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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

Peace Kakibibi

ABSTRACT

Background Respiratory Distress Syndrome (RDS) is
the most common complication of preterm neonates.

It remains one of the major public health concerns that
contribute to neonatal mortality and morbidity, especially
in Africa, where 80% of neonatal mortality is estimated to
be caused by preterm complications. Nasal Continuous
Positive Airway Pressure (NCPAP) ventilation is the
preferred mode of RDS treatment. However, NCPAP is not
easily accessible to every preterm neonate in low- and
middle-income countries, and this is the case in Kenya.
Objectives To determine the proportion of preterm
neonates admitted to the newborn unit (NBU) at Kenyatta
National Hospital (KNH), a tertiary referral hospital in
Kenya, with a missed opportunity for NCPAP and to
determine the barriers and facilitators of NCPAP utilisation.
Design and setting We conducted a hospital-based
cross-sectional study that employed interactive
explanatory concurrent mixed methods. The quantitative
approach determined the proportion of missed
opportunities for NCPAP in preterm neonates admitted

to the KNH newborn unit, while the qualitative approach
explored the barriers and facilitators of NCPAP utilisation.
Participants Preterm neonates of gestation less than

37 weeks in the first 48 hours of life who met the criteria
for NCPAP. The key informants were mainly different staff
cadres from the newborn unit, a procurement officer and a
biomedical engineer.

Primary and secondary outcome measures The
proportion of preterm infants admitted to the newborn unit
with a missed opportunity for NCPAP, and the barriers and
facilitators of NCPAP utilisation.

Results 167 preterm neonates were reviewed from

July to November 2021 and analysed of whom 33.5%
(95% Cl 26.8% to 41.0%) missed the opportunity to
receive NCPAP. 20 key informants were interviewed from
September to October 2021. Facilitators of NCPAP use
reported were (1) training of health workers, (2) availability
of NCPAP machines, (3) KNH being a national and tertiary
referral hospital able to receive neonates referred with
RDS, (4) global evidence that NCPAP use is beneficial

and (5) technology development. Barriers to NCPAP use
were mainly (1) inadequate number of NCPAP machines,
(2) inadequate training and mentorship, (3) inadequate
and inappropriate size of NCPAP consumables, (4) staff

,' Diana Marangu-Boore,? Florence Murila®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study ensured a fairly accurate representa-
tion of nasal continuous positive airway pressure
(NCPAP) users in Kenyatta National Hospital, a pub-
lic tertiary-level health facility in Kenya. We involved
NCPAP users from different cadres to gain a deep-
er understanding of the facilitators and barriers to
NCPAP use.

= The limitation of this study is that the gestational
age was based on a Ballard’s score determined by
the admitting clinician. Our data reflect a real-world
scenario in many low- and middle-income coun-
tries, where for the determination of gestation we
relied on the Ballard Score because in our setting a
lot of mothers are unsure of their last menstrual pe-
riod dates and first trimester ultrasound scan results
are largely unavailable.

= Recall bias may have occurred because certain
responses by key informants required recollection;
however, they were given ample time to answer
questions.

shortage, (5) long servicing turnaround time, (6) long
cleaning turnaround time, (7) infrastructure challenges and
(8) insufficient utilities.

Gonclusion The missed opportunity for NCPAP in preterm
neonates in Kenya is high. Barriers to NCPAP are related
to medical products and technologies, health workforce-
related challenges and service delivery. We recommend
the provision of more NCPAP machines including
supporting infrastructure and appropriate consumables,
human resource support, frequent training and mentorship
on NCPAP use.

BACKGROUND

Prematurity is a global concern. Half (50%)
of these neonates develop respiratory distress
syndrome (RDS)."™ RDS occurs commonly
with preterm neonates and has been found
to be associated with higher mortalities in
many low- and middle-income countries
(LMIGs) including African nations.?®” Nasal
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continuous positive airway pressure (NCPAP) reduces
RDS mortality and the need for mechanical ventilation
by almost half.® In LMICs, mechanical ventilation, surfac-
tant and NCPAP are not easily accessible to every preterm
neonate in need, and this is the case in Kenya.” There
have been a lot of efforts in limited settings to scale up
NCPAP use by using improvised and low-cost bubble
NCPAP machines to improve neonatal survival.” '

Despite improvised NCPAP being a promising track in
LMICs, there are still barriers to its implementation.” ' 12
A slow reduction in neonatal mortality has been observed
worldwide; thus, the WHO strongly recommends the use
of NCPAP in preterm infants.”” Focusing on effective
interventions for RDS would decrease neonatal mortality
in LMICs."* Missed opportunity for NCPAP in developed
countries would mean that infants met the criteria for
CPAP, but other interventions like mechanical ventilation
were instituted instead.'” In LMICs, the missed opportu-
nity for NCPAP is common due to NCPAP unavailability
or infrastructure constraints among other barriers.'* '°

In a public tertiary and referral hospital in Western
Kenya, RDS was the most common reason for admission of
preterm neonates (57%), with 73% of the overall deaths
caused by RDS."” A study done in Kenyatta National
Hospital (KNH) by Nganga et al, in 2016, revealed that
almost 60% of preterm infants were eligible for NCPAP
but did not get it. However, reasons behind this were not
captured in this study.'® Missed opportunities in KNH
remain unclear with gaps that limit the understanding
of what could be the reasons behind a missed opportu-
nity for NCPAP. This study aimed to find out the propor-
tion and factors associated with a missed opportunity for
NCPAP in preterm infants admitted to the newborn unit,
KNH.

METHODS

Study design

We conducted a hospital-based cross-sectional study and
employed interactive explanatory concurrent mixed
methods (qualitative and quantitative methods). The
quantitative approach determined the proportion of
missed opportunities for NCPAP in preterm neonates
admitted to the newborn unit at KNH from July to
November 2021, while the qualitative approach explored
the barriers and facilitators of NCPAP utilisation from
September to October 2021. This mixed method approach
helped us to understand the NCPAP missed opportuni-
ties in depth and identify solutions to barriers of NCPAP
use. The University of Nairobi-KNH Ethics Research
Committee approved our study (P206/03/2021). We
obtained written informed consent from each study
participants.

