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ABSTRACT

Background: Medical oxygen is an essential treatment for life-threatening
hypoxemic conditions and is commonly indicated for the clinical
management of many leading causes of mortality. Many countries of the
World Health Organization (WHQO) Eastern Mediterranean Region (EMR)
lacked robust medical oxygen systems prior to the COVID-19 (corona
virus disease) pandemic and this situation was exacerbated by increased
needs, particularly in remote and rural health facilities, resulting in many
unfortunate deaths. The aim of this article is to describe the oxygen
landscape in the region and the regional initiatives undertaken by
countries and WHO.

Methodology: We conducted a rapid review to synthesize the available
literature on the needs and availability of oxygen and its related
resources and the regional initiatives undertaken. We conducted search
in PubMed, relevant WHO and World Bank websites, and in general
using google to understand the health of conditions that could benefit
from the availability of medical oxygen, oxygen related resources
including health workforce available for support and usage of medical
oxygen, and the initiatives by WHO, countries and partners to improve
the situation. We used a snowballing technique and reviewed all
available databases for reports, surveys, assessments, and studies
related to medical oxygen, besides WHO internal records, assessments,
and consultation reports.

Results: The data on oxygen availability, supply demand gap,
infrastructure facilities, and human resources were sparse. The regional
initiatives have led to increase in resources, including human resources and
oxygen production infrastructure. The Live Oxygen Platform (LOP),
contributed to improved availability of quality data needed for supply-
demand assessments.

Conclusion: A regional enterprise strategy to promote sustainable,
decentralized, and contextualized production, supply, and monitoring of
oxygen together with human resource support including training and
placement by WHO, partners, and governments contributed to improved
availability of oxygen in the region. Additionally, with the LOP,
governments, WHO, and partners have access to better data availability
for policy decision making and timely resource allocation.

Keywords: Medical Oxygen, COVID-19, mortality, WHO Eastern
Mediterranean Region, Workforce, Live oxygen platform, Oxygen scale-
up, Oxygen roadmap
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Introduction

Medical oxygen is essential for the treatment of
hypoxaemia across many communicable and
noncommunicable diseases and medical conditions
across the life course, to which older persons and
children, in particular, are vulnerable. In 2017,
oxygen was added to the World Health
Organization (WHO) Model List of Essential
Medicines for treating hypoxaemia, (1) with its
utility spanning a diverse range of clinical
disciplines including paediatrics, neonatology,
obstetrics, surgery, and trauma. These include
diseases like cardiovascular diseases, pneumonia,
tuberculosis, and chronic obstructive pulmonary
disease, medical conditions requiring surgery, and
emergency and critical care. Coronavirus disease
(COVID-19) exacerbated the need for oxygen in
pandemic situations, demonstrated the role of
oxygen in better outcomes, and exposed the lack
of medical oxygen as a critical gap in the
healthcare systems in many countries. (2 — 5)
Countries in the WHO Eastern Mediterranean
Region (EMR) vary greatly in resources, growth
indices, and economic strengths, with more than 102
million requiring humanitarian assistance, (6) many
of which result from armed conflicts, political
instability or insecurity, or natural disasters. These
emergencies have significantly weakened or
disrupted health systems. The region is home to
43% of those who need humanitarian assistance,
the source of 64% of the world’s refugees (7) and
nearly one-third of the world’s internally displaced
persons. (8) These populations are vulnerable due
to poor living conditions, and many remain
marginalized with limited access to needed quality
health care, including medical oxygen.

However, in the EMR, access to medical oxygen has
been interrupted at many facilities. That lack of
access is contributing to preventable deaths. This
problem has been aggravated by the COVID-19
pandemic when the need for medical oxygen has
exceeded the capacities of many health systems.
Medical oxygen is often overlooked in health
system planning because of complex infrastructure
requirements, perceptions about cost, and poor
understanding of its health impact. Almost half of all
hospitals in low and middle-income countries have
an inconsistent supply of medical oxygen or lack it
entirely. (9) In resource-constrained settings, access
to medical oxygen is unreliable due to cost, distance
from  production centres, undermaintained
infrastructure, and a fragmented supply chain.

It was in this context that the first part of this study
was conducted to rapidly review and understand
the situation of oxygen supply and demand in the
region. Later, the study was expanded to have a
rapid review to synthesize the initiatives by WHO,
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Member States (MS), and partners to improve the
oxygen infrastructure and availability.

Methods

We followed a rapid review method (10) that
international agencies and governments have long
used in making policy and programme decisions,
especially in emergencies. (10, 11). We had three
objectives in undertaking this review— one, to
understand the burden of diseases in the countries
of the region that will benefit from better oxygen
availability, two, to understand the availability of
oxygen and related resources in the region, and
three, to describe the initiatives undertaken by
WHO, MS, and partners to improve the situation.
For the first two objectives, we tailored the
literature search, starting with a search in the
PubMed database for peer reviewed publications.
We used a generic search string combining terms
for medical oxygen, and the names of all MS names
(Supplement S1 for the complete string). We
included only English language studies published in
the most recent five years (2017-2021) to get the
most recent data. Only one researcher conducted
the search, study selection, and data abstraction,
with verification by a second reviewer, as is common
for rapid reviews (12). Additionally, we reviewed
WHO regional and country websites, relevant
WHO and World Bank documents and reports,
including unpublished reports, and finally, using a
snowballing approach, identified other databases
to understand the oxygen landscape. We
conducted the landscape review in January 2021
and updated the results in December 2021. For the
third objective of reviewing the initiates, we largely
screened WHO documents and reports and the Live
Oxygen Platform (LOP) hosted and maintained by
WHO, where MS share data regarding hospitals
and oxygen facilities. This second part of the review
was conducted in March 2023. We used a
descriptive synthesis method to summarize our
findings from both the sub-reviews.

Results

The oxygen resources landscape analysis for the
region

The PubMed search resulted in 711 papers, of
which there were 24 review papers. None of these
reviews, including the 10 systematic reviews,
discussed the medical oxygen availability in the
region or MS. The only paper that discussed oxygen
supply, demand, or related infrastructure was by
Amira K Al-Aamri et al.,, which forecasted the
critical care resources threshold in the Gulf
Cooperation Council (GCC) countries. (13) The
paper predicted the number of critical cases
requiring oxygen, among many other parameters
estimated using the WHO Adaptt Surge Planning
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Tool. (14). The study predicted that the maximum
number of COVID-19 patients needing oxygen
therapy during the peak of emergency admissions
varies between 690 in Bahrain, 1,440 in Oman,
and over 10,000 in Saudi Arabia.

