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Abstract: Introduction: Neonatal
respiratory distress remains a ma-
jor cause of morbidity and mortal-
ity, particularly in resource-limited
settings. It is therefore essential to
offer simple and accessible solu-
tions such as low-cost, improvised
bubble Continuous positive air-
ways pressure (bCPAP).

Objectif: The main objective of
this study is therefore to evaluate
the efficacy and tolerability of
improvised bCPAP in newborns
with respiratory distress.

Methods: This descriptive retro-
spective study was conducted at
the Abass Ndao Hospital Centre in
Dakar over a period of one year
Results: 1t covers 98 newborns
who received improvised bCPAP.
Prematurity was the main risk
factor, 80% of the newborns in-
cluded. The use of improvised
bCPAP led to a significant im-
provement: normalization of respi-
ratory rate in 95% of patients;
improvement in oxygen saturation,
reduction in the severity of respi-
ratory distress in 85% of infants.
Weaning success rate of 74.5%,
with a direct transition to ambient
air possible in 41% of cases. The
average duration of bCPAP use
was 5.11 + 0.82 days. The average
length of hospitalisation in our
cohort was 12.63 + 1.10 days. No
direct adverse effects attributable

to the device were observed.The
complications observed and the
estimated mortality rate of 25%
remain a concern and were mainly
related to prematurity and low
birth weight.

Conclusion: The implementation
of improvised bCPAP appears to
be a relevant and effective alterna-
tive in resource-limited settings.
Its deployment, combined with
adequate training of healthcare
personnel, is an essential lever for
improving neonatal survival in
Senegal and other similar environ-
ments.

Keywords: Bubble-CPAP; Impro-
vised; Newborns; low settings
resources,

Résumé: Introduction: A 1’échelle
mondiale et plus particulierement
dans les pays a ressources limi-
tées, la détresse respiratoire néo-
natale représente une cause majeu-
re de morbidit¢ et de mortalité
néonatale. Face a cette situation, il
est essentiel de proposer des solu-
tions simples et accessibles com-
me le recours a I’utilisation d’un
dispositif de CPAP a bulles fabri-
qué de maniére artisanale et a fai-
ble cofit.

Objectif: L’objectif principal de
cette étude est d’évaluer ’efficaci
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I’efficacité et la tolérance du
bCPAP artisanale chez les nouveau
-nés en détresse respiratoire.
Meéthodes: Nous avons mené une
étude descriptive rétrospective au
Centre Hospitalier Abass Ndao a
Dakar sur une période d’un an.
Résultats: Durant la période d’étu-
de, 98 nouveau-nés avaient recu un
traitement par bCPAP artisanale.
La prématurité était le principal
facteur de risque, représentant 80 %
des nouveau-nés inclus. L’utilisa-
tion du dispositif de bCPAP artisa-
nale a conduit & une amélioration
significative : Normalisation de la
fréquence respiratoire chez 95 %

des patients ; amélioration de la
saturation en oxygene ; réduction
de la sévérité de la détresse respira-
toire chez 85 % des nourrissons. Le
taux de réussite du sevrage était de
74,5 %, avec un passage direct a
I’air ambiant possible dans 41 %
des cas. La durée moyenne d’utili-
sation de la bCPAP artisanale était
de 5,11 + 0,82 jours. La durée
moyenne d’hospitalisation dans
notre cohorte était de 12,63 + 1,10
jour. Aucun effet indésirable direct
attribuable au dispositif n’a été
observé. Les complications obser-
vées et le taux de mortalité estimé
a 25 % restent préoccupants et

étaient principalement liés a Ia
prématurité et au faible poids de
naissance.

Conclusion: La mise en place de la
bCPAP artisanale a prouvé son
efficacité et sa pertinence dans la
prise en charge des détresses respi-
ratoires dans les contextes a res-
sources limitées. Son déploiement,
associ¢ a une formation adéquate
du personnel de santé, constituent
un levier essentiel pour améliorer
la survie néonatale au Sénégal et
dans d’autres environnements si-
milaires.