Study population and setting

This study was carried out at KNH, a public, level-six
referral hospital in Kenya’s capital Nairobi. It serves as
the teaching hospital of the University of Nairobi and

provides specialised tertiary health services for both
adults and children in Kenya. On average, approximately
1200 neonates are admitted to the newborn unit annu-
ally from the labour ward, maternity theatre, postdelivery
wards and referrals from other facilities.

We included eligible preterm neonates<37 weeks gesta-
tional age with moderate respiratory distress as per the
Silverman Anderson Score ranging from 4 to 6," within
48 hours of life and those who met the inclusion criteria
for prophylactic NCPAP according to the comprehensive
newborn care protocols as demonstrated in figure 1."
Admitting clinicians determined each neonates Ballard’s
score to clinically ascertain their gestational age. The
RDS severity depended on clinical signs. The Silverman
Anderson Score consists of five signs. It indicates the
degree of respiratory severity and helps in identifying
children who need respiratory support. Rescue NCPAP
is indicated when the Silverman Anderson Score is 4-6
signifying moderate respiratory distress.'” ' On the other
hand, prophylactic CPAP is indicated when preterm
neonates have a gestational age of 28-30 weeks or birth
weight of 1000-1300g."

We conducted in-depth interviews with a representative
sample of key informants who deal with NCPAP daily at
KNH from the newborn unit, procurement and biomed-
ical engineering departments. We specifically included
neonatologists, neonatal fellows, paediatric registrars,
medical officers, bedside nurses, an equipment nurse,
a procurement officer and a biomedical engineer, see
online supplemental figures S1 and S2.

Sampling

For the quantitative component of our study, the sample
size was determined by using the Fisher’s formula.?
A prior study conducted in KNH revealed that 57% of
neonates did not get CPAP despite being eligible.'® With
the level of precision set at 7.5%, the estimated sample
size was 167 patients. In the same study, 47 infants met the
criteria for prophylactic CPAP, while 55 had Silverman
Anderson Scores of 4-6. Using a stratified sampling tech-
nique, we aimed to balance the two subpopulations: 76
for the prophylactic CPAP group and 91 for those who
developed RDS and had a Silverman Anderson Score of
4-6.

For the qualitative component of our study, partici-
pants were approached by the principal investigator and
research assistant using purposive sampling, 20 key infor-
mants were selected and projected to reach saturation
based on a study by Morse et al,*> whereby no new infor-
mation emerged from additional participants.

Data collection

This study was conducted from July to November 2021.
In the quantitative component of our study, the prin-
cipal investigator and research assistant prospectively
abstracted demographic and clinical data from patient
files into case report forms. In the qualitative component
of this study, the data were collected using open guided
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Benefits of NCPAP

Reduces invasive ventilation rates
Reduction of hospitalization days
Reduces mortality in preterm
neonates
Less technical challenges and
fewer injuries to the babies

Inadequate number of NCPAP machines
Faulty CPAP and servicing turnaround time
Inadequate training and mentorship among users
Challenges around infrastructure and utilities
Inadequate and Inappropriate size of NCPAP
accessories

Staff shortage
Cleaning turnaround time

Barriers to NCPAP use

Figure 1
solutions.

interviews by the principal investigator and research assis-
tant who were all practising healthcare workers and had
used NCPAP machines in training and work. Both were
women and had received training in conducting in-depth
interviews. Furthermore, both investigators were fluent
in both English and Swahili, the two national languages
widely spoken in Kenya. The interview guide (figure 1)
used was pilot tested. Participants were approached by
the principal investigator and research assistant using
purposive sampling. 20 key informants were selected to
reach saturation, 18 of them had face-to-face interviews
and two had Zoom meetings, which were recorded with
informed consent obtained from study participants. No
participant refused to participate or dropped out. The
interview sessions were audio recorded by a handheld
tape recorder in addition to the field notes taken during
interviews. No other person was present during the inter-
view sessions. The sessions were conducted in English
and took approximately 20 min for each participant. Key
informants were informed that if they wished to express
their views in Swahili, they would be given a chance to
do so. However, they were all comfortable and expressed
their views in English. The investigators noted when
data were saturated and did not return transcripts to the
participants or repeat interviews.

Facilitators of NCPAP use

Global evidence
Availability of NCPAP machines
There was a need for NCPAP machines
Training and Mentorship of health workers
Development of technology
KNH is a referral hospital and the
conditions of referrals

Human resource support
Improvement of infrastructure
Promote family-centered care

Engagement of the equipment’s manufacturer
Adequate and appropriate size of consumables
Provision of more NCPAP machines
Frequent trainings/CMEs/mentorship
Review of hospital policy on admissions

Solutions

Major themes on benefits, facilitators and barriers of nasal continuous positive airway pressure (NCPAP) use and

Data analysis

The data from the questionnaire were exported and
cleaned in Excel, coded and analysed using Stata soft-
ware. Descriptive analysis was performed to determine
the proportions of all variables. These were summarised
in frequency tables and charts. The proportion of missed
opportunity was computed by the number of infants who
missed the chance to get NCPAP as the numerator and
the total number of eligible preterm infants as the denom-
inator. We converted the proportion to a percentage and
estimated a 95% CI.

For qualitative analysis, a hybrid approach to data anal-
ysis was employed. The deductive approach was based on
our conceptual framework developed from the literature
17 and an inductive approach in which we were
open to new themes that emerged during data collection
(figure 1). Audio recordings from in-depth interviews
were transcribed verbatim by the independent transcriber
(anthropologist and a population studies researcher) and
the research team. NVIVO Software V. 12 was utilised for
data management.” This transcription happened within
1week after the recordings and analysis were conducted,
guided by the thematic approach. The data analysis
was an iterative process initiated alongside data collec-
tion, enabling the exploration of key emerging themes.
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After thoroughly familiarising with the data, anthropol-
ogist and population studies researcher together with
the investigators developed a coding scheme, which was
further refined during the analysis to enhance the robust-
ness of the approach. The findings were aggregated,
coded progressively and line-by-line read to identify
central themes. The central themes were revised to iden-
tify subthemes, with reports abstracted to findings, and
these findings were presented in the form of direct quota-
tions from the responses of participants. Data were inte-
grated by merging two data sets for analysis, and a joint
display was used whereby the quantitative and qualitative
data were listed in different sections with an integrative
statement.

Patient and public involvement statement
We did not involve the public or patients in the design or
operationalisation of this study.

