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Abstract
Objectives To provide more comprehensive data on the management of oxygen supplementation in neonates in sub-Saharan
Africa.
Study design An online survey on the management of oxygen supplementation for infants in neonatal units was sent to 278
healthcare personnel in sub-Saharan Africa.
Results One hundred and nine responses from 82 neonatal care units in 54% (26/48) sub-Saharan African countries were
received. All units had the capacity to provide oxygen supplementation. However, only 50% (38/76) had access to blend
oxygen with medical air and 1% (1/75) had the capacity to blend oxygen/air for every infant. Although 96% (72/75) of units
could monitor oxygen saturation, monitoring was mostly intermittent and only 32% (24/75) were able to monitor oxygen
saturation in every infant receiving oxygen supplementation.
Conclusions Findings indicate that oxygen supplementation is inadequately managed in neonatal units in sub-Saharan
Africa, which may put infants at risk of developing severe ROP.

Introduction

Supplemental oxygen is necessary to treat respiratory dis-
tress syndrome, a frequent life-threatening disease in infants
born prematurely; however, careful oxygen management is
important to reduce the incidence of ROP [1]. There has
been an epidemic of blindness due to retinopathy of

prematurity (ROP) in middle-income countries that started
within the last 25 years [2]. In some countries, ROP con-
tributed to more than 50% of childhood blindness and
blinded thousands of children [3]. The administration of
unblended (100%) supplemental oxygen contributes to
more severe ROP in preterm infants in middle-income
countries [4]. A meta-analysis of older studies has reported
that the restriction of oxygen supplementation decreased the
incidence of ROP [5] and a recent meta-analysis of five
randomized, controlled trials in extremely preterm infants
showed that oxygen saturation targets of 91–95% led to
more treatment-warranted ROP but not more blindness
compared to targets of 85–89% [6]. These trials were con-
ducted in high-income countries where timely retinal
examination and treatment for ROP were routinely avail-
able. Most importantly, the lower oxygen saturation targets
increased mortality and necrotizing enterocolitis [6]. In the
largest randomized controlled trial of oxygen saturation
targeting, higher achieved oxygen saturations were asso-
ciated with increased risk for ROP [7]. Continuous mon-
itoring of oxygen saturation in preterm infants is essential to
maximize the time an infant is within an appropriate oxygen
saturation target range to avoid visual impairment and
blindness due to ROP while also preventing death. Lower

* Waldemar A. Carlo
wcarlo@peds.uab.edu

1 Brigham Young University, Provo, UT, USA
2 University of Zimbabwe, Harare, Zimbabwe
3 University of California San Diego, San Diego, CA, USA
4 Stanford University School of Medicine, Palo Alto, CA, USA
5 UCLA School of Medicine, Los Angeles, CA, USA
6 Weill Cornell Medicine, New York, NY, USA
7 University of Lagos College of Medicine, Lagos, Nigeria
8 University of Alabama at Birmingham, Birmingham, AL, USA

Supplementary information The online version contains
supplementary material available at https://doi.org/10.1038/s41372-
021-01040-7.

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-021-01040-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-021-01040-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-021-01040-7&domain=pdf
http://orcid.org/0000-0002-7077-8518
http://orcid.org/0000-0002-7077-8518
http://orcid.org/0000-0002-7077-8518
http://orcid.org/0000-0002-7077-8518
http://orcid.org/0000-0002-7077-8518
http://orcid.org/0000-0003-3630-2142
http://orcid.org/0000-0003-3630-2142
http://orcid.org/0000-0003-3630-2142
http://orcid.org/0000-0003-3630-2142
http://orcid.org/0000-0003-3630-2142
http://orcid.org/0000-0003-0382-9976
http://orcid.org/0000-0003-0382-9976
http://orcid.org/0000-0003-0382-9976
http://orcid.org/0000-0003-0382-9976
http://orcid.org/0000-0003-0382-9976
mailto:wcarlo@peds.uab.edu
https://doi.org/10.1038/s41372-021-01040-7
https://doi.org/10.1038/s41372-021-01040-7


patient to nurse ratios in neonatal intensive care units
increase the amount of time a patient is within oxygen
saturation targets [8].

