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KEY POINTS

� Supplemental oxygen is an essential medication for critically ill patients with acute hypoxic
respiratory failure and is necessary to maintain normal cellular metabolism.

� The optimal oxygen dose and delivery system remain unknown, and the risks and benefits
may differ among disease processes seen in the intensive care unit, with clinical studies
demonstrating mixed findings.

� Low- and middle-income countries experience significant disparities in both the global
burden of acute hypoxic respiratory failure and oxygen supply. Clinical studies to under-
stand optimal oxygen delivery in these areas are ongoing and are vital to optimal care for
patients in resource-limited settings.

� The COVID-19 pandemic has greatly exacerbated health care disparities prevalent in low-
and middle-income countries and has accelerated the global response to address short-
falls in oxygen supply.
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INTRODUCTION

The administration of supplemental oxygen as a medical treatment is among the most
common therapies provided to acutely ill patients. This is particularly true in critical
care medicine, where up to half of the patients in intensive care units (ICUs) require
supplemental oxygen.1 Oxygen is currently on the World Health Organization’s
(WHO’s) List of Essential Medicines for acutely ill individuals and for people with
chronic diseases resulting in hypoxemia.2 Medical oxygen’s status as an essential
medicine has become even more prominent given the global COVID-19 pandemic,
with the virus’ most common and marked clinical manifestation being hypoxemia.
Adequate oxygen availability at the cellular level is vital for normal metabolism in

humans, traversing a path from “mouth to mitochondria.”3 Diseases that affect oxygen
transfer anywhere along this path, from the pulmonary alveoli to end-organ mitochon-
dria, can cause negative downstream effects and lead to a common array of symp-
toms. Supplemental oxygen at a concentration greater than atmospheric partial
pressure is commonly administered to overcome pathophysiologic barriers in oxygen
uptake and delivery. However, oxygen can also be toxic despite its essential nature in
maintaining normal aerobic respiration. Excess oxygen can damage proteins, nucleic
acids, and other pieces of cellular machinery through increased oxidative stress.4

Concerns regarding oxygen toxicity in critical care medicine have been noted as far
back as the 1960s with descriptions of “respirator lung syndrome” seen in mechani-
cally ventilated patients exposed to high oxygen concentrations.5 Despite the long-
standing evidence of a therapeutic window for supplemental oxygen therapy, the
optimal dose and delivery method of oxygen remain a significant scientific gap with
varying recommendations from international critical care societies.6–8

A significant number of critically ill patients are exposed to high levels of oxygen
support in excess of their needs in many ICUs.9 Yet, undertreatment of hypoxemia
also remains a major problem, especially in resource-limited settings. Under-
recognition and undertreatment, frequently because of a lack of oxygen supply and
monitoring equipment, are associated with a substantial increase in mortality even
among patients not admitted to an ICU.10 Among low- and middle-income countries
(LMIC), almost one-quarter of hospitals do not have supplemental oxygen available.11

The COVID-19 pandemic has exacerbated and highlighted these health care ineq-
uities, as multiple LMICs have experienced oxygen shortages during surges of viral
transmission, leading to increased preventable mortality and impacting patients with
and without COVID-19.12 These events acted as catalysts for various international ef-
forts to increase oxygen supply.13 Additionally, unanswered questions remain as to
the best approaches to delivering oxygen in LMIC and reduced-resource settings.14

In this review, we explore the history of oxygen therapy in medicine and briefly re-
view the important physiology. We subsequently outline the clinical relevance of deter-
mining the optimal delivery method and “dose” of supplemental oxygen among
critically ill patients. Finally, we explore the impact of oxygen therapy in a global
context, discussing the questions and considerations of oxygen therapy in LMICs
and highlighting the patient-level and systemic challenges of oxygen supply and a
global respiratory pandemic.

