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Background Respiratory diseases are the leading cause of death and disability world-
wide. Oxygen is an essential medicine used to treat hypoxemia from respiratory dis-
eases. However, the availability and utilization of oxygen delivery systems for adults 
in sub-Saharan Africa is not well-described. We aim to identify and describe existing 
data around oxygen availability and provision for adults in sub-Saharan Africa, deter-
mine knowledge or research gaps, and make recommendations for future research and 
capacity building.

Methods We systematically searched four databases for articles on April 22, 2020, for 
variations of keywords related to oxygen with a focus on countries in sub-Saharan Af-
rica. Inclusion criteria were studies that included adults and addressed hypoxemia as-
sessment or outcome, oxygen delivery mechanisms, oxygen availability, oxygen pro-
vision infrastructure, and oxygen therapy and outcomes.

Results: 35 studies representing 22 countries met inclusion criteria. Availability of ox-
ygen delivery systems ranged from 42%-94% between facilities, with wide variability in 
the consistency of availability. There was also wide reported prevalence of hypoxemia, 
with most studies focusing on specific populations. In facilities where oxygen is avail-
able, health care workers are ill-equipped to identify adult patients with hypoxemia, 
provide oxygen to those who need it, and titrate or discontinue oxygen appropriately. 
Oxygen concentrators were shown to be the most cost-effective delivery system in ar-
eas where power is readily available.

Conclusions There is a substantial need for building capacity for oxygen delivery 
throughout sub-Saharan Africa. Addressing this critical issue will require innovation 
and a multi-faceted approach of developing infrastructure, better equipping facilities, 
and health care worker training.

Cite as: Navuluri N, Srour ML, Kussin PS, Murdoch DM, MacIntyre NR, 
Que LG, Thielman NM, McCollum ED. Oxygen delivery systems for adults 
in Sub-Saharan Africa: A scoping review. J Glob Health 2021;11:04018.

Respiratory diseases are the leading cause of death and disability worldwide. Oxygen is an 
essential, life-saving medical therapy that has been used to treat respiratory disease since 
the late 1800s [1,2]. It is used to treat both acute and chronic conditions which result in 
hypoxemia, which is an abnormally low concentration of oxygen in the blood. For adult 
patients with chronic hypoxemia from primary lung disease or heart failure, long term ox-
ygen therapy is a well-established cornerstone of management, improving survival and 
quality of life [3,4].

Oxygen has been listed as one of the World Health Organization’s (WHO) Essential 
Medicines since the first online edition in 2002, but only for anesthesia. Hypoxemia 
was added as an indication only recently in 2017 [5,6]. The simplest way to identify 
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patients who are hypoxemic is by measuring oxygen saturation of the blood with a pulse oximeter, which 
uses infrared light refraction to non-invasively measure the percentage of oxygen in red blood cells. Sup-
plemental oxygen can be provided via cylinders (gas or liquid), oxygen concentrators, or larger oxygen 
plants, each of which have unique advantages and disadvantages depending on environment and resource 
infrastructure. WHO guidelines on the clinical use of oxygen in children and technical specifications for 
oxygen equipment are available [7,8]. These highlight the need for pulse oximetry, appropriate clinical 
evaluation and management of underlying etiology, and basic administration standards. They notably do 
not specify guidelines for adults.

Despite widespread recognition of the importance of oxygen therapy for treatment of hypoxemia, its use 
and implementation remain inadequate in much of the world. Specifically, there is limited data about 
hypoxemia recognition and oxygen provision across sub-Saharan Africa (SSA), with most existing data 
focusing on acute oxygen needs among children and neonates. In order to design interventions and im-
plementation efforts, a better understanding of the existing ecosystem is required, especially as it relates 
to adult populations.

In this scoping review, we aimed to identify and describe existing data around oxygen availability and provi-
sion for adults in SSA in order to determine areas of research or knowledge gaps on this topic and make rec-
ommendations for future research and capacity building. We hypothesized that the literature on adults would 
be limited as compared to pediatric populations, that what did exist would highlight the lack of availability, 
usage, and utilization of oxygen delivery systems for adults, and would identify key barriers of oxygen usage 
and opportunities for future research and capacity building.

METHODS
We used the Arksey and O’Malley methodological framework, along with Levac’s recommendations for each 
stage of the framework, to perform a scoping review of what is known about oxygen delivery systems in SSA 
[9,10]. A review framework was prepared to develop the overall study protocol including identifying the re-
search question, searching for relevant studies, selecting studies, charting the data, and collating, summariz-
ing, and reporting the results.

Identifying the research question

The central research question of this scoping review is: what is known in existing literature about oxygen pro-
vision to adult patients with hypoxemia in SSA, what knowledge and research gaps exist, and what recom-
mendations for future research and capacity building can be made?