RESULTS

Quantitative results

Data from 167 preterm neonates were analysed. 76 of
them met the criteria for prophylactic NCPAP, and 91
had a Silverman Anderson Score between four and six.
88 (52.7%) were men, and most neonates 63 (37.7%)
were between 28 and 32 weeks gestational age as shown
in table 1.

Table 2 shows all neonates enroled. The propor-
tion of missed opportunity for NCPAP was found to be
56/167 (33.5% (95% CI 26.8% to 41.0%)). Many of the
neonates got NCPAP, 111/167 (66.5 % (95% CI 59.0% to
73.2%)). Table 3 and online supplemental table S1 show
two subpopulations, the prophylactic NCPAP group and
those who had Silverman Anderson Score 4-6 that we
enroled using a stratified sampling technique. 34 (44.7%
(95%CI 34.1% to 55.9%)) in the prophylactic group
missed the opportunity for NCPAP compared with 22
(24.2% (95% CI 16.5% to 33.9%)) in the group with a
Silverman Anderson Score of 4-6.

Qualitative results

We conducted 20 key informant interviews among
different cadres working in NBU, biomedical engi-
neering and procurement departments. The majority
were women at 55%, and nurses accounted for 45% of
the study population. Average years of experience were 4
years in their respective departments, and the average age
was 38.9 years with the oldest being 56 years old and the
youngest 27 years of age as shown in table 4.

Benefits of CPAP

NCPAP use was reported to be beneficial, reduce mortality,
especially in preterm neonates, and help move away from
invasive ventilation. NCPAP was reported not to have
technical challenges compared with invasive mechanical
ventilation (figure 1).

Table 1 Characteristics of the preterm infants with RDS
Frequency Mean
(n=167) Per cent (SD)
Sex Men 88 52.7
Women 79 47.3
Birth weight ~ Median (IQR) 1391.4
1300.0 (468.4)
(1050.0-
1700.0)
ELBW 33 19.8 850.9
(<1000) (112.6)
VLBW (1001- 82 491 1233.0
1500) (140.0)
LBW (1501- 51 30.5 1970.2
2500) (280.5)
>2500 1 0.6 2510 (-)
Gestation age Median (IQR)
30.0 (28.0-
34.0)
<28 weeks 24 14.4 26.2 (0.7)
28 to<32 63 37.7 29.1 (0.9
weeks
32 to<34 32 19.2 32.9 (0.3)
weeks
34 to<37 48 28.7 34.8(0.8)
weeks
Mode of SVD 86 51.5
delivery
CS 81 48.5
Gestation Single 146 87.4
Twin 17 10.2
Triplet 4 2.4

Reasons associated with missed opportunities for CPAP

Although participants highlighted that NCPAP is benefi-
cial, there were challenges associated with its use. Several
barriers were mentioned to NCPAP use, namely: (1) the
inadequate number of NCPAP machines; (2) inadequate
and inappropriate size of NCPAP accessories, especially
for extremely preterm neonates; (3) inadequate training
among users leading to a lack of confidence and compe-
tency to start NCPAP; (4) lack of mentorship on NCPAP
usage; (5) lack of adequate infrastructure to facilitate its

Table 2 All preterm neonates enroled

Frequency
(n=167) Per cent 95%ClI
NCPAP Yes 111 66.5 59.0% to
management 73.2%
Missed NCPAP No 56 3315 26.8% to
41.0%
Total 167 100

NCPAP, nasal continuous positive airway pressure.
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Table 3 Prophylactic CPAP group (1000-1300g or 28-30
weeks)

Frequency
(n=76) Per cent 95%CI
NCPAP Yes 42 55.3 44.1% t0 65.9%
management
No 34 44.7 34.1% to 55.9%
Total 76 100

NCPAP, nasal continuous positive airway pressure.

use as well as insufficient utilities like oxygen points; and
(6) staff shortage especially for monitoring and cleaning
NCPAP equipment after use (figure 1).

Inadequate number of NCPAP machines

This was highlighted as the major barrier to NCPAP
use. The inadequate number of NCPAP machines was
because the unit is a referral hospital and thus receives
many preterm neonates in need of NCPAP machines.
Therefore, the numbers in need outweighed the available
machines. When the babies were many and the NCPAP
machines were few, the Silverman Anderson Score, age
and condition of the baby were used to determine which
baby to start on NCPAP using clinical judgement, and
thus, NCPAP was given to the baby who felt to benefit the
most.

I have encountered that experience several times, it is
an everyday encounter, no CPAP. Actually, when you
plan as a doctor for CPAP, you just write for CPAP
when available because it is not available at that given
time, yeah. Paediatric Registrar, DFO1

Table 4 Demographic characteristics of the key informant
interviews

Demographic

characteristics Number (n) Percentage (%)
Neonatologists 10
Neonatology fellows 1 5
Paediatric registrars & 15
Medical officers 2 10
Nurses 9 45
Maintenance engineer 1
Procurement officer 1
Equipment nurse 1 5
Women 11 55
Median (IQR)
Age in years 38.9 (29-40)
Years of experience in the 4 (3-10)
respective departments
Years of experience with 3 (2-5)

CPAP usage

Faulty CPAP and servicing turnaround time

It was noted throughout the interviews that some NCPAP
machines would be faulty and need outsourced servicing.
In some instances, their repair would be prolonged or
delayed and even those that were repaired locally by KNH
engineers would require external spare parts that needed
to be requested through the procurement/supplier
chain. This process would take long, and some machines
would not be in use for some time.

There are machines that require outsourced services,
we ask for this service and the procurement process;
the servicing might take long..., there are those ma-
chines that we service ourselves, but we still require
parts, the same thing will happen. It is not necessarily
a problem with the procurement but it can also be
the supplier; you tell them bring this then the suppli-
er tells you that there is no what.... Biomedical engi-
neer, MO1.

All the machines are on service contract ..., the
challenge might be follow-up and probably even the
supplier may take the advantage come and say am
fixing this... maybe there is that.... Procurement
officer, MO1.

Cleaning turnaround time

It was noted that even when machines were available, they
needed cleaning and disinfecting after use. It was noted
during interviews that there was only one nurse in charge
of equipment and part of his/her responsibilities was to
clean and disinfect machines after use so that they could
be available for the next use. However, over the weekend
and during the nights, the nurse in a particular room who
needed to put the baby on NCPAP machine had to spare
time to disinfect the equipment before use. This would
take some time due to a shortage of staff and, in turn,
would delay the start of NCPAP.

