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Oxygen therapy is life-saving for people with acute iliness, life-
sustaining for people undergoing anaesthesia and surgical care,
and life-enhancing for people with chronic respiratory failure.
Oxygen is an essential medicine and an essential service, and

requires a systems approach
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A short history of medical oxygen

Oxygen is a life-saving therapy that is more than 100 years old, yet is not available for most people

Carl Wilhelm Scheele
[1742-1786)
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Joseph Priestley
(1733-1804)

1800's access to medical
oxygen “dark ages”

1900's innovations did not benefit
regions outside of Europe and
North America
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COVI D = II 9 Wd ke u p CC| I I e Tedros Adhanom Ghebreyesus @ @Drledros - Oct 24

¥ Many countries don't have enough oxygen available to assist sick patients as
they struggle to breathe. The oxygen project reflects WHO's commitment to
I end-to-end solutions and innovation to do what we do be cheaper and
Pandemic emergency oxygen response was slow but grew nc-to-end solutions and innovation to do what we do better, cheaper an
to reach more people. #COVID19

with ACT-A Oxygen Emergency Taskforce

e Over US$1 billion mobilized
e Emergency response large but challenging

It is unlikely that oxygen would have been neglected if low-
and middle-income country representatives were included
in ACT-A.

External Evaluation of ACT-A, October 2022

Post-pandemic opportunity to sustain and build on
pandemic investments

Oxygen is one of the most

essential medicines
P 41.7K views 001/1:44 ) 7

e New coordination body Global Oxygen Alliance
(GO,AL)

e New global resolution ~ WHO resolution (WHA76.3) O f)THE LANCET GLOBAL HEALTH COMMISSION
e New actors and innovation in practice and policy O MEDICAL OXYGEN SECURITY



A Lancet Commission

A scientific review, inquiry, and response to an urgent, and
perhaps neglected or understudied, health predicament

e Science-led

e International collaboration

e Multidisciplinary

e Aims for (transformational) change

e Focused on policy and/or political action

e Report of no more than 20,000 words and 250 references

e Published in regular journal and printed as a stand-alone
booklet

e Around two years in the making

Kitutu, F. E.,, et al. (2022). "Announcing the Lancet Global Health
Commission on medical oxygen security.” The Lancet Global Health.

Sep 2022
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Announcing the Lancet Global Health Commission on medical
oxygen security

Medical ceygen is an essential health treatment for
both acute and chroni ditions across all age groups.

stemns save lives. Therefore,

Strong medical oxygen
adequate access to safe, affordable, and appropriate
medical oxygen services is crucial for improving
population health amd meeting the Sustainable
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including pneumonia, malaria, sepsis, and tubercubosis;
chronic incleding  chronic  obstructive
pulmaonary disease, heart disease, and asthma; and
surgery amd trauma care. Data suggest that this
cumulative mead is massive and largely underserved
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illnesses

For example, an estimated 7 million children with
hyposxaemic pneumonia alo eeding medical oxygen

nly one in five actually receives it.
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The team
—’

Sep 2022 Feb 2025
Commissioners

18 academic experts
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* Indust o 2.
Y e Executive murgocn b _—
e Health ministries A M children's ST EVERY
5 institutions v T

 Patients and caregivers institute ~ Karolinska O

Advisors

40 stakeholders from diverse sectors

Photo: Lancet Global Health

Oxygen Access Collaborators
100+ global network
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Key findings
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Oxygen need

Each year, 374 million people heed medical oxygen:
306 miillion (82%) live in low- and middle-income
countries (LMICs). During emergencies, the need for
oxygen can rise exponentially, putting enormous
pressure on health systems
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Global medical oxygen need
Who needs oxygen? | 1052 mllon k0, 32 millonnm G,
374 million people

Ogpe ° ° 17-3 million people __ .
306 million (82%) live in LMICs 64-2.mitliciwumﬂogo N

84-9 million people
267-1 million Nm* 0,

e 30% (93 million) in South Asia | Y TR Ny

. A 1 e 23-3milllllironpeo?lé . . ; f A 29 rr;il]ion : : - . *
e 29% (88 million) in East Asia & Pacific T smilonpeo ‘J‘ (i ‘-Q
43-9 million Nm?0, ! : S

e 24% (72 million) in Sub-Saharan Africa — ‘ -
e 8% (24 million) in Latin America & Caribbean S oy
e 5% (17 million) in Middle East & North Africa [lfolopugs  gionilipos  Dialmph

Regions

[ 40/0 (] 2 m i I I io n) i n E u ro pe & C e n t ra | AS i G [ East Asia and Pacific (HICs) [ Europe and central Asia (HICs) [ Latin America and the Caribbean (HICs) [ Middle East and north Africa (HICs)

B East Asia and Pacific (LMICs) I Europe and central Asia (LMICs) B Latin America and the Caribbean (LMICs) [ Middle East and north Africa (LMICs)
[ Sub-Saharan Africa (HICs) [ South Asia (LMICs)

I
i
i
o] -

3 Sub-Saharan Africa(LMICs) [ North America (HICs)

T H o Figure 1: Location of people with acute medical and surgical oxygen needs in 2021, and minimum volume of oxygen required to meet need, by World Bank region
4. 6 bl I I |O n C u b I C m ete rs (N m 3) Note that this figure excludes oxygen requirements related to COVID-19. Oxygen need is represented by the circles, the sizes of which are proportional to the number
of people in that region who need medical oxygen therapy. Minimum volume of oxygen required to meet need was calculated using data for recommended and usual
flow rates and duration for various conditions and assumes no inefficiencies in oxygen use and no wastage or inefficiencies in upstream oxygen production, supply,
and distribution. HICs=high-income countries. LMICs=low-income and middle-income countries. Nm*=normal cubic metres.