Search strategy and selection criteria

We performed a systematic search of online databases (PubMed, EMBASE, African Index Medicus, and Web 
of Science) on April 22, 2020, with the assistance of a medical librarian. All articles from 1970-2020 were in-
cluded. The review was conducted applying the search words “Africa,” “oxygen inhalation therapy,” “oxygen/
supply and distribution,” “oxygen/therapeutic use,” and “oxygen” with “domiciliary,” “home,” “therapy,” “con-
centrator,” “tank,” “cylinder,” “delivery,” “distribution,” or “supply,” as the Medical Subject Heading (MeSH) 
headings (Table 1).We included any study which included adults and addressed any of the following areas: 
hypoxemia assessment or outcome, oxygen delivery mechanisms, oxygen availability, oxygen provision in-
frastructure, and oxygen therapy and outcomes. Basic science studies, case reports, studies focusing only on 
neonates, children, or fetal outcomes among pregnant women, hyperbaric oxygen therapy, mechanical venti-
lation or oxygen in the setting of anesthesia, studies based wholly outside of SSA, and those for which no full 
article could be found were excluded. One investigator reviewed the titles and abstract of the studies for inclu-
sion and an additional investigator assisted in full-text review for final inclusion. These two investigators also 
charted, collated, and summarized the data.

Charting the data, summarizing and reporting

We used a data collection form adapted from the Cochrane Effective Practice and Organization of Care group 
[11]. For each included study, we extracted data on study design, country or region of study, sample size, ox-
ygen delivery device and patient interface, power source, population setting, facility, measured outcomes, and 
interventions where available.
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The data were recorded in a series of tables, enabling repeated 
exploring of themes. After an iterative process of data extraction, 
recording, and thematic review, we aggregated studies into major 
themes and then collated the data to help describe the existing 
knowledge around oxygen availability and provision and ana-
lyze for key knowledge and research gaps.

Patient and public involvement

No patients nor members of the public were involved in the re-
view.

RESULTS
Description of studies

Of 2424 papers screened, 173 full-text articles were assessed for 
eligibility (Figure 1). We ultimately included 35 articles describ-
ing 34 different studies.

A total of 22 SSA countries were represented in the studies (Fig-
ure 2), with 5 studies including data from multiple countries. 
Studies were published between 1995 and 2020 with data col-
lection ranging from 1995 to 2017.

We identified three key themes among these articles, each with 
multiple sub-themes about the use of oxygen therapy in SSA 
(Table 2 and Table 3). These themes are oxygen availability, in-
frastructure, and usage (n = 26), hypoxia assessment and clinical 
understanding and management (n = 24), and cost and cost-ef-
fectiveness (n = 4), and each are elaborated upon below. Eight 
articles contained two themes.

Table 1. Search terms

Set Terms

#1

“Africa”[Mesh]. OR Africa[all fields]. OR Algeria[all fields]. OR Angola[all fields]. OR Benin[all fields]. OR Botswana[all fields]. OR “Burkina Faso”[all 
fields]. OR Burundi[all fields]. OR “Cabo Verde”[all fields]. OR “Cape Verde”[all fields]. OR “Central African”[all fields]. OR Chad[all fields]. OR Co-
moros[all fields]. OR Congo[all fields]. OR “Cote d Ivoire”[all fields]. OR “Cote dIvoire”[all fields]. OR Congo[all fields]. OR Djibouti[all fields]. OR 
Egypt[all fields]. OR ” Guinea”[all fields]. OR Eritrea[all fields]. OR Ethiopia[all fields]. OR Gabon[all fields]. OR Gambia[all fields]. OR Ghana[all fields]. 
OR Guinea[all fields]. OR Kenya[all fields]. OR Lesotho[all fields]. OR Liberia[all fields]. OR Libya[all fields]. OR Libyan[all fields]. OR Madagascar[all 
fields]. OR Malawi[all fields]. OR Mali[all fields]. OR Mauritania[all fields]. OR Mayotte[all fields]. OR Morocco[all fields]. OR Mozambique[all fields]. 
OR Namibia[all fields]. OR Niger[all fields]. OR Nigeria[all fields]. OR Rwanda[all fields]. OR Sahel[all fields]. OR “Sao Tome and Principe”[all fields]. 
OR Senegal[all fields]. OR “Sierra Leone”[all fields]. OR Somalia[all fields]. OR “South Africa”[all fields]. OR “South Sudan”[all fields]. OR Sudan[all 
fields]. OR Swaziland[all fields]. OR Tanzania[all fields]. OR Togo[all fields]. OR Tunisia[all fields]. OR Uganda[all fields]. OR Sahara[all fields]. OR 
Zambia[all fields]. OR Zimbabwe[all fields].

#2
“Oxygen Inhalation Therapy”[Mesh]. OR “Oxygen/supply and distribution”[Mesh:NoExp]. OR “Oxygen/therapeutic use”[Mesh:NoExp]. OR (oxygen-
[tiab]. AND (domiciliary[tiab]. OR home[tiab]. OR therapy[tiab]. OR delivery[tiab]. OR distribution[tiab]. OR supply[tiab]. OR concentrator*[tiab]. 
OR cylinder*[tiab]. OR tank*[tiab].))