It has been suggested that blindness from ROP increases
in conjunction with the introduction and expansion of
neonatal care [2]. Initiatives to reduce ROP in low- and
middle-income countries by improving oxygen manage-
ment have been reported [9]. Africa has been deemed the
“New Frontier” for ROP due to the continual expansion of
neonatal care [10]. However, little is known about how
oxygen is currently managed in neonatal units throughout
sub-Saharan Africa. Recent reports indicate that units in
sub-Saharan Africa have high patient to nurse ratios [11, 12]
likely making oxygen saturation monitoring difficult. Pre-
viously, we reported on the management of ROP in preterm
infants in sub-Saharan Africa [13]. Responses from 28
neonatologists from 8 sub-Saharan Africa countries
revealed that 64% did not have the capacity to reduce
supplemental oxygen concentration by blending oxygen
with air. Although these data are informative, the primary
focus of the previous publication was on ROP management
and not oxygen management. It also lacked responses from
many countries within sub-Saharan Africa, including
French and Portuguese speaking nations.

The primary objectives of this study were to (1) provide
more comprehensive data on oxygen administration and
saturation monitoring in neonates in sub-Saharan Africa and
(2) identify differences in these measures in neonatal care
units with and without neonatologists.

Subjects and methods

The International Pediatric Ophthalmology and Strabismus
Council (IPOSC) recently established an ROP Task Force
entitled “Stop Infant Blindness in Africa” (SIBA) and is
comprised of more than thirty ophthalmologists from many
countries around the world. SIBA’s mission is to reduce
preventable blindness from ROP in preterm infants in sub-
Saharan Africa. This will be accomplished through needs
assessments, training, providing equipment, and collabora-
tion with physicians in sub-Saharan Africa. A Neonatology
Advisory Committee was also formed to advise the SIBA
committee, and most of the neonatologists on this com-
mittee have extensive experience working with neonatal
nurseries in sub-Saharan Africa.

As part of the SIBA initiative, an online cross-sectional
survey was created with the purpose of querying neonatal
staff on current methods of oxygen administration including
number of infants receiving oxygen supplementation, air
and oxygen sources, methods of blending oxygen/air,
respiratory support devices, oxygen saturation targets and
alarm limits, duration of monitoring, and the role of nurses

in oxygen management within neonatal care units in sub-
Saharan Africa. The Stanford University Institutional
Review Board approved the protocol as exempt.

The contact information of neonatal healthcare workers,
including neonatologists, pediatricians, and neonatal nurses,
was collected between April 27-July 31, 2020. The email
and/or WhatsApp Messenger information of these indivi-
duals were gathered through a previously created con-
ference attendee list, corresponding authors of papers
pertaining to neonatology in sub-Saharan Africa, secondary
contacts of these authors, African pediatric and neonatal
societies, online resources, and personal contacts. We
attempted to reach as many neonatal care units in sub-
Saharan Africa as possible. In total, 282 individuals were
surveyed.

The questionnaire was created in English in Qualtrics
Survey Software (Provo, UT, USA), distributed via email
and/or WhatsApp Messenger and accessed through a
hyperlink. The 32 questions in the survey were developed
by the SIBA committee and the Neonatal Advisory Com-
mittee members in collaboration with an African neonatol-
ogist. The questionnaire was field tested in Zimbabwe and
modified prior to submission to the Institutional Review
Board. The questionnaire was translated into French and
Portuguese to prevent the data being biased towards
English-speaking nations. The survey was anonymous in
order to encourage accurate responses.

Responses were collected between July 15 and August 4,
2020. Each contact received a message introducing SIBA,
the purpose of the questionnaire, the estimated length of
time for completion, and an explanation that their responses
would remain anonymous. In many instances this message
was the initial contact with the participant. No incentives
were offered to participants, but the survey results will be
made available to participants following publication. To
prevent duplicate responses, each participant received a
single personal hyperlink that could be used to submit a
response one time. Respondents were able to continue to
access the survey through their personal hyperlink in order
to view the questions until they submitted their response.
Survey items were not randomized or based on adaptive
questioning. Each page consisted of three to six items and
the survey was distributed over seven pages. A Back button
was provided on each page until submission of the survey in
case a participant wanted to change their response. Parti-
cipants were also notified of any unanswered questions
before advancing to the next page. Respondents were not
forced to complete every question prior to submitting the
survey.