e 1-2 billion Nm3 for acute medical and surgical
(see Figure 1)

e 3.2 billion Nm3 for COPD (not on Figure ) O #\ THE LANCET GLOBAL HEALTH COMMISSION
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o
Global medical oxygen need
needing oxygen, millions meet acute hypoxaemia need,

(uncertainty interval) millions of Nm*® (uncertainty
interval)

Neonatal encephalopathy 0-5(0-2-0-8) 1.0 (0-5-1-7)
WhO needs oxygen? Neonatal lower respiratory infections 0-7 (0:1-1-6) 1.6 (0:3-3-6)
Preterm birth 32 (1.7-4-9) 12.6 (6-9-19-6)
Neonatal sepsis and other infections 1.0 (0-5-1.5) 2:2(1.2-3-4)
People with acute conditions (cardiovascular diseases, ol 50650 78(E260%)
a , R . Diarrhoea -4 (1-7-15-0) 57-6 (15:3-133.4)
respiratory and other infections, heonatal disorders, trauma, HIV/AIDS 11(06-19) 195 (10.9-328)
1y . Malaria 3-8(1-4-8-6) 21.6 (8-4-47-7)
and more): 105.4 million excluding COVID-19 (see Table 2) RS 0430 (6100
Encephalitis 0-4 (0-2-0-7) 5-7(2-7-10-1)
Meningitis 05 (0-2-1.0) 6-6 (2-8-13-2)
People with chronic conditions (COPD): 9.2 million Lower respiratoryinfections 247 115-44) 3575 (147676
Trauma or injury 17-4 (5-8-36-5) 199-0 (63-5-4215)
Tuberculosis 0.9 (0-3-1.8) 135 (4-7-29-7)
" ot Typhoid 01(0-0-0-3) 0-8 (0:3-17)
People needing surgery: 259 million Dengue 07(0122) 65(07-21.9)
Measles and pertussis 1.5(0.7-3.0) 6.0(2.6-11.8)
Cardiovascular disease 267 (8-4-56-3) 2436 (76-4-513-3)
| remember when | got to the emergency room my saturation T rrpyr—y
. COVID-19 52-4 (25:1-89-8) 19132 (910-8-3284-8)
was 80%. | had a blackout in front of my eyes. | thought | would SN 76(24-149) 730(231-1453)
. . ” . . Overall 157-8 (64-6-300-8) 30452 (1329-4-5549-0)
dle- I WaS Sweatlng- I felt Ilke there WGS no Ilfe In my hands Or The minimum volume of oxygen required to meet need was calculated using data for recommended and usual flow rates
and duration for various conditions and assumes no inefficiencies in oxygen use and no wastage or inefficiencies in
feet. I fel t m UC h better When I got On Oxygen and my upstreamoxygenproduction,_supply,anddistrihutiun.WEhaveconvertedtheuxygengaseousﬂuwratesa_ndduratian_
’ that we calculated to velume in Nm?, but true volume will depend on actual pressure and temperature. NmP=normal cubic
symptoms got better and | thought | would come out of it. It metees
Table 2: Estimated number of patients needing oxygen for acute medical conditions globally and
gave me h Ope. minimum volume of oxygen required to meet need, 2021

Young patient in respiratory failure, Pakistan
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Global medical oxygen need

Who needs oxygen?

Public health emergencies

e Rapidly increase oxygen need (e.g., respiratory
pandemics, mass trauma)

e Destroy health facility and oxygen infrastructure (e.g.,
conflict)

e Restrict access (e.g., natural disasters)

In 2021, 52 million people with COVID-19 needed oxygen

When we arrived, there were a lot of patients - it was very
crowded - but they took us in and gave [my husband] an
oxygen mask and big green cylinder. Five to six patients
were sharing one cylinder.

Wife of elderly man with COVID-19, Philippines aégréi'flg;AYLg?':Tgé?Sgilﬁs
O



Global medical oxygen need

Who needs oxygen?
Increasing heed

e Extra 33 million patients (9%) with acute medical and
surgical need since 2010 (see Figure 2, A)

e Extra 2.3 million patients (33%) needing long-term oxygen
therapy for COPD (see Figure 2, B)

Prevention of need is important

e Reducing smoking, drug and alcohol use, malnutrition, air
pollution, accidents and injuries

e |[ncreasing immunization, healthy diets, clean energy, road
safety

n (millions)

—
wh
o

2
E

—
=

2010 2013 2016 2019 2021

Year

Figure 2: Trends in estimated global oxygen need (2010-21) for acute
medical and surgical oxygen therapy (A) and long-term oxygen therapy (B)
Data are from the Global Burden of Disease.* Oxygen need related to COVID-19
is excluded. Error bars represent uncertainty intervals.
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Oxygen coverage

Less than 1in 3 people who need oxygen for
acute medical or surgical conditions receives it.
This 70% coverage gap far exceeds treatment
gaps for HIV/AIDS (23%) and tuberculosis (25%)
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Oxygen coverage gaps

Who receives oxygen in LMICs?
People with acute medical and

o - surgical conditions in LMICs
In LMICs, less than 1in 3 people who heed oxygen receive it 7

e 30% coverage for people with acute medical and surgical 30%
conditions (89 of 299 million)

e 22% coverage for people with acute medical conditions
(20 of 87 million)

e 33% coverage for people with surgical conditions (70 of 212
million)

e Long-term oxygen therapy not included 22% 33%

In contrast, more than 3 in 4 people with HIV/AIDS or TB in Acute Medical
LMICs get treated

Surgical

e 75% coverage of TB medicines (1)
e 77% coverage of AIDS medicines (2)

1) Global tuberculosis report 2024, WHO 2024 O f) THE LANCET GLOBAL HEALTH COMMISSION

2) AIDS at a crossroads: 2024 global AIDS update, UNAIDS 2024. O M ED'CAL OXYG EN SECU R 'TY



Oxygen coverage gaps

Why the coverage gap for acute medical needs in LMICs?