#3 #1 AND #2

#4

(randomized controlled trial[pt]. OR controlled clinical trial[pt]. OR randomized[tiab]. OR randomised[tiab]. OR randomization[tiab]. OR randomi-
sation[tiab]. OR placebo[tiab]. OR randomly[tiab]. OR trial[tiab]. OR study[tiab]. OR groups[tiab]. OR Clinical trial[pt]. OR “clinical trial”[tiab]. OR 
“clinical trials”[tiab]. OR “evaluation studies”[Publication Type]. OR “evaluation studies as topic”[MeSH Terms]. OR “evaluation study”[tiab]. OR eval-
uation studies[tiab]. OR “intervention study”[tiab]. OR “intervention studies”[tiab]. OR “case-control studies”[MeSH Terms]. OR “case-control”[tiab]. 
OR “cohort studies”[MeSH Terms]. OR cohort[tiab]. OR “longitudinal studies”[MeSH Terms]. OR “longitudinal”[tiab]. OR longitudinally[tiab]. OR 
“prospective”[tiab]. OR prospectively[tiab]. OR “retrospective studies”[MeSH Terms]. OR “retrospective”[tiab]. OR observational[tiab]. OR “follow 
up”[tiab]. OR “comparative study”[Publication Type]. OR “comparative study”[tiab]. OR systematic[subset]. OR “meta-analysis”[Publication Type]. 
OR “meta-analysis as topic”[MeSH Terms]. OR “meta-analysis”[tiab]. OR “meta-analyses”[tiab].) NOT (Editorial[ptyp]. OR Letter[ptyp]. OR Case Re-
ports[ptyp]. OR Comment[ptyp].) NOT (animals[mh]. NOT humans[mh].)

#5 #4 AND #3

Figure 1. PRISMA flowchart detailing study selection. *Did not 
describe current state of oxygen availability, provision and/or ox-
ygen delivery mechanisms or were studies based entirely outside 
of SSA.
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Figure 2. Countries represented in available studies. *First number indicates 
number studies in total, including studies which included multiple sites. Num-
ber in parenthesis indicates number of single-site studies.

Oxygen availability, infrastructure, 
and usage

Several of the reviewed studies used surveys to 
assess the available equipment in health care set-
tings throughout SSA. These surveys showed a 
lack of basic equipment such as pulse oxime-
ters and oxygen delivery systems, eg, cylinders 
or concentrators. Availability of oxygen delivery 
systems ranged from 42%-94% between facilities, 
with wide variability in the consistency of avail-
ability [13-15,18,20,22,24,25,28,30,33]. For ex-
ample, the highest reported availability was in a 
study of private and public facilities in Uganda 
which showed that 15 of 16 facilities had access 
to oxygen at least half of the time. However, six 
of those hospitals lacked access to oxygen more 
than 25% of the time and one hospital never had 
access to oxygen [14]. The availability of pulse 

oximetry was significantly more limited, ranging from 0%-64% of facilities assessed [20,27,33]. This sug-
gests that while facilities may have oxygen available, their ability to accurately identify patients who may 
need oxygen and titrate the amount delivered appropriately is limited. These limitations are especially true 
for public facilities and those providing lower tiers of care [13,14,28].

Three studies assessed infrastructure in low- and middle-income countries (LMICs) across the world; data 
specific to SSA was extracted from these studies and demonstrate similar findings [26,27,29]. These studies 
were focused on surgery and anesthesia capacity, but included assessments of the facilities at large and thus 
were included in this review. Kushner et al found 46% of facilities across eight LMICs (four of which were in 
SSA – Tanzania, Sierra Leone, Liberia, and The Gambia) never had oxygen available, 33% had it sometimes 
available, and 21% had it always available [26]. Likewise, a cross-sectional survey assessing cesarean-section 
delivery capacity across 26 LMICs (13 in SSA – Congo, Ethiopia, The Gambia, Ghana, Kenya, Liberia, Mala-
wi, Niger, Nigeria, Sierra Leone, Somalia, Uganda and Tanzania) found that 21% of facilities performing ce-
sareans reported not having a reliable supply of oxygen and that 26% of those referring out did not have any 
supply [29]. An additional study which compared in-hospital mortality among inpatients between an Ugan-
dan hospital and Canadian hospital noted that there was only one oxygen concentrator available in a large re-
gional hospital in Uganda [31].

Issues in oxygen availability extend beyond the availability of the oxygen delivery systems themselves. Deliv-
ering oxygen from a cylinder or concentrator to a patient requires basic equipment such as tubing to connect 
the system to a patient delivery device such as a face mask or nasal prongs. A notable multi-SSA country as-
sessment demonstrated that not only do less than half of the facilities report access to an oxygen source, but 
that only 34.3% had at least one face mask and tube set available [15]. Furthermore, for oxygen concentrators 
to function, electricity must be readily available. This is a major issue for many facilities, with only 35%-68% 
having electricity fully available [15,27,32]. Backup power generators are often utilized in areas where consis-
tent electricity may be lacking, but many facilities do not have access to functioning generators, relying instead 
on solar power [15,27,30,32]. Even in places where oxygen concentrators and power are available, many do 
not function properly or provide the indicated amount of oxygen [21,23].

There are promising strides in systematically determining the best approach to providing oxygen and develop-
ing innovative oxygen delivery and storage systems in under-resourced areas. Oxygen concentrators have been 
demonstrated to be much more cost-effective than cylinders for oxygen delivery without sacrificing medical 
benefit [24]. Replacing cylinders with oxygen concentrators and addressing the issue of reliable power by in-
stalling an uninterrupted power supply has been shown to be easy to maintain and cost-effective [17]. Oxygen 
storage systems or reservoirs, which store oxygen in low-pressure devices, have been effective in maintaining 
flow regardless of interruption in power supply for up to 30 days and reducing the number of oxygen outage 
events [19,34]. While there are limitations to large-scale implementation of these types of reservoirs including 
clinical trial data, space requirements, and significant need for personnel education, innovations such as these 
will be imperative in overcoming the “energy poverty” that challenges SSA [32].
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Table 2. Oxygen availability, infrastructure, and usage and cost and cost-effectiveness

Author, 
year Country Facility type and 

setting Data source Key findings

Adipa, 

2015 [12]
Ghana

Korle Bu Teaching 
Hospital – Emergency 
Department and ICU

Face to face interviews 
with health care workers 
(HCWs)

Oxygen was readily available via cylinders, but cumbersome 
tanks often had to be moved across wards for patient access.