In six instances respondents reported inadvertently sub-
mitting an incomplete response and requested a new link. In
order to prevent duplicate responses, the participant helped
to identify their previous response (to exclude it from
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analysis) and were sent a new link. Participants received up
to two reminder messages if no initial response was
received. There was no timeframe used as a cut-off point
when determining if certain responses needed to be exclu-
ded from analysis. Four responses were excluded from
analysis due to many incomplete responses or one response
being from more than one unit. Responses that included
very unlikely or implausible data entry errors were excluded
from the analysis because the anonymity of the survey did
not allow follow-up questions for clarification. The mean
was used in analysis of range of values provided for point
estimates. If a respondent included a value combined with
terms such as “more than,” “about,” “around,” “or less,”
etc., then the words were omitted, and the number indicated
was used for analysis. The variable denominators include
only valid responses; thus, the denominator varies from
variable to variable.

Countries were determined to be either English, French,
or Portuguese speaking depending on the official language
or which of the three languages was most commonly spo-
ken. For units with more than one respondent, the responses
were consolidated into one composite response in order to
prevent overrepresentation. For numerical data, the mean of
the responses was used in the composite response. For
multiple choice and ordinal data, the majority response was
used. If a tie between choices occurred, the response to the
question was excluded from analysis. In “mark all that
apply” questions, all answers were included in the compo-
site response unless one choice excluded other choices.
Blank responses to questions were not included in the
analysis.

Microsoft Excel (Redmond, WA, USA) and R Statistical
Software (Vienna, Austria) were used to analyze the data
and construct tables. Shapiro–Wilk normality tests revealed
that the continuous data was positively skewed and not
normal. Therefore, nonparametric comparison between
groups using the Wilcoxon signed rank-sum tests were used
when comparing continuous data. The Median and range of
continuous data were reported for center values as they were
calculated with the Wilcoxon results. Chi-squared (χ2) tests
were used when comparing proportional data. All statistical
tests were two-tailed. In total, 56 statistical tests were per-
formed. To reduce the likelihood of Type I error, a Bon-
ferroni Correction was calculated to reset the significance
cut-off. The correction was calculated by dividing 0.05 by
the total number of statistical tests (56) to reset the alpha to
0.0009, making p ≤ 0.0009 statistically significant. ArcGIS
Pro software (Redlands, CA, USA) was used to create
geospatial maps depicting the location of responses within
sub-Saharan Africa.

To assess what was previously published on oxygen
management in neonatal units in sub-Saharan Africa, a lit-
erature search was conducted on August 25 and September

16, 2020. Search items included a combination of terms
such as “oxygen management,” “oxygen,” “neonatal unit,”
“survey” and/or “Africa.” Studies published since the year
2000 were included in the review. Google Scholar, PubMed
and Embase were the primary search engine used.

This report has been formatted according to the Checklist
for Reporting Results of Internet E-surveys (CHERRIES)
guidelines.

Results

One hundred and nine responses were received from 278
contacts to whom the survey was distributed; 43 (39%)
were neonatologists, 36 (33%) general pediatricians with a
specialized interest in neonatology, 15 (14%) general
pediatricians, 9 (8%) neonatal nurses, and 6 (6%) healthcare
workers from other specialties. In total, we received data
from personnel from 82 neonatal care units in 26 of 48
(54%) sub-Saharan African countries (Fig. 1). Responses
were generated from 15 of 23 (65%) English-speaking and
11 of 20 (55%) French-speaking nations in sub-Saharan
Africa. Seventeen (21%) units were from Nigeria—the most
units in a single country. Cumulatively, an estimated
112,895 infants received care in all of these neonatal care
units in 2019. Neonatal care units with at least one neona-
tologist had more radiant warmers, incubators, and cots
compared to units without a neonatologist. There were more
nurses available during the day and night in units with a
neonatologist compared to units without a neonatologist
(Table 1). Within units with and without a neonatologist,
fewer nurses were available at night compared to during the
day (8 vs 4 with neonatologist, Paired Wilcoxon, W= 561,
p < 0.0009; 4 vs. 2 without neonatologist; Paired Wilcoxon,
W= 378, p < 0.0009).