HISTORY OF OXYGEN THERAPY IN CRITICAL CARE MEDICINE

The history of oxygen reaches back centuries, with theories regarding molecular ox-
ygen and gas exchange being promulgated as early as the thirteenth century.3 Yet,
the eighteenth century saw an acceleration of scientific knowledge regarding oxygen
that laid the framework for its future use as a medical therapy.3 By the late nineteenth
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century and early twentieth century, pioneering work by two prominent physicians, Sir
William Osler and Jonathan Campbell Meakins, elucidated the role of oxygen therapy
in treating hypoxemia caused by pneumonia.15 Through this work, they established
supplemental oxygen therapy as the standard of care for pneumonia and, ultimately,
other diseases of hypoxemia in the 1920s.15

ICUs were initially developed in Europe in response to the epidemic of respiratory
failure secondary to the polio epidemic with the development of negative-pressure
ventilators, including the commonly known “iron lung.”16 In the 1960s and 1970s,
with the advent of critical care medicine as a specialty and the development of
positive-pressure mechanical ventilators, the ability to use supplemental oxygen con-
centrations above atmospheric levels grew substantially. Positive-pressure ventilators
combine the ability to provide ventilation invasively through an endotracheal tube or a
tracheostomy tube with the ability to entrain supranormal concentrations of oxygen.
Early on, patients routinely received high tidal volumes and high oxygen concentra-
tions in an effort to aggressively normalize patients’ physiology.16 Over the next
several decades, however, it was increasingly recognized that high volumes, in
conjunction with high oxygen concentrations, were harmful to many patients.5,17 Ef-
forts to normalize physiology were exchanged for “lung protective ventilation” with
lower tidal volumes and increased positive end-expiratory pressures, or PEEP, to
avoid many of the untoward effects of high oxygen concentrations.17,18

At the same time that invasive mechanical ventilation and oxygen delivery were
developing, noninvasive forms of respiratory support were growing in use as well.
The use of positive-pressure ventilation through a mask apparatus was known as
far back as the 1940s and 1950s; however, it was predominantly limited to patients
requiring long-term ventilatory support and oxygen therapy.19 These devices combine
the ability to entrain higher concentrations of oxygen with ventilatory support without
the need for an endotracheal tube or tracheostomy, and their use has grown exponen-
tially in the ICU. In the late 1980s and early 1990s, however, multiple studies demon-
strated the benefit of noninvasive mechanical ventilation in patients with chronic
obstructive pulmonary disease (COPD) and congestive heart failure.20,21 In the last
decade, another noninvasive oxygen delivery method called high-flow nasal cannula
(HFNC) has changed practice in treating acute hypoxemic respiratory failure (AHRF)
by providing high oxygen flow rates through a nasal cannula apparatus. These nonin-
vasive methods of providing high-level oxygen support have transformed critical care
medicine, providing vital tools in the treatment of hypoxemic respiratory failure.
Despite revolutionizing critical care medicine and oxygen therapy more broadly, the
physiologic and clinical importance of these oxygen delivery systems, and how they
may differ in settings with varying resources, is an ongoing area of active research.
PHYSIOLOGIC AND CLINICAL RELEVANCE OF OXYGEN THERAPY
Physiology of Oxygen Therapy

Diatomic oxygen (O2) is one of the foundational elements on our planet, forming the
backbone of bioenergetic function in aerobic organisms. On Earth, the overall oxygen
concentration in the atmosphere is approximately 21%, with an inspired partial pres-
sure of roughly 150 mmHg at sea level.22 At the level of the pulmonary alveoli, the par-
tial pressure of oxygen is approximately 100 mm Hg after accounting for the partial
pressure of carbon dioxide and the respiratory exchange ratio. Most of the oxygen
that is inspired and traverses the pulmonary capillaries binds to hemoglobin, and a
small amount is dissolved in the plasma. The overall concentration of oxygen in the
blood can be quantified as follows: CaO2 (mL O2/100 mL blood) 5 (1.36 � Hgb �
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SaO2/100)� 0.003� PaO2, where CaO2 is the concentration of oxygen in arterial blood,
1.36 is the carrying capacity of hemoglobin (1.36 mL of O2 for 1 g of hemoglobin), Hgb
is hemoglobin level, SaO2 is the arterial oxygen–hemoglobin saturation percentage,
and PaO2 is the dissolved partial pressure of oxygen in arterial blood.22 From the afore-
mentioned equation, it can be discerned that oxygen bound to hemoglobin provides
the majority of oxygen available to be delivered to tissues, whereas dissolved oxygen
(PaO2) provides a smaller contribution. The percentage of arterial oxygen bound to he-
moglobin at rest in healthy individuals near sea level who are breathing an ambient ox-
ygen concentration of 21% is approximately 98%. By increasing the fraction of
inspired oxygen (FiO2) in patients with impaired oxygen exchange, a greater proportion
of available hemoglobin is bound to oxygen. It can then be delivered to tissue,
assuming cardiac output and oxygen extraction at the tissue level are normal, with
modest increases in the dissolved oxygen concentration. Additionally, increasing
the mean pressure in pulmonary alveoli above that of sea-level atmospheric pressure
while also increasing the FiO2 (ie, “hyperbaric” oxygen) provides an even greater in-
crease in available oxygen to tissues, predominantly by increasing the partial pressure
of dissolved oxygen.3 Each of these approaches (increasing FiO2 and increasing pres-
sure at the pulmonary alveoli) has important clinical uses in increasing the delivery of
oxygen.
Clinical Relevance