Albutt, 

2018 [13]
Uganda 17 public hospitals

Surgical Assessment 
Tool (SAT) developed by 
the Program in Global 
Surgery and Social 
Change and the WHO

Oxygen was available more than half the time at 68.8% 
of facilities while continuous pulse oximetry was always 
available in the operating room in only 62.5% of hospitals.

Albutt, 

2019 [14]
Uganda

16 private and private 
not-for-profit hospitals

WHO Tool for 
Situational Analysis to 
Assess Emergency and 
Essential Surgical Care 
(TSAAEESC)

93.8% of hospitals had oxygen but only 37.5% of had it for 
more than 25% of the time.

Belle,  

2010 [15]

Ethiopia, The Gambia, 
Ghana, Kenya, Liberia, 
Malawi, Mali, Nigeria, 
Sierra Leone, Sao Tome 
& Principe, Tanzania, 
Uganda

231 health centers and 
hospitals; 23% private, 
38% primary care, 31% 
district or regional and 
8% general hospitals

WHO TSAAEESC

43.8% of hospitals had a consistently available oxygen 
source; 31.4% had intermittent availability. Oxygen 
cylinders, concentrators and face masks and tubing were 
readily available in less than 35% of hospitals. Electricity 
and generator supply were similarly sporadic.

Bradley, 

2015* [16]
The Gambia

Biomedical Engineering 
Department at the 
Medical Research 
Council Unit

Retrospective analysis of 
electronic maintenance 
records for 27 oxygen 
concentrators

The majority of concentrator faults were repairable for less 
than US$10, with the average costs of the most common 
repairs - filter and check valve replacements - US$4.53 and 
US$6.80 respectively. Median cost of repairs was US$9.44 
with a maximum of US$573. The authors predict a seven 
year lifespan for concentrators in low resource settings with 
a US$15 per machine-year of service repair cost.

Bradley, 

2016* [17]
The Gambia

42 bed hospital in 
the Medical Research 
Council Unit

Assessment of oxygen 
concentrator function 
and user feedback

The hospital system saved 51% of oxygen costs by using 
concentrators which amounted to US$45 000 over the 
course of 8 y.

Burssa, 

2017 [18]
Ethiopia

29 facilities throughout 
Ethiopia

Ministry of Health 
Assessment

Continuous oxygen supply was not available in 33% of 
facilities and 59% had interrupted electricity. As part of 
their Safe Surgery initiative, 2 oxygen plants were built at 
referral hospitals.

Calderon, 

2019 [19]
Uganda

Jinja Regional Referral 
Hospital

Prototype Assessment
A low-pressure reservoir storage system was able to deliver 
oxygen in 56% of power outage minutes and cover over 
99% of power outage events.

Desalu, 

2011 [20]
Nigeria 68 tertiary care hospitals Cross-sectional survey

In the studied tertiary care centers, 52.9% reported having 
a standard oxygen delivery system. Under 40% had pulse 
oximeters.

Evans, 

2012 [21]
Malawi

Queen Elizabeth Central 
Hospital (QECH) – 1200 
bed public, teaching 
hospital in Southern 
Malawi

Cross-sectional study of 
adult medical inpatients 
and oxygen provision 
over 24 h

8concentrators were present, but only 4 functioned 
appropriately. Three had oxygen flow rates <60% of 
indicated; 1 did not function at all.

Hill,  

2009 [22]
The Gambia

12 health facilities – 5 
government referral 
hospitals, 7 health 
centers

Standardized WHO 
questionnaire

6 of the 12 facilities surveyed had available oxygen supplies 
(cylinders and concentrators). The government central 
referral hospitals generally had good reliability of supply 
whereas large health centers did not.

Howie, 

2008 [23]
The Gambia

Royal Victoria Teaching 
Hospital (tertiary referral 
center)

Interviews with HCWs

Oxygen concentrators were donated from North America 
but required a different electrical frequency so were difficult 
to use. Very little training was given to providers and 
eventually the supply of concentrators went unused.

Howie, 

2009* [24]
The Gambia 11 public hospitals

Health needs assessment 
framework

Concentrators have significant advantage compared 
to cylinders where power is reliable. In other settings 
cylinders preferred if transport is feasible. Cylinder costs 
are influenced by leakage whereas concentrator costs are 
affected by cost of power. Only 2 of 12 facilities in Gambia 
were suitable for concentrators over cylinders.
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Author, 
year Country Facility type and 

setting Data source Key findings

Kouo-
Ngamby, 
2015 [25]

Cameroon 12 public hospitals WHO TSAAEESC

8 of the 12 hospitals had oxygen cylinder supply, but only 
4 of the 12 had reliable oxygen concentrators. The greatest 
equipment needs were demonstrated in facilities providing 
lower tiers of care.