@® Level 2 facilities O Level 3 facilities

100
80
)
c 78%
= 60
c coverage
S gap
s
= 40
S \
; .-
20 2
0

Target population Service contact coverage Input-adjusted coverage Intervention coverage Quality-adjusted coverage
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Oxygen coverage gaps

Why the coverage gap for surgical needs in LMICs?
@ Level 2 facilities @ Level 3 facilities
250 i

200 F B
)
(o)
= 150 67%
é coverage
S gap
O
= 100 -
o
@)
(a
50
0

Target population Service contact coverage Input-adjusted coverage  Intervention coverage Quality-adjusted coverage
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Oxygen coverage gaps

Regional differences in medical oxygen coverage

Deep regional inequities in oxygen coverage for
patients with acute medical conditions

e 9% of patients in Sub-Saharan Africa (1.8 of 20.6
million)

e 22% of patients in South Asia (7 of 32.1 million)

e 26% of patients in East Asia and Pacific (5.5 of 21
million)

e 34% of patients in Latin American and Caribbean
(2.3 of 6.8 million)

e 44% of patients in the Middle East and North Africa
(1.7 of 3.9 million)

o 47% of patients in Eastern Europe & Central Asia (1.3
of 2.7 million)

No regional breakdown for surgical or chronic oxygen
needs due to lack of data

Population needing medical oxygen for acute conditions

(millions)

40

@ Oxygen @ No Oxygen
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Oxygen coverage gaps

Why the coverage gap for acute needs in Sub-Saharan Africa?

PAS)

. —_— N
o o1 @)

Population number (millions)

O1

Target population

@ Level 2 facilities © Level 3 facilities

Service contact coverage Input-adjusted coverage

9N%
coverage

gap

Intervention coverage Quality-adjusted coverage
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Oxygen coverage gaps

Why the coverage gap for acute needs in South Asia?

@ Level 2 facilities © Level 3 facilities

35

w
o

N
o1

78%
coverage

gap

N
o

ol

Population number (millions)
o

3.04

3.96

Target population Service contact coverage Input-adjusted coverage  Intervention coverage Quality-adjusted coverage
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Oxygen coverage gaps

Why the coverage gap for acute needs in East Asia and the Pacific?

@® Level 2 facilities © Level 3 facilities
25

N
o

3.56

74°%
coverage

o1

Population number (millions)
o

o1

Target population Service contact coverage Input-adjusted coverage  Intervention coverage Quality-adjusted coverage
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Oxygen coverage gaps

Why the coverage gap for acute needs in Latin America and the Caribbean?

© Level 3 facilities
) J.l'l

@ Level 2 facilities

~

s 66%
%)
S coverage
=M=
£ gap
0 4
c
)
c 3
-
O
S 2
)
(O
@)
O
0

Target population Service contact coverage Input-adjusted coverage  Intervention coverage Quality-adjusted coverage
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Oxygen coverage gaps

Why the coverage gap for acute needs in Middle East and North Africa?

@® Level 2 facilities © Level 3 facilities

4 h
56%

3 coverage
gap

Population number (millions)
—_ N

Target population Service contact coverage Input-adjusted coverage  Intervention coverage Quality-adjusted coverage
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Oxygen coverage gaps

Why the coverage gap for acute needs in Eastern Europe and Central Asia?

@ Level 2 facilities © Level 3 facilities
3.0 " &

25 — -
52%

- coverage
gap

Population number (millions)
o o1

=
o1

0.0
Target population Service contact coverage Input-adjusted coverage  Intervention coverage Quality-adjusted coverage
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Oxygen coverage gaps

¢ Pulse oximeters Oxygen

Health facility inequities in LMICs 100%

86%

SA

Pulse oximeters and oxygen are available e

In.

e 10% and 12% of primary health facilities
e 54% and 8% of general hospitals
e 83% and 86% of tertiary hospitals

60% + O g,

40%
Pulse oximetry and oxygen access is:

% of wards in health facilities

e three times lower in rural vs urban health 20%
facilities 10% 12%
e three times lower in public vs private -
egoe, o 00/0 -
health fGCIIItIeS Primary healthcare General hospital Tertiary hospital
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Oxygen coverage gaps

Ward inequities in LMIC health facilities @ Fulse oximeters Oxygen

100% o
91%

86%

Pulse oximeters and oxygen are available in: o)

80% e 4
e 35% and 44% of pediatric wards

e 75% and 84% of emergency departments
e 86% and 91% of surgical wards

60% i /4

44%

40%

35%

% of general hospitals

equities in pulse oximetry and
delivery are for people—
particularly children—attending small health
facilities in rural areas, especially in sub-Saharan
Africa and south Asia. 0%

20%

Pediatric Emergency Surgery
Lancet Global Health Oxygen Commission
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Oxygen coverage gaps

What do patients think?

Community perceptions can influence acceptance and
adherence to oxygen

e Fears of oxygen are can delay seeking care
e Seeing oxygen working can improve attitudes

High costs are a major barrier to oxygen access

At that time [2021], oxygen cylinders cost about 20,000

taka [US$180] each and you had to refill every 2—-3 hours.