Oxygen therapy, both in the ICU and outside of the ICU, is a fundamental necessity for
the care of acutely ill patients, and there are several different systems available to
deliver oxygen. The choice of an oxygen delivery system is multifaceted (Fig. 1),
impacted by the degree of illness, the necessary “dose” of oxygen, underlying condi-
tions, and patient safety. Each of these factors needs to be carefully considered in the
use of oxygen therapy, particularly when resources or settings may also dictate addi-
tional limitations on delivery methods.
Low-flow oxygen therapy is perhaps the most frequent delivery method used in hos-

pitals. Low-flow oxygen, at rates from 1 L to 6 L per minute in adults, is commonly
Fig. 1. Major oxygen delivery systems. FiO2, fraction of inspired oxygen (percentage); PEEP,
positive end-expiratory pressure. (Images courtesy of the OpenCriticalCare.org Project.)

http://OpenCriticalCare.org
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supplied through nasal prongs or by facemask. Because of the lower flow rates, open
system design, and patient-level factors, such as respiratory rate, room air (with an ox-
ygen concentration of 21%) mixes with the supplied oxygen, reducing the overall FiO2
delivered to the alveoli to a range of 25% to 40%.23 Higher FiO2 can be delivered
through the use of partial and nonrebreathing masks, which utilize oxygen reservoirs
and/or valve systems to limit the entrainment of room air.24 Over the last 2 decades,
the use of HFNC systems that provide heated and humidified flows up to 60 L per min-
ute and supply oxygen concentrations greater than 90% has grown exponentially.25

Because of the increased flow rates intrinsic to these delivery systems, there is a
reduced entrainment of room air, a washout of carbon dioxide with high oxygen con-
centrations, and small increases in mean airway pressure, providing an effective
method of increasing arterial oxygen concentration.26,27 Providing supplemental oxy-
gen through the use of HFNC devices has been shown to reduce the risk of intubation
and death in patients with AHRF,28 as well as reduce the risk of reintubation in patients
who were liberated from invasive mechanical ventilation when compared with conven-
tional oxygen therapy.29 Lastly, the other predominant form of oxygen delivery system
is noninvasive and invasive mechanical ventilation provided through positive pressure
ventilation devices. Oxygen can be supplied through these devices across a range of
concentrations up to 100%. These devices also provide various methods to increase
mean alveolar pressure through the use of positive PEEP or longer durations at peak
inspiratory pressures while also providing ventilatory support to facilitate carbon diox-
ide removal.16 Although, perhaps, the most efficient method for providing accurate
and titratable oxygen concentrations, the use of positive-pressure ventilation systems
is resource-intensive and expensive; this can substantially limit their use in certain set-
tings. Noninvasive systems without masks, including tent or hood enclosure systems,
exist. Yet, their use is largely limited to a few regions globally, and their effectiveness is
actively being studied.30
CHOOSING THE RIGHT “DOSE” OF OXYGEN

Regardless of the delivery system, substantial knowledge gaps persist regarding the
“dose” of oxygen needed for a variety of conditions treated in critical care medicine. A
prime example is the use of supplemental oxygen in patients experiencing acute car-
diac ischemia. The previous rationale for using supplemental oxygen, even in patients
without hypoxemia, during a myocardial infarction was that it could potentially limit the
overall area of infarcted myocardium.31 However, a large randomized controlled trial
(RCT) of continuous supplemental oxygen therapy versus no oxygen in patients with
acute myocardial infarction without hypoxemia showed no difference in mortality or
rehospitalization.32 Of note, a systematic review of several RCTs of oxygen therapy
found that in patients with cardiac ischemia and no hypoxemia, oxygen therapy was
associated with significantly increased mortality.33 Similarly, in a large clinical trial in
patients with acute cerebrovascular accidents, continuous and nocturnal oxygen ther-
apy did not improve outcomes when compared with no oxygen therapy.34 Changes in
the most recent guidelines now reflect the results of these trials in recommending
against supplemental oxygen in patients with cardiac or cerebrovascular ischemia
who are not hypoxemic.35