Kushner, 
2010 [26]

Tanzania, Sierra Leone, 
Liberia, The Gambia

132 district hospitals in 
30 LMICs

WHO TSAAEESC
No country reported 100% of facilities having continuous 
water, electricity and oxygen supplies. Oxygen was never 
available in 46% of facilities.

LeBrun, 
2014 [27]

Ethiopia, Liberia, 
Rwanda, Uganda

78 district hospitals WHO TSAAEESC

Approximately 80% of hospitals had a reliable oxygen 
source in the operating theater (OT) while 59% had pulse 
oximeters in each OT and 33% had them in surgical 
recovery rooms. Many of the hospitals surveyed reported 
power outages or interruptions.

Nyarko, 
2016 [28]

Ghana

23 health facilities of 
various care levels; all 
received some if not 
all funding from the 
Ghanaian government

Facility-based survey 
to assess WHO- 
Package of Essential 
Noncommunicable 
Disease Interventions

None of the community-based health care facilities had 
functional oxygen cylinders or pulse oximeters while district 
and regional hospitals all did. Access to medications and 
medical equipment improved with increased levels of care.

Ologunde, 
2014 [29]

Congo, Ethiopia, 
The Gambia, Ghana, 
Kenya, Liberia, Malawi, 
Niger, Nigeria, Sierra 
Leone, Somalia, 
Uganda, Tanzania

719 health facilities WHO TSAAEESC

Oxygen was available in 73.3% of the facilities surveyed. 
At facilities that offer cesarean delivery, 78% had access 
to oxygen whereas only 21% of facilities that did not offer 
the procedure had available oxygen. The survey did not 
distinguish between cylinders and concentrators.

Otiangala, 
2020 [30]

Kenya 11 rural health facilities Key informant interviews

Of 11 facilities surveyed, 82% had at least one cylinder 
and at least one concentrator. A back-up generator was 
available at 64% of facilities. The study also found a high 
case fatality rate in hypoxemic patients with an upward 
trend in mortality in those who experienced interruptions 
in therapeutic oxygen supply.

Opio,  
2014 [31]

Uganda
Kitovu Hospital – 220 
bed private not-for-profit 
regional hospital

Prospective data

This study compared prospective data from Uganda to 
retrospective data from Canada to compare in-hospital 
mortality in patients with similar admission characteristics. 
It noted that there was only 1 oxygen concentrator at the 
hospital in Uganda.

Ouedraogo, 
2018 [32]

Senegal
All formal sector health 
facilities in the country

Senegal Service Provision 
Assessments

52% of health care facilities do not have access to regular 
uninterrupted electricity. Most of these facilities are 
connected to the central grid with only 18% of facilities 
using a generator or solar supply. 11% of facilities with 
oxygen concentrators do not have the electricity to power 
them.

Penoyar, 
2012 [33]

Tanzania 48 public hospitals WHO TSAAEESC

Of the facilities surveyed, which together serve 46% of 
the Tanzanian population, 42% had consistent access to 
oxygen delivery, most of which used concentrators. Only 
37.5% had reliable running water and electricity. A total 
of 6 functional pulse oximeters were located across all 48 
facilities.

Rassool, 
2017* [34]

Uganda
Mbarara Regional 
Hospital (referral 
hospital)

Field testing of a low-
pressure oxygen storage 
system

A low-pressure oxygen storage system designed by a 
team in Australia was able to provide continuous oxygen 
supply to a simulated patient without interruption for 30 
d. The estimated cost of the system was US$460. The main 
drawback noted was the large amount of space the system 
occupies.

Rudd,  
2017 [35]

Uganda
Bwindi Community 
Hospital – a private, 
112-bed, rural hospital

Prospective observational 
single cohort study

Of 199 patients admitted to the hospital during the study 
period, 62 met SIRS criteria and were enrolled in the 
study. In the adult population, 44% of patients hypoxic 
to <94% O

2
 were treated with oxygen therapy; 100% of 

those hypoxic to <90% were. Only 1 of the patients studied 
died in the hospital while 92% of patients went home in 
improved condition.

*Article also addresses cost and/or cost-effectiveness.

Table 2. Continued
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Table 3. Hypoxemia assessment and clinical understanding and management articles

Author, 
year Country Facility type and 

setting Data source Key findings

Adipa, 

2015 [12]
Ghana

Surgical Medical 
Emergency and 
Cardiothoracic Intensive 
Care Unit at Korle Bu 
Teaching Hospital

Face to face interviews 
with health care 
workers (HCWs)

Nursing education on oxygen therapy was inadequate and a 
knowledge gap exists. Nurses require more training in assessing 
oxygen needs and administering therapy appropriately.

Aston, 

2019 [36]
Malawi

Queen Elizabeth 
Central Hospital 
(QECH) - 1200 bed 
public, teaching 
hospital in Southern 
Malawi

Prospective 
observational study

Hypoxemia (SpO
2
<90%) was strongly associated with 30-d 

mortality among 459 patients hospitalized with community-
acquired pneumonia (CAP). Authors comment that oxygen 
provision is an obvious strategy to improve CAP outcomes.

Dickson, 

2018 [37]
Sierra Leone

UK military Ebola 
treatment center

Retrospective analysis of 
clinical charts

The lowest oxygen saturations recorded in fatal cases were lower 
than cases that survived. Oxygen was administered to 18/41 
Ebola patients via concentrators and 16 of those 18 patients 
died.