It is almost impossible for patients who are not highly
paid to afford medical oxygen.

Family of a patient with COVID-19, Bangladesh

Photo: ALIMA
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Oxygen cost

There should be no question as to whether
investment in oxygen-system strengthening is
value for money. Rather, the focus should be on

how much funding is needed and how this money
would be most effectively spent

O /) THE LANCET GLOBAL HEALTH COMMISSION

o MEDICAL OXYGEN SECURITY



Costing the oxygen coverage gap

How much will it cost?

B Minimum surgical oxygen need [ Surgical consumables
[ Surgical supply chain inefficiencies 3 Surgical clinical wastage
TH o B Minimum acute medical oxygen need Il Acute medical consumables
U S$ 6 ° 8 bl I I Ion q yeq r |S need ed to CIose t he [ Acute medical supply chain inefficiencies [ Acute medical clinical wastage

coverage gap and US$34 billion from 2025-2030
(see Figure 6)

e South Asia: US$2:6 billion

z 92% of
e East Asia & Pacific: US$1-8 billion £ costgap
e Sub-Saharan Africa: US$1-7 billion ::::;t;

e Latin America & Caribbean: US$436 million
e Middle East & North Africa: US$212 million
e Europe & Central Asia: US$148 million

Middle Eastand  Europe and Latin America  Sub-Saharan East Asia South Asia
north Africa central Asia  and the Caribbean Africa and the Pacific

Figure 4: Annual cost to close the acute medical and surgical oxygen gaps in low-income and middle-income
countries

The minimum cost of the medical and surgical oxygen need is the cost to fill the oxygen coverage gap, based on

. . recommended treatment. We inflated this cost to reflect actual practice and included inefficiencies in the system,
A CO VID pat,en t used abo Ut fo ur Cylln derS per day clinical wastage, and additional consumables in our estimates (appendix 1 p 78). Supply chain inefficiencies refer

to leakages in oxygen delivery systems and losses during production, distribution, and storage. Clinical wastage is

SO we ran o ut qUiCkIy an d as ked th e h ealth m in iS try the use of higher flow rates for longer periods than recommended, and treatment of patients without a clinical

need for oxygen. Consumables includes the cost of pulse oximetry, nasal cannulas, masks, and staff time.

to send more, but they didn’t have enough money.

Doctor, Sierra Leone O /> THE LANCET GLOBAL HEALTH COMMISSION
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Costing the oxygen coverage gap

How much will it cost?
Emergencies

e COVID-19 required an additional US$6.8 billion to meet the
Increased oxygen need

Long-term oxygen therapy

e The cost to meet the long-term oxygen therapy need for
COPD is US$3-US$10 billion a year. Limited data on long-
term oxygen costs from LMICs

e Limited power supply will exacerbate inequities in home
oxygen access — 675 million people did not have access to
power at home in 2021

Bt M1

SHANT) p
Ui
- . 10 SP Tﬁ:‘?

IN HOSPITAL BECAUSE ‘w
OXYGEN SUPPLY ARE
NOT COMING

Y 4

Hospital in Delhi, India, April 2021
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Costing the oxygen coverage gap

How much will it cost?

_ . $70
Highly cost-effective:

$60
o US$44-59 per DALY averted (based on

child pneumonia) T $50

e Simlar to the most cost-effective child §
survival interventions (e.g, vaccination) S $40

g
= $30

Q.

&
2 $20

vested could deliver estimated
n $21, and additional funding can
cost approximately US$168 per disability-
adjusted life year (DALY) averted, and as little
as US$23 in countries with very high burdens.

Global Oxygen Strategic Framework and
Investment Case 2025-30, 2024

$64

@ Median cost per DALY averted

$44

Vaccination Oxygen (solar) Oxygen (no solar)
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Costing the oxygen coverage gap

How much will it cost?

Prevention of oxygen need in LMICs should be an urgent
public health priority and will reduce future costs

Acute and surgical

e Increased vaccination (especially childhood
pneumonia)

e Better nutrition

e Safer roads

Long-term

e Smoking reduction and cessation
e Air quality improvements (household and outdoor)
e Early diagnosis of COPD

e Increased access to inhaled medicines 0O f)THE LANCET GLOBAL HEALTH COMMISSION
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Oxygen solutions

The Commission’s solutions address five areas -
pulse oximetry; resilient oxygen systems;
management of national oxygen systems;

} strengthening markets, regulations, and
standards; and robust monitoring and evaluation

p THE LANCET GLOBAL HEALTH COMMISSION
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Oxygen solutions: pulse oximetry at all levels of care

SpO2is a vital sign

Pulse oximetry is the gateway to safe and
appropriate use of medical oxygen

e Hypoxaemia is an important danger sign
e Low SpO2 should prompt re-assessment,
referral or follow-up

Implementation of pulse oximetry in primary
care settings is feasible

e |Introduction needs to consider wider service
provision capacities

e Implementation needs to be supported by a
functional referral system

rree
i

—
—
| —

—

Photo: Unitaid
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Oxygen solutions: pulse oximetry at all levels of care

Pulse oximetry is key to maximising the cost-
efficiency of oxygen systems

Integrate pulse oximetry into all relevant clinical

guidelines and training Our modelling suggests that introduction
of routine pulse oximetry across the health
e Missing from key guidelines (e.g., malaria, HIV/AID, system could quintuple the net health
TB) and absent from primary care guidelines benefit of oxygen implementation
e Pre-service and in-service clinical training needed scenarios.
e Practice-based, spaced and supported with job T oy O AT

aides

e Supervision and mentorship are critical

e Motivation is lost when healthcare workers cannot
treat hypoxaemic patients with oxygen therapy

O f) THE LANCET GLOBAL HEALTH COMMISSION
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Oxygen solutions: building resilient oxygen systems

Oxygen systems are not a one-size-fits all solution

e Systems need to fit the context - including essential
infrastructure and biomedical support

e Mixed sources of oxygen should be embraced

e Back-up oxygen sources are essential

e Affordable, uninterrupted and clean power

e Local energy environment needs to be planned for

e Equip devices with surge and voltage fluctuation protection

e Solar solutions should consider the needs of the whole
facility

e New technologies should prioritize energy efficiency

Photo: The Global Fund

When the power went off, patients on the concentrators had
to wait for the generator to kick in. Sometimes it took five
minutes, and we had patients who died in that gap of time.

