effectiveness in typical neonatal respiratory distress rather than

complex syndromic or severe neurological conditions.
3.3.3 Inclusion and Exclusion Criteria for Qualitative Data
Healthcare workers were eligible for the qualitative component if they:

e Worked in the newborn unit of one of the three study hospitals;
e Were involved in CPAP prescription, initiation or ongoing management; and

e Provided informed consent to participate.

Staff who were on leave, off duty or otherwise unavailable during the data collection

period were excluded.

Table 3.1: Inclusion and Exclusion Criteria for Neonates

Inclusion criteria Exclusion criteria

Neonates admitted within the first 24

hours

Preterm and term neonates Neonates with dysmorphic features.

Neonates of any birthweight(LBW Neonates with moderate or severe birth
,ELBW, VLBW, normal birth weight) asphyxia (Sarnat/Thompson)

Birth asphyxia with mild HIE Neonateswith major congenital anomalies
(Sarnat/Thompson) (cardiac or respiratory)

Neonates with RD with a SASS

(Silverman ~ Anderson Respiratory

Severity Score) >4

Consent from parent or guardian
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Table 3.2: Inclusion and Exclusion Criteria for Healthcare Workers

Inclusion Exclusion

Medical staff working in the Medical staff on leave, off duty or
NBU and involved in CPAP use unavailable during data collection
Provided informed consent to

participate
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Figure 3.1: Silverman Anderson Respiratory Severity Score (SASS)

*Adopted from Downes J et al.,1970.

28

SEVERE

TOTAL



Stage 2 (Moderate)

Severity Stage 1 (mild) Stage 3 (Severe)

Level of consciousness Hyperalert Lethargic / Obtunded Stupor or coma

Activity Normal Decreased Absent

Neuromuscular Control:

Muscle tone Normal Mild hypotonia/hypertonia Flaccid/rigid

Posture Mild distal flexion | Strong distal flexion Intermittent decerebration

Tendon reflexes Overactive Overactive Decreased or Absent

Complex reflexes:

Suck Weak Weak/absent Absent

Moro Strong, low Weak, incomplete, high Absent

threshold threshold

Tonic neck Slight Strong Weak or absent

Autonomic Nervous

System:

Pupils Dilated pupil Constricted pupil Variable: often unequal, poor light
reflex, fixed, dilated

Heart rate Tachycardia Bradycardia Variable

Respiratory rate Regular Periodic breathing Apnoea

Seizure None Common; focal or multifocal Uncommon (excluding decerebration)

* Asymmetric tonic neck refiex: Elicited by rotating the head to one side. In a complete response, the ipsilateral arm and leg
will extend and the contralateral arm and leg will flex, producing the "fencing” posture.

Figure 3.2: Sarnat and Sarnat Score

*Adopted from Power B et al.,20109.
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Neuromuscular Maturity
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Lanugo | None Sparse Abundant Thinning Bald areas Mostly bald Maturity
Rating
Heel-toe 2 Score | Weeks
Plantar 40-50mm: | >50 mm, Faint Antenor Creases Creases over
2 : transverse ) : -10 | 20
surface 1 no crease red marks crease only anterior /3 entire sole
<40 mm:-2 -5 22
Stippled Raised 0| 24
; Barely Flat areola, Full areola
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10 28
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Figure 3.3: Ballard Score

*Adopted from Ballard JL, Khoury JC, Wedig K, et al
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SIGN SCORE SCORE | REMARKS

PER DAY
0 |l 2 3
TONE Normal | Hyper Hypo | Flaccid
L0¢ Normal | Hyper Alert | Lethargic | Coma
FITS None | <3perday | >2per
ay
POSTURE | Normal | Fisting Strong | Decelebrate
Cycling Distal
Flexion

MORO Normal | Absent
GRASP Normal | Poor Absent
SUCK Normal | Poor Absent
+/- Bites
RESPIRATION | Normal | Hyoerventilation | Apnoea
FONTANELLE | Normal | Full Not Tense | Tense

Figure 3.4:
3.4 Sample Size Determination
3.4.1 Quantitative Data

The minimum sample size for the quantitative component was calculated using
Fisher’s formula (Fisher, 1925):

_Z*p(1—-p)
n=
eZ
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where:

n is the required sample size;

Z is the standard normal deviate corresponding to a 95% confidence level
(1.96);

p is the estimated proportion of newborns using CPAP (0.35);

1-p=0.65

e is the desired precision (0.05).

Because there were no published data on CPAP uptake in neonates in the three study

hospitals, an estimated prevalence of 35% was adopted from a study conducted in a

middle-income country with a context similar to Kenya (Permatahati et al., 2021).

This was considered more applicable than estimates from high-income settings. Using

these parameters, the initial calculated sample size was 350 neonates. Since the total

population of eligible neonates was relatively small, a finite population correction

(FPC) was applied:

where:

Ngaj =

14021

N

nadj is the adjusted sample size;

n=350

n=350 (initial sample size);

N=363 (estimated total number of neonates with respiratory distress in the

three hospitals over one month).

NB:Because the initially calculated sample size (350) represented a large
proportion of the estimated source population of eligible neonates with
respiratory distress (N=363), a finite population correction was applied to
avoid overestimation of the required sample size and ensure efficient utilization

of study resources while maintaining statistical precision.
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Substituting:

350 178
Nadj = 35017
1_|_350 1

363

The adjusted sample size was therefore 178 neonates, which was adopted as the final
sample size. This correction reduced over-estimation and ensured efficient use of

resources while maintaining statistical validity.

Note: Although an approximately equal allocation of the sample size across the three
study hospitals was initially planned, the final distribution of participants varied
depending on the number of eligible neonates with RD identified and recruited in each
facility during the study period.

3.4.2 Qualitative Data

The qualitative sample comprised 22 healthcare providers working in the newborn
units of the three hospitals. This size was informed by the principle of data saturation
and by existing evidence suggesting that 20-30 interviews are typically sufficient to
reach saturation in focused qualitative studies(Guest et al., 2006). A total of 22 unique
participants were involved in the qualitative component, comprising 22 structured in-
depth interviews, of whom 5 additionally participated in Key Informant Interviews
(Klls). Data saturation was considered achieved when no new themes emerged,
consistent with similar studies that reached saturation between 15 and 30
participants(Creswell, J. W. (2013). Qualitative Inquiry & Research Design Choosing
among Five Approaches (3rd Ed.). Thousand Oaks, CA SAGE. - References - Scientific
Research Publishing, n.d.; McCarty et al., 2024). This sample size was deemed
adequate to capture diverse perspectives across cadres and hospitals while remaining

feasible within the study’s logistical constraints.
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3.5 Sampling Technique

3.5.1 Study Sites

Convenience sampling was used to select the three hospitals. This approach was
justified by:

e Geographical accessibility of the hospitals to the research team;

e Willingness of hospital administrations to participate;

e Auvailability and routine use of CPAP machines in their newborn units; and

e Their role in serving a population broadly representative of Nairobi’s urban

inhabitants, enhancing the relevance and applicability of findings.

3.5.2 Quantitative Sampling

A total of 178 newborns who met the inclusion criteria were recruited using simple
random sampling from a daily sampling frame. Because a complete sampling frame
was not available at the outset, a list of all neonates with RD presenting within the first
24 hours of life and having a CPAP prescription was compiled each day in the three
hospitals. From this daily list, newborns were randomly selected through balloting
(placing numbered papers in a box, mixing and drawing) to give each eligible neonate

an equal chance of selection.

This process was repeated on successive data collection days until the required sample
size of 178 neonates was achieved. Given logistical constraints and the limited number
of CPAP devices, neonates were not recruited simultaneously; each neonate’s
outcomes were assessed for outcome by day 28 after CPAP prescription, ensuring a

standardized observation period despite staggered enrolment.

3.5.3 Qualitative Sampling

Purposive sampling was used to recruit 22 healthcare workers from the three hospitals.
Participants were selected based on their experience working in the NBU and their
involvement in CPAP prescription or implementation. This approach ensured

inclusion of key informants such as neonatologists, paediatricians, residents, medical
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officers, interns and nurses who could provide rich, context-specific information about

barriers and facilitators to CPAP use.

We conducted 22 structured in-depth interviews and 5 KllIs (from the sample size of

22 participants). No new themes emerged after this sample size, indicating that data

saturation had been reached.

3.6 Study Procedures

3.6.1 Quantitative and Qualitative Procedures

A flow chart of the study procedures is presented in Figure 3.5. Research assistants
with a medical background, who were not employed by the study hospitals, were
recruited and trained on the study objectives, eligibility criteria and data collection
tools to minimize bias and ensure standardization. The principal investigator and
research assistants jointly recruited participants for both the quantitative and

qualitative components as described below.

Quantitative Data Collection

Once a neonate was identified as meeting the inclusion criteria within 24 hours of
admission to the NBU with RD and a CPAP prescription the research assistant
approached the mother or guardian to seek informed consent. The study purpose,
procedures, potential benefits and risks, confidentiality and voluntary nature of
participation were explained in simple language. Mothers were given time to ask

questions and could consult family members if desired.

If the mother was critically unwell or unable to provide consent, the next of kin or a
close family member was approached. Consent forms were available in both English
and Kiswabhili, and consent was documented by signature or thumbprint. After consent,
neonates were randomly selected from the daily sampling frame as described in
Section 3.5.2. On most days, between 7 and 8 neonates were enrolled, six days per

week (Monday to Saturday), until 178 neonates had been included.
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For each enrolled neonate, data were abstracted from clinical files. Information
collected included neonatal characteristics, maternal history, initial respiratory support
modality, timing of CPAP initiation relative to prescription, vital signs, clinical
progress, duration of supplemental oxygen, length of stay, complications, referral and
mortality. Parents or guardians retained the right to withdraw at any time without
affecting clinical care. Data collection took place between 10 September and 13
October 2023.

Quialitative Data Collection

In parallel, a qualitative component was conducted to gain deeper insight into CPAP
implementation. A total of 22 healthcare workers were purposively sampled and

invited to participate in structured in-depth interviews and Klls. Data collection

occurred over a two-week period from 10 October to 27 October 2023.

Participants were approached by trained research assistants during free periods, and
the study objectives and procedures were explained. Written informed consent was
obtained. Data collection tools (structured in-depth interview and Kll guides) were
pretested on a small group of similar participants (three nurses, one paediatric registrar

and one medical officer intern) to refine question wording and structure.

Structured in-depth interviews (Appendix 1V) were administered in writing, with
research assistants supporting participants to complete the tools in a private setting to
preserve confidentiality and reduce social desirability bias. Five Klls (Appendix V)
were conducted face-to-face in private rooms, audio-recorded with consent and
transcribed verbatim. Each interview lasted approximately 9-15 minutes. Research

assistants were fluent in both English and Kiswahili.

All qualitative data were anonymized; transcripts and notes were stored in password-

protected digital files with access restricted to the research team. Any physical notes
were kept in locked cabinets in each hospital. Participants could withdraw at any point

without consequence.
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Figure 3.4: Study Procedure Flow Chart
3.7 Data Collection Tools
3.7.1 Quantitative Data

Quantitative data were collected using researcher-developed monitoring tools
implemented as electronic forms (e.g., Google forms) to enhance accuracy and
consistency. These tools captured demographic details, maternal information, clinical
parameters, respiratory assessments (including SASS) and short-term outcomes for

neonates admitted with respiratory distress. Data were collected six days per week.
The quantitative data collection tools were validated through expert review for content
validity, pretesting in the three study sites, and revision based on feedback to ensure

clarity, relevance, and consistency before actual data collection.
3.7.2 Qualitative Data

Qualitative data were collected between 10 October 2023 and 27 October 2023. The

Klls and structured in-depth interviews explored multiple aspects of CPAP use in
newborn care, including training and refresher courses, decision-making for initiating

or discontinuing CPAP, confidence in CPAP implementation, and perceived barriers
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and facilitators to CPAP use. The qualitative data tools were also pretested in the three

study sites.

3.7.2.1 Structured In-Depth Interviews

Structured in-depth interviews were administered in writing to the 22 participants

using a standard guide (Appendix 1V). Research assistants, who were not hospital
employees, facilitated completion in private settings to ensure anonymity and
encourage open discussion. All responses were coded using unique identifiers and later

analyzed thematically.

3.7.2.2 Key Informant Interviews

Five Klls were conducted with senior staff (department heads) identified as key
informants in each hospital to gain managerial level insights. Interviews were held face
-to-face in private rooms, audio-recorded with consent, and conducted by trained
research assistants fluent in English and Kiswabhili. Recordings were transcribed and
anonymized. Digital files and transcripts were stored in password-protected formats;

any physical notes were kept in locked cabinets with access restricted to the research

team.

3.8 Data Management and Analysis

3.8.1 Quantitative Data

Quantitative data were entered, cleaned and analyzed using SPSS version 27.
Descriptive statistics were used to summarize the data: frequencies and percentages
for categorical variables, and means with standard deviations (SD) or medians with
interquartile ranges (IQR) for continuous variables depending on distribution.
Associations between categorical variables were examined using the chi-square test;
Fisher’s exact test was used when expected cell counts were less than 5. A 95%
confidence interval (CI) was used, and a p-value <0.05 was considered statistically

significant.
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Multivariable logistic regression was performed to identify factors associated with
CPAP uptake and key outcomes (e.qg., early discharge, prolonged stay, mortality) while
adjusting for potential confounders such as gestational age and birthweight. Odds
ratios (ORs) with 95% Cls were reported. Table footnotes indicate whether ORs are
crude or adjusted.