Several recent RCTs have also shed light on the role of oxygen therapy in general
ICU patients. In the OXYGEN-ICU trial, 434 patients at a single hospital in Italy were
randomized to conservative oxygen therapy with a target oxygen saturation of 94%
to 98% (PaO2 of 70–100 mm Hg) or “standard” oxygen therapy with a target oxygen
saturation of 97% to 100% (PaO2 up to 150 mm Hg) with a primary outcome of ICU
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mortality. The mortality rate was significantly lower in the conservative oxygen arm
(11.6% vs. 20.2%). Notably, the study enrolled patients on mechanical ventilation
as well as those who were not. The study was also significantly limited by the fact
that it was stopped early and did not reach the predetermined sample size. In the
more recent, and larger, ICU-ROX trial, mechanically ventilated general ICU patients
randomized to a conservative oxygen target of 91% to 96% versus a “usual care”
(higher) target had no difference in ventilator-free days nor any difference in 90-day
or 180-day mortality.36 Subgroup analyses in this trial suggested that patients with
hypoxic ischemic encephalopathy had better outcomes with conservative oxygen
therapy, however. Additionally, patients in the usual care (higher oxygen target) group
reported increased difficulties in mobility and self-care. In contrast, in a study of liberal
versus conservative oxygen targets in mechanically ventilated patients with acute res-
piratory distress syndrome (ARDS), there was no difference between the liberal or con-
servative oxygen therapy arms in terms of survival at 28 days. However, the study was
stopped for safety concerns due to five mesenteric ischemia events in the conserva-
tive oxygen target group, though this finding of intestinal ischemia was not seen in a
subsequent larger follow-up study.37,38 These studies highlight the ongoing need for
further clarity regarding optimal oxygen dosage in critically ill patients. Observational
data indicates that well over half of patients treated in ICUs are exposed to excess ox-
ygen concentrations,39 yet they may also experience clinically significant hypox-
emia.40 These findings have immediate implications for critical illness outcomes,
such as patients with COPD,41 but they also highlight important considerations for ox-
ygen supply, appropriate utilization, and the best approaches to oxygen therapy in
resource-limited settings. Given that many hospitals in LMICs lack adequate oxygen
supplies and that inadvertent hypoxemia impacts mortality in resource-limited set-
tings,10,11 appropriate dosing and delivery of oxygen in critically ill patients that max-
imizes benefit, minimizes harm, and increases availability is of vital importance for
global health.
GLOBAL AND PUBLIC HEALTH IMPACT
Epidemiology of Acute Hypoxemic Respiratory Failure and Resource Constraints in
Low- and Middle-Income Countries

LMICs account for the majority of the world’s population, and the majority of the global
burden of disease, including respiratory infections, which are among the most com-
mon causes of mortality.42 Additionally, LMICs experience a proportionally higher
rate of critical illness when compared with high-income countries (HICs), and they
also experience greater mortality rates in disease processes that would potentially
benefit from critical care.43 AHRF is one of the most common diagnoses in LMICs.
Hypoxemia leads to excess mortality in infectious diseases prevalent in some LMICs
such as malaria and tuberculosis, as well as noncommunicable diseases, including
heart failure and chronic lung disease.44–46 In one study of 7300 adults presenting
to an emergency department in a Ugandan hospital, 4.5% of patients presented
with AHRF, most commonly due to pneumonia.47 Despite being relatively young (me-
dian age of 38), the in-hospital mortality for this cohort was 77%. The authors note that
only 6% of these patients received mechanical ventilation due to resource limitations,
including ICU bed availability. In a similar cross-sectional point prevalence study of
adult inpatients admitted to two hospitals in Malawi, 4% of patients had hypoxemia,
yet 89% of them were not receiving oxygen therapy.48 ARDS, an inflammatory form
of AHRF, is also highly prevalent in LMICs. In a study of inpatient admissions to one
hospital in Rwanda over a 6 week period, 4% of adults met criteria for ARDS using
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the Kigali modification of the Berlin criteria.46 Only 31% of patients were admitted to
an ICU, however, and in-hospital mortality was 50% for all patients with ARDS.
Despite the burden of critical illness in LMICs, hospitals in these areas are often