Doctor, Sierra Leone O /> THE LANCET GLOBAL HEALTH COMMISSION
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Oxygen solutions: building resilient oxygen systems

Oxygen system desigh must consider the
total cost of ownership

Operational costs
Total cost [ Capital cost [l Energy [ Labour [ Maintenance andrepair [ Refill [ Distribution

Pressure swing adsorption plant
"9 v P { £3000000

Operational costs account for 50-90% of 20-year fespan costed per region®
the total cost of ownership (see Figure 10) Cylinders $100000 1=

Cylinders and concentrators Concentrator (solar power)

10-year lifespan costed per facility $75000
e Distribution costs most im PO rtant for c“"':e"”f‘t“'f’“f“";gg"sgg
Cyl I nders Fingertip device $600
A Pulse oximetry
e Energy costs most important for PSA 5-year lfespan costed per device |
Handheld device $500
and concentrators S S S A e s A
1 Proportion of total cost (%
e Low-cost pulse oximeters can have roporton oftotal ost ()
A A A Figure 10: Capital and operation costs of different oxygen system components
h | g h e r tOtO I CO St Of OW N e rS h | p | f t h ey Costs are an estimated total cost of ownership. The breakdown of cost categories (in US$) is based on data from publications®™**** and Open Oximetry related to
. projects in six countries (Nigeria, Papua New Guinea, The Gambia, Kenya, Rwanda, and Ethiopia), and is intended to support budget planning. The balance between
req uire freq ue nt e p I aceme nt categories will vary by setting, and this figure should not be used as a cost-comparison tool. *Based on regional hub-and-spoke models.
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Oxygen solutions: building resilient oxygen systems

2 0.4 biomedical engineers per 10,000
(~1 per 100 hospital beds)

Biomedical engineers are vital members of the health
workforce but investment is needed to strengthen
capacity

e Skills and density need to align with the needs of the
health system

e New target of >0.4 per 10,000 which should be reported
iIn the WHO Global Health Workforce database

e Must be included in oxygen system planning

Biomedical engineers are a source of innovation

We prayed that this one concentrator that we all
bandaged up by plaster - we basically Macgyvered it - Photo: Build Hedlth Internationa
would keep two patients alive. Human ingenuity during

challenging times is amazing and both patients lasted the

whole weekend. O /) THE LANCET GLOBAL HEALTH COMMISSION
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Oxygen solutions: coordinated management

Coordination and planning across multiple
stakeholders is needed

Ot.her government Other public health
National Oxygen Plans/Roadmaps are powerful tools ety - Medicines stors

* Energy - Regulatory agencies
» Education National or federal - National laboratories
+ Labour ministry of health + Professional bodies

» Transport « Public health

« Commerce or industry foundations

« Defence

State, local, and district governments

Hospital and health facility management (public, private, and not for profit)

for coordination, advocacy, and fundraising

e Only 27 countries have published a plan
e M&E is the weakest domain in existing plans
e Oxygen is largely missing from pandemic
preparedness and emergency planning Hospital and health facility workforce (clinical and biomedical engineering)
Coordination must connect stakeholder groups
horizontally, with a clear point of contact it i

(Kianipp abesois ‘uorpnpoud) Knsnpuj
SUOIINGIISUL YDIeasal pUE JIWIpEDY

Non-state implementation partners

-
g
>
=
©
=
S
|
Q
c
=}
o
=
3
=
2
e
&)

e Multiple government ministries are involved in the
management of oxygen systems (see Figure 11)
e “Oxygen Desks” (Nigeria) are an example of Federal

and State coordination
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Oxygen solutions: coordinated management

International oxygen aid must align with needs, gaps, and capacity
to implement

Over US$1 billion was donated for oxygen supplies during COVID-19
but it was not well targeted to highest-need regions (see Table 5) broportionof  Propotion ProportionValueof  Praportio

global coverage of global of global oxygen aid of total
gap for acute COVID-19  COVID-19-  (millionsof  global

and surgical oxygen related uss), oxygen aid
oxygen need (%) need (%) deaths (%)* 2021-23t (%)
e Funds should be targeted to countries with greatest needs and castAsia and Paciic 26% o o o4
Europe and central Asia 4% 16% 22% 483 12%
lo| rge st gaps LatinAmedcaardthe 7% 1% 17% 168 4%
e Donors must coordinate to minimize duplication and maximise ohAn oo
o« o . North America 0 % % <01 0
eff I C I e n C I e S South Asia 37% 249?-'6 2:;% 41-9 10%
A : " A Sub-Saharan Africa 23% 24% 14% 197-6 A8%
® O pe r(]t| O n G I COStS Of eq u I p m e nt m u St be I n C I u d ed (e.g oy < ] /O Of Because of rounding, percentages do not always sum to 100%. *Global Burden of Disease data. TWHO COVID-19
supply chain dashboard data (unpublished).
C OVI D =3 ] 9 Oxyg e n O I d WG S fO r O pe rCI t I O n G I CO StS) Table 5: COVID-19 oxygen need, mortality, and international funding, by World Bank region, 2021