3.8.2 Qualitative Data

Audio-recorded KllIs and written structured in-depth interview responses were

transcribed verbatim and assigned unique identifiers comprising hospital code, serial
number, cadre and date, to ensure anonymity and facilitate systematic analysis. An
inductive and deductive coding approach was used to identify key themes, particularly
barriers and facilitators to CPAP implementation.

A coding framework with predefined categories, informed by prior literature, was
developed and refined as additional codes emerged from the data. Codes were applied
to relevant text segments and grouped into categories. Thematic analysis, following
Braun and Clarke (2006), included familiarization with the data, coding, generating
initial themes, reviewing and refining themes, defining and naming themes and

reporting the findings.

Manual coding was used to allow in-depth engagement with the data, given the dataset
size. Narrative patterns and personal accounts were examined, and emerging themes

were cross-checked by the research assistants and the principal investigator to enhance
reliability. Findings from Klls and structured in-depth interviews were integrated into

overarching themes and sub-themes, supported by illustrative quotations.

3.9 Integration of Data

This mixed-methods study used narrative convergent integration approach to merge

quantitative and qualitative findings. Quantitative results on CPAP uptake and
neonatal outcomes were woven together with qualitative insights from healthcare

providers, providing a comprehensive picture of both numerical trends and contextual
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factors shaping CPAP use. By interweaving statistical patterns with explanatory
themes, the study highlighted how neonatal characteristics, resource availability,
staffing, training and decision-making practices jointly influence CPAP

implementation and outcomes.

3.10 Ethical Considerations

The study received ethical approval from the ISERC of JKUAT and clearance from
the JKUAT Graduate School, national authorization from NACOSTI, and local
approvals from Nairobi City County and the administrations of MLKH, MCH and
PMH. All participants (parents/guardians and healthcare workers) provided informed
consent before enrolment. Confidentiality was maintained by using unique identifiers
rather than names, securely storing data and limiting access to authorized research
personnel only. Upon completion, findings will be disseminated to key stakeholders,
including the participating hospitals and Nairobi County Health Department, and
through academic platforms such as conference presentations and open-access
publication, to inform policy and improve clinical practice for CPAP use in newborn

care.
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CHAPTER FOUR
RESULTS

4.1 Introduction

This chapter presents the study findings, integrating both quantitative and qualitative
results to provide a comprehensive and in-depth understanding of CPAP use in three
county hospitals in Kenya. The quantitative component, characteristic of a cross-
sectional study, assessed the proportion of CPAP use and its associated clinical
outcomes among newborns. The qualitative component explored barriers to CPAP
implementation by identifying gaps, challenges, and contextual factors influencing
uptake, drawing on insights from healthcare providers to understand factors affecting

CPAP adherence and implementation.

4.2 Baseline Characteristics of Study Participants

4.2.1 Neonatal Characteristics

Table 4.1 summarizes the demographic characteristics of the 178 neonates who were
prescribed CPAP. The male-to-female ratio was 1.4:1, and most neonates at
44.38%(79/178) were recruited from Pumwani Maternity Hospital (PMH), with
96.63%(172/178) delivered in a hospital setting. The largest gestational age group at
30.34% (54/178) comprised neonates born between 28 and less than 32 weeks, with a
mean gestational age of 33.33 + 2.9 weeks. Other demographic findings, including
birthweight categories, data collection facility, mode and place of delivery, and

significant maternal history, are summarized in Table 4.1.
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Table 4.1: Neonatal Characteristics

Variable CPAP NON CPAP TOTAL Mean SD
(%) (%)
Sex
Male 53(50.96) 51(49.04) 104(58.43)
Female 49(66.22) 25(33.78) 74(41.57)
Gestational Age(weeks)
<28 2(66.67) 1(33.33) 3(1.69)
28-<32 24(44.44) 30(55.56) 54(30.34) 333 29
3
32-<34 16(34.04) 31(65.96) 47(26.40)
34-<37 23(52.27) 21(47.73) 44(24.72)
>37 25(83.33) 5(16.67) 30(16.85)
Birthweight(grams)
<1000 7(70.00) 3(30.00) 10(5.62)
1000-1499 19(70.37) 8(29.63) 27(15.17) 213 0.6
1500-2499 39(45.35) 47(54.65) 86(48.31)
>2500 35(63.64) 20(36.36) 55(30.90)
Data collection facility
PMH 52(65.82) 27(34.18) 79(44.38)
MLKH 34(69.39) 15(30.61) 49(27.53)
MCH 16(32.00) 34(68.00) 50(28.09)
Mode of delivery
Spontaneous Vertex Delivery 76(71.03) 31(28.97) 107(60.11)
Emergency Cesarean Section 44(64.71) 24(35.29) 68(38.20)
Elective CS 2(66.67) 1(33.33) 3(1.69)
Place of birth
Hospital 98(56.98) 74(43.02) 172(96.63)
Home 3(50.00) 3(50.00) 6(3.37)
Significant maternal history
Preeclampsia/eclampsia 3(33.33) 6(66.67) 9
Multiple gestation 2(40.00) 3(60.00) 5
Chorioamnionitis 3(60.00) 2(40.00) 5
Obstructed /prolonged labour 3(50.00) 3(50.00) 6
Antepartum Hemorrhage 2(66.67) 1(33.33) 3
Hypertension 1(100.0) 1
Opioid use disorder (on methadone) 1(100) 0 1
Maternal anemia 0 1(100.0) 1
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4.2.2 Neonatal Characteristics across the Three Hospitals

The demographic and clinical characteristics of neonates across the three hospitals.
Sex distribution did not differ significantly across sites (p = 0.366), whereas gestational
age, birthweight, mode of delivery, and CPAP uptake differed significantly between
hospitals (all p < 0.001). These findings reflected underlying case-mix and facility-

level differences in the neonatal populations served.

4.3 Clinical and Diagnosis Findings

4.3.1 Silverman Anderson Respiratory Severity Score

The SASS was used to assess respiratory distress severity. As shown in Figure 4.1,
115/178 (64.6%) neonates had a moderate SAS (4-6), while 63/178 (35.4%) had a
severe score (7—10), with a mean SAS of 6.

Frequency(N)

MODERATE(4-6) SEVERE(7-10)

Figure 4.1: Silverman-Anderson Respiratory Severity Score Distribution

4.3.2 Primary Diagnoses on Admission

Table 4.2 shows the primary diagnoses on admission. The most common primary
diagnosis was respiratory distress syndrome (RDS), accounting for 30.3%(140/462) of
diagnoses, followed by low birthweight at 26.62% (123/178) and prematurity at
25.76%(119/462). Neonatal pneumonia was the least frequent primary diagnosis at
0.659%(3/462).
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Table 4.2: Primary Diagnoses on Admission

Condition Frequency Percentage
Respiratory Distress Syndrome (RDS) 140 30.3
Low birth weight 123 26.62
Prematurity 119 25.76
Neonatal Sepsis 33 7.14
Transient Tachypnoea of the newborn (TTN) 20 4.33
Perinatal asphyxia 16 3.46
Meconium Aspiration Syndrome (MAS) 8 1.73
Neonatal Pneumonia 3 0.65
Total 462 100.0

4.3.3 Secondary Diagnoses

Table 4.3 summarizes secondary diagnoses among the neonates. Anemia of
prematurity was the most common secondary diagnosis at 26.67 %( 4/15), followed
by aspiration pneumonia and hypothermia (20.00% each). Less frequent secondary
diagnoses included intrauterine growth restriction, neonatal abstinence syndrome,
necrotising enterocolitis, cellulitis, and acute kidney injury, each accounting for 6.67%

of cases.

Table 4.3: Secondary Diagnoses

Condition Frequency Percentage
Anaemia of Prematurity 4 26.67
Intrauterine Growth Restriction (IUGR) 1 6.67
Neonatal Abstinence Syndrome (NAS) 1 6.67
Necrotising enterocolitis 1 6.67
Cellulitis of the Right Upper Limb 1 6.67
Aspiration pneumonia 3 20.00
Acute Kidney Injury 1 6.67
Hypothermia 3 20.00
Total 15 100.0
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4.4 Treatment and Interventions for Neonates
4.4.1 Uptake of CPAP
4.4.1.1 Initial Respiratory Support Modality

Among the 178 neonates prescribed CPAP, 102 (57.3%) were initially started on
CPAP, while 76 (42.7%) did not receive CPAP and were managed with lower-level
oxygen modalities. No neonate received surfactant. Figure 4.2 illustrates CPAP

uptake.

CPAP UPTAKE

= CPAP group = Non-CPAP group

Figure 4.2: Uptake of CPAP among Neonates Prescribed CPAP

Among neonates in the CPAP missed-opportunity group, 80.3 %( 61/76) were
initiated on nasal prongs and the remainder were managed using a non-rebreather

mask as the initial mode of oxygen delivery.
4.4.1.2 Time to Initiation of CPAP

As shown in Figure 4.3, 39.2 %( 40/102) of neonates received CPAP between 2 and
less than 6 hours after prescription. The average time to CPAP initiation was 8.35
hours, calculated using a weighted average formula as described by Agresti et al.
(2021). The figure illustrates the distribution of initiation times in four categories: less
than 2 hours, 2—-<6 hours, 6-<12 hours, and 12—24 hours.
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Figure 4. 3: Hours to Initiation of CPAP from Time of Prescription
4.4.2 Treatment Outcomes among Neonates
4.4.2.1 Length of Hospital Stay

Table 4.4 presents the duration of hospital stay for all neonates initially managed with
CPAP compared to those initially managed with oxygen therapy alone, categorized by
day 7, 14, and 28. By day 7, 44/102(43.14%) of neonates in the CPAP group had a
length of stay of 7 days or less, compared to 27.6 %( 21/76) in the oxygen therapy
group (OR 2.0, 95% CI 1.1-3.8, p = 0.011). Neonates initiated on CPAP therefore had
twice the odds of a hospital stay of 7 days or less than those managed with oxygen
therapy alone, while a higher proportion of neonates in the oxygen therapy group
remained admitted beyond 28 days. The average length of hospital stay for all neonates

was 15.6 days.

Table 4.4: Length of Hospital Stay for all Neonates by Days

Duration Neonates on Neonates on Oxygen OR (95% p-

7 44 (43.14%) 21 (27.6%) 201 001l
14 40 (39.22%) 20 (26.3%) 1.8(1.1- 0.015
28 18 (17.64%) 35 (46.1%) 0.2 (0.1- <0.001
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The average length of hospital stay (all neonates)
_ Total number of hospital stay days by all patients

Number of admissions

15.6 days

(Organisation for Economic Corporation and Development/OECD)

4.4.2.2 Duration of Supplemental Oxygen Therapy

Table 4.5 shows the duration of supplemental oxygen therapy in the two groups.
Neonates in the CPAP group received supplemental oxygen for a median of 2 days
(IQR 1-3), compared with 5 days (IQR 3-10) in the oxygen therapy group (Z = 5.72,
p < 0.001). The mean duration of oxygen therapy was 2.35 + 1.8 days in the CPAP
group and 8.2 £ 13.2 days in the oxygen therapy group (t = 3.41, p = 0.001).

Table 4.5: Duration of Supplemental Oxygen Therapy

Duration CPAP Group Oxygen Therapy Group Test Statistic p-value

Median (IQR) 2 days (1-3) 5 days (3-10) Z=572*% <0.001
Mean + SD 2.35+1.8days 8.2 +13.2 days t=341* 0.001
Range 0.04-13days  0.42-115 days - -

0.04dys =1hour.

0.42days =10 hours.

4.4.2.3 Other Outcomes of Neonates

Table 4.7 describes categorical outcomes for the two groups. The discharge proportion
in the CPAP group was 78.43 %( 80/100) compared to 61.84% in the oxygen therapy
group (> =5.12, p = 0.0242; OR 2.2, 95% CI 1.1-4.3). Mortality among neonates in
the oxygen therapy group was 35.53 %( 27/76), compared to 12.75 %( 13/100) in the
CPAP group (y*>=12.34, p <0.001; OR 0.3, 95% CI 0.1-0.6). Rates of referral, nasal
trauma, and air leak syndromes were low and did not differ significantly between

groups.2 neonates had in the CPAP group had missing outcome data by day 28.
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Table 4.6: Categorical Outcomes of Neonates

Outcomes CPAP Oxygen e P- OR Test Used
N(%o) N(%o) Value value (95%
Cl)

Discharged 80 (78.4%) 47 (61.8%) 5.12  0.0242 2.2 (1.1- Pearson y2

Referred 3 (2.9%) 2(26%) 001 1.000 1.1(0.2- Fisher's
Nasal Trauma 3 (2.9%) 0 (0%) - 0.3580 Fisher's
Air Leak 1 (1.0%) 0 (0%) - 1.000 Fisher's
Mortality 13 (12.7%) 27 (35.5%) 12.34 <0.001 0.3(0.1- Pearson y?