undersupplied. Caregiving for critically ill patients is a resource-intensive endeavor,
fraught with challenges related to the cost of care, staffing, and equipment needs.
Supplemental oxygen and pulse oximeters for monitoring oxygen saturation are foun-
dational resources that often have limited availability in LMICs.11 In a survey of over
200 health care institutions in 12 African countries, less than half had consistent, un-
interrupted sources of oxygen, and less than one-quarter had an oxygen concen-
trator.49 Whereas the availability of supplemental oxygen, and particularly pulse
oximetry, has been shown to improve mortality,50,51 logistical challenges related to
maintenance, electricity, and supply significantly limit oxygen availability in LMICs.52

In LMICs where the availability of pulse oximetry is limited, inadvertent and undiag-
nosed hypoxemia is frequent and impacts clinical outcomes and care.53 Evans and
colleagues, in a cross-sectional study of all adult patients admitted to a large teaching
hospital in Malawi, found that 14 out of 144 patients needed oxygen therapy due to
desaturations lower than 90% during a 24 hour period, but only 4 were receiving ox-
ygen because of the lack of functional oxygen concentrators.54 A related study found
that over half of patients at one Rwandan hospital with hypoxemia received no or
limited supplemental oxygen on one or more days of their inpatient admission.10

This lack of oxygen supply has a direct impact on mortality. Duke and colleagues
found that after the introduction of pulse oximeters, oxygen concentrators, and a pro-
tocol for detecting and treating hypoxemia in children admitted to 5 hospitals in Papua
New Guinea, mortality due to pneumonia fell by 35%.50

In contrast, inappropriate oxygen use may also occur frequently and impact oxygen
supply downstream for other patients. For example, a retrospective study of pulse ox-
imeter use in pediatric patients at 18 Kenyan hospitals found that 8.6% of patients had
oxygen prescribed, but 87% of patients either did not have pulse oximetry performed
or did not have oxygen saturations lower than 90%.55 In situations where oxygen sup-
ply is limited, liberal and nontitrated dosing of supplemental oxygen may lead to or
exacerbate supply shortages. In a study of patients in the adult emergency depart-
ment of a Rwandan teaching hospital, Sutherland and colleagues found that 12% of
patients were hypoxemic, but on over 80% of days, patients were either over or under-
treated with oxygen to achieve a target oxygen saturation of 90% to 95%.56 Following
a targeted educational intervention on appropriate oxygen targets and monitoring,
however, the number of oxygen tanks used daily in the emergency department
decreased significantly, with concomitant increases in oxygen tank reserves. These
studies demonstrate the importance of optimal dosing of oxygen therapy for clinical
outcomes and managing supplies of supplemental oxygen in resource-limited
settings.

Oxygen Delivery Systems in Low- and Middle-Income Countries

Studies regarding the optimal dose and delivery of oxygen therapy have predomi-
nantly been limited to HICs, with inadequate studies regarding oxygen therapy in
the care of critically ill patients in LMICs. The use of nasal bubble continuous positive
airway pressure (bCPAP) ventilation versus standard low-flow oxygen therapy was tri-
aled in 644 hypoxemic pediatric patients with pneumonia in one hospital in Malawi.57