While setting up PSA plants, the Ministry of Health did not include
maintenance budgets for these plants. When the plants break down,
hospitals incur the cost of bringing in a maintenance engineer but

there is often no budget line.
O /> THE LANCET GLOBAL HEALTH COMMISSION
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Oxygen solutions: regulations and markets

Medical oxygen industry, like the pharmaceutical
industry, is a critical player in global public health

e Companies should have access to medical oxygen
targets, teams, and initiatives

e Report progress in annual reports to shareholders

e Governments need to foster fair market conditions to
ensure competition and market entry

e Open tenders are critical to address current oligopolies
and high prices

We have very few companies that make oxygen and most
hospitals do not have the capacity to manufacture their
own, so we have to rely on company monopolies, and this
created the situation that we found ourselves in.

Photo: One Health Trust

Son of deceased COVID-19 patient, Kenya
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Oxygen solutions: regulations and markets

National medical oxygen definitions should mirror the E—
International Pharmacopoeia (&

For publication in the 1 1" Edition of Ph.Int.
Y World Health

s Hea
R ﬁﬂ.’ Organization

[Note from the Secretariate. The monograph on Medicinal Oxygen was adopred at

® i n C I u d e C ry O g e n i C O I Iy_ d i Sti I I e d I i q u i d Oxy g e n ( Oxy g e n the 56th meeting of the WHO Expert Committee on Specifications for Pharmaceutical

FPreparations for publication in the 1th Edition af The International Pharmacopoeia.

9 9 5 0/ ) In the interim, the monagraph is made available on the WHQ website. The text may be
. (o)

subject to appropriate editorial modifications and will replace the monagraph on

Cheygen. ]

e PSA/VSA-generated oxygen (oxygen 93%)
e both safe for patient use MEDICINAL OXYGEN

{OXYGENIUM MEDICINALIS)

Maolecular formula. O:

This will enable competition between the suppliers of liquid S s
Oxygen Clnd On-Site PS AI vs A pla nts Chemical name. Oxygen; CAS Reg. No. 7782-44-7.

Description. A colourless gas.
Category. Gas for inhalation.

Additional information. Oxygen is mentioned in the cwrrent WHO Maodel [ist of

essential medicines (EML) and in the EML for Children.

Depending on the clinical medicinal necessity and in accordance with clinical
°pL° o d o o puidelines, Medicinal Oxygen is used either (1) in the undiluted form, (2) as mixtures
It WaS a pOII tICGI and econ O‘ ] 1 IC ISS ue beCal"lsel by raISIng th e of Oxygen 93%, Oxygen 99.5% or other oxygen products, or (3) in the undiluted form

or as mixtures in combination with ambient or compressed air of a suitable quality or

level of oxygen purity it was directed to two companies that
were the only ones [that would] meet that requirement... it
was like giving the way only to the two of them Bl prio B W

Peru Case Study O_Z Y THE LANCET GLOBAL HEALTH COMMISSION
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Oxygen solutions: regulations and markets

Regulatory bodies must ensure fit for purpose
oxygen equipment and governance

e High-quality pulse oximeters with quality
performance across skin tones

e Harmonized standards for oxygen cylinder
connections

e Increased interoperability

e Reduced “lock-in" to specific providers

e Prevent equipment graveyards

Include LMICs in standards bodies

e Just 6 of 31 representatives on ISO Anaesthetic This mapis designed o visualy demonsiat th geograpticdisrbuionof our Members. The boundaresshown do ot mply an offictal ndorsement o acoeplance by IS0.
and Respiratory Equipment and Supplies Technical Geographic representation on ISO Technical Committee 121
Committee 121 are from LMICS

e Standards are not sensitive to LMIC contexts
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Oxygen solutions: data for impact

Accurate and timely data is essential for

o o ° o o Definition Target
effective evidence-informed decision . ; — _ P .
Pulse oximetry coverage Proportion of patients presenting to hospital with acute illness or undergoing surgery  >80%
e whose Sp0, is documented at triage or admission (or during non-emergency surgery)
making , _ , , , e
Oxygen production and storage  Mean (and maximum) monthly production volume (in Nm?) of medical oxygen, and Individualised country targets

capacity™ storage capacity, of each production facility (air separation units for cryogenic production
of liquid oxygen or pressure-swing or vacuum-swing adsorption oxygen plants)

C urre nt i N d iCC' to rs fo r measu ri N g m ed iCG I zis;;ﬁi:tn;fter and oxygen Number and proportion of acute ward areas in health facilities with a functional pulse 100%

oximeter and an oxygen supply sufficient to meet patient need in the past month

Oxyg e N Cove rq g e G re i N G d eq u O te Pulse oximetry and oxygen Proportion of the population who can access, within 2 h, a health facility that provides  100%

service accessibility low-flow oxygen services, including pulse oximetry measurement and monitoring

Hypoxaemia prevalence Proportion of patients attending a health facility who have hypoxaemia (ie, SpO, None (reflects magnitude of
<90%) at triage or admission oxygen need)

°® Re Iy too h eqvi Iy on eq u i p me nt ava i I a bi I ity Oxygen coverage Proportion of patients with hypoxaemia (ie, Sp0,<90%) at triage or admission to a >80%

health facility who receive oxygen therapy within 1 h

® Inqd eq uqte |y assess pqtient— Ievel CICCeSS, Hypoxaemia-related mortality ~ Proportion of patients attending a health facility who have hypoxaemia Individualised country targets