4.4.2.3.1 Time to CPAP Failure by Hospital

Figure 4.4 shows time to CPAP failure. The time to CPAP failure did not differ
significantly across the three hospitals (log-rank p = 0.26). The Kaplan—Meier curves
of time on CPAP remaining free from failure (composite of death or referral) showed
broadly similar overall patterns between sites. Neonates at MLKH appeared to
experience earlier failures, with a steeper decline in the probability of remaining free
from failure over the first 100 hours of CPAP, whereas MCH showed relatively few
and later failures, with most infants remaining event-free beyond 300 hours of CPAP
and only a small decline in the curve thereafter. PMH demonstrated an intermediate
trajectory, with a gradual reduction in failure-free survival over the first 200 hours.
However, these apparent differences should be interpreted cautiously given the small
number of infants at MCH (n=11) and progressively decreasing numbers at risk over
time in all sites, which limit precision of the estimates and power to detect modest

between-hospital variation.
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Figure 4.4: Time to CPAP Failure by Hospital

4.4.2.3.2 Diagnosis-Specific Mortality

Table 4.7 summarizes diagnosis-specific mortality among the 13 deaths in the CPAP
group and 27 deaths in the oxygen therapy group. In the oxygen therapy group, severe
respiratory distress syndrome (RDS) with respiratory failure accounted for 25.93% of
deaths, compared to 23.08% in the CPAP group, while birth asphyxia and

apnoea/aspiration-related conditions contributed a higher proportion of deaths in the

CPAP group.
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Table 4.7: Diagnosis-Specific Mortality

Diagnosis CPAP group N(%) Oxygen
therapy
Birth asphyxia 3(23.08) 2(7.41)
Prematurity 0 5(18.52)
Apnoe of prematurity 4(30.77) 0

Aspiration  pneumonia
Meconium aspiration 3(23.08) 3(11.11)

Total 13(100) 27(100)

4.4.2.3.3 Reasons for Referral

As shown in Table 4.8, all two referred neonates in the oxygen therapy group were
transferred for ventilatory support. Among the three referred neonates in the CPAP
group, one was referred for ventilatory support, while two were referred at caregiver

request rather than on clinical grounds.

Table 4.8: Reasons for Referral

Reason for referral CPAP group N Oxygen therapy group N
Ventilatory support 1 2
Self request 2 0
Total 3 2

4.4.2.4 Factors Associated with Length of Stay and Mortality

Multivariable logistic regression was used to examine associations between gestational
age, birth weight, initial respiratory support modality, sex, and SASS category with
length of hospital stay and mortality.
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4.4.2.4.1 Factors Associated with Length of Hospital Stay

Table 4.9 shows an inverse association between gestational age and prolonged hospital
stay. Neonates born at less than 28 weeks’ gestation had significantly higher odds of a
prolonged stay compared with those born at 32—<37 weeks (OR 8.753, 95% CI 3.515-
21.793, p < 0.001), and those born at 28-<32 weeks also had increased odds (OR
3.654, 95% CI 1.651-8.086, p = 0.001). Birthweight below 1000 g was strongly
associated with prolonged stay (OR 9.592, 95% CI 4.609-19.965, p < 0.001), while
birthweight 1000-1499 g showed a non-significant trend towards longer stay (OR
2.373, 95% CI1 0.918-6.133, p = 0.064). Neonates in the oxygen therapy group had
higher odds of a longer hospital stay than those in the CPAP group (OR 1.600, 95%
Cl 1.002-3.205, p = 0.048).

Table 4.9: Factors Associated with Length of Hospital Stay

Neonatal Variable Measure OR 95% CI P-value

Gestational age (weeks) <28 8.753 3.515-21.793 <.001
28 - <32 3.654 1.651-8.086 .001
32-<37 (Ref) 1

Birth weight (grams) <1000 9.592 4.609-10.965 <.001
1000-1499 2.373 0.918-6.133 .064
>1500(Ref) 1

Neonate initially on CPAP  Yes (Ref) 1
No 1.600 1.002-3.205 .048

4.4.2.4.2 Factors Associated with Mortality

Table 4.10 summarizes factors associated with mortality. Neonates with birth weight
<1000 g had substantially higher odds of death compared with those >1500 g (OR
8.178, 95% CI 3.462-19.317, p < 0.001), and those weighing 1000-1499 g also had
increased odds (OR 2.337, 95% C11.100-4.962, p = 0.019). Male neonates had higher
odds of death than females (OR 1.928, 95% CI 0.962—-3.864); although the confidence
interval marginally included 1, the p-value indicated a borderline association and
should be interpreted with caution—this should be aligned exactly with your
regression output (either Cl excluding 1 with p =0.019, or Cl including 1 with a higher

p-value). Moderate and severe SAS categories were associated with higher mortality
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compared to mild scores (e.g. moderate SAS OR 2.624, 95% CI 1.389-4.957, p =
0.002). Gestational age <28 weeks was associated with the highest odds of death (OR
11.019, 95% CI 5.392-22.515, p < 0.001). Neonates who missed CPAP as initial
respiratory support had markedly higher odds of mortality than those initiated on
CPAP (OR 11.199, 95% CI1 5.901-21.817, p < 0.001).

Table 4.10: Factors Associated with Mortality

Variable Measure OR 95% CI 95% CI P-
Lower Upper value
Birth weight <1000g 8.178 3.462 19.317 <.001
1000g-1499g 2.337 1.100 4.962 .019
) >1500g (Ref) 1
Sex Female (Ref) 1
Male 1.928 0.962 3.864 .019
SAS Score Moderate 2.624 1.389 4.957 .002
Severe 2.962 1.242 4.119 .006
Gestational <28 weeks 11.019 5.392 22.515 <.001
28 - <32 weeks 1.600 0.882 2.905 .080
Age 32 - <37 weeks 1
Neonate on Yes (Ref) 1
No 11.199 5.901 21.817 <.001

4.5 Healthcare Provider Characteristics

A total of 22 healthcare workers participated in the qualitative component across the
three hospitals, including paediatricians, neonatologists, medical officers, registrars,
medical officer interns, and nurses. Most respondents (77.3%, n = 17) reported having
received training in CPAP implementation, and among these, 82.4% (n = 14) had
obtained certification. Eleven respondents reported having attended refresher
trainings. Other characteristics, such as cadre, years of experience, and exposure to
CPAP standard operating procedures (SOPs), are summarized in Figure 4.5 and Table
4.12.
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Figure 4.5: Healthcare Worker Characteristics

Table 4.11: Description of Qualitative Participants

Hospital Pediatricians Medical Nurses Neonatologist Medical Registrar

Officers Officer
Intern
MLKH 1 1 3 1 1 1
Mbagathi 2 1 2 1 1 -
Pumwani 1 2 3 - 1 -

4.6 Barriers to Implementation of CPAP

Table 4.12 summarizes themes on barriers to CPAP implementation, derived from key
informant and in-depth interviews with healthcare providers. Provider-related factors
included gaps in knowledge and skills, negative or cautious attitudes towards CPAP,

challenges in communication and decision-making, and limited caregiver
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involvement. Hospital-related barriers included inadequate numbers of CPAP
machines and accessories (for example, appropriately sized nasal prongs), human
resource shortages and high staff turnover, limited monitoring devices, frequent
equipment malfunction and power outages, and sub-optimal newborn unit

infrastructure and space.

These qualitative findings were consistent with the quantitative observation that 76
neonates missed CPAP despite prescription. Among these, 67% missed CPAP due to
lack of a vacant or functional CPAP machine or oxygen source, 14% due to lack of
appropriately sized prongs, and 18% because the CPAP prescription was not identified
or acted upon in time. The combined data highlight how human resource constraints,
workload pressures, equipment and consumable gaps, weak SOP implementation, and
limited monitoring capacity contributed to missed opportunities for CPAP, especially

among moderately ill neonates.

Table 4.12: Barriers to Implementation of CPAP

THEMES SUBTHEMES (Number of
Healthcare provider-related factors. -Slight gaps in knowledge and skills among
healthcare providers (15)

-Poor Healthcare personnel attitude (5)

_ -Lack of aoorooriate communication and
Hospital-related Factors. -Inadequacy of CPAP machines and

accessories (22)

-Human resource shortages and increased staff
turnover (12)

4.6.1. Reasons for Missed CPAP Opportunities

Table 4.13 Reasons below summarizes why CPAP was not initiated in 76 neonates

despite the need and prescription made.
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Table 4.13: Reasons for Missed CPAP Opportunity

Reasons N %
No vacant CPAP machine/All machines in use/No vacant

Oxygen concentrator/unfunctional machines. °! 0
Right-size prongs not available. 11 3

Did not identify the need for CPAP despite the prescription 1 ’1
for CPAP

Total 76 100

4.6.2 Shortage of CPAP Machines

The majority of the participants reported scarcity of CPAP machines in the three health
facilities, which led to delays in providing timely respiratory support to neonates with
conditions like RDS. This led to worsening clinical outcomes, as babies often missed

out on early intervention when machines were unavailable, as quoted below;

“Not having enough CPAP machines has always been the biggest challenge to early
initiation of CPAP for babies, ...... ..... a baby is admitted with Respiratory Distress
Syndrome and would probably require CPAP initiated in real time; unfortunately,

this same baby will worsen over time...” (Participant, KII-2)

“There has been an increase in the number of preterms with Respiratory Distress,

which does not tally with the few machines available... ” (Participant, KII-1)
4.6.3 Shortage of Oxygen Source and CPAP Accessories

A recurring challenge in the neonatal units is the inadequate supply of essential
equipment for respiratory support, such as properly sized nasal prongs, oxygen
concentrators, and CPAP machines. These shortages cause delays in initiating CPAP
therapy, particularly for extreme preterm neonates, and force healthcare providers to
improvise, which compromises the effectiveness of treatment. This lack of resources

not only hinders timely care but also causes significant distress for parents, as they are
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informed that their babies cannot receive the necessary respiratory support due to

equipment limitations as quoted below;

“The prongs, capes, oxygen concentrators are also inadequate, and sometimes you
spend an hour waiting for the nurse in charge to borrow oxygen concentrator from

other wards.. (Participant, K11-2)

“Babies are often left awaiting CPAP due to a shortage of oxygen ports, and there is
an imbalance between the number of babies requiring CPAP machines and the

limited availability of these machines.” (Participant, Indepth Interview-10)
4.6.4 Unreliable Functionality of the Machines

The participants highlighted issues with CPAP machine malfunctions, including
delays in identifying and repairing the equipment due to slow response times from
biomedical personnel and the unavailability of essential spare parts. These technical
difficulties result in interruptions to neonate care, with staff resorting to temporary

fixes, such as turning machines off and on, which do not address the underlying issues.

“Sometimes the machines are not functional, and we even take a while to notice this
unless we monitor, and when you call upon the biomedical personnel, they usually

delay to arrive,” (Participant, in-depth interview-3)
4.6.5 Variability in Adherence to CPAP Standard Operating Procedures

Some participants reported the absence of CPAP implementation SOPs in the three
facilities, which has greatly hindered adherence to CPAP implementation standards,
especially for new staff who are not confident about when to initiate CPAP or when to

wean off.

“We do not have SOPs for CPAP implementation pinned on the walls for one to
easily refer to in case they want to initiate CPAP in the absence of a

Clinician,..”(Participant, In-depth interview-15)

Participants recommended unit heads to take up their role to pin up SOPs.
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4.6.6 Ineffective Communication and Decision Making among Healthcare
Workers

Participants also highlighted critical challenges in CPAP initiation, including
ineffective communication among healthcare staff, lack of clear instructions regarding
CPAP settings. These issues contribute to delays in timely care, which may worsen the
condition of neonates requiring respiratory support. Additionally, the burden on
nurses, compounded by insufficient time for collaborative rounds and practical
implementation, further complicates the delivery of efficient care. A participant
quoted;

“Prescriptions for CPAP are only made in the file....and other times they only order
without indicating the CPAP setting...so it is upon you to know the right settings you
will initiate the baby on..” (Participant, KII-1)

Some challenges exist regarding the decision-making process for discontinuing
CPAP therapy or initiating, as instances arise where infants are placed on CPAP
machines for a long duration at maximum settings, but with not much improvement
even after troubleshooting...and you are told not to discontinue CPAP.”

(Participant, In-depth interview-1)

....... vou find that sometimes a neonate has been prescribed for an increment in
F102, and the clinician did not document, let alone verbally notify the nurse on duty
to do so, so there was this one time staff found a neonate desaturating on low
settings and discontinued the CPAP without troubleshooting on why the neonate

is failing, ... ..... " (Participant, KII-5)

4.6.7 Overcrowding in the Newborn Units

Participants noted that overcrowding during feeding times usually delays the initiation
of CPAP therapy for neonates. One participant emphasized a situation where the lack
of space and the need to wait for mothers to finish feeding impacts the timely delivery

of care.
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...... sometimes you do not even have room to move to connect the tubings, so you
have to wait for the mothers to leave after they finish feeding, and then you start

setting up the machine. *“ (Participant, KII-4)
4.6.8 Knowledge and Skills Status among Healthcare Providers

Feedback from respondents pointed to a few cases of knowledge and skills gaps in
CPAP implementation, confounded with reported gaps in standardized training
received among healthcare providers. These gaps may play a role in the delay in
initiating CPAP therapy and suboptimal care, leading to subsequent adverse outcomes
for neonates. This underscores the vital role of continuous education and training

programs for healthcare professionals involved in neonatal care.

“Not every staff is adequately trained, and I see a noticeable knowledge deficit with
some staff who fail to accept that they do not know.... Additionally, lack of
comprehensive training programs and ongoing education initiatives in the neonatal

unit.” (Participant, In-depth interview-5)

“I can honestly say that the training I received was informal... ...basically when I
joined NBU, my colleague showed me the CPAP machine, and how to connect it, and
| was not taught how to troubleshoot when a neonate is not improving, or even care
for the newborn and monitoring of baby on CPAP.....I even recently got to know that
all neonates on CPAP require an OGT.” (Participant, KII-5)

4.6.9 Healthcare Personnel's Perceptions towards Benefits of CPAP

For CPAP to be put to use, a positive healthcare attitude/perception is a crucial
requirement, as demonstrated in the studies. We sought to evaluate the attitude of
healthcare personnel towards CPAP use, and further understand the reasons for the

variance in attitude as reported by the participants, as below.;

“There was this time I requested a nurse to initiate CPAP on a neonate, and the
response | got was that she felt the baby would not benefit from the CPAP
care, ....and more so, she felt the monitoring was not efficient, and that she would

notify the staff on the next shift to initiate. (Participant, KII-2)
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“Some staff members exhibit negative attitudes due to frustration from overwhelming
work or apprehension caused by inadequate training and the complexities associated

with CPAP use. (Participant, In-depth interview-5)

Another Participant reported that the outcomes of VLBW neonates initiated on CPAP

are mostly not good in terms of survival, as per their experience.