With the sparse availability of data in peer
reviewed literature, we turned to other databases

Medical Oxygen as a Life-Saving Medicine

to wunderstand the oxygen production and
consumption in the Region. We used the WHO
mortality database to determine the number of
deaths due to diseases and conditions requiring
oxygen therapy in the region. (Table 1)

Table 1. Death rates of conditions that could benefit from the availability of medical oxygen*

Country No. of death by No of death by No of death by No of death by
CVDs Perinatal respiratory infections injuries
conditions

Bahrain 865 (2014) 77 (2014) 29 (2014) 210 (2014)
Egypt 306,363 (2019) 3,055 (2019) 19,609 (2019) 16,670 (2019)
Iran 141,693 (2016) 11,181 (2016) 8,243 (2016) 32,880 (2016)
Iraq 44,202 (2016) 7,742 (2016) 2,085 (2016) 14,578 (2016)
Jordan 7,064 (2018) 104 (2018) 461 (2018) 1,024 (2018)
Kuwait 2,996 (2019) 201 (2019) 114 (2019) 864 (2019)
Lebanon 4,110 (2021) 966 (2021) 1,308 (2021) 986 (2021)
Oman 1,076 (2021) 100 (2021) 2,998 (2021) 350 (2021)
Qatar 798 (2021) 74 (2021) 170 (2021) 373 (2021)
Syria 33,780 (2010) 132 (2010) 2,008 (2010) 3,088 (2010)
UAE 2,078(2020) 170 (2020) 1,107 (2020) 900 (2020)

#WHO platform (https://platform.who.int/mortality /themes /theme-details /MDB /all-causes); (15) CVDs-
cardiovascular diseases

Table 2. Hospital and bed capacities that largely determine national medical oxygen consumption#

Country Number of Hospital beds per Intensive Care Unit (ICU) | Mechanical
Hospitals 1,000 population* beds per 100,000 ventilators?
(2017) population**
(2020)
Afghanistan 150 0.4 1.63 (0.8) 300
Bahrain 29 1.7 3.57 (7.1)
Djibouti 16 1.4 2.38 (3.3)
Egypt 1,300 1.4 2.38 (3.8)
Iran 954 1.6 3.32 (5.0)
Iraq 372 1.3 3.32 (4.6)
Jordan 117 1.5 3.32 (4.6)
Kuwait 44 2.0 3.57 (7.1)
Lebanon 130 2.7 3.32 (9.6) 1250
Libya 96 3.2 3.32(12) 350
Morocco 534 1.0 2.38 (2.6)
Oman 69 1.5 3.57 (5.7)
Pakistan 1979 0.6 2.38 (1.4) 2200
Qatar 16 1.3 3.57 (4.3)
Saudi Arabia 540 2.2 3.57 (9.7)
Somalia 77 0.7 1.63 (1.5)
Sudan 272 0.8 2.38 (2.4) 84
Syria 91 1.4 1.63 (2.4) 153$
Tunisia 184 2.2 2.38 (5.5)
UAE 134 1.4 3.57 (4.3)
Palestine 35 1.2 2.38 (2.9) 342
Yemen 275 0.7 1.63 (1.1) 500

#World Bank (WB, 2023)

. (16) Note: Empty cells indicate that no data were available. The data of non-invasive

devices is missing; ** Calculation from population (UNDP), total hospital bed (WB) and %ICU bed (WB) from
consolidates all HCW, lab and bed estimates from 2020, found in WHO Essential Supplies Forecasting tool. SNWS:
Northwest Syria. "The sources for the mechanical ventilator data are included in Supplement. (S2)
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A significant number of deaths related to perinatal
conditions, respiratory conditions, and injuries may
benefit from a more organized and sustainable
oxygen delivery in the region. Our review also
showed a serious gap in our understanding of the
oxygen requirements in the region, for example, we
needed data for Afghanistan, Djibouti, Libya,
Morocco, Pakistan, Palestine, Saudi Arabiaq,
Somalia, Sudan, Tunisia, and Yemen.

One of the key determinants of actual oxygen
demand irrespective of the medical conditions
requiring oxygen is the availability of medical
facilities where oxygen can be administered,
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including the availability of hospital beds, Intensive
Care Unit (ICU) beds, and mechanical ventilators.
Understanding these determinants is important in
calculating oxygen needs. We used the World Bank
database to calculate the hospital and bed
capacities that largely determine national medical
oxygen consumption in the region. (Table 2).

One of the most essential requirements to have a
sustainable system for oxygen production,
maintenance of facilities, and supply chain is the
availability of key human resources. However, we
found very little data on the number of Biomedical
Engineers and Technicians in MS. (Table 3)

Table 3. Human resources available for support and usage of medical oxygen

Country Biomedical Engineers Biomedical Nurses@ per Physicians per
(2017) Technicians (2017) 1,000 people 1,000 people
Afghanistan >1 0.4 (2018) 0.3 (2020)
Bahrain 2 2.5 (2015) 0.9 (2020)
Diibouti >1 0.7 (2014) 0.2 (2014)
Egypt 1000 1.9 (2018) 0.7 (2017)
Iran >1 2.1 (2018) 1.6 (2018)
Iraq 2.4 (2020) 1.0 (2020)
Jordan 2370 1140 3.3(2019) 2.7 (2020)
Kuwait >1 7.4 (2018) 2.3 (2020)
Lebanon 750 1.7 (2018) 2.2 (2019)
Libya 40 40 6.5 (2017) 2.1 (2017)
Morocco 1.4 (2017) 0.7 (2017)
Oman 3.9 (2020) 1.8 (2020)
Pakistan 1200 0.5 (2019) 1.1 (2019)
Qatar 7.2 (2018) 2.5 (2018)
Saudi Arabia 300 5.8 (2019) 2.7 (2020)
Somalia 0.1 (2014) 0.0 (2014)
Sudan 365 1.1 (2018) 0.3 (2017)
Syria 1.5 (2016) 1.3 (2016)
Tunisia 20 2.5 (2017) 1.3 (2017)
UAE 3 5.7 (2019) 2.6 (2019)
Palestine no data 0.8 (2001)
Yemen 150 300 0.8 (2018) 0.5 (2014)

#WHO Global Health Observatory; $World Bank; @Nurses and midwives (17-19)