There is one person who does cleanings of equip-
ment’s and it’s not only CPAP only. So, waiting time
may be prolonged.” Nurse, FOI. It depends, if they
have all been occupied then that becomes a problem,
on the weekends, some CPAPs have not been cleaned
or there is usually no one to clean them. So, the nurse
who is in a certain room, if you need CPAP, you need
to clean CPAP, you see and it is very tedious because
they are also doing other things.” Medical officer, FO1

Inappropriate size of NCPAP accessories

It was noted that consumables, mostly nasal prongs,
contributed to the missed opportunity for NCPAP. This is
because KNH receives extremely preterm neonates who
may not be able to use the same size of nasal prongs as
late preterm or term neonates.

Sometimes we get extreme preterm neonates; so, you
find that even the smallest size of prongs doesn’t fit
so you find that it is difficult delivering the pressure

Kakibibi P, et al. BMJ Open 2025;15:6085026. doi:10.1136/bmjopen-2024-085026

'sa1fojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* (s3gv) Jnauadns juswaublasug
| 8p anbiydeibol|gig 8ousby e GZoz ‘2T sunr uo jwodfwg uadolway/:dny woly pspeojumoq "5z0z Alenuer TT U0 9Z0S80-7Z0zZ-uadolwa/9eTT 0T se paysiignd 1siy :uado CING


http://bmjopen.bmj.com/

and oxygen, due to the fact that prongs keep moving
out... Nurse, FO5

Inadequate NCPAP accessories

Consumables were also highlighted as not adequate.
Moreover, some would get lost or punctured and no
longer deliver the pressure or oxygen needed. The supply
of consumables was said to be inconsistent since this was
based on the budget allocated to the general paediatric
department.

For intensive care unit set up, it should be indepen-
dent to be able to have its own budget, its own pro-
curement... So, all these are based on the general
paediatrics department, we have always run out of
supplies.” Neonatologist, DM03

Inadequate training and mentorship among users

Lack of training and mentorship among the users led
to a lack of confidence and competency to start NCPAP
among the healthcare workers. It was noted that knowing
how the machine works was very crucial in starting NCPAP
timely and monitoring a patient on NCPAP, especially
with new machines. However, it was highlighted that most
staff were trained on how to use NCPAP, which made a
difference with regards to competency and confidence in
using and starting NCPAP compared with previous years
where some of the healthcare workers had to learn from
their coworkers. Despite the training that helped in this
regard, not all staff had the chance to be trained due to
staff shortages.

The other one is competency, if someone is not com-
petent and confident about using it, they pass it over
to the next shift person. So, you will write in the file,
start CPAP but they will keep moving around hoping
their shift can end and someone else can come and
put it. Neonatology fellow, DFO1

Challenges around infrastructure and utilities

The lack of appropriate infrastructure to facilitate NCPAP
usage was highlighted by key informants, especially due
to limited space. Some NCPAP machines, specifically
Vayu bubble NCPAP, needed to be placed on resuscitaires
which sometimes would not be available... Sometimes
babies shared a single incubator which made it difficult
to start NCPAP due to constraints of space and oxygen
outlet ports. It was noted that Pumani NCPAP machines
needed a lot of space, which would be a challenge in a
room that had many admissions or patients.

The other thing is even a bed, you may be told the
baby is in incubator and putting CPAP in an incuba-
tor where babies are sharing an incubator is a chal-
lenge.” Nurse, M03 the most concerning challenge
actually is the ports; the oxygen outlet ports because
they are not enough.” Nurse, F04

Staff shortage

Challenges around human resources were highlighted.
It was mentioned that the unit had one equipment
nurse who did not work weekends and nights. In case an
NCPAP machine was needed when the equipment nurse
was not available, the nurse in the unit with the neonate
needing NCPAP had to clean it herself/himself. Addi-
tionally, resuscitations or emergency procedures would
delay NCPAP initiation or become a missed opportunity.
Furthermore, the study participants highlighted that the
new bubble NCPAP machine units (Vayu and Pumani)
required extra nursing care by frequent checking of nasal
prong position and water levels. These additional tasks
with staff shortage were a challenge; hence, some patients
were not getting the right pressure or oxygen required.

In this unit we have staff shortage, so most of the time
it is one or two people in the room and as we said
CPAP is a form of respiratory support, you want to
make sure your prongs are in, checking water levels
are okay. So, we have instances where, you actually
walk in the room and the nasal prongs are in the air...
You can find one person nursing fifteen babies; will
they have enough time to check out on everybody...
Neonatology fellow, DFO1

The partnership between healthcare workers and caregivers on
CPAP usage

Many of the participants cited that there was a need to
improve the partnership between healthcare workers and
caregivers. The key informants noted that caregivers were
not involved in the process of initiating NCPAP. Some
caregivers would find their babies on NCPAP, and when
the nasal prongs were out of the nostrils, they would not
know how to put them back, or they needed to inform
the nurses.

There is a discrepancy because we tend to be over-
whelmed with the number of patients, we have ... and
the caretakers who are also supposed ... to under-
stand how a CPAP works because for example, seven
babies on CPAP but there are also other babies who
are not on CPAP, they may be even more critical than
those ones ... so you have to work between inform-
ing the mothers about the CPAP and resuscitation...
Nurse, FO3

Facilitators of NCPAP use

The fact that KNH is a referral facility that receives babies
from peripheral facilities and varied conditions of babies
led to NCPAP availability and provision in line with global
evidence of CPAP efficacy. NCPAP training was high-
lighted as a factor that facilitated its use and competency
among the users figure 1.

Training of health workers
Training that equipped health workers with the knowl-
edge of NCPAP use was highlighted as an important
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factor that facilitated NCPAP utilisation by increasing
competency and confidence in the successful initiation,
monitoring and weaning off NCPAP machines.

...we now have an induction programme which in-
cludes respiratory support that includes CPAP, me-
chanical ventilation for new doctors rotating in the
unit have to undertake... Nurse, M03

Mentorship among the healthcare providers

Mentorship, which promoted NCPAP use, especially
when new machines were being introduced in the unit,
was highlighted to prevent delay in NCPAP initiation
and prevent a negative approach towards new NCPAP
machines in the unit.