Introduction

In low-income countries, neonatal mortality accounts
for a significant proportion of overall infant mortality.
According to the World Health Organization (WHO), in
2022, 47% of all deaths among children under five years
occurred during the neonatal period'. At the same time,
the neonatal mortality rate was highest in sub-Saharan
Africa, with 27 deaths per 1,000 live births'. In Senegal,
despite progress in improving maternal and child health,
according to the 2023 Demographic and Health Survey
(DHS), neonatal mortality remains a persistent chal-
lenge: although a downward trend has been observed
over the last decade, the rate has fallen from 25 to 23
deaths per 1,000 newborns®. Faced with this situation, it
is essential to offer simple and accessible solutions. The
use of continuous positive airway pressure (CPAP) is
recognized as an effective, non-invasive strategy for
keeping the airways open, improving respiratory effort
and reducing the need for mechanical ventilation *. In
Senegal, access to standard CPAP devices remains lim-
ited due to their high cost and the restricted availability
of suitable biomedical equipment *. In this context, the
use of CPAP, even when manufactured in a low-cost,
artisanal manner using simple materials, may be a viable
alternative’. The main objective of this study is therefore
to evaluate the efficacy and tolerability of improvised
bubble CPAP (bCPAP) in newborns with respiratory
distress.

Methods

The study was conducted in the pediatric department of
the Abass Ndao Hospital Centre (CHAN), a level 3 pub-
lic health facility in Senegal's healthcare system. This
single-centre study was conducted over a period of one
year (July 2024 to June 2025). It is a retrospective de-
scriptive and analytical study. We included newborns
hospitalized in the neonatal unit during the study period
who received improvised bCPAP either initially or

during their treatment. We excluded newborns with ma-

jor congenital malformations affecting respiration (e.g.
diaphragmatic hernia, uncorrected bilateral choanal
atresia, severe pulmonary malformations), major heart
disease, and newborns with desaturation requiring im-
mediate intubation without attempting bCPAP. Prema-
ture newborns with even mild respiratory distress were
immediately placed on improvised bCPAP. However,
for full-term newborns, the decision to initiate positive
pressure ventilation was based on the severity of respira-
tory distress, the presence of hemodynamic instability or
neurological distress. Newborns from the maternity
ward (inborns) were placed directly on bCPAP within
one hour of delivery if indicated, whereas bCPAP was
initiated in transferred newborns (outborns) within 2 to 7
hours post-delivery’. We evaluated quantitative and
qualitative variables such as gestational age, trophicity,
duration of improvised bCPAP, length of hospitaliza-
tion, pulse oxygen saturation (SpO:), respiratory rate,
respiratory effort according to the Silverman score, indi-
cation for improvised bCPAP, and the occurrence of
complications and deaths. We collected data from medi-
cal records. Qualitative variables were described in
terms of numbers and percentages, while quantitative
variables were presented as means + standard deviation
or medians accompanied by their extreme values, de-
pending on the distribution of the data. Ethical consid-
erations: The study was conducted in accordance with
confidentiality and medical confidentiality requirements.
The data was anonymized before processing. Authoriza-
tion was obtained for the use of medical records.

Description of the improvised bCPAP

The improvised bCPAP is handmade by trained para-
medical staff and contains an oxygen source with an
appropriate flow meter (0—15 L/min) and a breathing
circuit: 02 ventilation tubes connected in a Y or T con-
figuration (to connect to the patient and the water col-
umn), nasal cannulas and an expiratory pressure system
with a bottle filled with water (transparent bottle). The
immersion depth is checked by measuring the number of
centimeters using a tape measure.The system works by
immersing the end of the expiratory tube in a column of
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water. Oxygen is administered to the newborn via a
nasal cannula. The depth of immersion of the expiratory
tube determines the continuous positive expiratory pres-
sure (PEEP) applied to the airways: for example, an im-
mersion of 5 cm corresponds to a PEEP of 5 cmH-O.
During exhalation, the air must overcome the hydro-
static resistance of the water column in order to escape,
generating bubbling. This phenomenon induces small
pressure oscillations called micro-oscillations that
propagate to the pulmonary alveoli. These micro-
oscillations have several beneficial physiological effects:
they help maintain alveolar recruitment, improve gas
exchange and oxygenation, reduce respiratory effort and
facilitate the drainage of bronchial secretions. As a re-
sult, the system combines the effect of stable PEEP with
dynamic oscillations that optimize pulmonary ventila-
tion and support respiratory function in newborns, par-
ticularly in premature infants with pulmonary immatur-
ity or neonatal respiratory distress syndrome. The qual-
ity criteria for generating good PEEP with bCPAP