All units had the capacity to provide supplemental oxy-
gen (Table 2). In total, 53% (40/76) of units did not have the
capacity to provide medical air; 43% (19/44) of units with a
neonatologist and 66% (21/32) of units without a neona-
tologist. Only 44% (33/75) of all units had the capacity to
blend oxygen/air for some infants on supplemental oxygen
including 54% (22/41) units with a neonatologist and 32%
(11/34) of units without a neonatologist. Only a single unit
surveyed (1/75, 1%) had the capacity to provide blended
oxygen/air for every infant receiving supplemental oxygen.
Both neonatal units with and without a neonatologist had a
median of 0 wall oxygen blenders and the most common
method of blending oxygen with air in both units with and
without a neonatologist was through a blender integrated
into a continuous positive airway pressure (CPAP) device
or ventilator.

The most common oxygen delivery instrument for all
units was low-flow nasal cannula followed by CPAP and
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the median number of oxygen delivery equipment was
highest for low-flow nasal cannula systems and CPAP
devices in both units with and without a neonatologist
(Table 2). Additionally, one-third of units with a neona-
tologist and nearly two-thirds of units without a neonatol-
ogist were not able to provide humidified oxygen/air for any
infants on high flow nasal cannula, CPAP, or ventilators in
their unit. Furthermore, only 10% of units with a neona-
tologist and 4% of units without a neonatologist were able
to provide heated humidified oxygen/air for every infant.

Only 37% (29/78) of units surveyed had an oxygen
management protocol in place (Table 3). Oxygen saturation
monitoring for some infants was reported in most units but
only 32% (24/75) of units monitor every infant receiving
oxygen supplementation. Most of the monitoring was
reported to be intermittent. Preterm oxygen saturation targets
did not differ by having a neonatologist or not. Preterm pulse
oximeter alarm limits were used in 78% (35/45) of units.

Discussion

Although all units included in this survey had the capability
to provide supplemental oxygen, only 1% of the units had

the capacity to blend oxygen/air for every infant receiving
supplemental oxygen and 32% of units had the capacity to
monitor oxygen saturation in every infant receiving sup-
plemental oxygen. Most were only able to monitor oxygen
saturation intermittently, limiting the effectiveness of oxy-
gen saturation monitoring. Additionally, on average neither
units with or without a neonatologist have adopted the
recommended World Health Organization guidelines of
maintaining oxygen saturation in preterm infants between
88–95% and not higher than 95% to prevent the develop-
ment of ROP [14].

Limitations to this study include a low-response rate
(39%), disproportionate responses from different countries
in sub-Saharan Africa, and the units in the survey may not
accurately reflect the current management of oxygen sup-
plementation within each country, all of which limit the
generalizability of the results. Respondents may also have
been subject to recall bias, which could have led to under-
or over-estimating the availability of resources and number
of infants receiving care in their unit. Despite these limita-
tions, this study includes more countries than any other
study on oxygen management in neonatal care units in sub-
Saharan Africa to the best of our knowledge. Other studies
did not have as many countries represented [13], were

Fig. 1 Neonatal care units in
sub-Saharan Africa who
responded to our survey. Some
neonatal care units were in close
proximity to each other and the
individual points may not be
distinguished from one another.
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conducted in individual countries [15, 16], or were not
specifically targeting neonatal care units in sub-Saharan
Africa [17]. Additionally, it is likely that the neonatal units
of non-responding healthcare personnel were no better
equipped to manage oxygen supplementation than
responding units.

The inability to provide blended oxygen/air for every
infant in all but one unit surveyed is of immediate concern.
Infants who receive unrestricted oxygen in units without the
capacity to blend oxygen/air are at increased risk of
developing severe ROP [4]. This may contribute to the
observations from previous studies that larger and/or more
mature infants (≥1500 g and/or ≥32 weeks gestational age)
are developing ROP in sub-Saharan Africa [18–25]. A
compressed oxygen source was available in every unit, but
many units did not have the capacity to blend oxygen/air
because of lack of compressed medical air, precluding the
use of traditional blenders. Innovative blenders of oxygen/
air can be effective without the need of compressed medical
air [26, 27], but some are limited due to incompatibility
with nasal cannula [26] or are not yet on the market [27].
Advocacy for compressed air and oxygen sources, or
instruments that can blend oxygen/air without a compressed
air source, are crucial in some units in sub-Saharan Africa.