So, that acceptance of change is also an issue, so that
is why we put the mentorship programme so that
people don’t have negative attitude towards a certain
machine before they even try it... These new ones
they keep slipping off more frequently especially the
Pumani, securing the nasal prongs is still a problem.
The bubble CPAP you have to keep checking water
and adding which the other CPAP machine doesn’t
have. These addition roles of these machines make
some people shy away from them. Neonatology fel-
low, DFO1

Global evidence

The staff thought that global evidence in terms of NCPAP
efficacy and reduction in mortalities facilitated its use in
KNH newborn unit.

OkXkay, there is global evidence to less push for venti-
lating babies, CPAP has been shown to be beneficial
and with that kind of data worldwide and also within
Africa, the move is now towards CPAP and advocate
for that. Neonatologist, DM03

KNH is a referral hospital

KNH is a national referral hospital that receives babies
from peripheral health facilities as well as KNH labour
ward and theatre. The KNH labour ward receives high-
risk deliveries including premature deliveries among
other obstetric emergencies. Many admissions were noted
to need advanced care or respiratory support, and this
facilitated NCPAP use in the unit due to the condition of
admissions on a daily basis.

We admit babies from all over the country...so they
all refer babies here and that is what led to us having
the CPAP machines here because it is now basically
the population of babies born in the whole country.
Nurse, MO1

The participants were asked what type of support they
would ask for if the Ministry of Health or a sponsor wanted
to offer the unit CPAP support? This was asked to try and
understand the solutions to the mentioned challenges

on NCPAP use. The themes that arose on solutions to
barriers on NCPAP use are summarised in figure 1.

DISCUSSION
Our study revealed the proportion of the missed oppor-
tunity for NCPAP of preterm neonates admitted to the
KNH teaching and referral hospital NBU and explored
the barriers and facilitators of NCPAP use from key
informants.

The proportion of missed opportunities for NCPAP
was considerably high, almost 35%, and which was
higher when compared with a prospective study done
in Malawi.”* A Nigerian health facilities survey on acces-
sible respiratory support showed oxygen to be the most
common available respiratory support at almost 38%, and
28% of the 54 facilities surveyed did not have any form of
NCPAP machines.'” This shows that we still have signif-
icant missed opportunities for NCPAP on the African
continent. Nganga et al in 2016 found that almost 60%
of preterm neonates that were admitted to the same
NBU as our study did not receive NCPAP, despite being
eligible.'® Our study showed a 23% reduction in NCPAP
missed opportunities in the NBU at KNH 5 years later.
The contribution to this reduction could be explained
by several factors including an increase in the number of
NCPAP machines and staff training. An improvement was
also seen at a county referral hospital 160 km north of
KNH that scaled up NCPAP use from 2% in 2016-2017 to
17% in 2018 after the quality upgrading initiative.”

Despite the fact that NCPAP is beneficial as highlighted
by our study participants and several other studies from
LMICs,”*** our key informants believed that infrastruc-
ture challenges, inadequate number of NCPAP consum-
ables and inappropriate sizes of nasal prongs especially
for preterm neonates hindered NCPAP use. These find-
ings are similar to a systematic review from 17 studies
done in sub-Saharan Africa that showed that the unavail-
ability of NCPAP machines and shortage of consumables
were recurrently stated barriers to bubble NCPAP imple-
mentation."’ A related study done in Kenya found the
same barriers to using NCPAP to be infrastructure-related
challenges, inadequate and inappropriate size of consum-
ables mainly nasal prongs. This happened mostly after
the completion of donor implementation.” * Another
study in India showed that lack of sufficient equipment
and consumables changed healthcare workers’ percep-
tion of NCPAP quality and effectiveness.”® These are chal-
lenges faced by limited-resource settings like ours where
NCPAP devices are donated without a sustainable plan for
the supply of consumables or maintenance by the manu-
facturers in conjunction with the engineering depart-
ments.”” Furthermore, there is a need for training and
capacity development of our biomedical engineers organ-
ised by the manufacturers on the common faults of these
equipment and cost-effective maintenance.' Timely
maintenance of NCPAP machines and consumables was
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highlighted as a challenge by our key informants, in line
with a systematic review in sub-Saharan Africa, 2020."

In addition, our findings showed that while sometimes
NCPAP machines and consumables were available, staff
shortage delayed its initiation and monitoring. Health-
care workers in Malawi expressed concerns that they face
especially when there is a shortage of cover, which may
lead to delayed CPAP initiation and poor monitoring."®
Increased workload of healthcare workers by many
patients in India was thought to lead to poor neonatal
outcomes and mortalities without close monitoring.*
This was congruent to a study in Kenya that employed
an observational study on 216 neonates admitted to
six healthcare hospitals in Kenya.”” A systematic review
depicting the sub-Saharan context showed that heavy staff
workload in newborn units affects the quality of care and
training opportunities.'’ Nevertheless, there is a need to
consider WHO recommendations on task shifting, which
would help in improving access to newborn health inter-
ventions in situations where there is staff shortage.”*

Our study participants believed that global evidence
of NCPAP efficacy enabled its use. This was commonly
mentioned in different studies.***? On the other hand,
the barriers to NCPAP use were alleviated by the promising
outcomes of NCPAP in a recent Kenyan study.'* Our find-
ings also underlined that staff training facilitated NCPAP
use, which was in agreement with findings from an obser-
vational study from a rural Ugandan neonatal intensive
care unit.”’ In Malawi, the competency in using NCPAP
increased from 32% to 97%, and CPAP use improved
by 16% after a peer mentorship programme.* A similar
study from the African Inland Church Kijabe Hospital
newborn unit, a mission hospital situated approximately
60 km from KNH, showed higher survival to discharge
rates with adequate training of staff after the introduc-
tion of NCPAP into the NBU. This coincided with the
hiring of a clinical officer who may have enabled staff to
initiate CPAP safely resulting in favourable outcomes.™
A related study in Kenya on effective training of trainers
after NCPAP implementation showed promising results
on the successful initiation of NCPAP by nurses.** The
health partnership and international experts’ upkeep
on training schemes have been shown to improve CPAP
uptake in the newborn care units from four different
hospitals in Rwanda.”” In contrast, insufficient training
was mentioned as a barrier to NCPAP use, and hence,
frequent training or continuous medical education
and mentorship was thought to play an important role
in NCPAP use by our study participants. Two studies in
Rwanda presented short training challenges considering
high staff turnover.* ** Carns et al, recently in 2019, high-
lighted that training and mentorship do increase CPAP
uptake.”