(fig 1):

* The expiratory tube should be immersed in water to a
depth of between 5 and 10 cm.

* The expiratory tube should be wide (= 8 mm internal
diameter) to avoid creating excessive resistance and
therefore a higher-than-expected PEEP. The standard
length is approximatelyl.5 m.

* A low-resistance nasal interface.

* Avoid excessive dead space: Long connection tubes
can cause CO- re-inhalation

* Appropriate gas flow: 8-12 L/min to maintain con-
stant bubbling.

e  Monitoring and absence of leaks: Circuit connec-

tions must be tight.

protocol. Most of the babies were born in our maternity
ward (inborn), i.e. 86% (Table 1).

Fig 1: Improvised bCPAP

Oxygen or
Compressed air
3-6 LPM

EXPIRATORY LIMB

Oxygen Tubing

Cut and secure
with tape here \

o
INSPIRATORY LIMB Nasal
Cannula

Water bottle —p Y
3-10cmof water | %°

Table 1: Population characteristics

Results
Population characteristics

A total of 1,153 newborns were hospitalized during the
study period. Among them, 186 newborns (16.1%) had
severe respiratory distress enough to require continuous
positive airway pressure (CPAP) ventilation. Of these
186 patients, 88 were excluded due to predefined non-
inclusion criteria. At the end of this selection process, 98
newborns met all the inclusion criteria and thus consti-
tuted the final study cohort. The sex ratio was 1.65. Pre-
maturity was present in 79 cases (81%). Among the pre-
mature newborns, 27 (34%) had received antenatal corti-
costeroid therapy. Of these, 15 had received a full course
of treatment, 5 had received only a single dose, and the
number of doses was not specified in 7 cases. Newborns
with low birth weight (<2500 g) accounted for 79.6%,
and 36% of premature infants had intra-uterine growth
restriction (IUGR). Vaginal delivery was the most com-
mon mode of delivery. In the premature population, 51
(64%) premature infants were born by spontaneous vagi-
nal delivery. Among the newborns, 31.6% had received
resuscitation at birth according to the 2020 ILCOR
(International liaison Committee on Resuscitation)

Population features Number Percentage (%)
Gestationalage

<28 SA 13 13,3
28 -31SA+6] 37 37,8
32-36SA+6] 29 29,6
37-41SA+6]j 17 17,3
>42 SA 2 2,0
Antenatalcorticosteroidtherapy

0 52 66

1 dose 5 6

2 doses 15 19
Non 7 9
Birth weigth

<2500g 78 79,6
2500g —3500g 15 15,3
3501g —4000g 2 2,0
>4000g 3 3,1
Clinical data

Regarding respiratory rate (RR), 52% of newborns had
polypnoea (RR>60 cycles/min) and 27% had bradyp-
noea (RR<40 cycles/min). On average, preductal satura-
tion (SpO2) (right upper limb) was 89% and postductal
saturation (lower limb) was 88% without oxygen deliv-
ery. Respiratory distress was classified according to the
Silverman score and was moderate in 58% of cases. The
most observed signs of respiratory distress were nasal
flaring and intercostal retractions. Cyanosis was present
in 55.2% of newborns. The most common diagnoses
were hyaline membrane disease, apnea of the preterm,
early neonatal infection, and perinatal asphyxia

(Table 2).