“Sometimes I am told to initiate CPAP on an extremely low birth weight neonate,
and then | remember the cases | have interacted with that usually hardly make it, so |
end up hesitating and most times not implementing CPAP, or | request the prescriber

to initiate it...” (Participant, KII-4)
4.6.10 Family Engagement Dynamics in Neonatal Care
(Approaches to Family-Centered Care)

Participants also stressed that the poor outcomes of infants on CPAP are partly due to
the lack of involvement of the caregivers. They pointed out that involvement of parents
and caregivers reduces the healthcare personnel workload, empowers the caregiver on
the benefits of CPAP to improve uptake of CPAP, and also assists in increasing better
outcomes for babies on CPAP, as caregivers can do simple tasks like care of the nares
by applying saline to moisturize to avoid mucus plugs in the nasal cavity which if not

done, may further reduce chances of neonate improving despite continuing CPAP.

....... telling a mother always to place saline in the nose and ensure it is clean,
teaching the mother to look at the continuity of the tubing, and in case they are

disconnected, to inform the healthcare personnel.” (Participant, KII 4)

6

cteerevene.8SOme mothers refuse to have their baby placed on CPAP because they

could have

seen another baby passing on after CPAP therapy ... ”(Participant, In-depth

interview-22)
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4.6.11 Monitoring Devices

Participants reported an inadequacy of monitoring devices like pulse oximeters in all
three hospitals under study. When a neonate is initiated on CPAP, monitoring is
mandatory, and it is the major predictor of whether the neonate is improving on CPAP.
It will require stepping up of settings, weaning off, or even timely identification of the

need for ventilation, as reported below;

“Deterioration of a baby on CPAP is very hard to pick without continuous monitors,
especially when you have more than one resuscitation happening in the unit.
Sometimes you have so much to do that you forget to follow up on the neonates on
CPAP.”

(Participant, Structured in-depth interview-1)

“It is quite absurd to know that we only have 4 pulse oximeters serving over 50
neonates on respiratory support......and at times the batteries are down, and 3 of
them are on charge, so you only work with one, of which sometimes you have babies
to resuscitate who need the device connected until stabilization, so you end up not

picking any deterioration of a baby on CPAP on
time.” (Participant, Structured in-depth interview-6)
Recommendation;

“With the limited number of staffing, continuous monitoring is required to monitor
babies on CPAP, monitor their progress and thus ensure appropriate decisions in
terms of when to step down on CPAP, and also early referral for those who are

failing on CPAP.” (Paticipant , Structured in-depth interview-19)
4.6.12 Infrastructure
Participants reported a poor infrastructure regarding the setup of the newborn unit.

Newborns on respiratory support, and especially CPAP, are mingled with other babies

who do not require respiratory support, which can cause a high risk of discontinuity of
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the machines' circuits. Different scenarios were provided to reflect this challenge as

below:

“Our units have been rooms that were implemented to be NBU....... you find the
triage, admission, and care room in one squeezed room.... this is the same room
where you have the term babies, preterm babies, those with asphyxia, neonatal
jaundice, neonatal sepsis all mixed in the same room... ........... so those with no
respiratory support tend to pull the tubing connected to the ones on respiratory

support next to them.” (Participant, KII-3)

“Out NBU is a 40-bed capacity with a bed occupancy of 150 babies.....so you can
imagine finding 5 babies lying on the same cot, and 1 or 2 of them are on
CPAP, ........ ”(Participant, KII-4)

Participants made recommendations for the hospitals to improve infrastructure.
“Hospital administration needs to plan for designated rooms for CPAP to facilitate

quality care to the newborns without any interruption in care.” (Participant, In-

depth interview-9)
4.6.13 Human Resources and Staff Turnover in NBU

All the participants reported that human resource shortages played a key role in the
challenges encountered in CPAP use in the newborn unit. Together with frequent staff

turnover, these factors greatly impacted care.

“Having 3 nurses on duty to care for 150 neonates, with very critical babies who
might need resuscitation, is a clear indicator of where we stand in our

hospitals.... " (Participant, KII-2)

“They frequently exchange nurses to different areas of the hospital.....an example is
a nurse who has been trained in CPAP being taken to the outpatient department and

being replaced by one from the surgical ward...... ." ( Participant, KII-4)
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From these insights, participants recommended that new staff be trained in newborn
care, including CPAP “... before they bring in staff, they should be trained before
deployment in NBU. " (Participant, KII-4)
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CHAPTER FIVE
DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

5.1 Introduction

This chapter discusses the findings of the study on CPAP uptake and outcomes among
newborns with RD admitted to three county hospital newborn units in Nairobi, Kenya.
The discussion is organized around the study objectives: determining CPAP uptake
and patterns of use; assessing short-term outcomes associated with CPAP; and
evaluating health-system, facility and provider-level barriers and facilitators
influencing CPAP implementation. Where possible, the quantitative and qualitative
findings are triangulated, and the results are interpreted in relation to the existing
literature and the WHO and Kenyan quality-of-care frameworks for small and sick

newborns.

5.2 Discussion

5.2.1 Characteristics of Neonates

In this study, male neonates made up a modest majority of admissions with RD,
consistent with global evidence that male infants are more commonly affected than
females, as reported by (Salib Hamid et al., 2024) and (Fang et al., 2024). The average
birth weight was just above 2 kg, with around half of the neonates classified as low
birth weight, a pattern comparable to preterm cohorts described in Saudi Arabia by
(AlJohani et al., 2020) and other LMIC settings. A substantial proportion of infants
were very preterm (born before 32 weeks), with a mean gestational age in the early-
thirties range, which is similar to the distribution reported by (Odendaal et al., 2024)
and aligns with the high burden of prematurity observed in regional data. Respiratory
distress syndrome was the most frequent diagnosis necessitating CPAP, although its
proportion was lower than that reported by (Aslamzai et al., 2023) among late preterm
infants, likely reflecting our inclusion of both preterm and term neonates rather than a
purely preterm cohort.
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Although the risk of respiratory distress declines with advancing gestational age, a
notable minority of term neonates in this study still required CPAP support,
underscoring the need for careful monitoring and access to respiratory support for all
newborns, not only those born very preterm. Almost all infants were delivered in
hospital, which is higher than the facility-birth coverage reported in earlier
Demographic and Health Surveys but consistent with more recent trends in urban
Kenya; by contrast, Tanzanian work by (Muhunzi et al., 2020) shows substantially
higher home-birth rates in more rural contexts, where distance, transport costs and
lower education constrain access. The proportion of spontaneous vaginal deliveries in

this cohort was in line with WHO global estimates and with hospital-based data from
Kijabe Hospital and multi-state US studies, suggesting that the obstetric profile of our

sample is broadly representative of similar referral facilities.

5.2.2 Uptake of CPAP

In this study, just over half of neonates with RD were initiated on CPAP as the initial
respiratory support, a level of uptake comparable to that reported by (Nyandiko et al.,
2021) in a Kenyan teaching and referral hospital and higher than the low coverage
described by (Dewez & van den Broek, 2017) and (Magondu, 2023) in district and
county hospitals. Reports from Malawi (Kawaza et al., 2016) and other LMICs
similarly show that where CPAP machines are few, many clinically eligible infants
instead receive only low-flow oxygen, reinforcing the role of resource availability in
determining who accesses CPAP. In our cohort, most neonates started CPAP several
hours after prescription rather than immediately, mirroring other studies where delayed
initiation (around day 3) has been associated with poorer survival, while early
initiation within the first 24 hours improves outcomes(Nyandiko et al.,
2021).Triangulation of the quantitative and qualitative findings demonstrated
convergence between the observed CPAP uptake patterns, neonatal outcomes, and
healthcare providers’ experiences across the three hospitals. Quantitatively, CPAP
uptake was suboptimal, initiation was frequently delayed, and outcomes varied
between facilities. These findings were supported by qualitative reports describing

shortages of CPAP machines and accessories, inconsistent availability of monitoring
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equipment, infrastructural limitations, and staffing shortages, all of which constrained

timely initiation and effective monitoring of neonates on CPAP.

CPAP uptake varied appreciably among the three Nairobi hospitals, with one facility
initiating CPAP more than the others, suggesting that local staffing patterns,
equipment availability, leadership, and unit norms strongly influence implementation.
The interfacility variation in CPAP uptake quantitatively observed was further
explained by differences in provider training, mentorship, teamwork, and institutional
support described during interviews. Facilities perceived by respondents to have better
staff familiarity with CPAP, stronger teamwork, and more consistent equipment
availability appeared to demonstrate relatively higher uptake and better short-term
outcomes. Conversely, delays in initiation and poorer outcomes aligned with
providers’ accounts of inadequate staffing, fragmented decision-making, limited
caregiver involvement, and uncertainty regarding CPAP initiation and discontinuation.
However, interpretation of these findings may also have been influenced by
differences in sample sizes, patient volumes, case severity across the study sites, which
may limit direct comparison of CPAP uptake rates between hospitals. Broader Kenyan
evidence supports this interpretation: audits across county hospitals have shown that
only a small minority of neonates with RD receive CPAP, and even at tertiary level a
sizeable proportion of eligible preterm infants miss this therapy(Kakibibi et al., 2025;
Magondu, 2023) . National surveys further highlight an inequitable distribution of
CPAP services, with better access in national and private facilities than in county
hospitals, whereas data from Cape Town, South Africa, show substantially higher

uptake among low-birth-weight neonates in better-resourced LMIC settings(Lategan
etal., 2022).

5.2.3 Short-Term Outcomes of Neonates

Overall, CPAP use in this cohort was associated with more favourable short-term
outcomes than lower-level oxygen therapy alone. Neonates initiated on CPAP were

more likely to have a short hospital stay within the first week, whereas those managed
with oxygen alone more often remained admitted for several weeks; the average length
of stay for all neonates was within the range reported by (Niknajad et al., 2012) for
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low-birth-weight infants and lower than the longer admissions described by (Mehretie
et al., 2024) in higher-risk, very-low-birth-weight populations. Consistent with (De
Klerk & De Klerk, 2001) and a systematic review by (Yazdi et al., 2024), infants in
the CPAP group required fewer days of supplemental oxygen, while those in the
oxygen-only group had more prolonged and variable oxygen requirements; some
CPAP-managed term infants, as noted by (Wright et al., 2025), may still need

intensive support, underscoring the importance of case mix and illness severity.

The discharge proportion in the CPAP group was higher than in the missed-
opportunity group, while overall mortality was markedly lower among CPAP -treated
neonates than among those who received only oxygen, even after accounting for their
generally higher baseline risk. These findings are in keeping with the mortality
reductions associated with CPAP reported in the systematic review by (Thukral et al.,
2016) and with observational work from other African hospitals, although absolute
mortality remained higher than in well-resourced settings. Discharge rates in this study
were higher than those reported by (Bacha et al., 2022) in Ethiopia, where cohorts
included larger proportions of extremely preterm and very-preterm neonates, but
similar to those described by (Nahimana et al., 2015) in rural Rwanda, again
suggesting that differences in case mix and follow-up time may explain much of the

variation.

Referral for invasive ventilatory support was rare in both groups and comparable to
the low referral proportions described by (Desai et al., 2017; Wainaina et al., 2023)
and (Myhre et al., 2016) , who all found that CPAP introduction reduced the need for
escalation to mechanical ventilation. Qualitative interviews indicated that a small
number of referrals from the CPAP group were driven more by caregiver anxiety and
preference for higher-level care than by clear clinical failure, and that limited
communication about progress and prognosis may contribute to such decisions,
echoing concerns raised by (Nyondo-Mipando et al., 2020) about communication gaps
and overcrowded, under-resourced units. Reported CPAP-related complications were

infrequent in our cohort: only a few infants had nasal trauma and suspected air leak
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syndromes were rare, in contrast to the much higher nasal-injury rates reported by
(Ribeiro et al., 2021) which may reflect stronger training and more cautious practice
in the study hospitals, although under-recognition or under-reporting cannot be

excluded.

Patterns of length of stay and mortality by gestational age and birth weight were
consistent with the wider literature. Very preterm neonates and those with extremely
low birth weight were substantially more likely than their more mature, heavier peers
to experience prolonged hospitalization and death, in line with findings from Kenyatta
National Hospital(Cheruiyot, 2013; Mahovo & Velaphi, 2020) and other regional
studies. Mortality was also higher among male neonates, supporting the well-
described “male disadvantage” in neonatal survival (Drevenstedt et al., 2008; Imbo et
al., 2021; Subedi et al., 2022), and increased with higher Silverman Andersen scores
and earlier gestational ages, as shown in Ugandan data by (Mubiri et al., 2020). Finally,
neonates who missed CPAP despite apparent eligibility had a markedly higher risk of
death than those who received it, consistent with the findings of (Morley et al., 2008)
and underscoring the importance of early, appropriate CPAP initiation to improve

survival among newborns with respiratory distress.
5.3 Conclusions

CPAP was used in just over half of neonates with RD, with higher uptake among
preterm, low-birth-weight infants and those with more severe respiratory distress, but

overall coverage remained suboptimal. Uptake and timeliness of CPAP initiation
varied between the three hospitals, influenced by contextual factors such as staffing

levels, equipment and consumable availability, and local clinical practices.