The number of biomedical engineers ranged from
single digits in countries like Afghanistan and
Djibouti to 1000 or more in Egypt, Jordan, and
Pakistan. We also found wide variations in the
definitions used for the critical human resources
reported, including ICU physicians and nurses
among the countries. The number of Physicians per
1,000 population, which also critically affect
healthcare delivery, and determines the use of
oxygen facilities, ranged from less than 0.1 in
Somalia, 0.2 in Djibouti, 0.3 in Afghanistan and
Sudan to 2.7 in Jordan and Saudi Arabia.
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Regional initiatives

Development of the Live Oxygen Platform (LOP)
Our review of WHO consultation documents and
reports showed the need for a uniform database or
repository that collectively captures oxygen
production and consumption data at national and
sub-national levels. However, we identified some
international databases and platforms  which
perform similar but only partial functions (See
Supplement Table S3 to see the list of platforms
reviewed). We then examined the WHO initiative
called Live Oxygen Platform (LOP) (20). This is an
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online data platform on oxygen capacity and
needs in MS for timely public response and was a
direct result of the WHO technical consultation on
oxygen access scale-up for COVID-19, which was
convened in October-November 2020. (21) This
platform was designed to serve as a centralized
repository of information and tools and operates as
a ‘global good’, a platform that carries out real-
time aggregation, analysis, and interpretation of
medical oxygen access scale-up activities in
different contexts, with information captured in both
prospective and retrospective manners. The
development of the actual platform started with
determining the “metadata” required to develop
clear and targeted objectives for the platform. This
came from an in-depth exploration of existing data
platforms to see if any could be adapted or
modified specifically for medical oxygen and have
broader and more in-depth data capture. (22-27)
However, the review could not find a single
repository that serves as a live tool for mapping of
oxygen supply and its allocation and gaps across a
country and administrative levels that give insight
into the efficiency of the entire oxygen ecosystem.

National biomedical engineers

Our review also identified how the WHO and MS
responded to the critical need for biomedical
engineer support by supporting resource limited
and conflict affected countries with national
biomedical engineers (NBME). Our review of the
terms of references and advertisements for the
positions showed that preference was given to
nationals since they better understand the context
of the oxygen situation and relevant background of
the countries and have access to hard-to-reach
areas where foreign experts are not permitted to
enter. NBMEs who could support on assessing
overall biomedical demands and providing training
and technical advice to health authorities and
healthcare workers in oxygen and biomedical
equipment use at the facility level were given
preference.

Documents reviewed showed that 17 NBMEs have
been successfully identified and assigned, playing
a vital role in the 10 most resource limited and
complex emergency countries for scaling up of
oxygen with the support of UNITAID— a global
health initiative mainly funded by some countries
and Foundations. (28) The number of NBMEs
assigned are as follows (updated as of June 10,
2023): Afghanistan (2), Djibouti (1), Iraq (1),
Lebanon (2), Libya (1), Pakistan (3), Somalia (3),
Sudan (1), Syria (1) and Yemen (2). The contribution
of NBMEs in scaling up of national oxygen
capacities has been indispensable and well-
appreciated by the countries, as per minutes of
meetings and internal WHO reports. The list of
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duties performed by the NBMEs are listed in
Supplement Table S4.

Development of a regional oxygen scale-up
roadmap

We reviewed the process in which the draft
regional roadmap for oxygen scale-up was
developed. Our review showed that the roadmap
was built on the experience gained in the use of
medical oxygen during the COVID-19 pandemic
and previous emergencies and that six documents
considered international level guidance on oxygen
scale-up were studied in the preparation of the
regional roadmap. These include a technical
consultation report, (21) recommendations on
designing country roadmaps, (29, 30) systematic
approaches, (31, 32) and principal examples of
projects in countries. (33, 34) The road map also
used national oxygen roadmaps or scale-up
implementation plans from five countries, namely
Ethiopia, (35) Liberia, (36) Malawi, (37) Nigeriq,
(38) and Uganda. (39) These country plans were
supported by one or more partners such as Clinton
Health Access Initiative (CHAI), Program for
Appropriate Technology in Health (PATH), United
Nations Children’s Fund (UNICEF), or United States
Agency for International Development (USAID). The
Ethiopian national medical oxygen and pulse
oximetry scale-up road map (34) which the
Ethiopian Ministry of Health (MOH) designed and
implemented with support from partners in 2016,
was particularly referred to. The WHO EMR
regional roadmap for oxygen scale-up was
developed and finalized in 2022 based on all
these inputs.

Discussion

To our understanding, this is the first published
review of the region's oxygen supply and demand
landscape and the regional initiatives to overcome
the challenges. This review comes at the backdrop
of the seventy-sixth World Health Assembly (WHA)
resolution in May 2023 (40), which calls for
increasing access to medical oxygen globally.
Through 20 recommendations, the resolution
suggests that MS consider their national contexts
when planning oxygen scale-up.

Some of the key findings related to medical oxygen
through the landscape analysis are as follows:
limited availability of data on companies producing
medical oxygen in the region, very few countries in
the region have national policies relating to medical
oxygen, use assessment tools for medical oxygen at
the facility level, and have updated national
treatment guidelines for conditions that may require
oxygen therapy such as sepsis, pneumonia, and
chronic obstructive pulmonary disease. No country
in the region has had a WHO technical consultation
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on oxygen access scale-up or a published national
medical oxygen scale-up roadmap, implementation
plan, or best practices document. Similarly, the
review of the available national documents
demonstrated a lack of guidance to support oxygen
delivery systems and clinical management across
EMR and that many facilities may be ill-equipped
to develop new oxygen capacities, provide oxygen
to those who need it, and titrate or discontinue
oxygen appropriately.

In response, WHO developed a series of initiatives,
including trainings, positioning of NBMEs, and
developing LOP following consultative meetings
and the landscape analysis for the Region. The LOP
was officially launched in November 2021, and this
was followed by data collection on hospitals and
companies producing oxygen. During the initial
implementation of the LOP, important opportunities
and challenges were discovered. The platform had
its challenge regarding data security and
sensitivity. One example was the difficulty in
mapping the actual locations of facilities (hospitals
or companies) using Global Positioning System
(GPS) coordinates. It was determined early on not
to map specific locations of hospitals or companies
for security reasons, particularly in conflict-affected
settings. The platform, designed to be a networking
tool in addition to a dashboard, is still in evolving
and is currently being used by a restricted number
of national users with access to the platform. The
data are currently collected by the ministries of
health directly or through local focal points, WHO
country office staff, or NBMEs during field visits. As
of March 2023, 16 countries out of 22 member
states in the region are participating in this
innovative oxygen data platform. In the next phase,
the network of the health care facilities providing
care to patients or companies producing oxygen or
biomedical supplies will have direct access to enter
their data. This can be achieved by extensive
stakeholder engagement beyond mere consultation
and confidence building and requires concerted
effort by national, regional, and local governments,
ministries, policy experts, health care workers, and
health facility leadership.