Data on improvised bCPAP

The indications for improvised bCPAP were respiratory
distress in 82% of cases, apnoea in 51% of cases, neuro-
logical distress (18.3%) and haemodynamic instability
(26.5%).The oxygen flow rate varied between 8 and 15
I/min, with an average of 8 I/min, and the immersion
depth of the expiratory circuit was generally between 5
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and 6 cm. The adverse effects investigated were abdomi-
nal distension, nasal ulceration and the occurrence of
pneumothorax. None of these events were observed in
our newborns. With a P-value <0.0001, normalization of
respiratory rate was observed in 95% of newborns. An
improvement in respiratory distress was observed in
85% of babies, and only 5% of babies still presented
respiratory distress under improvised bCPAP, with satu-
ration increasing from 89% to 98% on average. The av-
erage duration of improvised bCPAP was 5 days. Wean-
ing was not initiated in 19 babies, a population repre-
sented by newborns whose distress remained severe or
who were neurologically or hemodynamically unstable.
Weaning from improvised bCPAP was successful in
74.5% of cases. Direct transition to room air was possi-
ble in 41% of newborns. The average length of hospi-
talization was 12 days.The mortality rate was 25%, with
88% of deaths occurring among preterm newborns.
Most of these deaths occurred in the context of hemor-
rhage or complications related to prematurity and low
birth weight, such as enterocolitis and severe apnea. The
table 3 summarize data.

Table 2: Indications for bCPAP therapy and diagnoses

bCPAP indications and diagnoses =~ Number Percentage
(%)
Indications
Respiratorydistress 81 82
Apnea 50 51
Neurologicdistress 18 18,3
Haemodynamicinstability 26 26,5
Diagnoses
Neonatal sepsis 63 64.29
Hyaline membrane disease 59 60.2
Apnea of the preterm 22 22.45
Perinatal asphyxia 17 17.35
Transient tachypnoea in newborns 10 10.2
Meconium aspiration syndrome 8 8.16
Table 3: General trend under homemade bCPAP
Progress under Without bCPAP  Under bCPAP P-value
bCPAP (Number) (Number)
Respiratory rate
<40 27 1 <0,0001
40 —-60 19 95
> 60 52 2
Respiratorydistress P-value
Mild 11 85 <0,0001
Moderate 58 8
Severe 28 5
OxygenSaturation P-value
<90 35 1 <0,0001
90 a 94 24 4
>95 39 93
Discussion

Effect of antenatal corticosteroid therapy

In our study, 27 preterm newborns (34%) had received

antenatal corticosteroid therapy. This coverage remains
insufficient considering international recommendations,
which recommend systematic administration to all
women at risk of preterm delivery before 34 weeks of
gestation, ideally in the form of a full course of be-
tamethasone or dexamethasone °. Indeed, Kurt et al.
(2025), in a cohort showed that antenatal corticosteroid
therapy, even when incomplete, reduced the risk of neo-
natal pulmonary complications by 42%. In addition, the
use of positive pressure ventilation was slightly lower in
the group that received corticosteroids (17.3%) com-
pared to the control group (20.1%) ’.Our results are in
line with data from the literature, with most respiratory
distress cases observed in newborns who had not re-
ceived any antenatal corticosteroid therapy, while ex-
posed children most often presented with moderate to
mild forms. This suggests that, even when partial or
incomplete, corticosteroid therapy helps to reduce the
severity of respiratory distress and improve response to
bCPAP treatment.

Prematurity

The prevalence of prematurity in our cohort was 81%, a
result consistent with those reported in the literature.
Similar studies conducted in rural areas in Rwanda
(71%) and Senegal (69%)confirm that premature infants
constitute the population most treated with bubble
CPAP ventilation. Respiratory diseases associated with
prematurity continue to be a very difficult condition to
manage worldwide®!. The CPAP is now recommended
by the WHO as the first-line treatment for respiratory
management in premature newborns worldwide °. In
preterm infants, surfactant deficiency leads to decreased
lung compliance, alveolar collapse and impaired gas
exchange, causing neonatal acute respiratory distress
syndrome’. bCPAP works by limiting these phenomena
through the application of PEEP, which prevents alveo-
lar collapse and promotes endogenous surfactant pro-
duction'’. Tn addition, the mechanical characteristics of
newborns (highly compliant chest wall, diaphragmatic
weakness, nasal breathing with narrow airways) accen-
tuate respiratory inefficiency. bCPAP helps to compen-
sate for this by stabilizing the chest wall, reducing mus-
cle fatigue and increasing CRF’. Finally, in preterm in-
fants, bCPAP also helps to reduce the frequency of ob-
structive and central apnea by keeping the airways open
and modulating respiratory control'".