Neonates initiated on CPAP had better short-term outcomes than those managed with
lower-level oxygen therapy alone, including higher discharge rates, shorter hospital
stays and substantially lower 28-day mortality, even after adjustment for gestational

age, birth weight and severity. CPAP was generally safe in these settings, with low
and comparable rates of complications such as nasal trauma and suspected air leak

syndromes between CPAP and non-CPAP groups.
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CPAP implementation was constrained by human resource shortages, high workload,
gaps in equipment and consumables, limited monitoring capacity and inconsistent
refresher training, supervision and communication, resulting in heterogeneous practice
and missed opportunities, especially for moderately ill neonates. While CPAP
represents an effective and safe intervention for improving short-term outcomes
among neonates with RD, addressing these health-system and implementation barriers
is essential to realize its full potential and to align routine practice with WHO and

Kenyan neonatal quality-of-care standards.

5.4 Recommendations

CPAP use in the three Nairobi County hospital newborn units was moderate, uneven
across facilities and clearly associated with better short-term outcomes and low

complication rates, indicating that it is an effective and generally safe intervention

whose benefits are not yet fully realized.

To strengthen health-system and provider-level support for CPAP, the following

actions may be helpful:

e Staffing and skills: Improving nurse and clinician coverage in newborn units,
especially at night and on weekends, and up skilling selected staff as CPAP
“champions” may support more timely initiation and closer monitoring of
therapy.

e Equipment and supplies: Strengthening maintenance systems and supply
chains for CPAP machines and key consumables (e.g., nasal prongs, circuits,
and humidifiers) could reduce interruptions in care and equipment-related
delays.

e Training and supervision: Establishing structured CPAP training for new staff,
periodic refresher sessions and bedside mentorship may enhance confidence
and consistency in CPAP implementation.

e Team communication and protocol use: Encouraging multidisciplinary

handovers and routine discussion of CPAP indications and plans during ward
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rounds and shift changes may improve adherence to existing protocols and
reduce missed opportunities, particularly for moderately ill neonates.

e Quality-of-care integration: Embedding simple CPAP-related indicators into
hospital quality-improvement plans and linking them to national and WHO

newborn standards could help sustain attention to CPAP alongside infection

prevention, thermoregulation and feeding support.
5.5 Areas for Further Research

Future studies could explore longer-term outcomes of neonates who receive CPAP,
including neurodevelopmental outcomes and readmission rates, to better understand
the full impact of CPAP beyond the neonatal period. Implementation research is
needed to evaluate the effectiveness of specific quality-improvement strategies such
as staffing re-design, mentorship models and equipment management interventions in
improving CPAP coverage and outcomes in county hospitals. Further work could also
examine the cost-effectiveness of scaling CPAP and associated health-system

strengthening measures in Kenyan county hospitals, to inform resource allocation

decisions at county and national levels.

69



REFERENCES

Abdel-Hady, H., Mohareb, S., Khashaba, M., Abu-Alkhair, M., & Greisen, G. (1998).
Randomized controlled trial of discontinuation of nasal-CPAP in stable
preterm infants breathing room air. Acta Paediatrica, 87(1), 82-87.
https://doi.org/10.1111/].1651-2227.1998.tb01391.x

AlJohani, E., Qaragei, M., & Al-Matary, A. (2020). Estimating the neonatal length of
stay for preterm babies in a saudi tertiary hospital. Journal of Clinical
Neonatology, 9(1), 13. https://doi.org/10.4103/jcn.JCN_115 19

Aluvaala, J., Nyamai, R., Were, F., Wasunna, A., Kosgei, R., Karumbi, J., Gathara,
D., English, M., & SIRCLE/Ministry of Health Hospital Survey Group.
(2015). Assessment of neonatal care in clinical training facilities in Kenya.
Archives  of Disease in Childhood, 100(1), 42-47.
https://doi.org/10.1136/archdischild-2014-306423

Aslamzai, M., Froogh, B. A., Mukhlis, A. H., Faizi, O. A., Sgjid, S. A., & Hakimi, Z.
(2023). Factors associated with respiratory distress syndrome in preterm
neonates admitted to a tertiary hospital in Kabul city: A retrospective
cross-sectional study. Global Pediatrics, 3, 100035.
https://doi.org/10.1016/j.gpeds.2023.100035

Bacha, L. T., Hailu, W. B., & Tesfaye Geta, E. (2022). Clinical outcome and associated
factors of respiratory distress syndrome among preterm neonates admitted
to the neonatal intensive care unit of Adama Hospital and Medical College.
SAGE Open Medicine, 10, 20503121221146068.
https://doi.org/10.1177/20503121221146068

Birhanu, D., Gebremichael, B., Tesfaye, T., Tadesse, M., Belege, F., Godie, Y.,
Wodaje, M., & Tamiru, E. (2022). Survival status and predictors of
mortality among preterm neonates admitted to neonatal intensive care unit

of Addis Ababa public hospitals, Ethiopia, 2021. A prospective cohort

70



study. BMC Pediatrics, 22(1), 153. https://doi.org/10.1186/512887-022-
03176-7

Blencowe, H., Cousens, S., Chou, D., Oestergaard, M., Say, L., Moller, A.-B., Kinney,
M., Lawn, J., & Born Too Soon Preterm Birth Action Group. (2013). Born
too soon: The global epidemiology of 15 million preterm births.
Reproductive Health, 10(Suppl 1), S2. https://doi.org/10.1186/1742-4755-
10-S1-S2

Cheruiyot, B. (2013). Factors influencing length of hospital stay of neonates admitted
to the newborn unit at Kenyatta National Hospital. Unpublished MMed
Thesis, Nairobi: UoN

Chisti, M. J., Salam, M. A., Smith, J. H., Ahmed, T., Pietroni, M. A. C., Shahunja, K.
M., Shahid, A. S. M. S. B, Faruque, A. S. G., Ashraf, H., Bardhan, P. K.,
Sharifuzzaman, null, Graham, S. M., & Duke, T. (2015). Bubble
continuous positive airway pressure for children with severe pneumonia
and hypoxaemia in Bangladesh: An open, randomised controlled trial.
Lancet,  386(9998), 1057-1065.  https://doi.org/10.1016/S0140-
6736(15)60249-5

Christianson, A., Howson, C., & Modell, B. (2006). MOD Global Report on Birth
Defects. https://www.prevencioncongenitas.org/wp-
content/uploads/2017/02/Global-report-on-birth-defects-The-hidden-toll-
of-dying-and-disabled-children-Full-report.pdf

Clark, R. R. S., & Lake, E. T. (2021). Spontaneous vaginal birth varies significantly
across uUsS hospitals. Birth, 48(1), 44-51.
https://doi.org/10.1111/birt.12508

Creswell, J. W. (2013). Qualitative Inquiry & Research Design Choosing among Five
Approaches (3rd ed.). Thousand Oaks, CA SAGE. - References—Scientific
Research Publishing. (n.d.). Retrieved April 1, 2026, from

71



https://www.scirp.org/reference/ReferencesPapers?ReferencelD=180730
2

De Klerk, A., & De Klerk, R. (2001). Nasal continuous positive airway pressure and
outcomes of preterm infants. Journal of Paediatrics and Child Health,
37(2), 161-167. https://doi.org/10.1046/j.1440-1754.2001.00624.x

Desai, S., Tule, P., & Nanavati, R. (2017). Labour Room Continuous Positive Airway
Pressure (LR CPAP) In Preterm Neonates. Sudanese Journal of
Paediatrics, 30—34. https://doi.org/10.24911/SJP.2017.2.3

Dewez, J. E., & van den Broek, N. (2017). Continuous positive airway pressure

(CPAP) to treat respiratory distress in newborns in low- and middle-

income countries. Tropical Doctor, 47(1), 19-22.

https://doi.org/10.1177/0049475516630210

Drevenstedt, G. L., Crimmins, E. M., Vasunilashorn, S., & Finch, C. E. (2008). The
rise and fall of excess male infant mortality. Proceedings of the National

Academy of Sciences, 105(13), 5016-5021.
https://doi.org/10.1073/pnas.0800221105

Dyer, J. (2019). Neonatal Respiratory Distress Syndrome: Tackling A Worldwide

Problem. P & T: A Peer-Reviewed Journal for Formulary Management,
44(1), 12-14.

Fang, K., Yue, S., Wang, S., Wang, M., Yu, X., Ding, Y., Lv, M., Liu, Y., Cao, C., &

Liao, Z. (2024). The association between sex and neonatal respiratory

distress syndrome. BMC Pediatrics, 24(1), 129.

https://doi.org/10.1186/s12887-024-04596-3

Gaurav, Naik, S. A., & Ahmad, S. T. (2023). The epidemiology of neonatal respiratory
distress in a tertiary care neonatal Centre Kashmir India. International
Journal  of  Contemporary  Pediatrics, 10(7),

1040-1043.
https://doi.org/10.18203/2349-3291.ijcp20231839

72



Guest, G., Bunce, A., & Johnson, L. (2006). How Many Interviews Are Enough?: An
Experiment with Data Saturation and Variability. Field Methods, 18(1),
59-82. https://doi.org/10.1177/1525822X05279903

Ho, J. J., Subramaniam, P., Sivakaanthan, A., & Davis, P. G. (2020). Early versus
delayed continuous positive airway pressure (CPAP) for respiratory
distress in preterm infants. The Cochrane Database of Systematic Reviews,
10(10), CD002975. https://doi.org/10.1002/14651858.CD002975.pub2

Hundalani, S. G., Richards-Kortum, R., Oden, M., Kawaza, K., Gest, A., & Molyneux,
E. (2015). Development and validation of a simple algorithm for initiation
of CPAP in neonates with respiratory distress in Malawi. Archives of
Disease in Childhood. Fetal and Neonatal Edition, 100(4), F332-336.
https://doi.org/10.1136/archdischild-2014-308082

Ikechebelu, J. 1., Eleje, G. U., Onubogu, C. U., Ojiegbe, N. O., Ekwochi, U., Ezebialu,
I. U., Ezenkwele, E. P., Nzeribe, E. A., Umeh, U. A., Obumneme-Anyim,
I., Nwokeji-Onwe, L. N., Settecase, E., Ugwu, I. A., Chianakwana, O.,
Ibekwe, N. T., Ezeaku, O. I., Ekweagu, G. N., Onwe, A. B,, Lavin, T., &
Tukur, J. (2024). Incidence, predictors and immediate neonatal outcomes
of birth asphyxia in Nigeria. BJOG: An International Journal of Obstetrics
and Gynaecology, 131(Suppl 3), 88-100. https://doi.org/10.1111/1471-
0528.17816

Imbo, A. E., Mbuthia, E. K., & Ngotho, D. N. (2021). Determinants of Neonatal
Mortality in Kenya: Evidence from the Kenya Demographic and Health
Survey 2014. International Journal of MCH and AIDS, 10(2), 287—295.
https://doi.org/10.21106/ijma.508

Irimu, G., Aluvaala, J., Malla, L., Omoke, S., Ogero, M., Mbevi, G., Waiyego, M.,
Mwangi, C., Were, F., Gathara, D., Agweyu, A., Akech, S., English, M.,
& Clinical Information Network authors. (2021). Neonatal mortality in
Kenyan hospitals: A multisite, retrospective, cohort study. BMJ Global
Health, 6(5), e004475. https://doi.org/10.1136/bmjgh-2020-004475

73



Jain, N., & James, J. (2017). Impact of Early CPAP on the Respiratory Care of Preterm
Babies—An  Audit. Journal of Neonatology, 31(1-2), 1-5.
https://doi.org/10.1177/0973217920170101

Jovici¢, M., Milosavljevi¢, M. N., Foli¢, M., Pavlovi¢, R., & Jankovi¢, S. M. (2023).
Predictors of Mortality in Early Neonatal Sepsis: A Single-Center
Experience. Medicina, 59(3), 604.
https://doi.org/10.3390/medicina59030604

Kakibibi, P., Marangu-Boore, D., & Murila, F. (2025). Missed opportunity for nasal
continuous positive airway pressure in preterm neonates admitted at a
tertiary-level hospital newborn unit in Kenya: A mixed method study. BMJ
Open, 15(1), e085026. https://doi.org/10.1136/bmjopen-2024-085026

Kawaza, K., Machen, H. E., Brown, J., Mwanza, Z., Iniguez, S., Gest, A., O’Brian
Smith, E., Oden, M., Richards-Kortum, R. R., & Molyneux, E. (2016).
Efficacy of a low-cost bubble CPAP system in treatment of respiratory
distress in a neonatal ward in Malawi. Malawi Medical Journal: The
Journal of Medical Association of Malawi, 28(3), 131-137.