The regional oxygen roadmap recommends some
key activities to achieve oxygen scale up. These
include one, national medical oxygen needs
assessment in a holistic and comprehensive manner,
two, national technical guidance, operational tools
and quality standards for production and use of
medical oxygen, and three, national oxygen scale-
up dashboard for mapping medical oxygen and as
a networking resource. First, oxygen needs
assessments must be performed at the national and
subnational level and results made readily
available and accessible to health care facilities
providing care to patients.  Stakeholder
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engagement is key to this process and needs
assessments should be done to ensure facilities and
communities are involved in decision-making.
Second, national guidance’s need to be available
on appropriate procurement, maintenance, and

education, to scale-up and use oxygen
appropriately and effectively.  Guidance for
facilities developing new oxygen generation

capabilities is needed. Identifying patients who
need oxygen therapy and appropriately initiating,
titrating, and discontinuing oxygen therapy is
likewise essential. These national guidance’s should
be readily available and easy-to-use. Education
and training of health care workers and biomedical
professionals can ensure that resources are being
used efficiently. Third, monitoring the production
and consumption of medical oxygen should be done
at the national and subnational level.

The regional innovations through COVID-19
response have provided support to the sustainable
provision of medical oxygen in the countries. For
example, the solar-powered oxygen system in
Somalia has already shown results where
pneumonia accounts for at least one-fifth
(N=15,160) of deaths among children under five
years. (41-43) All of the countries classified as FCV
(Fragile, Conflict-affected, and Vulnerable) settings
in the region are actively participating in the LOP.
The WHO recruited NBMEs for resource limited
countries have started filling the local gaps where
the needs and gaps varied widely across and within
countries— from lack of national guidance and
regulation in oxygen scale-up, to maintenance and
repair of PSA plants or biomedical equipment and
safe use of medical oxygen, and to various types
of biomedical trainings to clinicians, technicians, and
hospital managers eftc.

Our review identified a few challenges amidst all
the initiatives, and these include one, poor
involvement of external partners in the region due
to the complexities and insecurity in conflict-
affected countries, two, data sensitivities and
reluctance to sharing data leading to a few
countries withdrawing from sharing data with LOP
at some point, three, lack of local human health
resources like biomedical engineers and technicians
and the lack of training facilities, and four, delays
in the data collection process for LOP.

Conclusion

Diseases requiring oxygen therapy remain a
leading cause of death and disability in the region.
Although efforts are being made to address
prevention of these diseases, considerable strides
are needed to reduce the burden of these diseases
and resulting mortality among infants, children, and
adults including pregnant womene. The review
showed not only the poor availability of oxygen
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production facilities, and human resources, but also
the challenges regarding data availability. The
regional roadmap for oxygen scale-up and novel
endeavours including the LOP are expected to
support the countries in the long term. The regional
enterprise strategy to promote sustainable and
decentralized production and supply of oxygen
requires commitments and prioritization of several
activities. These include securing the contracts of
NBME for long term, development of country
roadmaps and long-term strategy to achieve
sustainability, securing funding and infrastructure,
involvement of partners to complement various
areas of oxygen scale-up, among others.

Declarations:
Ethics approval and consent to participate: Not
applicable.

Consent for publication: Not applicable.
Availability of data and materials: Some of the
data that supports the findings of the current study

are not publicly available due to data protection
policies. Data are however available from the

Medical Research Archives |https:

Medical Oxygen as a Life-Saving Medicine

corresponding author on reasonable request. Other
data are available from public sources like World
Bank and WHO websites.

Competing interests: The author(s) declare that
they have no competing interests.

Funding: Funding provided by the World Health
Organization Eastern Mediterranean Regional
Office, Cairo, Egypt and UNITAID

Authors' contributions

CK - conception, design, acquisition of dataq,
analysis and interpretation of data, drafting of
manuscript, revising manuscript, final approval.
GK - acquisition of data, analysis and
interpretation of data, drafting of manuscript.
SFK - drafting and revising the manuscript.

MS — revising the manuscript.

Kl, MO - acquisition of data.

AA, RB - conception, final approval.

Acknowledgements: We acknowledge the support
from the WHO country offices and NBMEs in
maintaining the LOP database.

esmed.org/MRA /index.php /mra/article /view /4162 7



https://esmed.org/MRA/index.php/mra/article/view/4162

Medical
Research
Archives

References

1.

10.

11.

WHO. Model Lists of Essential Medicines.
Worldhealthorganization.org. published
September 2021. Accessed July 27, 2023.
https://www.who.int/groups/expert-
committee-on-selection-and-use-of-essential-
medicines/essential-medicines-lists
Rojas-Marte G, Hashmi A, Khalid M, et al.,
Ovutcomes in Patients With COVID-19 Disease
and High Oxygen Requirements. J Clin Med
Res. 2021;13(1):26-37. DOI:

https: //doi.org/10.14740 /jocmr4405

Gowda N R, Siddharth V, Kumar P, et dl.,
Constrained Medical Oxygen Supply Chain in
India During COVID-19: Red-tapism, the
Elephant in the Room. Disaster Medicine and
Public Health Preparedness, Volume 17, 2023,
e296. DOI:

https://doi.org/10.1017 /dmp.2022.242

Bansal A, Ismail J. Medical Oxygen: A
Lifesaving Drug During the COVID-19
Pandemic—Source and Distribution. Indian J
Pediatr 89, 607-615 (2022). DOI:

https://doi.org/10.1007 /s12098-021-
03978-0

Hvarfner A, Al-Djaber A, Ekstréom H. et al.,
Oxygen provision to severely ill COVID-19
patients at the peak of the 2020 pandemic in
a Swedish district hospital. PLoS ONE 17(1):
e0249984.

https: //doi.org/10.1371 /journal.pone.02499
84

OCHA. Global Humanitarian Overview 2022.
Humanitarianaction.info. Published Dec 2021.
Accessed July 27, 2023.