Overall progression under improvised bCPAP and over-
all survival

In our series, the clinical progression of newborns
placed under improvised bCPAP was marked by rapid
and significant improvement in respiratory parameters.
Normalization of respiratory rate was observed in 95%
of patients, with a highly significant value (p < 0.0001).
In addition, an improvement in respiratory distress was
observed in 85% of newborns, while only 5% still had
residual respiratory distress under bCPAP. These results
were accompanied by improved oxygenation: oxygen
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saturation increased on average from 89% to 98% after
the device was installed. These observations are in line
with data in the literature, which confirm the effective-
ness of improvised bCPAP, even low-cost versions, in
rapidly correcting hypoxemia and reducing respiratory
effort **'*'* In a comparative study between the use of
bCPAP and nasal prongs conducted in Malawi in 2014
on a population of premature newborns, significantly
higher survival rates were observed with bCPAP com-
pared to oxygen therapy alone, with a notable improve-
ment in clinical signs of respiratory distress '°.Similarly,
in a systematic review published by Chisti et al, the use
of bCPAP was associated with a reduction in mortality
and a decrease in the use of mechanical ventilation com-
pared to simple nasal prongs '°.Our results therefore
confirm that improvised bCPAP is an effective and reli-
able alternative for managing neonatal respiratory dis-
tress in resource-limited settings. However, the propor-
tion of babies still experiencing persistent distress (5%
in our cohort) highlights the importance of close moni-
toring, early identification of improvised bCPAP failure,
and rapid escalation to mechanical ventilation when
necessary. The 25% mortality rate under improvised
bCPAP in our study mainly reflects the severity of non-
respiratory complications of prematurity and low birth
weight, rather than the ineffectiveness of the technique.

A recent article published in June 2025 confirms that
globally, 74.3% of neonatal deaths occur in preterm
newborns (<37 weeks). According to this study, these
deaths are preventable through quality perinatal care
(neonatal intensive care, safe oxygen therapy, infection
prevention and monitoring of high-risk pregnancies)
' In our series, the average duration of bCPAP use was

5.11 + 0.82 days, which is comparable to the data re-
ported in the literature. Indeed, the Nepalese series
reported an average duration of 4 + 1.5 days, which is
close to our results '%. Similarly, the Indian study found
an average duration of 4 + 4 days’. This similarity sug-
gests a relative homogeneity of practices and needs for
non-invasive ventilatory support in different resource-
limited settings. Regarding the length of hospital stay,
our cohort had an average of 12.63 + 1.10 days, which is
consistent with the data from the Nepalese series (12 +
7.5 days)'?. However, this duration appears to be shorter
than that reported in the Indian series (16.8 = 8§ days),
probably due to differences in the initial severity of res-
piratory distress, access to neonatal intensive care, or
weaning and hospital discharge protocols °. Thus, our
results confirm that the duration of bCPAP use and the
length of hospital stay observed in our context are in line
with the trends reported in other countries, while high-
lighting the importance of organizational and contextual
differences that may influence these indicators.

Conclusion

Improvised bCPAP is a pragmatic and effective solution
when resources are limited. Its widespread use, accom-
panied by appropriate training, represents a major lever
for improving the survival of newborns in Senegal and
other similar contexts. It is therefore essential to ensure
its integration into protocols for the management of neo-
natal respiratory distress, especially in resource-limited
settings, by training paramedical staff in the assembly of
the device and its monitoring during use.
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