Kielt, M., Beer, L., Rivera, B., Jama, W., Slaughter, J., Backes, C., & Conroy, S.
(2023). Association of the Respiratory Severity Score with
Bronchopulmonary Dysplasia-Associated Pulmonary Hypertension in
Infants Born Extremely Preterm. In Review.
https://doi.org/10.21203/rs.3.rs-2852392/v1

Kinshella, M.-L. W., Walker, C. R., Hiwa, T., Vidler, M., Nyondo-Mipando, A. L.,
Dube, Q., Goldfarb, D. M., & Kawaza, K. (2020). Barriers and facilitators
to implementing bubble CPAP to improve neonatal health in sub-Saharan
Africa: A systematic review. Public Health Reviews, 41(1), 6.
https://doi.org/10.1186/s40985-020-00124-7

KNBS. (2023). Kenya Demographic and Health Survey 2022. Kenya National Bureau
of Statistics. https://dhsprogram.com/pubs/pdf/PR143/PR143.pdf

74



Koyamaibole, L., Kado, J., Qovu, J. D., Colquhoun, S., & Duke, T. (2006). An
Evaluation of Bubble-CPAP in a Neonatal Unit in a Developing Country:
Effective Respiratory Support That Can Be Applied By Nurses. Journal of
Tropical Pediatrics, 52(4), 249-253.
https://doi.org/10.1093/tropej/fmi109

Lategan, I., Price, C., Rhoda, N. R., Zar, H. J., & Tooke, L. (2022). Respiratory
Interventions for Preterm Infants in LMICs: A Prospective Study From
Cape Town, South Africa. Frontiers in Global Women’s Health, 3,
817817. https://doi.org/10.3389/fgwh.2022.817817

Lawn, J. E., Davidge, R., Paul, V. K., von Xylander, S., de Graft Johnson, J., Costello,
A., Kinney, M. V., Segre, J., & Molyneux, L. (2013). Born too soon: Care
for the preterm baby. Reproductive Health, 10 Suppl 1(Suppl 1), S5.
https://doi.org/10.1186/1742-4755-10-S1-S5

Lissauer, T., Duke, T., Mellor, K., & Molyneux, L. (2017). Nasal CPAP for neonatal
respiratory support in low and middle-income countries. Archives of
Disease in Childhood. Fetal and Neonatal Edition, 102(3), F194-F196.
https://doi.org/10.1136/archdischild-2016-311653

Magondu, J. N. (2023). An Audit of the Use of Nasal Continuous Positive Airway
Pressure in Neonates With Respiratory Distress, Admitted to the Newborn
Units of Four County and Sub-county Hospitals in Kenyatta—(A Cross-
sectional Observational Study) [Thesis, University of Nairobi].
https://erepository.uonbi.ac.ke/handle/11295/165211

Mahovo, R., & Velaphi, S. (2020). Duration of Hospital Stay and Factors Associated
with Prolonged Hospital Stay in Very Low Birth Weight Infants Surviving
to Hospital Discharge. Journal of Pediatrics, Perinatology and Child
Health, 03(04). https://doi.org/10.26502/jppch.74050032

Mahtab, S., Madhi, S. A., Baillie, V. L., Els, T., Thwala, B. N., Onyango, D., Tippet-
Barr, B. A., Akelo, V., lgunza, K. A., Omore, R., Arifeen, S. E., Gurley,

75



E. S., Alam, M., Chowdhury, A. I., Rahman, A., Bassat, Q., Mandomando,
I., Ajanovic, S., Sitoe, A., ... for the CHAMPS Consortium. (2023).
Causes of death identified in neonates enrolled through Child Health and
Mortality Prevention Surveillance (CHAMPS), December 2016 —
December 2021. PLOS Global Public Health, 3(3), e0001612.
https://doi.org/10.1371/journal.pgph.0001612

Masaba, B. B., & Mmusi-Phetoe, R. M. (2020). Neonatal Survival in Sub-Sahara: A
Review of Kenya and South Africa. Journal of Multidisciplinary
Healthcare, 13, 709-716. https://doi.org/10.2147/JMDH.S260058

McCarty, D. B., Ferrari, R. M., Golden, S., Zvara, B. J., Wilson, W. D., & Shanahan,
M. E. (2024). Identifying Facilitators and Barriers to Neonatal Intensive
Care Unit Visitation in Mothers of Low Socioeconomic Status: A
Qualitative Investigation. Children, 11(11), 1390.
https://doi.org/10.3390/children11111390

Mehretie, Y., Amare, A. T., Getnet, G. B., & Mekonnen, B. A. (2024). Length of
hospital stay and factors associated with very-low-birth-weight preterm
neonates surviving to discharge a cross-sectional study, 2022. BMC
Pediatrics, 24(1), 80. https://doi.org/10.1186/s12887-024-04532-5

Milner, A. D., Saunders, R. A., & Hopkin, I. E. (1977). Effects of Continuous
Distending Pressure on Lung Volumes and Lung Mechanics in the
Immediate Neonatal Period. Neonatology, 31(1-2), 111-115.
https://doi.org/10.1159/000240950

Morley, C. J., Davis, P. G., Doyle, L. W., Brion, L. P., Hascoet, J.-M., & Carlin, J. B.
(2008). Nasal CPAP or Intubation at Birth for Very Preterm Infants. New
England Journal of Medicine, 358(7), 700-708.
https://doi.org/10.1056/NEJM0a072788

Mubiri, P., Nambuya, H., Kajjo, D., Butrick, E., Namazzi, G., Santos, N., Walker, D.,
& Waiswa, P. (2020). Birthweight and gestational age-specific neonatal

76



mortality rate in tertiary care facilities in Eastern Central Uganda. Health
Science Reports, 3(4), e196. https://doi.org/10.1002/hsr2.196

Muhunzi, S., Samwel Ngocho, J., Mwanamsangu, A., Sanga, L., Hiza, H., E Msuya,
S., & J Mahande, M. (2020). Prevalence, predictors and reasons for home
delivery amongst women of childbearing age in Dodoma Municipality in
central Tanzania. African Health Sciences, 20(4), 1933-1942.
https://doi.org/10.4314/ahs.v20i4.52

Myhre, J., Immaculate, M., Okeyo, B., Anand, M., Omoding, A., Myhre, L., Okeyo,
L., Barasa, I., & Letchford, S. (2016). Effect of Treatment of Premature
Infants with Respiratory Distress Using Low-cost Bubble CPAP in a Rural
African Hospital. Journal of Tropical Pediatrics, 62(5), 385-389.
https://doi.org/10.1093/tropej/fmw023

Nabwera, H. M., Wang, D., Tongo, O. O., Andang’o, P. E. A., Abdulkadir, 1., Ezeaka,
C. V., Ezenwa, B. N., Fajolu, I. B., Imam, Z. O., Mwangome, M. K,
Umoru, D. D., Akindolire, A. E., Otieno, W., Nalwa, G. M., Talbert, A.
W., Abubakar, I., Embleton, N. D., Allen, S. J., & Neonatal Nutrition
Network (NeoNuNet). (2021). Burden of disease and risk factors for
mortality amongst hospitalized newborns in Nigeria and Kenya. PloS One,
16(1), e0244109. https://doi.org/10.1371/journal.pone.0244109

Nabwera, H. M., Wright, J. L., Patil, M., Dickinson, F., Godia, P., Maua, J., Sammy,
M. K., Naimoi, B. C., Warfa, O. H., Dewez, J. E., Murila, F., Manu, A.,
Smith, H., & Mathai, M. (2020). ‘Sometimes you are forced to play
God...”: A qualitative study of healthcare worker experiences of using
continuous positive airway pressure in newborn care in Kenya. BMJ Open,
10(8), e034668. https://doi.org/10.1136/bmjopen-2019-034668

Naghavi, M., Abajobir, A. A., Abbafati, C., Abbas, K. M., Abd-Allah, F., Abera, S.
F., Aboyans, V., Adetokunboh, O., Afshin, A., Agrawal, A., Ahmadi, A.,
Ahmed, M. B., Aichour, A. N., Aichour, M. T. E., Aichour, I., Aiyar, S.,
Alahdab, F., Al-Aly, Z., Alam, K., ... Murray, C. J. L. (2017). Global,

77



regional, and national age-sex specific mortality for 264 causes of death,
1980-2016: A systematic analysis for the Global Burden of Disease Study
2016. The Lancet, 390(10100), 1151-1210.
https://doi.org/10.1016/S0140-6736(17)32152-9

Nahimana, E., Ngendahayo, M., Magge, H., Odhiambo, J., Amoroso, C. L., Muhirwa,
E., Uwilingiyemungu, J. N., Nkikabahizi, F., Habimana, R., & Hedt-
Gauthier, B. L. (2015). Bubble CPAP to support preterm infants in rural
Rwanda: A retrospective cohort study. BMC Pediatrics, 15, 135.
https://doi.org/10.1186/s12887-015-0449-x

Ng’ang’a, P. (2017). Clinical profile and audit of management of preterm infants with
respiratory distress syndrome at the Kenyatta National Hospital. [Thesis,
University of Nairobi].
https://erepository.uonbi.ac.ke/handle/11295/101687

Niknajad, A., Ghojazadeh, M., Sattarzadeh, N., Bashar Hashemi, F., & Dezham Khoy
Shahgholi, F. (2012). Factors affecting the neonatal intensive care unit stay
duration in very low birth weight premature infants. Journal of Caring
Sciences, 1(2), 85-92. https://doi.org/10.5681/jcs.2012.013

Nyandiko, W. M., Kiptoon, P., & Lubuya, F. A. (2021). Neonatal hypothermia and
adherence to World Health Organisation thermal care guidelines among
newborns at Moi Teaching and Referral Hospital, Kenya. PLOS ONE,
16(3), e0248838. https://doi.org/10.1371/journal.pone.0248838

Nyondo-Mipando, A. L., Woo Kinshella, M.-L., Bohne, C., Suwedi-Kapesa, L. C.,
Salimu, S., Banda, M., Newberry, L., Njirammadzi, J., Hiwa, T., Chiwaya,
B., Chikoti, F., Vidler, M., Dube, Q., Molyneux, E., Mfutso-Bengo, J.,
Goldfarb, D. M., Kawaza, K., & Mijovic, H. (2020). Barriers and enablers
of implementing bubble Continuous Positive Airway Pressure (CPAP):
Perspectives of health professionals in Malawi. PloS One, 15(2),
€0228915. https://doi.org/10.1371/journal.pone.0228915

78



Odendaal, H., Brink, L. T., Lachman, A., & Nel, D. (2024). Risk factors for small for
gestational age as defined by a birthweight z-score below minus one: A
prospective observational study. Medical Research Archives, 12(8), 5731.
https://doi.org/10.18103/mra.v12i8.5731

Oestergaard, M. Z., Inoue, M., Yoshida, S., Mahanani, W. R., Gore, F. M., Cousens,
S., Lawn, J. E., Mathers, C. D., & United Nations Inter-Agency Group for
Child Mortality Estimation and the Child Health Epidemiology Reference
Group. (2011). Neonatal mortality levels for 193 countries in 2009 with
trends since 1990: A systematic analysis of progress, projections, and
priorities. PLoS Medicine, 8(8), £1001080.
https://doi.org/10.1371/journal.pmed.1001080

Okello, F., Egiru, E., Ikiror, J., Acom, L., Loe, K., Olupot-Olupot, P., & Burgoine, K.
(2019). Reducing preterm mortality in eastern Uganda: The impact of
introducing low-cost bubble CPAP on neonates <1500 g. BMC Pediatrics,
19(1), 311. https://doi.org/10.1186/s12887-019-1698-x

Pinto, V. L., Sankari, A., & Sharma, S. (2026). Continuous Positive Airway Pressure.
In StatPearls. StatPearls Publishing.
http://www.ncbi.nlm.nih.gov/books/NBK482178/

Ribeiro, D. de F. C., Barros, F. S., Fernandes, B. L., Nakato, A. M., & Nohama, P.
(2021). Incidence and Severity of Nasal Injuries in Preterm Infants
Associated to Non-Invasive Ventilation Using Short Binasal Prong.
Global Pediatric Health, 8, 2333794X211010459.
https://doi.org/10.1177/2333794X211010459

Ryder, J. R., Kaizer, A. M., Rudser, K. D., Daniels, S. R., & Kelly, A. S. (2016). Utility
of Body Mass Index in Identifying Excess Adiposity in Youth Across the
Obesity Spectrum. The Journal of Pediatrics, 177, 255-261.e2.
https://doi.org/10.1016/j.jpeds.2016.06.059

79



Salib Hamid, Naik, S. A., & Shafat Tak. (2024). The demographic profile, clinical
spectrum, and outcome of term neonates requiring continuous positive
airway pressure in a tertiary care teaching hospital. Asian Journal of
Medical Sciences, 15(2), 209-215.
https://doi.org/10.3126/ajms.v15i1.55292

Sankar, M. J., Sankar, J., Agarwal, R., Paul, V. K., & Deorari, A. K. (2008). Protocol
for administering continuous positive airway pressure in neonates. Indian
Journal of Pediatrics, 75(5), 471-478. https://doi.org/10.1007/s12098-
008-0074-x

Schindler, T., Koller-Smith, L., Lui, K., Bajuk, B., Bolisetty, S., & New South Wales
and Australian Capital Territory Neonatal Intensive Care Units’ Data
Collection. (2017). Causes of death in very preterm infants cared for in
neonatal intensive care units: A population-based retrospective cohort
study. BMC Pediatrics, 17(1), 59. https://doi.org/10.1186/s12887-017-
0810-3

Subedi, S., Katz, J., Erchick, D. J., Verhulst, A., Khatry, S. K., Mullany, L. C., Tielsch,
J. M., LeClerq, S. C., Christian, P., West, K. P., & Guillot, M. (2022). Does
higher early neonatal mortality in boys reverse over the neonatal period?
A pooled analysis from three trials of Nepal. BMJ Open, 12(5), e056112.
https://doi.org/10.1136/bmjopen-2021-056112

Switchenko, N., Kibaru, E., Tsimbiri, P., Grubb, P., Anderson Berry, A., & Fassl, B.
(2020). Implementation of a Bubble CPAP Treatment Program for Sick
Newborns in Nakuru, Kenya: A Quality Improvement Initiative. Global
Pediatric Health, 7, 2333794X20939756.
https://doi.org/10.1177/2333794X20939756

Tefera, M., Assefa, N., Mengistie, B., Abrham, A., Teji, K., & Worku, T. (2020).
Elective Cesarean Section on Term Pregnancies Has a High Risk for
Neonatal Respiratory Morbidity in Developed Countries: A Systematic