https: //gho.unocha.org/

UNHCR. Refugee Population  Statistics
Database. Unhcr.org. Published June 2023.
Accessed June 27, 2023.

https: //www.unhcr.org /refugee-statistics /
UNHCR. Global Trends on forced displacement
in 2018. UNHCR.org Published June 2022.
Accessed June 27, 2023.

https: //www.unhcr.org/5d08d7ee7.pdf

PATH. Oxygen Is Essential: A Policy and
Advocacy Primer. Published November 2017.
Accessed June 27, 2023.

https: / /www.path.org /resources /oxygen-is-
essential-a-policy-and-advocacy-primer/
Moore G, Redman S, Rudge S, et al. Do policy-
makers find commissioned rapid reviews useful?
Health Research Policy and Systems volume 16,
Article number: 17 (2018). DOI:
https://doi.org/10.1186/512961-018-0293-
1

Wagner G, Nussbaumer-Streit B, Greimel J, et
al.,, Trading certainty for speed - how much
uncertainty are decisionmakers and guideline

12

13.

14.

15.

16.

17.

18.

19.

20.

Medical Oxygen as a Life-Saving Medicine

developers willing to accept when using rapid
reviews: an international survey. BMC Medical
Research Methodology volume 17, Article
number: 121 (2017). DOI:
https://doi.org/10.1186/512874-017-0406-
5

. Eing V J, Steven A, Nussbaumer-Streit B, Kamel

C, et al. Paper 2: Performing rapid reviews.
Systematic Reviews 11, Article number: 151
(2022). DOI:

https: //doi.org/10.1186/s13643-022-
02011-5

Al-Aamri A, Al-Harrasi A A, Aal-Abdulsalam A
K, et al. Forecasting the SARS COVID-19
pandemic and critical care resources threshold
in the Gulf Cooperation Council (GCC)
countries: population analysis of aggregate
data. Global health original research. BMJ
Open 2021;11:e044102. doi:
10.1136/bmjopen-2020-044102

WHO. Adaptt Surge Planning Support Tool
Regional office for Europe. Geneva. April
2020. July 1st, 2023.
https: / /www.who.int /europe /tools-and-
toolkits /strengthening-the-health-system-
response-to-covid-19 /Surge-planning-

tools /adaptt-surge-planning-support-tool
WHO. Mortality Database. 2014-2021. July
1st, 2023.

https: / /platform.who.int /mortality /themes /the
me-details/MDB /all-causes

WHO. COVID-19 Essential Supplies
Forecasting Tool (COVID-ESFT) v4.1. February
2022. July 1, 2023.

https: / /www.who.int /publications /i /item /WH
0O-2019-nCoV-Tools-Essential forecasting-
2022.1

WHO. The Global Health Observatory. 2017.
July 1+, 2023.

https: / /www.who.int/data /gho /data /themes /
topics/indicator-groups /indicator-group-
details/GHO /biomedical-engineers-and-
technicians

World Bank Group. Nurses and midwives (per
1,000 people). July 1+, 2023.

https: / /data.worldbank.org /indicator /SH.ME
D.NUMW.P3

World Bank Group. Physicians (per 1,000
people). July 1+, 2023.

https: / /data.worldbank.org /indicator /SH.ME
D.PHYS.ZS

WHO. WHO EMRO Live Oxygen Platform.
www.who.int. Published Oct 2021. Accessed
June 23, 2023.

https://emliveo2.emro.who.int /LiveOxygen/lo

gin

Medical Research Archives | https://esmed.org/MRA /index.php /mra/article /view /4162 8



https://esmed.org/MRA/index.php/mra/article/view/4162
https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/essential-medicines-lists
https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/essential-medicines-lists
https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/essential-medicines-lists
https://doi.org/10.14740/jocmr4405
https://doi.org/10.1017/dmp.2022.242
https://doi.org/10.1007/s12098-021-03978-0
https://doi.org/10.1007/s12098-021-03978-0
https://doi.org/10.1371/journal.pone.0249984
https://doi.org/10.1371/journal.pone.0249984
https://worldhealthorg-my.sharepoint.com/personal/koyas_who_int/Documents/Team%20files/Humanitarianaction.info
https://gho.unocha.org/
https://www.unhcr.org/refugee-statistics/
https://www.unhcr.org/5d08d7ee7.pdf
https://www.path.org/resources/oxygen-is-essential-a-policy-and-advocacy-primer/
https://www.path.org/resources/oxygen-is-essential-a-policy-and-advocacy-primer/
https://doi.org/10.1186/s12961-018-0293-1
https://doi.org/10.1186/s12961-018-0293-1
https://doi.org/10.1186/s12874-017-0406-5
https://doi.org/10.1186/s12874-017-0406-5
https://doi.org/10.1186/s13643-022-02011-5
https://doi.org/10.1186/s13643-022-02011-5
https://www.who.int/europe/tools-and-toolkits/strengthening-the-health-system-response-to-covid-19/Surge-planning-tools/adaptt-surge-planning-support-tool
https://www.who.int/europe/tools-and-toolkits/strengthening-the-health-system-response-to-covid-19/Surge-planning-tools/adaptt-surge-planning-support-tool
https://www.who.int/europe/tools-and-toolkits/strengthening-the-health-system-response-to-covid-19/Surge-planning-tools/adaptt-surge-planning-support-tool
https://www.who.int/europe/tools-and-toolkits/strengthening-the-health-system-response-to-covid-19/Surge-planning-tools/adaptt-surge-planning-support-tool
https://platform.who.int/mortality/themes/theme-details/MDB/all-causes
https://platform.who.int/mortality/themes/theme-details/MDB/all-causes
https://www.who.int/publications/i/item/WHO-2019-nCoV-Tools-Essential_forecasting-2022.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Tools-Essential_forecasting-2022.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Tools-Essential_forecasting-2022.1
https://www.who.int/data/gho/data/themes/topics/indicator-groups/indicator-group-details/GHO/biomedical-engineers-and-technicians
https://www.who.int/data/gho/data/themes/topics/indicator-groups/indicator-group-details/GHO/biomedical-engineers-and-technicians
https://www.who.int/data/gho/data/themes/topics/indicator-groups/indicator-group-details/GHO/biomedical-engineers-and-technicians
https://www.who.int/data/gho/data/themes/topics/indicator-groups/indicator-group-details/GHO/biomedical-engineers-and-technicians
https://data.worldbank.org/indicator/SH.MED.NUMW.P3
https://data.worldbank.org/indicator/SH.MED.NUMW.P3
https://data.worldbank.org/indicator/SH.MED.PHYS.ZS
https://data.worldbank.org/indicator/SH.MED.PHYS.ZS
https://emliveo2.emro.who.int/LiveOxygen/login
https://emliveo2.emro.who.int/LiveOxygen/login