There was no difference in in-hospital mortality between the bCPAP group and the
nasal low-flow oxygen groups, though the study was stopped early before enrolling
its targeted sample size due to futility. Of note, these therapies were provided in a
non-ICU setting, and there were more adverse events, including deaths, in the bCPAP
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group, raising questions regarding the feasibility of providing noninvasive ventilatory
support outside of the ICU. A similar multicenter randomized clinical trial named the
Children’s Oxygen Administration Strategies, or COAST, trial investigated HFNC
versus low-flow nasal cannula versus permissive hypoxemia. Maitland and colleagues
enrolled 1852 pediatric patients with pneumonia in 4 Ugandan and 2 Kenyan hospitals,
stratifying them according to severity of hypoxemia, with severe hypoxemia consid-
ered to be oxygen saturations of less than 80%.58 Patients with severe hypoxemia
were randomly assigned to either HFNC or low-flow oxygen therapy, whereas those
with less hypoxemia (>80% to 91%) were randomly assigned to either HFNC or
low-flow oxygen therapy or were allowed to have permissive hypoxemia down to
80%. The trial was ultimately stopped early by the Trial Steering Committee because
of ethical concerns raised regarding randomization to the permissive hypoxemia arm.
Although definitive conclusions regarding the efficacy of these approaches to oxygen
dosing cannot be drawn from this trial due to its early termination, there are sugges-
tions of potential benefit that require further study. First, at 48 hours, there was a 4%
lower mortality in the HFNC arm when compared with low-flow oxygen in the stratum
with severe hypoxemia, though this did not quite reach predetermined significance
(P5 .076). Second, in both strata, HFNCs were associated with significantly lower vol-
umes of oxygen used. The finding of oxygen conservation is important and encour-
aging, as it may suggest that higher flow oxygen delivery may actually reduce
overall oxygen requirements. This is likely because of the fact that many children
achieved adequate oxygenation from high flows of room air without requiring any ox-
ygen. Whether oxygen conservation may occur through the small amounts of intrinsic
PEEP (and thus higher mean alveolar pressure) or reduction of physiologic dead space
remains to be proven given the preliminary nature of these findings.
Whether there are clinical benefits to certain oxygen delivery systems for critically ill

adults in lower resource settings is unknown. It is also unclear whether delivery sys-
tems, such as HFNC oxygen therapy, which have substantially higher flows, can
reduce oxygen supply utilization in adults similar to children in the COAST trial given
that flow rates in adults can be relatively higher (up to 60 L/min). A handful of upcoming
studies may help answer these questions. The Adult Respiratory Failure Intervention
Study – Africa (ARISE-Africa), a stepped wedge cluster randomized trial
(Clinicaltrials.gov ID: NCT04693403), will study 470 critically ill adults in Uganda with
AHRF randomized to HFNC oxygen, continuous positive airway pressure plus oxygen,
or standard low-flow oxygen therapy and compare 28-day mortality. Another up-
coming trial called the Building Respiratory support in East Africa Through High flow
versus low flow oxygen Evaluation (BREATHE), funded by the Wellcome Trust, will
evaluate the use of HFNC oxygen therapy versus low-flow oxygen therapy in five hos-
pitals from three East African countries—Rwanda, Kenya, and Malawi. This study will
utilize a type 1 effectiveness-implementation hybrid trial design with the primary aim of
determining the effectiveness of HFNC oxygen therapy versus low-flow oxygen ther-
apy and a secondary aim of determining the feasibility and utility of protocolized oxy-
gen use with monitoring and titration. Although protocolized low-flow oxygen therapy
has been shown to reduce mortality in pediatric patients with pneumonia,50 it has not
been studied in adults and not in comparison with high-flow nasal oxygen therapy,
which may have unique benefits due to high flow rates but also impact oxygen utiliza-
tion and supply. The Circumvent Project in Nigeria is examining helmet noninvasive
ventilation using an implementation science framework.59 These studies, and others,
are crucial to improving our understanding of how to best deliver supplemental oxygen
in an efficient manner while accounting for the unique context of health care institu-
tions in LMICs.

http://Clinicaltrials.gov
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OXYGEN THERAPY DURING THE COVID-19 PANDEMIC

The arrival of a novel respiratory coronavirus, called severe acute respiratory
syndrome-coronavirus 2 (SARS-CoV-2), in 2019 has fundamentally changed critical
care medicine as a specialty throughout the world and highlighted existing inequities
in ICU resources between countries. In its severe form, coronavirus disease 2019, or
COVID-19 as it is commonly named, manifests as severe respiratory distress and
AHRF in a substantial percentage of patients infected with SARS-CoV-2 and has
strained ICU resources globally. Given the already limited resources present in
many LMICs, the pandemic has particularly impacted critical care in LMICs. Medical
oxygen was initially the only known therapy for the disease, and remains one of the
most important therapies in the treatment of COVID-19 worldwide; limited supply
has threatened the lives of thousands of patients in LMICs, both with COVID-19 and
those with other diseases that require supplemental oxygen. The WHO continues to
highlight oxygen supply in LMIC as a global health emergency.12,60 A recently devel-
oped tool for estimating country and global oxygen needs demonstrates that over 3.6
million oxygen cylinders per day are needed in LMICs for COVID-19 patients alone.61