Evans, 

2012 [21]
Malawi QECH

Cross-sectional study of 
adult medical inpatients 
and oxygen provision 
over 24 h

14 of 144 (9%) patients studied had SpO
2
<90% and met criteria 

for oxygen supplementation, but only 4 (29%) received O
2
 

therapy.

Foran, 

2010 [38]
Zambia

Kapiri District Hospital 
- 60 bed government 
run district hospital

Cross-sectional study of 
inpatients

109 adults were assessed, of whom 9% were hypoxemic 
(SpO

2
<90%)

Hesse, 

1995 [39]
Ghana

Korle-Bu Teaching 
Hospital

Cross-sectional survey 
of 72 first-year doctors

25% of doctors surveyed were demonstrated to manage asthma 
appropriately. 28% of doctors used oxygen for mild to moderate 
asthma, and 74% used it for severe asthma. Some doctors were 
not aware there was some degree of hypoxemia even with mild 
asthma

Kabeza, 

2012 [40]
Rwanda

Kigali University 
Teaching Hospital

Prospective 
observational study of 
125 patients undergoing 
abdominal surgery

24% of patients transferred to PACU were hypoxemic 
(SpO

2
<90%) and of those, 27% were transferred without 

supplemental O
2
. 50% of patients were hypoxemic at least once 

during the study period.

Mwita, 

2016 [41]
Kenya

Thika Level 5 hospital 
in Kiambu County in 
Central Kenya

Retrospective clinical 
audit

This study assessed the compliance with traumatic brain injury 
(TBI) management criteria, one of which is oxygen therapy. Only 
21% of patients 13yrs or older (mean age 29.8) with TBI were 
administered oxygen as indicated. The authors speculate that 
lack of availability is a significant factor.

 Opio,  

2014 [31]
Uganda

Kitovu Hospital – 220 
bed private not-for-
profit regional hospital

Prospective data

This study compared prospective data from Uganda to 
retrospective data from Canada to compare in-hospital mortality 
in patients with similar admission characteristics. It noted 3.9% 
of patients were on supplemental oxygen vs 31.2% of patients 
in Canada.

Rudd,  

2017 [35]
Uganda

Bwindi Community 
Hospital – a private, 
112-bed, rural hospital

Prospective 
observational single 
cohort study

Of 199 patients admitted to the hospital during the study period, 
62 met SIRS criteria and were enrolled in the study. In the adult 
population, 44% of patients hypoxic to <94% O

2
 were treated 

with oxygen therapy; 100% of those hypoxic to <90% were. 
Only one of the patients studied died in the hospital while 92% 
of patients went home in improved condition.

Sani,  

2017 [42]

Senegal, Nigeria, 
Cameroon, Ethiopia, 
Kenya, South Africa, 
Mozambique, 
Uganda, Sudan

12 cardiology centers
Prospective multicenter 
observational survey

Assessed changes in signs and symptoms of heart failure over the 
course of hospitalization. Oxygen saturation was predictive of 
death or heart failure exacerbation through day 60.

Scott,  

2017 [43]
Rwanda

National ambulance 
system – Service d’Aide 
Médicale Urgente 
(SAMU)

Prospective Quality 
Improvement (QI) 
Study

Implemented monthly presentations to the ambulance service 
and assessed quality metrics including supplementary oxygen for 
hypoxia. Use of supplemental oxygen improved from 75% pre-
intervention to 92% post-intervention.
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There are also issues in the way in which concentrators are provided. In 2000, a group of North American 
philanthropists donated more than 20 oxygen concentrators to the Royal Victoria Teaching Hospital, The Gam-
bia’s tertiary referral hospital. However, within weeks, none of the concentrators remained in use. A techni-
cal and qualitative assessment found that the donation process was flawed, the receiving personnel were not 
adequately trained in the use or maintenance of the machines, and the electrical frequency of the devices was 
different than the hospital’s electrical supply and would never have worked, even with a transformer [23].

Hypoxemia assessment and clinical understanding and management

An understanding of the prevalence of hypoxemia is critical in ensuring that the supply of oxygen in areas 
where it may be available is truly meeting the demand. Furthermore, medical staff and providers should have 
a clear understanding of the indications of oxygen, the appropriate route and titration of oxygen therapy, and 
when to discontinue it. Ten studies addressed the question of prevalence of hypoxemia and demonstrated 
variability in the assessment of hypoxemia across institutions and countries, as well as the lack of generalized 
data with most focusing on very specific populations. An additional five provided insight on the understand-
ing of oxygen therapy and management of hypoxemic patients in SSA.

Overall prevalence of hypoxemia, as measured by handheld pulse oximetry among adults in a district hos-
pital in Zambia was 9%, among adult inpatients in Malawi was 9%, and among adults in the emergency de-
partment at a teaching hospital in Rwanda was 12.1% [21,38,44]. The study comparing a Ugandan hospital 
and Canadian hospital assessed oxygen saturation but did not remove oxygen supplementation at the time of 
measurement, making their values difficult to interpret [31].