Medical
Research
Archives

21. WHO. Technical consultation on oxygen access
scale-up for C-19. Geneva: World Health
Organization; 2020. Who.int. Published July
2021. Accessed June 27, 2023.
https: //www.who.int/publications /i /item /978
9240031517

22. WHO. C-19 Essential Supplies Forecasting Tool
(COVID-ESFT). Geneva: World  Health
Organization; 2020. Who.int. Published
February 2022. Accessed September 17,
2021.
https: / /www.who.int /publications /i /item /WH
0O-2019-nCoV-Tools-Essential forecasting-
2022.1

23. WHO. Biomedical equipment for C-19 case
management - inventory tool: Interim guidance.
C-19: Essential health services 2020. Who.int.
Published June 2020. Accessed September 18,
2022.
https: / /apps.who.int /iris/handle /10665 /332
777

24. WHO. Service Availability and Readiness
Assessment (SARA). Geneva: World Health
Organization; 2021. Who.int. Published July
2015. Accessed September 18, 2022.
https: / /www.who.int /data /data-collection-
tools /service-availability-and-readiness-
assessment-
(sara)#:~:text=Introduction,managing%200f%
20a0%20health%20system

25. UNICEF. Oxygen system planning tool (OSPT).
Unicef.org. Published May 2020. Accessed
September 17, 2022.
https: / /www.unicef.org /innovation /oxygen-
system-planning-tool

26. PATH. Quantification and costing tool: oxygen
delivery sources. Path.org. Published May
2020. Accessed September 17, 2022.
https: / /www.path.org /resources /quantificatio
n-and-costing-tools/

27. USAID. The Service Provision Assessment (SPA).
Dhsprogram.com. Published May 2022.
Accessed September 22, 2022.
https: / /dhsprogram.com/methodology /Survey
-Types/SPA.cfm

28. UNITAID. Unprecedented cooperation with
global oxygen suppliers paves way to increase
access for low- and middle-income countries to
address C-19 crisis. Unitaid.org. Published June
2021. Access September 2022.
https: //unitaid.org /
https: //unitaid.org /news-
blog /unprecedented-cooperation-global-
oxygen-suppliers-june-2021 /#en

29. Every Breath Counts, Recommendations for
improving pneumonia and hypoxemia
indicators, Every Breath Counts Indicators Sub-
Group. Stoppneumonia.org. Published August

30.

31.

32.

33.

34.

35.

36.

37.

Medical Oxygen as a Life-Saving Medicine

2018. Accessed September 2017.

https: / /stoppneumonia.org /wp-
content/uploads/2020/06 /EBC-Indicators-
recommendations 6AUG18.pdf

Every Breath Counts, How to design and
implement national oxygen scale-up: case study
from Ethiopia. stoppneumonia.org. Published
January 2022. Accessed September 17, 2022.
https: / /stoppneumonia.org /how-to-design-
and-implement-national-oxygen-road-maps-
for-oxygen-scale-up-case-study-from-
ethiopia/

Graham HR, Bagayana SM, Bakare AA, et al.
Improving hospital oxygen systems for C-19 in
low-resource settings: lessons from the field.
Glob Health Sci Pract. 2020;8(4):858-862.
https: //doi.org/10.9745 /GHSP-D-20-00224,
accessed 18 September 2022.

PATH. Strengthening Oxygen Ecosystem for C-
19 and beyond in India. www.path.org.
Published July 2022. Accessed July 27, 2023.
https: //www.path.org /resources/strengthenin
g-oxygen-ecosystem-for-C-19-and-beyond-in-
india/

PATH. Systemic Approach for Creating
Sustainable Oxygen Supply and Improving
Oxygen Access During India’s C-19 Crisis.
Path.org. Published Dec 2021. Accessed July
27,2023.

https: / /network.exemplars.health /india-C-19-
sos /b /best-practices /posts /path-oxygen C-19
PATH. Optimizing Oxygen Access and
Reliability Opportunities for scaling access and
applications to other medical devices. Published
May 2020. Accessed July 27, 2023.

https: / /www.path.org /resources/optimizing-
oxygen-access-and-reliability-opportunities-
scaling-access-and-applications-other-medical-
devices/

The Federal Democratic Republic of Ethiopia.
Ministry of Health National Medical Oxygen
and Pulse Oximetry Scale Up Road Map
(2016-2021). www.medbox.org. Published
September 2016. Accessed July 27, 2023.
https: //www.medbox.org/pdf/5e148832dbb
002044c2d35ae

Ministry of Health Republic of Liberia. National
Roadmap to Increase Access to Medical
Oxygen in Liberia, 2021-2024.
www.stoppneumonia.org. Published October
2021. Accessed 27, 2023.

https: / /stoppneumonia.org /wp-
content/uploads/2022 /05 /National-
Roadmap-for-Oxygen-Access-2021-2024-
FINAL-FOR-PRINTING.pdf

Government of the Republic of Malawi. Ministry
of Health. National Medical Oxygen Ecosystem
Roadmap 2021-2026.