80



Review and Meta-Analysis. Frontiers in Pediatrics, 8, 286.
https://doi.org/10.3389/fped.2020.00286

Thukral, A., Sankar, M. J., Chandrasekaran, A., Agarwal, R., & Paul, V. K. (2016).
Efficacy and safety of CPAP in low- and middle-income countries.
Journal of Perinatology, 36(S1), S21-S28.
https://doi.org/10.1038/jp.2016.29

Tooke, L., Ehret, D. E. Y., Okolo, A., Dlamini-Ngeketo, S., Joolay, Y., Minto’o, S.,
Pillay, S., Abdallah, Y., Naburi, H., Ndour, D., Brobby, N., & Stevenson,
A. G. (2022). Limited resources restrict the provision of adequate neonatal
respiratory care in the countries of Africa. Acta Paediatrica, 111(2), 275—
283. https://doi.org/10.1111/apa.16050

Van Marter, L. J., Allred, E. N., Pagano, M., Sanocka, U., Parad, R., Moore, M.,
Susser, M., Paneth, N., & Leviton, A. (2000). Do clinical markers of
barotrauma and oxygen toxicity explain interhospital variation in rates of
chronic lung disease? The Neonatology Committee for the Developmental
Network. Pediatrics, 105(6), 1194-1201.
https://doi.org/10.1542/peds.105.6.1194

Vos, T., Lim, S. S., Abbafati, C., Abbas, K. M., Abbasi, M., Abbasifard, M., Abbasi-
Kangevari, M., Abbastabar, H., Abd-Allah, F., Abdelalim, A., Abdollahi,
M., Abdollahpour, 1., Abolhassani, H., Aboyans, V., Abrams, E. M.,
Abreu, L. G., Abrigo, M. R. M., Abu-Raddad, L. J., Abushouk, A. 1., ...
Murray, C. J. L. (2020). Global burden of 369 diseases and injuries in 204
countries and territories, 1990-2019: A systematic analysis for the Global
Burden of Disease Study 2019. The Lancet, 396(10258), 1204-1222.
https://doi.org/10.1016/S0140-6736(20)30925-9

Wainaina, J., Irimu, G., English, M., Mbaire, E., Waiyego, M., Manyasi, C., Kimutali,
D., Emadau, C., Muturi, C., & Aluvaala, J. (2023). Assessment of neonatal

referral infrastructure and clinical characteristics of referred neonates in

81



three first referral hospitals in Nairobi County, Kenya. Wellcome Open
Research, 8, 126. https://doi.org/10.12688/wellcomeopenres.18871.3

WHO. (nd.). Low birth weight. Retrieved March 24, 2026, from
https://www.who.int/data/nutrition/nlis/info/low-birth-weight

WHO. (2023, February 27). Congenital disorders. Retrieved from

https://www.who.int/news-room/fact-sheets/detail/birth-defects

WHO. (2024, May 16). Neonatal mortality rate (per 1000 live births). Datadot.
https://data.who.int/indicators/i/E3CAF2B/A4C49D3

WHO. (2026, March 26). Newborn | WHO | Regional Office for Africa. Retrieved from

https://www.afro.who.int/health-topics/newborn

Wright, J. L., Haddon, E., Nabwera, H. M., Dickinson, F. M., Hoare, M.-J., Godia, P.,
Maua, J., Sammy, M. K., Naimoi, B. C., Muchemi, O., Kawira, S.,
Mutuku, J., Warfa, O. H., Ochieng, B., Ngugi, S., Govoga, A., Murila, F.,
Manu, A., Macharia, W. M., ... Dewez, J. E. (2025). A survey on the use
of continuous positive airway pressure in newborn care in Kenya in 2017-
2018. PloS One, 20(4), e0322310.
https://doi.org/10.1371/journal.pone.0322310

Yazdi, S., Carlo, W. A., Nakhmani, A., Boateng, E. O., Aban, I., Ambalavanan, N., &
Travers, C. P. (2024). Extended CPAP or low-flow nasal cannula for
intermittent hypoxaemia in preterm infants: A 24-hour randomised clinical
trial. Archives of Disease in Childhood. Fetal and Neonatal Edition,
109(5), 557-561. https://doi.org/10.1136/archdischild-2023-326605

Yong, S.-C., Chen, S.-J., & Boo, N.-Y. (2005). Incidence of nasal trauma associated
with nasal prong versus nasal mask during continuous positive airway
pressure treatment in very low birthweight infants: A randomised control
study. Archives of Disease in Childhood - Fetal and Neonatal Edition,
90(6), F480-F483. https://doi.org/10.1136/adc.2004.069351

82



83



APPENDICES

The qualitative data collection tools (key informant interview guide) were developed
based on the study objectives, literature review on neonatal respiratory distress and
CPAP implementation, and gaps identified in previous studies on CPAP uptake and
use in low-resource settings. The initial draft was prepared in alignment with the
specific objectives focusing on uptake, outcomes, and health system-related barriers

and facilitators.

Content validity was ensured through review by subject matter experts in neonatology,
public health, and research methodology. Feedback from supervisors was incorporated
to improve clarity, relevance, and comprehensiveness of the questions. The tool was
also pretested in a similar setting not included in the study to assess clarity, flow, and
appropriateness of questions. Findings from the pretest were used to refine wording,
remove ambiguities, and improve sequencing of questions before final data collection.
Quantitative data tools pretesting and validation explained in data collection

procedures.
Appendix I: Neonatal Data Collection Tool

Study Title: Uptake of CPAP and Outcomes among Newborns Admitted in Three
County Hospitals in Nairobi, Kenya

Section 1: Registration

1.1 Study Serial Number:

1.2 Date of Data Collection (DD/MM/YYYY):

Section 2: Neonatal and Maternal Information

2.1 Gender: [ Male ] Female

2.2 Date of Birth (DD/MM/YYYY):
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2.3 Time of Birth (HH:MM):

2.4 Mode of Delivery: [1 SVD [1 Emergency C/S [ Elective C/S [ Assisted [

Other (specify):

2.5 Place of Delivery: [1 Hospital L1 Home [ Other (specify):

2.6 Date & Time of Admission to NBU:

2.7 Silverman Andersen Respiratory Severity Score (SASS) on Admission:

2.8 Diagnosis on Admission:

2.9 Current Diagnosis:

2.10 Treatment Given (include CPAP if applicable):

2.11 Gestational Age at Birth (weeks):

2.12 Significant Maternal History:

2.13 Birth Weight (grams):

2.14 Current Weight (grams):

2.15 Length (cm):

2.16 Head Circumference (cm):

Section 3: Clinical Scores and Respiratory Support

3.1 APGAR Scores:

1 min:
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5 min:

10 min:

3.2 If Birth Asphyxia: Thompson Score:

3.3 Was CPAP Prescribed? [J Yes LI No

3.4 Date & Time of CPAP Prescription:

3.5 Was CPAP Initiated? [J Yes [J No

3.6 If Yes, Date & Time of CPAP Initiation:

3.7 If CPAP Not Initiated, Was Alternative Oxygen Therapy Given? [1 Yes [1 No

3.8 If Yes, specify mode and flow rate of alternative oxygen therapy:

Section 4: Outcome (At Time of Data Collection)

4.1 Is the Baby Weaned Off CPAP? ] Yes [1 No 1 Not applicable

4.2 1s the Baby Currently on Oxygen Therapy? [1 Yes [] No

4.3 Was the Baby Referred? [1 Yes [1 No

If Yes, reason for referral:

4.4 Was the Baby Discharged? L] Yes [] No

4.5 Outcome at Discharge: [1 Alive [] Deceased [1 Referred

4.6 Date and Time of Qutcome:
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4.7 Length of Hospital Stay (days):

4.8 Duration of Supplemental Oxygen (days):

4.9 Were there any adverse events due to any mode of respiratory support during the

hospital stay? [] Yes [ No If Yes, specify:
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Appendix I1: Neonatal Clinical Parameters

Study Serial Number:

Parameter

At Admission/CPAP

At Time of Outcome

Respiratory Rate

Pulse Rate

SPO,

SARS Score

Thompson  Score (if

annlinahla P hivth

Investigations and

I/ nviindinan

88




Appendix I11: Neonatal Outcomes Tools per Hospital

Hospital: ..o

Outcome

The number of neonates admitted in NBU during the study month

with Respiratory Distress.

Number of neonates with a prescription of CPAP treatment in the

The average length of hospital stays for neonates who required

The length of supplemental oxygen needed.

Number of neonates who required ventilatory support.

Number of deaths of neonates during the study period.
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Appendix IV: In-Depth Interview Guide for Healthcare Workers

Study Title: Uptake of CPAP and Outcomes among Newborns Admitted in Three
County Hospitals in Nairobi, Kenya

Serial Number:

Cadre:

Section A: Participant Characteristics (Closed-Ended)

Please tick what applies.

Have you been trained in CPAP implementation? [ Yes [J No

Was the training certified? [ Yes [1 No

If yes, have you had a refresher course or training in CPAP implementation?

(1 Yes L1 No If no (to Q1 or Q3), please specify the training method:

Where would you rate yourself regarding knowledge in CPAP implementation?

] Confident ] Not confident

Section B: CPAP Implementation and Standard Operating Procedures

Avre there displayed Standard Operating Procedures (SOPs) in the newborn unit about
CPAP use in newborns? [ Yes L[] No

If yes, do you utilize the SOPs? [ Yes [J No

If not, please mention any challenges:
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Section C: Experiences and Perceptions (Open-Ended)

7. According to your experience in CPAP use, what are the major barriers to CPAP

implementation or use in the newborn unit? ...

8. List and explain 3 challenges or barriers faced in CPAP implementation in the

newborn unit.

9. List and explain 2 case scenarios that you have personally experienced which reflect
the challenges or gaps in CPAP implementation among staff?

10. Mention 3 recommendations in detail that would improve CPAP use in the

newborn unit?
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Appendix V: Key Informant Interview Guide on CPAP Uptake

Serial Number:

Date (DD/MM/YYYY):

Please explain three challenges or barriers faced in the uptake of CPAP in the newborn
unit.

In detail, kindly explain two case scenarios that you have personally experienced that
reflect the challenges or gaps in the uptake of CPAP.

In detail, kindly mention three recommendations to improve CPAP uptake in the

newborn unit.
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Appendix V: Key Informant Interview guide on CPAP uptake.

Serial number: Date:

1. Please explain 3 challenges or barriers faced in the uptake of CPAP in the
newborn unit.

2. Indetail, kindly explain 2 case scenarios that you have personally experienced
that reflect the challenges or gaps in the uptake of CPAP.

3. In detail, kindly mention 3 recommendations to improve CPAP uptake in the

newborn unit.
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Appendix VI: Consent Forms
Parental/Caretaker Consent Form for Participation in a Research Study.

Study title: UPTAKE OF CPAP AND OUTCOMES AMONG NEWBORNS
ADMITTED IN THREE COUNTY HOSPITALS IN NAIROBI, KENYA

Study number: Date:
Introduction

We are inviting you to participate in a research study being conducted at this hospital.
The study seeks to assess the outcomes of a type of breathing support known as CPAP
(Continuous Positive Airway Pressure) among newborns admitted with breathing
difficulties.

Your baby has been prescribed CPAP therapy, and we kindly request your permission

to include their information in this study.
Purpose of the Survey

The purpose of this study is to evaluate the outcomes of newborns who are prescribed
CPAP for respiratory distress (breathing problems). Findings from this study will help
improve the management of similar cases and inform healthcare policy, particularly

regarding the provision of equipment and care practices in newborn units.
What participation involves?
If you consent, we will collect basic information about you and your baby.

We will review your baby’s medical records to record outcomes over a period of 28
days following the prescription of CPAP therapy. No additional procedures or

interventions will be performed, as we will only be observing your baby.
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Benefits

Although there is no direct benefit to you or your baby, the information obtained may

help improve the care of other newborns with similar conditions in the future.
Risks

There are no risks involved in participating in this study. We will only be reviewing

routine medical data.
Confidentiality

e Your baby’s details will remain strictly confidential.

e No names or identifying information will be used in any reports or
publications.

e Only the research team and the attending doctors (if needed) will have access
to the data.

Voluntary Participation

e Participation in this study is entirely voluntary. You may choose not to
participate or to withdraw at any time without affecting the medical care your

baby receives.
In case of questions or concerns
If you have any questions about this study, you may contact:

Principal Investigator: Dr. Resty Musigula,Tel: +254 759 168 774 [ +254 762 400 084.
Institutional Research and Ethics Committee (IREC), JKUAT: Dr. Elizabeth Eucabeth
(Secretary), Tel: +254 725 996 171, Email: ethics@jkuat.ac.ke.

Consent Statement

This study has been explained to me in a language | understand. | have been able to

ask questions, and all my questions have been answered satisfactorily. | know that my
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participation is voluntary and that I may withdraw at any time without any penalty or

effect on my baby's care.

| agree to allow my baby to participate in this research study by signing or placing my
thumbprint below.

Name (Initials):

Relationship to Baby:

Date (dd/mm/yyyy):

Baby’s Initials:

Signature/Thumbprint:

Initials of Research Assistant:

Fomu ya Idhini ya Mzazi/Mlezi kwa Kushiriki katika Utafiti wa Utafiti.

Jina la somo: KUCHUKUA CPAP NA MATOKEO MIONGONI MWA WATOTO
WACHANGA WALAZWA KATIKA HOSPITALI ZA KAUNTI TATU HUKO
NAIROBI, KENYA.