Our study is not without limitations. First, enrolment of
preterm neonates in terms of gestational age was based
on New Ballard’s score done by the admitting clinician.
The most accurate ways of determining gestation are a
first-trimester ultrasound and the last menstrual period.

Second, it would have been better to look at missed
opportunities for bubble versus other forms of NCPAP
machines to know which type of NCPAP machines are
frequently in use for a deeper understanding of the
opportunities we have for improvement. Lastly, recall bias
for key informants may have occurred given that certain
answers required recollection. However, participants were
given ample time to answer questions. Nevertheless, this
study ensured a fairly accurate representation of NCPAP
users in KNH. We involved key informants from different
healthcare professionals and engineers who deal with
NCPAP routinely in their work. This was to gain a contem-
porary and deeper understanding of the facilitators and
barriers to NCPAP use.

CONCLUSION

This study showed that progress has been made. There
was an over 20% reduction in NCPAP missed opportu-
nities in the NBU at KNH 5 years after an earlier study
that was done in 2016. However, we still have a signifi-
cant proportion of neonates that missed the opportunity
for NCPAP, with a higher proportion (almost double)
among those that require prophylactic NCPAP compared
with those with moderate respiratory distress (Silverman
Anderson Score 4-6). Barriers to NCPAP use were related
to medical products and technologies, health workforce
challenges and service delivery. Solutions highlighted
by the key informants included the provision of more
NCPAP machines, human resource support, frequent
training/Continuing Medical Education/mentorship,
infrastructure improvement, adequate and appropriate
size of consumables, promotion of family-centred care
and engagement of the equipment’s manufacturer.
Future NCPAP scale-up should provide more NCPAP
machines, including supporting infrastructure and appro-
priate consumables, human resource support, frequent
training and mentorship on NCPAP use. This study was
done when new NCPAP machines were being introduced
in the unit, and therefore, a similar study in the future
including individual interviews with caregivers and focus
group discussions with newborn unit staff members may
help in quality care improvement.

Acknowledgements We would like to appreciate the Kenyatta National Hospital
(KNH) research department for funding this study, parents of the preterm neonates
admitted at the Kenyatta National Hospital and key informants who participated in
this study. We are very thankful to the staff at the newborn unit and the biomedical
engineering and procurement departments at KNH for their support. We thank
Hannah Mwaniki and Wycliffe Ayieko who supported us with data analysis. Many
thanks to Dr Emmy Mugisha and James Ntambara for their advice and support.

Contributors PK acted as guarantor, coordinated the study, analysed the data,
prepared the manuscript and approved the final manuscript as submitted. She
took over as Principal Investigator of the study prior to the commencement of
data collection and coordinated all aspects of the project thereafter. FM and DM-B
analyzed the data, prepared the manuscript and approved the final manuscript as
submitted.

Funding This project was funded by the KNH Research funding 2021-2022 (REF:
KNH/R&P/23K/54), awarded to Dr. Peace Kakibibi.

Competing interests None declared.

8

Kakibibi P, et al. BMJ Open 2025;15:085026. doi:10.1136/bmjopen-2024-085026

* (s3gv) Jnauadns juswaublasug
| 8p anbiyde.bol|qig sousby 1e §z0oz ‘2T aunr uo jwod [wg uadolwa//:dny wouy pspeojumoq "G20zZ Arenuer TT U0 920580-7202-uadolwa/9eTT 0T Se paysiignd isiiy :uadO (g

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold


http://bmjopen.bmj.com/

Patient and public involvement Patients and/or the public were not involved in
the design, conduct, reporting or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by
KNH/UON Ethical Review Committee approval under P206/03/2021. Participants
gave informed consent to participate in the study before taking part.

Provenance and peer-review Not commissioned; externally peer-reviewed.

Data availability statement Data are available upon reasonable request. All
relevant data are included in this article; extra data are accessible by emailing
kapeace12@gmail.com.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Peace Kakibibi http://orcid.org/0009-0006-1750-4637

REFERENCES

1 Soomro T, Sunder Tikmani S. Success of Bubble CPAP in Treatment
of Respiratory Distress Syndrome in Preterm Infants. J Gen Pract
2016;4.

2 Walani SR. Global burden of preterm birth. Int J Gynaecol Obstet
2020;150:31-3.

3 Medvedev MM, Brotherton H, Gai A, et al. Development and
validation of a simplified score to predict neonatal mortality risk
among neonates weighing 2000 g or less (NMR-2000): an analysis
using data from the UK and The Gambia. Lancet Child Adolesc
Health 2020;4:299-311.

4 UNICEF. Levels and Trends in Child Mortality Report 20: United
Nations Inter-Agency Group for Child Mortality Estimation (UN
IGME). 2021. Available: https://data.unicef.org/resources/levels-and-
trends-in-child-mortality

5 Tekleab AM, Amaru GM, Tefera YA. Reasons for admission and
neonatal outcome in the neonatal care unit of a tertiary care hospital
in Addis Ababa: a prospective study. RRN 2016;6:17.

6 Tigabu Kebede Z, Matebe YH, Demisse AG, et al. Hematologic
Profiles of Ethiopian Preterm Infants With Clinical Diagnoses of
Early-Onset Sepsis, Perinatal Asphyxia, and Respiratory Distress
Syndrome. Glob Pediatr Health 2020;7:2333794X20960264.

7 Sabiri N, Kabiri M, Razine R, et al. Risk factors leading to preterm
births in Morocco: a prospective study at the maternity Souissi in
Rabat. Pan Afr Med J 2015;22:21.

8 Okello F, Egiru E, Ikiror J, et al. Reducing preterm mortality in eastern
Uganda: the impact of introducing low-cost bubble CPAP on
neonates <1500g. BMC Pediatr 2019;19:311.

9 Amadi HO, Okonkwo IR, Abioye IO, et al. A new low-cost commercial
bubble CPAP (bCPAP) machine compared with a traditional bCPAP
device in Nigeria. Paediatr Int Child Health 2019;39:184-92.