Medical Research Archives | https://esmed.org/MRA /index.php /mra/article /view /4162 9



https://esmed.org/MRA/index.php/mra/article/view/4162
https://www.who.int/publications/i/item/9789240031517
https://www.who.int/publications/i/item/9789240031517
https://www.who.int/publications/i/item/WHO-2019-nCoV-Tools-Essential_forecasting-2022.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Tools-Essential_forecasting-2022.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Tools-Essential_forecasting-2022.1
https://apps.who.int/iris/handle/10665/332777
https://apps.who.int/iris/handle/10665/332777
https://www.who.int/data/data-collection-tools/service-availability-and-readiness-assessment-(sara)#:~:text=Introduction,managing%20of%20a%20health%20system
https://www.who.int/data/data-collection-tools/service-availability-and-readiness-assessment-(sara)#:~:text=Introduction,managing%20of%20a%20health%20system
https://www.who.int/data/data-collection-tools/service-availability-and-readiness-assessment-(sara)#:~:text=Introduction,managing%20of%20a%20health%20system
https://www.who.int/data/data-collection-tools/service-availability-and-readiness-assessment-(sara)#:~:text=Introduction,managing%20of%20a%20health%20system
https://www.who.int/data/data-collection-tools/service-availability-and-readiness-assessment-(sara)#:~:text=Introduction,managing%20of%20a%20health%20system
https://www.unicef.org/innovation/oxygen-system-planning-tool
https://www.unicef.org/innovation/oxygen-system-planning-tool
https://www.path.org/resources/quantification-and-costing-tools/
https://www.path.org/resources/quantification-and-costing-tools/
https://dhsprogram.com/methodology/Survey-Types/SPA.cfm
https://dhsprogram.com/methodology/Survey-Types/SPA.cfm
https://unitaid.org/
https://unitaid.org/news-blog/unprecedented-cooperation-global-oxygen-suppliers-june-2021/#en
https://unitaid.org/news-blog/unprecedented-cooperation-global-oxygen-suppliers-june-2021/#en
https://unitaid.org/news-blog/unprecedented-cooperation-global-oxygen-suppliers-june-2021/#en
https://stoppneumonia.org/wp-content/uploads/2020/06/EBC-Indicators-recommendations_6AUG18.pdf
https://stoppneumonia.org/wp-content/uploads/2020/06/EBC-Indicators-recommendations_6AUG18.pdf
https://stoppneumonia.org/wp-content/uploads/2020/06/EBC-Indicators-recommendations_6AUG18.pdf
https://stoppneumonia.org/how-to-design-and-implement-national-oxygen-road-maps-for-oxygen-scale-up-case-study-from-ethiopia/
https://stoppneumonia.org/how-to-design-and-implement-national-oxygen-road-maps-for-oxygen-scale-up-case-study-from-ethiopia/
https://stoppneumonia.org/how-to-design-and-implement-national-oxygen-road-maps-for-oxygen-scale-up-case-study-from-ethiopia/
https://stoppneumonia.org/how-to-design-and-implement-national-oxygen-road-maps-for-oxygen-scale-up-case-study-from-ethiopia/
https://doi.org/10.9745/GHSP-D-20-00224
https://www.path.org/resources/strengthening-oxygen-ecosystem-for-covid-19-and-beyond-in-india/
https://www.path.org/resources/strengthening-oxygen-ecosystem-for-covid-19-and-beyond-in-india/
https://www.path.org/resources/strengthening-oxygen-ecosystem-for-covid-19-and-beyond-in-india/
https://network.exemplars.health/india-covid-19-sos/b/best-practices/posts/path-oxygen
https://network.exemplars.health/india-covid-19-sos/b/best-practices/posts/path-oxygen
https://www.path.org/resources/optimizing-oxygen-access-and-reliability-opportunities-scaling-access-and-applications-other-medical-devices/
https://www.path.org/resources/optimizing-oxygen-access-and-reliability-opportunities-scaling-access-and-applications-other-medical-devices/
https://www.path.org/resources/optimizing-oxygen-access-and-reliability-opportunities-scaling-access-and-applications-other-medical-devices/
https://www.path.org/resources/optimizing-oxygen-access-and-reliability-opportunities-scaling-access-and-applications-other-medical-devices/
https://www.medbox.org/pdf/5e148832db60a2044c2d35ae
https://www.medbox.org/pdf/5e148832db60a2044c2d35ae
https://stoppneumonia.org/wp-content/uploads/2022/05/National-Roadmap-for-Oxygen-Access-2021-2024-FINAL-FOR-PRINTING.pdf
https://stoppneumonia.org/wp-content/uploads/2022/05/National-Roadmap-for-Oxygen-Access-2021-2024-FINAL-FOR-PRINTING.pdf
https://stoppneumonia.org/wp-content/uploads/2022/05/National-Roadmap-for-Oxygen-Access-2021-2024-FINAL-FOR-PRINTING.pdf
https://stoppneumonia.org/wp-content/uploads/2022/05/National-Roadmap-for-Oxygen-Access-2021-2024-FINAL-FOR-PRINTING.pdf

Medical
Research
Archives

38.

39.

40.

www.stoppneumonia.org. Published October
2021. Accessed July 27, 2023.

https:/ /stoppneumonia.org /wp-

content /uploads/2022 /02 /Malawi-National-
Medical-Oxygen-Ecosystem-Roadmap-Final-
Final.pdf

Federal Republic of Nigeria. National Strategy
for Scale-up of Medical Oxygen in Health
Facilities 2017-2022 Federal Ministry of
Health. Medbox.org. Published 2017. Accessed
July 27, 2023.
https://www.medbox.org/pdf/5¢148832dbé
002044c2d4529

Ministry of Health Republic of Uganda National
Scale-up of Medical Oxygen Implementation
Plan 2018-2022. Health.go.ug. Published
November 2018. Accessed July 27, 2023.
https: / /www.health.go.ug /cause /national-
scale-up-of-medical-oxygen-implementation-
plan-2018-2022

WHO. Increasing access to medical oxygen.
Recommendation of the executive board.
February 1, 2023. Accessed July 1+, 2023.
https: //apps.who.int/gb /ebwha/pdf files/EB
152/B152(4)-en.pdf

41.

42.

43.

Medical Oxygen as a Life-Saving Medicine

WHO Somalia Solar-powered medical oxygen
systems saving lives in Somalia: using innovation
to accelerate impact in a fragile setting.
www.who.int. Published April 2021. Accessed
July 27, 2023.

https: / /www.emro.who.int /somalia /news /sola
r-powered-medical-oxygen-systems-saving-
lives-in-somalia-using-innovation-to-
accelerate-impact-in-a-fragile-setting.html
Kodama C, Kuniyoshi G, Abubakar A. Lessons
learned during C-19: Building critical care /ICU
capacity for resource limited countries with
complex emergencies in the World Health
Organization Eastern Mediterranean Region. J
Glob Health. 2021 Jul 17;11:03088. doi:
10.7189/jogh.11.03088

Kodama C, Kuniyoshi G, et al., 2022. Building
critical care capacity for resource-limited
countries with complex emergencies in the
World Health Organization Eastern
Mediterranean  Region: Developing and
Implementing a Critical Care National Training
Program in Yemen. European Society of
Medicine, Published: October 31, 2022.
https: //doi.org/10.18103 /mra.v10i10.3203