Although inequities in oxygen supply existed long before the arrival of COVID-19,
the pandemic has accelerated the global response to oxygen supply. Early on,
much of the global focus was on the provision of mechanical ventilators and diag-
nostic therapies. The WHO’s Access to COVID-19 Tools Accelerator (ACT-A) initiative,
launched in April of 2020, was designed to coordinate a global effort in the develop-
ment of tools to fight COVID-19 and ensure access to such resources in LMICs.62

Although not originally part of the initial pillars of the ACT-A initiative, following several
high-profile reports of desperate oxygen shortages and associated mortality in several
LMICs, the ACT-A Oxygen Emergency Taskforce was launched in February of 2021.
This task force represents an effort by over 20 global health agencies to tackle and
prevent medical oxygen shortages that were exacerbated by the pandemic. The
task force was able to generate more than $700 million US dollars of funding in an
attempt to mitigate the damage of oxygen shortages. This funding, provided by
various entities, including The Global Fund, United Nations Children’s Fund, Wellcome
Trust, and Unitaid, was used for the purchases of oxygen supplies and associated
equipment, such as pulse oximeters and monitors as well as providing funding directly
to governments in LMIC for the purchase of supplies and in their use andmaintenance.
In late 2021, the updated ACT-A strategic plan called for an additional 1.4 billion dol-
lars of funding to be obtained to continue efforts in supplying oxygen and supplies to
LMICs in 2022.13 Additionally, the United States Agency for International Development
has provided support for the development and delivery of oxygen plants in some
countries, in addition to other necessary oxygen supplies.63 Given the ongoing diffi-
culties in consistent oxygen supply as well as logistical insults to health care infra-
structure in LMICs during the COVID-19 pandemic, increased and ongoing support
in providing oxygen delivery systems and associated equipment will be vital to saving
lives in the pandemic. Additionally, there is a substantial need to train end users (eg,
clinicians) on the titration of oxygen based on best practice and for logistical and en-
gineering expertise in the maintenance of oxygen supply, monitoring systems, and
pulse oximetry to guarantee the sustainability of oxygen systems in LMICs.

SUMMARY

Medical oxygen therapy is a fundamental cornerstone of critical care medicine. Molec-
ular oxygen is a necessary substrate in normal aerobic metabolism in humans, and it
has a vital role in maintaining organ function in both health and disease. As medicine
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has continued to develop, numerous methods to supply oxygen have been devised,
ranging from low flows of concentrated oxygen through nasal cannulas to invasive
mechanical ventilation with supplementation of 100% oxygen. Yet, many questions
remain regarding the right “dose” and delivery method of oxygen in a number of dis-
eases that lead to critical illness, especially in LMICs. Additionally, the logistics of
providing supplemental oxygen in different delivery systems vary and have substantial
impacts on LMICs, who bear the greatest burden of disease-related hypoxemia and
mortality. LMICs often have inconsistent oxygen supplies, leading to preventable
excess mortality. Future studies will help answer questions regarding optimal oxygen
delivery approaches and their impact on supply. The COVID-19 pandemic has
unearthed and accelerated the inequities in oxygen supply and delivery, increasing in-
ternational attention to the need but also necessitating further investment and
research into the supply and best use of this essential medication.

CLINICS CARE POINTS
� Supplemental oxygen therapy is a vital component in the management of critically ill
patients. However, the optimal dose and delivery method of oxygen across the range of
critical illness remains unclear.

� Low- and middle-income countries (LMICs) suffer from significant inequities related to
oxygen availability and supply, a fact only exacerbated by the COVID-19 pandemic, further
confounding decisions regarding optimal approaches to oxygen therapy in these under-
resourced settings.

� Further studies addressing the optimal dose and delivery method of supplemental oxygen in
LMICs, along with analyses of cost and supply barriers, will guide future public health
interventions to reduce impact of acute hypoxemic respiratory failure and oxygen shortages.
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