Five studies assessed hypoxemia among specific populations, ranging from those with cor pulmonale to sep-
sis to Ebola Virus Disease. The heterogeneity in patient populations makes it difficult to discern the overall 
need in various settings, but prevalence ranged from 11%-89% [35,37,40,45,46]. Several of these studies 
demonstrated high mortality among those with hypoxemia and an additional two studies focused specif-
ically on hypoxemia as a risk factor for mortality [36,42]. For example, among hospitalized patients who 
presented with lower respiratory tract infection and cough at Mulago Hospital in Uganda, 10.6% had an 
oxygen saturation of <90%, and hypoxemia was associated with both in-hospital and two-month mortali-
ty [46]. Among patients with Ebola Virus Disease in West Africa, 18 of 41 (44%) patients required and re-
ceived supplemental oxygen via concentrators, and 16 of 18 (89%) died [37]. The highest prevalence was 
seen among 34 patients with chronic cor pulmonale in Senegal where 88.8% were hypoxemic [45]. Un-
surprisingly, oxygen saturation on admission was found to be a predictor of mortality among patients with 
heart failure across sub-Saharan Africa,[42] adults admitted for community-acquired pneumonia in Malawi, 
[36] and associated with mortality among hospitalized patients managed for chronic obstructive pulmonary 
disease (COPD) in Nigeria [47].

In order to ensure understanding and management of hypoxemia, there is a critical need for equipment such 
as pulse oximetry, more training in identifying and responding to hypoxemia with oxygen, and standardized 

Author, 
year Country Facility type and 

setting Data source Key findings

Sutherland, 

2019 [44]
Rwanda

University Teaching 
Hospital of Kigali 
Emergency Department

QI Study

12.1% of 1765 patients screened were hypoxemic. 81.3% of 
patients were either under- or over-treated with oxygen. An 
intervention that provided didactics and pulse oximetry to 
providers helped improve clinician’s knowledge scores, oxygen 
provision and titration, and decreased tank use per day. Results 
persistent at 4 weeks and 12 weeks.

Toure, 

2000 [45]
Senegal

Dakar University 
Hospital Center 
Cardiology Department

Retrospective Cross 
Sectional

30 of 34 (88.8%) patients with cor pulmonale were hypoxemic.

Worodria, 

2018 [46]
Uganda Mulago Hospital

Secondary analysis 
of established cohort 
of adult patients 
hospitalized with 
lower respiratory tract 
infection

10.6% of 1887 patients had severe hypoxemia (SpO
2
<90%) on 

RA; hypoxemia was associated with in-hospital and post-hospital 
mortality (adjusted OR of 2.75 and 2.09 respectively).

Table 3. Continued
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protocols to guide initiation, titration, and discontinuation of oxygen therapy. Even when hypoxemia was iden-
tified, oxygen was not always provided or used appropriately with only 27%-29% of patients with hypoxemia 
receiving oxygen in two different studies [21,40]. Similarly, compliance with oxygen therapy in traumatic brain 
injury patients was found to be “dismal” [41]. An assessment of first year doctors in Ghana found that 28% 
prescribed oxygen for mild to moderate asthma and 74% for severe asthma, with many unaware that there 
was some degree of hypoxemia even with mild asthma [39]. A qualitative assessment in Ghana found nurses 
had a lack of knowledge about the appropriate amount of oxygen to provide and when to discontinue oxygen, 
and they strongly desired standardized protocols [12].

Efforts are being made to improve these metrics as highlighted by a quality improvement project in which dai-
ly team meetings and monthly feedback sessions improved supplemental oxygen administration for hypoxia 
from 75% to 92% among pre-hospital care providers in Rwanda [43].

Cost and cost-effectiveness

Four articles addressed the cost and cost-effectiveness of various oxygen delivery mechanisms, three of which 
were based on projects in The Gambia [16,17,24,34]. Oxygen concentrator systems with an uninterruptable 
power supply could save up to 51% of oxygen supply costs as compared to cylinders, amounting to a total 
cost of only US$45 000 over the course of eight years [17]. However, the cost-advantage only applies in areas 
where power is reliable, which as previously described is a major barrier for many facilities [24]. Fortunate-
ly, innovations such as the low-pressure oxygen storage system tested in Uganda cost as little as US$460 and 
generate little extra electricity costs [34]. Concentrators can also be properly maintained in resource-limited 
settings with most concentrator faults repairable for less than US$10 on average [16].

DISCUSSION
Our scoping review of available studies reveals that there is a widespread lack of access to and infrastructure 
for oxygen delivery systems across SSA, and that while this is a relatively understudied area with limited lit-
erature, there are several key opportunities to address this issue. It is noted that the majority of studies on ox-
ygen therapy in SSA focus on neonates and children, which is understandable given the high mortality from 
pneumonia for children under five years. However, respiratory diseases remain the leading cause of death and 
disability in the world, with diseases such as COPD, asthma, pulmonary hypertension, lung cancer, and tu-
berculosis killing millions of adults annually. Although efforts are being made to address prevention of these 
diseases, huge strides are needed to reduce the burden of these diseases and resulting mortality among adults 
[1]. Availability of and access to oxygen therapy to treat patients with acute or chronic hypoxemia from these 
diseases is paramount.

Our review of the available studies involving adults demonstrates a dire lack of access to oxygen delivery sys-
tems across SSA and that most facilities are ill-equipped to identify adult patients with hypoxemia, provide 
oxygen to those who need it, and titrate or discontinue oxygen appropriately. Data are limited to mainly sur-
veys, assessments, and observational studies, which cannot be validated, and the simple existence of an oxy-
gen delivery system cannot be directly correlated with patient outcomes. Yet hypoxemia is still associated with 
significant mortality in many adult populations, and the ability to address it is limited in many care settings. 
Together, our findings highlight a number of important limitations and opportunities in addressing a critical 
health issue throughout SSA.