Medical Research Archives | https://esmed.org/MRA /index.php /mra/article /view /4162 10



https://esmed.org/MRA/index.php/mra/article/view/4162
http://www.stoppneumonia.org/
https://stoppneumonia.org/wp-content/uploads/2022/02/Malawi-National-Medical-Oxygen-Ecosystem-Roadmap-Final-Final.pdf
https://stoppneumonia.org/wp-content/uploads/2022/02/Malawi-National-Medical-Oxygen-Ecosystem-Roadmap-Final-Final.pdf
https://stoppneumonia.org/wp-content/uploads/2022/02/Malawi-National-Medical-Oxygen-Ecosystem-Roadmap-Final-Final.pdf
https://stoppneumonia.org/wp-content/uploads/2022/02/Malawi-National-Medical-Oxygen-Ecosystem-Roadmap-Final-Final.pdf
https://www.medbox.org/pdf/5e148832db60a2044c2d4529
https://www.medbox.org/pdf/5e148832db60a2044c2d4529
https://www.health.go.ug/cause/national-scale-up-of-medical-oxygen-implementation-plan-2018-2022
https://www.health.go.ug/cause/national-scale-up-of-medical-oxygen-implementation-plan-2018-2022
https://www.health.go.ug/cause/national-scale-up-of-medical-oxygen-implementation-plan-2018-2022
https://apps.who.int/gb/ebwha/pdf_files/EB152/B152(4)-en.pdf
https://apps.who.int/gb/ebwha/pdf_files/EB152/B152(4)-en.pdf
https://www.emro.who.int/somalia/news/solar-powered-medical-oxygen-systems-saving-lives-in-somalia-using-innovation-to-accelerate-impact-in-a-fragile-setting.html
https://www.emro.who.int/somalia/news/solar-powered-medical-oxygen-systems-saving-lives-in-somalia-using-innovation-to-accelerate-impact-in-a-fragile-setting.html
https://www.emro.who.int/somalia/news/solar-powered-medical-oxygen-systems-saving-lives-in-somalia-using-innovation-to-accelerate-impact-in-a-fragile-setting.html
https://www.emro.who.int/somalia/news/solar-powered-medical-oxygen-systems-saving-lives-in-somalia-using-innovation-to-accelerate-impact-in-a-fragile-setting.html
https://doi.org/10.18103/mra.v10i10.3203

Medical
Research

Medical Oxygen as a Life-Saving Medicine

Archives

SUPPLEMENT FILES
Supplement S1: Search string used in PubMed.

(("oxygen"[Text Word] OR "medical oxygen"[Text Word]) AND ("Afghanistan"[Text Word] OR
"Bahrain"[Text Word] OR "Djibouti"[Text Word] OR "Egypt"[Text Word] OR "Iran"[Text Word] OR
"lIraq"[Text Word] OR "Jordan"[Text Word] OR "Kuwait"[Text Word] OR "Lebanon"[Text Word] OR
"Libya"[Text Word] OR "Morocco"[Text Word] OR "Oman"[Text Word] OR "Pakistan"[Text Word] OR
"Qatar"[Text Word] OR "Saudi Arabia"[Text Word] OR "Somalia"[Text Word] OR "Sudan"[Text Word]
OR "Syria"[Text Word] OR "Tunisia"[Text Word] OR "UAE"[Text Word] OR "Palestine"[Text Word] OR
"Yemen"[Text Word])) AND (2017:2021[pdat])

Supplement Table $2: Data sources for mechanical ventilator availability

Afghanistan: https:/ /tolonews.com/afghanistan/only-300-ventilators-afghanistan-treat-C-19-moph

Libya: https://www.nytimes.com/2020/04 /18 /world /africa/africa-coronavirus-ventilators.html

Lebanon: https://sites.aub.edu.lb /maingate /2020,/08 /07 /ventilators-made-to-order/

Pakistan: https://www.dawn.com/news/1543410

Sudan: https://www.nytimes.com/2020/04 /18 /world /africa /africa-coronavirus-ventilators.html

Syria: https://reliefweb.int /report/yemen/more-15-million-children-and-their-families-yemen-syria-and-gaza-
set-face-C-19

Palestine: https:/ /www.timesofisrael.com/80-90-of-ventilators-in-west-bank-and-gaza-already-in-use-who-
official-says/

Yemen: https://reliefweb.int/report/yemen/more-15-million-children-and-their-families-yemen-syria-and-
gaza-set-face-C-19

Table S3: List of reviewed existing visual trackers or mapping platforms of medical oxygen or
biomedical equipment

Developer

Title of tool

Purpose

Limitations

Gasworld

Oxygen mapping
production network

Country oxygen industrial
producers

Only industrial
plants mapped

National Institute

Dynamic allocation of

India oxygen supply and demand

Only liquid oxygen

Respiratory Care
Equipment Distributors

of Industrial liquid oxygen by region supply and demand
Engineering dashboard
(India)
UNICEF Oxygen System Country oxygen availability Only oxygen
Planning Tool availability
PATH C-19 Oxygen needs Country daily oxygen need for C- | Only oxygen daily
tracker 19, (data used to calculate the need
daily oxygen need across LMICs is
pulled from the World Health
Organization (WHO) Coronavirus
Disease (C-19) Dashboard.)
PATH Sub-Saharan Africa Country respiratory care supplier | Only suppliers

mapped
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Table S4: List of duties as per Terms of Reference for NBMEs

1.Conduct the oxygen data collection from facilities and suppliers, ensure to capture the baseline oxygen
production capacity and oxygen supply system in assigned country

2.Based on the assessment in the oxygen mapping, support estimation of oxygen demand and gap in
assigned country

3.Based on the assessment in the oxygen mapping, support development of a fit-for-purpose oxygen
scale up plan for assigned country including technical support to the national, subnational or health facility
level to plan their oxygen supply system, from the oxygen source to the patient delivery device

4.Based on the assessment in the oxygen mapping, support development of bundles to ensure long term
operations of the equipment, training gaps, Infection Prevention and Control measure gaps, and
maintenance gaps. Plan a strategy and cost

5.Train healthcare workers in oxygen and biomedical equipment use

6.ldentification of the medical equipment and necessary additional components requirements as requested
by respective local ministry /partners and define and advise WHO on the installation constraints of
equipment related to works

7 .Equipment installation /repair/maintenance completion reports and certification when required.

NBME: National Biomedical Engineers
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