Nambari ya utafiti: Tarehe: Utangulizi

Tunakualika kushiriki katika utafiti unaofanywa katika hospitali hii. Utafiti huu
unalenga kutathmini matokeo ya aina ya usaidizi wa kupumua unaojulikana kama
CPAP (Shinikizo la Njia Chanya la Kuendelea) miongoni mwa watoto wachanga

waliolazwa na matatizo ya kupumua.

Mtoto wako ameagizwa matibabu ya CPAP, na tunaomba ruhusa yako kujumuisha

maelezo yake katika utafiti huu.
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Madhumuni ya Utafiti

Madhumuni ya utafiti huu ni kutathmini matokeo ya watoto wachanga ambao
wameagizwa CPAP kwa shida ya kupumua (matatizo ya kupumua). Matokeo kutoka
kwa utafiti huu yatasaidia kuboresha usimamizi wa kesi zinazofanana na kufahamisha
sera ya huduma ya afya, haswa kuhusu utoaji wa vifaa na mazoea ya utunzaji katika

vitengo vya watoto wachanga.

Ushiriki unahusisha nini?

Ukikubali, tutakusanya taarifa za msingi kukuhusu wewe na mtoto wako. Tutakagua
rekodi za matibabu za mtoto wako ili kurekodi matokeo kwa muda wa siku 28 kufuatia
maagizo ya matibabu ya CPAP. Hakuna taratibu za ziada au uingiliaji kati

utakaofanywa, kwani tutakuwa tukimtazama mtoto wako.

Faida

Ingawa hakuna manufaa ya moja kwa moja kwako au kwa mtoto wako, maelezo
yaliyopatikana yanaweza kusaidia kuboresha utunzaji wa watoto wengine wachanga
walio na hali kama hiyo katika siku zijazo.

Hatari

Hakuna hatari zinazohusika katika kushiriki katika utafiti huu. Tutakuwa tukikagua

data ya matibabu ya kawaida pekee.

Usiri

Maelezo ya mtoto wako yatabaki kuwa siri kabisa. Hakuna majina au taarifa za

utambulisho zitatumika katika ripoti au machapisho yoyote.

Timu ya utafiti na madaktari wanaohudhuria pekee (ikihitajika) wataweza kufikia data.
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Kushiriki kwa Hiari

Kushiriki katika utafiti huu ni kwa hiari kabisa. Unaweza kuchagua kutoshiriki au
kujiondoa wakati wowote bila kuathiri huduma ya matibabu ambayo mtoto wako

anapokea.

Katika kesi ya maswali au wasiwasi

Ikiwa una maswali yoyote kuhusu utafiti huu, unaweza kuwasiliana na:

Mpelelezi Mkuu: Dr Resty Musigula, Simu: +254 759 168 774 / +254 762 400 084.

Kamati ya Utafiti na Maadili ya Kitaasisi (IREC), JKUAT: Dkt. Elizabeth Eucabeth
(Katibu), Simu: +254 725 996 171 ,Barua pepe: ethics@jkuat.ac.ke.

Taarifa ya Idhini

Utafiti huu umefafanuliwa kwangu kwa lugha ninayoielewa. Nimepata nafasi ya
kuuliza maswali, na maswali yangu yote yamejibiwa kwa njia ya kuridhisha.
Ninaelewa kuwa ushiriki wangu ni wa hiari na kwamba ninaweza kujiondoa wakati

wowote bila adhabu au athari kwa utunzaji wa mtoto wangu.

Kwa kutia saini au kuweka alama ya kidole gumba hapa chini, ninakubali kumruhusu

mtoto wangu kushiriki katika utafiti huu.

Jina (Mwanzo):

Uhusiano na Mtoto:

Tarehe (dd/mm/yyyy):

Awali ya Mtoto:

Sahihi/Alama ya kidole gumba:

Awali za Msaidizi wa Utafiti:
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Appendix VII: Consent Form for Healthcare Worker Participation in a Research
Study

Study Title: UPTAKE OF CONTINUOUS POSITIVE AIRWAY PRESSURE CPAP
AND OUTCOMES AMONG NEWBORNS ADMITTED IN THREE COUNTY
HOSPITALS IN NAIROBI, KENYA

Study Number: Date:

Introduction

You are being invited to participate in a research study aimed at assessing the uptake
of CPAP therapy and the related outcomes in newborns with respiratory distress in
three county hospitals in Nairobi, including this hospital. This study will involve
reviewing the use of CPAP in eligible newborns, including those who received it and
those who did not due to various barriers. In addition, you will be asked to share your
experiences and any challenges you have encountered in the use or administration of
CPAP therapy.

Purpose of the Study

This study aims to assess the uptake and outcomes of Continuous Positive Airway
Pressure (CPAP) therapy among newborns presenting with respiratory distress. It has

two main components:

A guantitative component, which involves recording short-term outcomes of newborns

who get a prescription for CPAP therapy over a 28-day period.

A qualitative component seeks to explore the experiences, perceptions, and challenges

faced by healthcare providers in the uptake of CPAP therapy in the newborn unit.

As a healthcare worker, your participation will contribute to the qualitative aspect of
this study. The insights you provide will help us understand the barriers and any

challenges faced in the newborn unit that influence CPAP uptake. This information is
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vital in informing practical improvements in neonatal care and guiding policy on

CPAP use in similar healthcare settings. What Participation Involves

If you agree to participate:

You will be asked a few questions about your experience with CPAP use in the

newborn unit, and in some cases, we will request your consent to record the interviews.

No procedures or clinical interventions will be required from you.

Benefits

Although there are no direct benefits to you, your participation will contribute to
improving the care of newborns with respiratory distress and inform national policy

on CPAP provision and training.

Risks

There are no known risks associated with participating in this study.

Confidentiality

Your identity and all responses will be kept strictly confidential and anonymous to the
extent permitted by law. Your name will not be used in any report or publication
resulting from this study. Information you provide will not be shared with your

supervisors or employers. Voluntary Participation

Your participation in this study is entirely voluntary.

You may decline to participate or withdraw from the study at any point without any

consequences or penalties.
For More Information

If you have questions or concerns about this study, you may contact:
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Principal Investigator: Dr. Resty Musigula,Tel: +254 759 168 774 | +254 762
400 084, musigularesty@gmail.com.

JKUAT Institutional Research and Ethics Committee (IREC): Dr. Elizabeth Eucabeth

(Secretary), Tel: +254 725 996 171, Email: ethics@jkuat.ac.ke

Consent Statement

This study has been explained to me in a language | understand. | have had the
opportunity to ask questions and receive satisfactory answers. | understand that my
participation is voluntary, and | am free to withdraw at any time without any penalty

or impact on my employment.

Participant Initials:

Date (dd/mm/yyyy):

Signature:

Research Assistant Initials:

Signature:

Date (dd/mm/yyyy):
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ISERC within 72 hours of notification,

iv.  Any changes, anticipated or otherwise that may increase the risks or affected safety
or welfare of study participants and others or affect the integrity of the research must
be reported to JXUAT ISERC within 72 hours.

v. Clearance for export of blclogica! specimens must be obtained from relevant
institutions,

vi.  Submission of a request for renewal of approval at least 60 days prior to expiry of the
approval period. Attach a comprehensive progress report to support the renewal.

vii.  Submission of an executive summary report within 90 days upon completion of the
study to JKUAT ISERC.
Prior to commencing your study, you will be expected to obtain a research license from the
National  Commission for Science, Technology and Innovation (NACOSTI)
https://orls nacosti go ke and aisp obtain other clearances needed.

e IRUAT is IS0 9001:2015 and IS0 14001:2015 um‘ﬁed@
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Appendix IX: NACOSTI

REFUBLM OF KENYA NATIONAL COMMISSION FOR
SCIENCETECHNOLOGY & INNOVATION

RelNo: 324813 Dvwio of hesuo: 11/November/2624
RESEARCH LICENSE

This is to Certify that Dr., Resty . Musigula of Josss Kesyutta U ity of Agricubture sad Technubogy, has beom licomsad te

4 a3 per (e pruvivion of Uee Science, Techaology and lanovatien Act, 2013 (Rev.2014) in Nairobi sn the tapie:
UFTAKE OF CONTINOUS POSITIVE AIRWAY PRESSURE AND OUTCOMES AMONG NEWEBORNS IN THREK
COUNTY HOSPITALS IN NAIRORI -KENY A fur the perfod ending 1 11/November/2025.

License Noe NACOSTUP 2441754

i it

Applicans 1enificstion Number Drrecior Geseral
NATIONAL COMMISSION FOR
SOENCETECHNOLOGY &
INNOVATION

NOTE: This 4 a comguter generated License. To virify the authenticity of thiv docement,
Scan the OR Code using OR scanner application,

Sev averbeaf for conditinns
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Appendix X: Nairobi County City Authorization

s &

NAIROBI CITY COUNTY

W IO

HEALTH, WELLNESS AND NUTRITION
Office of the County Chief Officer — Medical Services

REF: NCCG/HWN/REC/405 DATE: 7% August 2023

DR, RESTY MUSIGULA
JOMO KENYATTA UNIVERSITY OF AGRICULTURE AND TECHNOLOGY
NAIROBI

Dear Dr. Resty,

RE: REJEARCH AUTHORIZATION

This is to inform you that the Nairobi Gty County - County Health Research Ethics
Committee (REC) reviewed the documents on the study titled " DETERMINATION OF
CONTINUOUS POSITIVE AIRWAY PRESSURE UPTAKE AND OUTCOMES IN
NEWBORNS WITH RESPIRATORY DISTRESS IN THREE COUNTY HOSPITAL
NEWBORN UNITS IN NAIROBI -KENYA."

I am pleased to inform you that you have been authorized to carry out the study In
Nairobi County. The rescarcher will be required to adhere to the ethical code of

* conduct for health research in accordance with the Scence Technology and [nnovation

FFONE 2

Act, 2013 and the approval procedure and protocol for research for Nairobi,

On completion of the study, you will submit one hard copy and one copy In PDF of the
research findings to the REC. In addition, you required to disseminate the research
findings to health sector In Naison with the county REC. By copy of this letter, the
Medical Superintendent ~ Mama Lucy, Pumwan| Maternity and Mbagathi Hospitals are
to accord you the necessary assistance to carry out this research study,

Yours sincerely,

-~

DR. IRENE MUCHOKI

CHIEF OFFICER MEDICAL JSERVICES &

Ag. CHIEF OFFICER NUTRITION, WELLNESS & SCHOOL FEEDING PROCRAM

Cc:  Chief Officers — Public Health and Health Facilities
Medical Superintendent — Mama Lucy, Pumwan| Maternity and Mbagathi
Hospitals

LET'S MAKE NAIROBI WORK

S4 J05 624 dbS + 254 VH0 041 202 | BMAILL BPO wMA RO OO KE | CITY MALL STV M P.0, BOX 3007
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Appendix XI: Board of Postgraduate Approval and Allocation of Supervisors

) » AT
@u Ww Jiuul " ke

PO g A, 4RO, NAIRGSY

24 JUN N

COLLEGE OF pgaL
DEAN-8CHOOL GF 3 MEDICIE
ECE]

VED

JOMO KENYATTA UNIVERSITY
OF
. AGRICULTURE AND TECHNOLOGY

OFFICE OF THE DIRECTOR, GRADUATE SCHOOL
PO, BOX 62000, 00200 « NAIROBI ¢ KENYAeTEL: (067)-3870001-4e Email: director@bps jkust sc.ke

REF: JKU2/11/HSM331-00242022 11™ JUNE, 2024
RESTY MUSIGULA

Clo SOMED -

JKUAT -

Dear, Resty

RE: APPROVAL OF RESEARCH PROPOSAL AND APPOINTMENT OF
SUPERVISORS

Kindly note that your MSc, research proposal entitled: “DETERMINANT OF
CONTINUOUSTOSITIVE AIRWAY PRESSURE UPTAKE AND OUTCOMES IN
NEWBORNS WITH RESPIRATORY DISTRESS IN THREE COUNTY HOSPITAL
NEWBORN UNITS IN NAIROBI- KENYA," has been upproved. The following are your
approved supervisors:-

1. Dr, Michuki Maina = JRUAT
2. Dr. Justus M. Simba - JKUAT
3. Dr, Elizabeth Atieno Jows ~“MMed

-

Piease be advised that you are expected to publish your rescarch outputs in quality and
indexed journals.

Yours singerely

-
PROF. FRANCIS K. NJONGE, Ph.D
. Yistan

Copy t0: Dean, SOMED v .

; @ulw 0012015 and 1SO 14003:2015 Ceﬂlﬂcd
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Appendix XI11: Approval Letters for the Three Facilities

NAIROBI CITY COUNTY
Telephone: Nairobi MAMA LUCY KIBAKI HOSMTAL-EMBAKASI
020 ~ 2297000 .0, Box 1270-00515
020 - 8022676 BURUBURU-NAIRONI
E-mail . medsupnadh@vahoa com

When replying please quote
HEALTH, WELLNESS & NUTRITION SERVICES

Ref. No. MLKH/ADM/RES 2 Date: 8 September 2023

Dr. Resty Musigula.
Jomo Kenyatta University of Agnculture and Technology

: PERMISSION : X

NITLE: "Determination of Continuous Positive Arway Pressure Uptake and Outcome in Newboriss
with Respiratosy Distresy in throe County Hospital Newbom units in Naitobi, Kenya)™

Refer 1o your application to collect data on the above research in this institution

This is to inform you that the Hospital has given you permission to collect data subject to the
following:

1. You ure expected to adhere to the rules and regulations pertamning to the data collection.

2. You are expected 1o submit a copy of the final findings to the reseurch committee.

L .
MA NYABUTI

n N Al
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