(ie, Sp0,<90%) and die before discharge or within 30 days

0 ffo rd O bi I ity O r q U G I ity Clinical workforce Number of doctors, nurses, and midwives per 10 000 population =445 clinicians per

10000 population**
Biomedical engineering Number of biomedical engineers (defined broadly as per WHO*#) per =0-4 biomedical engineers per
workforce 10000 population 10000 populationt
[ ] [ ]
com mission pro poses two new tOOIS: Protection against catastrophic  Proportion of patients receiving medical oxygen whose out-of-pocket expenditure on <5% of patients experience

health expenditure oxygen services is greater than 1% of their total annual household expenditure orincome  catastrophic health expenditure

These indicators are most useful when used and interpreted collectively, because no one indicator in isolation provides an adequate representation of oxygen-related service
provision. All targets should be adapted to the local context and given a timeline. Sp0,=oxygen concentrations in peripheral blood. Nm*=normal cubic metres. *Highest

o ] O Oxyg e n C Ove rG g e I N d i C O to r S (S e e T O b I e priority and most feasible indicators. tIn the absence of accepted global targets for biomedical engineering workforce, we propose a new target (appendix 1 p 102).

7) Table 7: Core indicators for monitoring universal access to safe, affordable, high-quality pulse oximetry and medical oxygen services

e Access to Medical Oxygen Scorecard or
ATMO,S (see Figure 13)
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Oxygen solutions: data for impact

Access to Medical Oxygen Scorecard (ATMO,S)
National systems and structures to support tracking and reporting of progress on the 2023 WHO oxygen resolution

Architecture
Enabling policy environment, policies, and plans

Availability Affordability Adoption
Sufficient production, with mechanisms Ensuring that oxygen is financed and Building workforce capacity and
for safe distribution affordable to patients and providers monitoring for high-quality oxygen services

A A A A

T
c
b,
]
o
=

Oxygen coverage indicators
Tracking coverage (outcomes and key determinants) against defined targets

1 1 i 1

Service readiness indicators Quality-of-care indicators
Assessing readiness against defined targets Assessing service quality against defined targets

buiwwesboiy

-

Figure 13: Proposed approach and indicators for a national medical oxygen monitoring framework
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Oxygen solutions: the total picture

Global agencies that set goals and guidelines, mobilise support, and monitor impact

/\ Sustainable Pandemic WHO oxygen resolution Guidelines, Data collection Global Oxygen Global financing
Development preparedness and and Access to Medical specifications, and publication Alliance
Goals response Oxygen Scorecard etc.

Governments that manage effective national oxygen systems

National medical oxygen Government laws and Horizontal and vertical Effective procurement Clinical and Monitoring and National financing
plans linked to national requlations, standards government and supply chain engineering education  reporting system (universal health
health and pandemicplans  that requlate industry coordination management and training performance coverage)

Local health and industry networks that deliver oxygen servicesto all patients

Functional referral systems (eg, ambulance) Reliable oxygen production technologies
Routine pulse oximetry across all levels of the health system Safe oxygen transport
Trained, capable clinicians and engineers Safe oxygen storage
Functional, age-appropriate oxygen delivery devices Supportive facility infrastructure (eg, power, piping)
Oxygen installation and maintenance services v

Care-seeking |:> Detection ’::> Oxygen provision <:| Delivery <:| Production

Patient

Figure 8: Key features of a resilient national medical oxygen system
The arrows depict inter-related efforts and the direction of patient and medical oxygen flows required to provide treatment to a patient in hospital.
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Examples

Oxygen innovations

Pulse oximetry and oxygen use

Improve accuracy of pulse oximeters  Open Oximetry: a free online platform that reports pulse oximetry performance based on independent studies

Improve clinical and biomedical The Oxygen Series: an extensive series of free, online training videos and resources in multiple languages for clinicians
) o 0 ) oxygen-related training in LMICs from Stanford Medicine, Assist International, and Lifebox
2 0 p r I o r I ty q req s fo r I n ves t m e n t I n oxyg e n Develop better, more affordable Polite CPAP: low-cost neonatal CPAP device designed and built in Nigeria to replace the commonly used improvised
oxygen delivery devices CPAP devices™"*
1 t - Strengthen professional associations  African Women in Biomedical Engineering Alliance: the first professional association for women working as biomedical
I n n ova I o n s engineers and technicians across Africa, with the aim of strengthening skills, networks, and opportunities for

leadership, and closing the wide gender gaps in the profession™
Oxygen supply systems

Develop more robust oxygen PulmO2: a 10 L per min oxygen concentrator designed to the specifications of UNICEFs target product profile
concentrators

() M O n y Of t h e exq m p I e S C ite d O r i g i n O te d i n :::;;:;g;iucyards of broken Ein:alét?:nug;::ls:;i;r;?::i:::i:;o;nﬁzl;:nn%iennetirs who repair broken oxygen concentrators and related devices

Improve oxygen service management  Airbank: a social business delivering oxygen directly to hospitals in Nigeria and Kenya as part of the Oxygen Hub (which

L M I ( S ( S e e T G b I e 4) models provides entrepreneurs in Kenya, Ethiopia, and Nigeria with financing, equipment leasing, and management support)*

Develop more affordable methods of  Medical ceramic oxygen generator: a new technology for generating medical oxygen in harsh operating environments
oxygen generation based on ceramic ion transport membrane technology

Improve access to spare parts Centralised procurement mechanism for oxygen compressor spare parts: a mechanism that provides fast access to
affordable spare parts for oxygen plants designed by PATH and partners