Lack of blenders and oxygen saturation monitors and
high patient to nurse ratios may result in increased risk of
death, necrotizing enterocolitis, and severe ROP [6].

Ophthalmologists in Africa only have limited access to laser
photocoagulation [13], the current standard of care for
treatment of severe ROP. Even if laser treatment was readily
available in every neonatal unit, many units in sub-Saharan
Africa report a high number of infants lost to follow-up
[28, 29], which would reduce its effectiveness. Anti-VEGF
medication is the most common treatment modality for ROP
in sub-Saharan Africa [13], but the recurrence rate is high
[30]. This suggests that infants may still become blind
despite receiving treatment due to the recurrence of ROP
following discharge. The limited ability to treat ROP and
high number of patients lost to follow-up suggests that
measures to prevent the severe form of the disease will need
to be taken to curb an epidemic of blindness from ROP in
Africa. This can be done through comprehensive efforts to
improve the capacity to blend oxygen/air and to adequately
monitor targeted oxygen saturations in infants in sub-
Saharan Africa.

In conclusion, this study reports current oxygen man-
agement in a large number of neonatal care facilities in sub-
Saharan Africa. Despite the availability of oxygen supple-
mentation in all units surveyed, only one unit had the
capacity to provide blended oxygen/air for every infant.
This lack of blending can increase the risk of severe ROP
[4]. Additionally, the limited availability and consistency of
oxygen saturation monitoring may also put preterm infants
in these neonatal care units at greater risk for developing

Table 1 Neonatal care units with or without neonatologist.

With a neonatologist Without a
neonatologist

P value

Number of units 47 35

Number of countries 20 17

Admissions in 2019, median
(min, max)

1322 (70, 8000),
(n= 44)

779 (50, 3500),
(n= 28)

NSa,b

Daily census NSa,c

1–20 infants, n/N (%) 15/43 (35%) 19/34 (56%)

21–50 infants, n/N (%) 18/43 (42%) 12/34 (35%)

≥51 infants, n/N (%) 10/43 (23%) 3/34 (9%)

Bed capacity, median (min max) 40 (7, 185), (n= 47) 24 (3, 70), (n= 34) NSa,b

Bed type

Radiant warmers, median
(min, max)

6 (0, 50), (n= 47) 3 (0, 10), (n= 35) W= 1219, p < 0.0009b

Incubators, median (min, max) 10 (0, 125), (n= 47) 4 (0, 24), (n= 34) W= 1213, p < 0.0009b

Cots, median (min, max) 22 (0, 120), (n= 47) 10 (0, 68), (n= 33) W= 1123, p < 0.0009b

Number of nurses

Day, median (min, max) 8 (1, 50), (n= 45) 4 (1, 10), (n= 35) W= 1251, p < 0.0009b

Night, median (min, max) 4 (1, 33), (n= 46) 2 (1, 8), (n= 35) W= 1153, p < 0.0009b

aNot significant, (p value > 0.0009), based on Bonferroni Correction.
bp value calculated with Wilcoxon signed rank-sum test.
cp value calculated with Chi-squared (χ2) test.
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treatment-warranted ROP. Consistent and continuous oxy-
gen saturation monitoring is necessary to reduce the risk of
severe ROP. The results of this study indicate that neonatal
units in countries beyond the eight with previous published

reports of blindness from ROP may be placing infants at
increased risk of developing severe ROP. Collaboration
with policymakers, hospital administrators, alongside pro-
viders of neonatal care (neonatologists, pediatricians, and

Table 2 Respiratory support in neonatal care units with and without neonatologist.