First, oxygen must be made more readily available and accessible at health care facilities providing care to adults, 
with emphasis being placed on public and lower-tier health centers. Stakeholder engagement is key to this pro-
cess and needs assessments should be done to ensure facilities and communities are involved in decision-mak-
ing. This will require a concerted effort by national, regional and local governments, ministries of health, policy 
experts, health care workers, and health facility leadership to identify the appropriate oxygen delivery system 
for each setting and to ensure adequate resources are available for the maintenance of these systems.

Our analysis shows that concentrators are more cost-effective than oxygen cylinders in areas where there is re-
liable access to power. Innovation around lowering the cost of devices and providing reservoirs during outages 
may be helpful, and there will need to be a significant focus on building infrastructure around reliable pow-
er. Projects in resource-limited settings outside of SSA may be helpful in this regard. For example, studies in 
Papua New Guinea describe the process and effectiveness of an oxygen program which included provision of 
pulse oximeters, training of staff and installation of oxygen concentrators, as well as the design and feasibility 
of a solar-powered oxygen system [48,49]. Similarly, trials focused on improving access to oxygen among pe-
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diatric populations in SSA, especially those exploring solar-power as an energy source, may provide the data 
and basic infrastructure needed to improve access for adults [50-52]. Innovations such as these are critical in 
facilitating oxygen availability in lower-tier health centers.

Second, health care workers need appropriate equipment, education, training, and feedback in order to use 
oxygen appropriately and effectively. Identifying patients who need oxygen therapy is limited by a lack of 
pulse oximeters and knowledge, and appropriately initiating, titrating, and discontinuing oxygen therapy is 
limited by a lack of knowledge and training among health care workers at all levels. Pulse oximeters should 
be in place at every health care facility. They are an easy-to-use and relatively affordable method of identify-
ing patients at greatest risk of mortality. Oxygen tubing and patient delivery devices such as nasal prongs or 
face masks must be readily available, and a steady supply chain must be maintained. Education and training 
of health care workers around oxygen saturation, hypoxemia, and effective oxygen dosing can ensure that re-
sources are being used efficiently [44].

A challenge in administering oxygen not yet addressed in this review is the oxygen saturation threshold below 
which oxygen should be provided in various settings and among various populations. Most included studies 
used an oxygen saturation below 90% as their threshold. This is reasonable for most patients with acute hy-
poxemia and is the threshold recommended in a WHO manual on oxygen therapy for children [53]. Howev-
er, for patients with chronic hypoxemia from primary lung disease or for populations living at higher altitude 
where the partial pressure of oxygen is lower, a lower threshold may be more appropriate. These populations 
often have physiologic compensations allowing them to tolerate lower oxygen levels; providing excess oxygen 
may in fact cause harm. Therefore, education and training has to be contextualized for each setting and prac-
titioners need to be capable of individualizing therapy for each patient.

Third, there were no studies assessing the prevalence of hypoxemia among outpatients and the availability of 
long-term oxygen therapy for home use. If we extrapolate from the severe limitations in hospital settings, we 
can infer this infrastructure is severely limited. In 2017, over 544 million people had a chronic respiratory 
disease, representing an increase of nearly 40% since 1990 [54]. Prevalence in SSA is likely underestimated 
due to a lack of diagnostic capabilities, but is expected to grow as life-expectancy increases in many countries 
[55]. Any efforts to reduce disability or mortality from chronic respiratory disease that do not include build-
ing infrastructure for long-term oxygen therapy will fall short given what is known about its mortality and 
quality of life benefits [3,4].

Finally, while this review was conceptualized and undertaken prior to the COVID-19 pandemic, it is impossi-
ble to ignore the disparities in resource allocation that the pandemic has underscored. Articles in the popular 
media have highlighted the enormous need for oxygen in countries across the world, many in SSA, as well as 
the incredible barriers in accessing it [56,57]. This enhanced awareness has facilitated increased work and in-
novation in this area [58]. As donations of oxygen concentrators pour in from international organizations and 
aid agencies, it will be important to ensure that aid extends past simple provision of these systems to mainte-
nance, training, and local capacity building.

The major strength of our scoping review is its comprehensive scope and wide inclusion of studies addressing 
oxygen delivery systems in various ways. We aimed to evaluate the depth and breadth of knowledge and re-
search on oxygen delivery systems in SSA and were able to summarize the evidence in this field. Limitations 
of our study include that this is not a systematic review, and therefore we cannot aim to assess the quality of 
articles or make definitive inferences; similarly, we cannot aim to assess the risk of bias given the descrip-
tive nature of our objectives and the types of studies presented which were mainly surveys and observation-
al data; by limiting our review to full-text articles, we may have missed relevant data available in abstracts; 
and included studies encompassed only 22 of 46 SSA countries so may not be representative of the general 
population or region.

In conclusion, our findings highlight the substantial need for further research and building capacity for oxy-
gen therapy for adults across SSA and signals a call to action. We provide multiple potential action items for 
health care workers, researchers, policy makers, and organizations to consider as we move towards improving 
the care of and outcomes among patients with respiratory diseases.
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