Introduce power-outage-proof FREO2 low-pressure oxygen system: this system includes a reserve that holds excess oxygen from a concentrator; if the

N a t i o n q I g ove r n m e n t s 7 g I o bq I h ea I t h a g e n c i es r oxygen technologies power cuts out, this oxygen is automatically released, providing a supply that lasts 8-10 h

Reduce energy costs of oxygen plants  Africa Infrastructure Relief and Support: an initiative providing installation and maintenance of solar-powered oxygen

q nd d o nors m ust i nvest more in in novqtio ns — plants and biomedical engineering training at three sites in west Africa

Strengthen national government Mational medical exygen plans: government plans outlining how a country will ensure access to pulse oximetry and
leadership medical oxygen*®

Improve oxygen data generation and  India’s national medical oxygen grid: an online platform for hospitals to manage medical oxygen supplies and for
management governments to minimise stockouts at local, regional, and national levels*

o H i g h = i m p O Ct p rO d u CtS G n d S e rVi C e S Wit h t h e Raise awareness about oxygen asan  World Oxygen Day: a global effort to rally the world to advocate for access to medical oxygen held annually on Oct 2

essential medicine

Connect public and private oxygen  Oxygen Alliance: a collaboration of public and private sector stakeholders for the repair and maintenance of biomedical

g req test p ro m iS e Of S u Stq i n i n g m ed iC G I sectors devices to ensure the delivery of high-quality health care®

Better coordinate management of Oxygen desks, Nigeria: dedicated officers, based in federal and state ministries of health, who coordinate medical
national oxygen systems oxygen activities horizontally across national stakeholders and vertically with subnational stakeholders*

L]
Oxyg e n O C C e S S C O S t i effe Ct I Ve | y Better coordinate global oxygen Global Oxygen Alliance: an alliance of 20 global health agencies and donors providing oxygen support to LMICs

support to LMICs

. . . o Oxygen markets and regulation
® I n n OVG to r S G n d I n S I t u t I O n S b G S e d I n t h e WHO Pharmacopoeia: This standard defines both 99% and 93% oxygen as safe for medical use and enables the mixing

Reduce anti-competition practices in 3%
R . ¥ 4 the oxygen industry of oxygen from both sources, reducing the risk that health facilities will be locked in to one supplier
C O u n t r I e S W I t h t h e W I d e St G S I n OX e n Increase manufacturing and supply ~ Hewatele's east Africa liquid oxygen plant: the first fully African-owned liquid oxygen facility with finance from donor
chain management in LMICs governments, development finance institutions, and philanthropists*
Increase corporate axygen access Aire Liquide Access Oxygen: a corporate programme that involves company oxygen access targets, regular reporting,
O C C e S S responsibility and flagship programmes in several LMICs to increase access to medical oxygen

The use of brand names or any mention of specific commereial products or services is solely for educational purposes and dees not imply endorsement by the Lancet Global
Health Commission on medical oxygen security. LMICs=low-income and middle-income countries. CPAP=continuous positive airway pressure. *LMIC innovation.

e Potentially breakthrough solutions to the
major barriers in access

Table 4: Priority areas for medical oxygen-related innovation
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Oxygen research priorities
Big opportunities

e address current knowledge gaps (see Panel 17)
e puild a “learning health system”
e continually generate and translate learning into policy and practice

DESCRIPTION DELIVERY
! \ : g / DEVELOPMENT :
° Hypoxqemiq burden v Mixed-supply oxygen systems ¢ oxXygen need forecqstig
* Long-term oxygen therapy ° oxygen system management models
needs models « oxygen data collection and
* National oxygen coverage gaps * medical oxygen sources cost- integration tools
. Oxygen cost drivers CHcctveREss’ o e humanitarian oxygen
* Extent of anti-competitive * oxygen conservation tools solutions
practices e out-of-pocket cost reduction  Al-enabled oxygen
e Oxygen demand reduction strategies . . monitoring tools
e Physical and psychological . oxyge.n delivery devices cost-  next generation pulse
effects of oxygen therapy... effectiveness... oximeters...
\_ ) < J . Y,
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Recommendations

The Commission makes 52 recommendations for
governments, industry, global health actors,
academics, and professional bodies to work towards
by 2030 and recommend that an independent body

assess progress in 2027, with the results made
publicly available
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Recommendations

Global Health

O ﬂ) THE LANCET GLOBAL HEALTH COMMISSION

(02 MEDICAL OXYGEN SECURITY



Recommendations

O q THE LANCET GLOBAL HEALTH COMMISSION

(02 MEDICAL OXYGEN SECURITY



Recommendations

O q THE LANCET GLOBAL HEALTH COMMISSION

(02 MEDICAL OXYGEN SECURITY



Recommendations

O ﬁ) THE LANCET GLOBAL HEALTH COMMISSION

(02 MEDICAL OXYGEN SECURITY



Recommendations
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ISO
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With this Commission, and the recommendations we put
forward, national medical oxygen systems can be at the
forefront of efforts to create the future we want by
ensuring the long-term health and sustainability of
people and the planet
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Find out more...

The full Commission package is available at
www.stoppneumonia/lancetoxygencommission.org:

Report with Comments

Media Statement

Policy Brief (English, French, Spanish, Arabic, Chinese, and Russian)
Spotlight Brief: Access to Medical Oxygen Scorecard (ATMO,S)

Spotlight Brief: Patient and Caregiver Testimonies

Spotlight Brief: 10 Oxygen Coverage Indicators

Spotlight Brief: 20 Priority Areas for Oxygen Innovation

Country Case Studies (Bangladesh, India, Malawi, Nigeria, Sweden, Uganda)
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