With a neonatologist Without a neonatologist p value

Infants on oxygen per day NSa,b

1–15, n/N (%) 28/43 (65%) 27/34 (79%)

≥16, n/N (%) 15/43 (35%) 7/34 (21%)

Oxygen source

In-wall oxygen lines, n/N (%) 34/47 (72%) 14/35 (40%) NSa,b

Oxygen cylinders, n/N (%) 29/47 (62%) 25/35 (71%) NSa,b

Oxygen concentrator, n/N (%) 29/47 (62%) 25/35 (71%) NSa,b

Oxygen unavailable, n/N (%) 0/47 (0%) 0/35 (0%) NAc

Air source

In-wall air lines, n/N (%) 20/44 (45%) 7/32 (22%) NSa,b

Air compressor, n/N (%) 8/44 (18%) 5/32 (16%) NSa,b

Medical air unavailable, n/N (%) 19/44 (43%) 21/32 (66%) NSa,b

Air/oxygen blending method

Wall blender, n/N (%) 9/44 (20%) 3/32 (9%) NSa,b

Integrated into CPAPd/Ventilator,
n/N (%)

24/44 (55%) 8/32 (25%) NSa,b

Venturi, n/N (%) 1/44 (2%) 0/32 (0%) NSa,b

Unable to blend, n/N (%) 17/44 (39%) 21/32 (66%) NSa,b

Number wall blenders per unit, median (min, max) 0 (0, 40), (n= 41) 0 (0, 16), (n= 32) NSa,e

Percentage infants on oxygen who receive blended air/oxygen

0%, n/N (%) 19/41 (46%) 23/34 (68%) NSa,b

100%, n/N (%) 1/41 (2%) 0/34 (0%) NSa,b

Oxygen administration method

Headbox, n/N (%) 11/47 (23%) 3/35 (9%) NSa,b

LFf nasal cannula, n/N (%) 43/47 (91%) 32/35 (91%) NSa,b

HFg nasal cannula, n/N (%) 18/47 (38%) 14/35 (40%) NSa,b

CPAPd, n/N (%) 41/47 (87%) 21/35 (60%) NSa,b

Ventilator, n/N (%) 19/47 (40%) 3/35 (9%) NSa,b

Incubator oxygen, n/N (%) 1/47 (2%) 0/35 (0%) NSa,b

Equipment available

Headbox, median (min, max) 0 (0, 20), (n= 26) 0 (0, 16), (n= 16) NSa,e

LFf nasal cannula, median (min, max) 15 (2, 100), (n= 36) 5 (0, 50), (n= 29) NSa,e

HFg nasal cannula, median (min, max) 3 (0, 15), (n= 26) 1 (0, 30), (n= 20) NSa,e

RAM cannula, median (min, max) 0 (0, 10), (n= 20) 0 (0, 16), (n= 16) NSa,e

Vapotherm, median (min, max) 0 (0, 5), (n= 19) 0 (0, 2), (n= 12) NSa,e

CPAPd, median (min, max) 4 (0, 50), (n= 39) 2 (0, 10), (n= 25) NSa,e

Ventilator, median (min, max) 2 (0, 31), (n= 33) 0 (0, 4), (n= 16) NSa,e

Humidification system NSa,b

No, n/N (%) 16/41 (39%) 15/23 (65%)

Percentage infants receiving humidified air/oxygen

0%, n/N (%) 13/39 (33%) 14/23 (61%) NSa,b

100%, n/N (%) 4/39 (10%) 1/23 (4%) NSa,b

aNot significant, (p value > 0.0009), based on Bonferroni Correction.
bp value calculated with Chi-squared (χ2) test.
cNot applicable.
dContinuous positive airway pressure.
ep value calculated with Wilcoxon signed rank-sum test.
fLow-flow.
gHigh-flow.
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neonatal nurses) in sub-Saharan Africa will improve access
to oxygen/air blending and oxygen saturation monitoring to
prevent an epidemic of blindness due to ROP in sub-
Saharan Africa. Assuring access to equipment to blend
oxygen/air and to monitor oxygen saturation, along with
education and quality assurance on their use, are likely to
reduce blindness from ROP in sub-Saharan Africa. We aim
to address these challenges through distributing the results
of this study to survey participants, by providing training
and equipment to facilitate the proper management of
oxygen supplementation in preterm infants in sub-Saharan
Africa, and by collecting additional data on the incidence of
severe ROP and impact of improved oxygen management in

collaboration with providers in neonatal care units within
sub-Saharan Africa via the SIBA project.
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