10 Okonkwo IR, Okolo A. Bubble CPAP in Nigerian tertiary hospitals;
Patented and improvised. Nig J Paed 2016;43:286.

11 Kinshella M-LW, Walker CR, Hiwa T, et al. Barriers and facilitators
to implementing bubble CPAP to improve neonatal health in sub-
Saharan Africa: a systematic review. Pub Health Rev 2020;41:6.

12 Nabwera HM, Wright JL, Patil M, et al. “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 2020;10:e034668.

13 World Health Organization. WHO recommendations for care of the
preterm or low-birth-weight infants, 2022. Available: https://www.
who.int/publications/i/item/9789240058262

14

15

20

21

22

23

24
25

26

27

28

29

30

31

32

33

34

35

36

37

Dewez JE, van den Broek N. Continuous positive airway pressure
(CPAP) to treat respiratory distress in newborns in low- and middle-
income countries. Trop Doct 2017;47:19-22.

Sweet DD, Naismith A, Keenan SP, et al. Missed opportunities for
noninvasive positive pressure ventilation: a utilization review. J Crit
Care 2008;23:111-7.

Nyondo-Mipando AL, Woo Kinshella M-L, Bohne C, et al. Barriers
and enablers of implementing bubble Continuous Positive Airway
Pressure (CPAP): Perspectives of health professionals in Malawi.
PLoS ONE 2020;15:€0228915.

Mochama RS, Esamai F, Rotich E, et al. outcomes for preterm babies
during the neonatal period in kisii teaching and referral hospital,
kenya. Glob J Health Sci 2019;4:1-10.

Nganga P, Jowi YC, Wamalwa D, et al. Clinical profile and audit of
management of preterm infants with respiratory distress syndrome
at the Kenyatta National Hospital. University of Nairobi research
archive, 2017. Available: http://erepository.uonbi.ac.ke/handle/
11295/101687

DNCH, NEST Kenya. Comprehensive Newborn Care Protocols:
Integrating Technologies with Clinical Pathways. Nairobi, Ministry of
Health, Kenya 2022, 2022. Available: http://guidelines.health.go.ke/#/
category/55/479/meta

McAdams RM, Hedstrom AB, DiBlasi RM, et al. Implementation

of Bubble CPAP in a Rural Ugandan Neonatal ICU. Respir Care
2015;60:437-45.

Hedstrom AB, Gove NE, Mayock DE, et al. Performance of the
Silverman Andersen Respiratory Severity Score in predicting PCO,
and respiratory support in newborns: a prospective cohort study. J
Perinatol 2018;38:505-11.

Kawaza K, Machen HE, Brown J, et al. Efficacy of a low-cost bubble
CPAP system in treatment of respiratory distress in a neonatal ward
in Malawi. Malawi Med J 2016;28:131-7.

Morse JM. Analytic Strategies and Sample Size. Qual Health Res
2015;25:1317-8.

Ralph G. Qualitative Data Analysis Software: NVivo. Qual Res J 2004.
Switchenko N, Kibaru E, Tsimbiri P, et al. Implementation of a
Bubble CPAP Treatment Program for Sick Newborns in Nakuru,
Kenya: A Quality Improvement Initiative. Glob Pediatr Health
2020;7:2333794X20939756.

Dewez JE, Chellani H, Nangia S, et al. Healthcare workers’ views on
the use of continuous positive airway pressure (CPAP) in neonates: a
qualitative study in Andhra Pradesh, India. BMC Pediatr 2018;18:347.
Thukral A, Sankar MJ, Chandrasekaran A, et al. Efficacy and

safety of CPAP in low- and middle-income countries. J Perinatol
2016;36 Suppl 1:521-8.

Rezzonico R, Caccamo LM, Manfredini V, et al. Impact of the
systematic introduction of low-cost bubble nasal CPAP in a NICU of
a developing country: a prospective pre- and post-intervention study.
BMC Pediatr 2015;15:26.

Mwatha AB, Mahande M, Olomi R, et al. Treatment outcomes of
Pumani bubble-CPAP versus oxygen therapy among preterm babies
presenting with respiratory distress at a tertiary hospital in Tanzania-
Randomised trial. PLoS One 2020;15:e0235031.

Myhre J, Immaculate M, Okeyo B, et al. Effect of Treatment of
Premature Infants with Respiratory Distress Using Low-cost Bubble
CPAP in a Rural African Hospital. J Trop Pediatr 2016;62:385-9.
Norgaard M, Stagstrup C, Lund S, et al. To Bubble or Not? A
Systematic Review of Bubble Continuous Positive Airway Pressure
in Children in Low- and Middle-Income Countries. J Trop Pediatr
2020;66:339-53.

Bhatti A, Khan J, Murki S, et al. Nasal Jet-CPAP (variable

flow) versus Bubble-CPAP in preterm infants with respiratory
distress: an open label, randomized controlled trial. J Perinatol
2015;35:935-40.

Chisti MJ, Salam MA, Smith JH, et al. Bubble continuous positive
airway pressure for children with severe pneumonia and hypoxaemia
in Bangladesh: an open, randomised controlled trial. The Lancet
2015;386:1057-65.

Martin S, Duke T, Davis P. Efficacy and safety of bubble CPAP in
neonatal care in low and middle income countries: a systematic
review. Arch Dis Child Fetal Neonatal Ed 2014;99:F495-504.
Nabwera H, Munguti M, Naimoi B, et al. Assessment of the use

of continuous positive airway pressure (CPAP) in newborn care in
Kenya. 2019.

Carns J, Kawaza K, Liaghati-Mobarhan S, et al. Neonatal CPAP

for Respiratory Distress Across Malawi and Mortality. Pediatrics
2019;144:€20190668.

Gathara D, Serem G, Murphy GAV, et al. Missed nursing care in
newborn units: a cross-sectional direct observational study. BMJ
Qual Saf 2020;29:19-30.

Kakibibi P, et al. BMJ Open 2025;15:6085026. doi:10.1136/bmjopen-2024-085026

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* (s3gv) Jnauadns juswaublasug
| 8p anbiydeibol|gig 8ousby e Gzoz ‘ZT sunr uo jwodfwg uadolway/:dny woly pspeojumoq "520z Alenuer TT U0 9Z0S80-7Z0zZ-uadolwa/9eTT 0T se paysiignd 1siy :uado CING


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0009-0006-1750-4637
http://dx.doi.org/10.4172/2329-9126.1000264
http://dx.doi.org/10.1002/ijgo.13195
http://dx.doi.org/10.1016/S2352-4642(20)30021-3
http://dx.doi.org/10.1016/S2352-4642(20)30021-3
https://data.unicef.org/resources/levels-and-trends-in-child-mortality
https://data.unicef.org/resources/levels-and-trends-in-child-mortality
http://dx.doi.org/10.2147/RRN.S95455
http://dx.doi.org/10.1177/2333794X20960264
http://dx.doi.org/10.11604/pamj.2015.22.21.5100
http://dx.doi.org/10.1186/s12887-019-1698-x
http://dx.doi.org/10.1080/20469047.2019.1598125
http://dx.doi.org/10.4314/njp.v43i4.10
http://dx.doi.org/10.1186/s40985-020-00124-7
http://dx.doi.org/10.1136/bmjopen-2019-034668
https://www.who.int/publications/i/item/9789240058262
https://www.who.int/publications/i/item/9789240058262
http://dx.doi.org/10.1177/0049475516630210
http://dx.doi.org/10.1016/j.jcrc.2007.04.002
http://dx.doi.org/10.1016/j.jcrc.2007.04.002
http://dx.doi.org/10.1371/journal.pone.0228915
http://erepository.uonbi.ac.ke/handle/11295/101687
http://erepository.uonbi.ac.ke/handle/11295/101687
http://guidelines.health.go.ke/#/category/55/479/meta
http://guidelines.health.go.ke/#/category/55/479/meta
http://dx.doi.org/10.4187/respcare.03438
http://dx.doi.org/10.1038/s41372-018-0049-3
http://dx.doi.org/10.1038/s41372-018-0049-3
https://pubmed.ncbi.nlm.nih.gov/27895847
http://dx.doi.org/10.1177/1049732315602867
http://dx.doi.org/10.1177/2333794X20939756
http://dx.doi.org/10.1186/s12887-018-1311-8
http://dx.doi.org/10.1038/jp.2016.29
http://dx.doi.org/10.1186/s12887-015-0338-3
http://dx.doi.org/10.1371/journal.pone.0235031
http://dx.doi.org/10.1093/tropej/fmw023
http://dx.doi.org/10.1093/tropej/fmz069
http://dx.doi.org/10.1038/jp.2015.98
http://dx.doi.org/10.1016/S0140-6736(15)60249-5
http://dx.doi.org/10.1136/archdischild-2013-305519
http://dx.doi.org/10.1542/peds.2019-0668
http://dx.doi.org/10.1136/bmjqs-2019-009363
http://dx.doi.org/10.1136/bmjqs-2019-009363
http://bmjopen.bmj.com/

38

39

40

Nzinga J, McKnight J, Jepkosgei J, et al. Exploring the space for
task shifting to support nursing on neonatal wards in Kenyan public
hospitals. Hum Resour Health 2019;17.

World Health Organization. The world health report 2006: working
together for health. 2006. Available: https://apps.who.int/iris/handle/
10665/43432

Atreya MR, Lorenz JM, Narendran V. Provider Perceptions of Bubble
Continuous Positive Airway Pressure and Barriers to Implementation
in a Level lll Neonatal Unit in South India. Adv Neonatal Care
2018;18:500-6.

43

44

respiratory support that can be applied by nurses. J Trop Pediatr
2006;52:249-53.

Asibon A, Lufesi N, Choudhury A, et al. Using a peer mentorship
approach improved the use of neonatal continuous positive

airway pressure and related outcomes in Malawi. Acta Paediatr
2020;109:705-10.

Olayo B, Kirigia CK, Oliwa JN, et al. Effective training-of-trainers
model for the introduction of continuous positive airway pressure for
neonatal and paediatric patients in Kenya. Paediatr Int Child Health
2019;39:193-200.

41 Dada S, Ashworth H, Sobitschka A, et al. Experiences with 45 Ntigurirwa P, Mellor K, Langer D, et al. A health partnership to
implementation of continuous positive airway pressure for neonates reduce neonatal mortality in four hospitals in Rwanda. Global Health
and infants in low-resource settings: A scoping review. PLoS One 2017;13:28.
2021;16:0252718. 46 Nahimana E, Ngendahayo M, Magge H, et al. Bubble CPAP to

42 Koyamaibole L, Kado J, Qovu JD, et al. An evaluation of bubble- support preterm infants in rural Rwanda: a retrospective cohort
CPAP in a neonatal unit in a developing country: effective study. BMC Pediatr 2015;15:135.

10 Kakibibi P, et al. BMJ Open 2025;15:€085026. doi:10.1136/bmjopen-2024-085026

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBol|qig sousby 1e GZoz ‘ZT aung uo /wod fwg uadolway/:dny wolj pspeojumod "Szoz Arenuer TT U0 9Z0580-20z-uadolwa/9eTT 0T Se paysiignd isiy :uado (NG


http://dx.doi.org/10.1186/s12960-019-0352-x
https://apps.who.int/iris/handle/10665/43432
https://apps.who.int/iris/handle/10665/43432
http://dx.doi.org/10.1097/ANC.0000000000000510
http://dx.doi.org/10.1371/journal.pone.0252718
http://dx.doi.org/10.1093/tropej/fmi109
http://dx.doi.org/10.1111/apa.15025
http://dx.doi.org/10.1080/20469047.2019.1624007
http://dx.doi.org/10.1186/s12992-017-0252-6
http://dx.doi.org/10.1186/s12887-015-0449-x
http://bmjopen.bmj.com/

	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
	Abstract
	Background﻿﻿
	Methods
	Study design
	Study population and setting
	Sampling
	Data collection
	Data analysis
	Patient and public involvement statement

	Results
	Quantitative results
	Qualitative results
	Benefits of CPAP
	Reasons associated with missed opportunities for CPAP
	Inadequate number of NCPAP machines
	Faulty CPAP and servicing turnaround time
	Cleaning turnaround time
	Inappropriate size of NCPAP accessories
	Inadequate NCPAP accessories
	Inadequate training and mentorship among users
	Challenges around infrastructure and utilities
	Staff shortage
	The partnership between healthcare workers and caregivers on CPAP usage

	Facilitators of NCPAP use
	Training of health workers
	Mentorship among﻿﻿ the﻿﻿ healthcare providers
	Global evidence
	KNH is a referral hospital


	Discussion
	Conclusion
	References


