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Oxygen therapy is a commonly used strategy in modern medicine. In most situations with declining oxygen
saturations, clinicians are quick to use this technique. While effective in the setting of hypoxia, there are,
however, some circumstances in which excess oxygen is indiscriminately administered for extended periods.

In healthcare, there has been a significant shift from the concept of "more is better" to "less is more." There is
also now greater awareness that some therapies may have been inappropriately used over the years. The same
focus is now being placed on oxygen therapy, and it is believed that excess oxygen therapy may be harmful to
certain patients.

You might also like : Conservative Oxygen Therapy During Mechanical Ventilation

Oxygen toxicity was first recognised in the 1940s, during an outbreak of retinal hyperplasia in premature infants.
Oxygen pneumonitis was first described in the 1970s when autopsies revealed lung injury among patients who
were exposed to concentrations of oxygen greater than 0.60 for at least 3 days of mechanical ventilation.
Among critical care patients, focus on the harms of hyperoxia increased after recognition of ventilator-
associated lung injury.

Hyperoxia leads to excess reactive oxygen species (ROS), which leads to oxidative injury. This, in turn, leads
to poor mucociliary clearance, surfactant impairment, airway irritation, and alterations in the microbial flora of
the airways.

Recent findings suggest significant harm attributed to hyperoxia and hyperoxaemia across several acute care
conditions. In a study with patients who had experienced cardiac arrest and hypoxic-ischaemic encephalopathy,
patients with hyperoxaemia had an increased risk of in-hospital mortality compared with patients who had
hypoxaemia as well as those who had normal oxygenation.

In another study, the AVOID trial, patients with ST-elevation myocardial infarction were randomly assigned to
receive supplemental oxygen or ambient air. Findings showed that patients who received liberal oxygen
experienced larger myocardial infarct size and higher frequency of recurrent myocardial infarction.

In 2016, the World Health Organization (WHO) recommended the use of a high fraction of inspired oxygen of
0.80 during general anaesthesia for adults undergoing surgery. But an analysis of 17 clinical trials demonstrated
no benefit from a higher vs. lower fraction of inspired oxygen in reducing surgical site infections. Short term
exposure to hyperoxia during cardiopulmonary bypass was not found to be associated with adverse neurologic
complications. The WHO modified its recommendation in 2018.
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The potential risks of hyperoxia in patients with traumatic brain injury or stroke still remain unclear. However,
based on the harms of hyperoxaemia observed in other patient populations, there is a possibility that
hyperoxaemia may potentiate secondary brain injury. That is why experts caution against the liberal use of
oxygen therapy and advise the adoption of conservative oxygen protocols.

The biggest benefit of liberal oxygen therapy is its bactericidal effect, which can be beneficial in the setting of
wound infections. In the Hyperoxia and Hypertonic Saline in Patients With Septic Shock (HYPERS2S) trial,
researchers examined the potential benefits of hyperoxia in patients with sepsis. The trial was stopped early
due to the risk of increased mortality in the hyperoxia group. But in another study that evaluated conservative
oxygen therapy in patients with sepsis, higher mortality was observed in the conservative oxygen therapy
group, again creating confusion as to whether a higher oxygen threshold may have beneficial properties in
patients with sepsis.

The Oxygen-ICU trial involving critically ill patients with an anticipated ICU stay of at least 72 hours showed that
a conservative oxygen therapy approach resulted in lower mortality compared to a liberal approach. More
recently, the ICU-ROX trial has again raised questions about the harms associated with oxygen therapy.

It is important for clinicians to understand that a conservative oxygen therapy approach does not mean
permissive hypoxia. While targeted oxygen therapy for wound infections is an appropriate strategy, the
indiscriminate use of oxygen resulting in hyperoxia or hyperoxaemia is not necessary and could potentially
cause harm in certain acute care conditions.

Source: JAMA
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Opinion

Evolving Issues in Oxygen Therapy in Acute Care Medicine

Oxygen therapy is one of the most ubiquitously ap-
plied therapiesin modern medicine. Clinicians usually re-
actrapidly to declining oxygen saturations. Although this
response is appropriate in the setting of hypoxia, there
are many circumstances in which excess oxygen is in-
discriminately administered for extended periods.

Medicine has recently experienced a shift from
"more is better” to "less is more” as more has been
learned about the ability of the human body to adapt to
extreme physiological conditions and about the inap-
propriate use of various therapies. Examples include he-
moglobin thresholds and carbon dioxide levels. Atten-
tion in recent years has focused on the potential harms
associated with excess oxygen therapy.

Oxygen toxicity was first recognized clinically in an
outbreak of Fetinalliyperplasiain premature infants lead-
ing to/childhood blindness in the1940s. Reports of oxy-
genpneumonitisiwere first described in the1970swhen
autopsy findings demonstrated lung injury across pa-
tients who were exposed to concentrations of oxygen
greater than|0:60 for dtleastBdays of mechanical ven-
tilation. In critical care, an early focus on harms of hy-
peroxia was attenuated after recognition of ventilator-
associated lung injury, which shifted the cause from
hyperoxia to injurious ventilation.

Toxicity attributable to supplemental oxygen can be
categorized into/local effects and|systemic effects.|Local
effects include absorptiveatelectasis resulting from the
displacement of alveolar nitrogen by high concentra-
tions of oxygen. High-inspired oxygen (ie, hyperoxia) leads
to excess reactive oxygen species (ROS), which in turn
cause oxidative injury leading to poor mucociliary clear-
ance, surfactantimpairment, airway irritation, and altera-
tions in the microbial flora of the airways.

Systemic effects of excess oxygen (ie, hyperox-
emia), are typically not described until partial pressure of
arterial oxygen (Pag3) thresholds exceed|100Jmm|Hg, at
which point oxyhemoglobin saturation is nearly com-
plete and dissolved oxygen increases. ROS are a normal
by-product of aerobic metabolism and have an/essential
role in host defense and signaling. Usually @ntioxidants
prevent excess ROS accumulation; however, in the set-
ting of either increased oxygen tension or an exogenous
stimulus (toxins or physiologic stress), ROS productionin-
creases and outstrips antioxidant capacity. This leads to
oxidative stress, inflammation, celldamage, and celldeath.
In addition, ROS superoxide anions can inactivate nitric
oxide/when Pao, exceeds 150 mm Hg and can induce Va-
soconstriction, which has been described in the coro-
nary, retinal, and cerebral vascular beds.

Recent reports have suggested harms attributable to
hyperoxia (defined as xxx) or hyperoxemia (defined as
XXX) across a series of acute care conditions. The com-
mon themes include: the absence of cellular hypoxia, an
acute physiologic disruption and liberal oxygen adminis-

tration. Inamulticenter cohort study' involving 1156 adults
who had experienced [cardiac arrest and hypoxic-
ischemic lencephalopathy, patients with hyperoxemia
(Pao,>300 mm Hg) had increased risk of in-hospital mor-
tality (63% for the hyperoxia group vs 45% for the nor-
moxia group and57% for the iypoxia group) compared
with those with hypoxemia and those with normal oxy-
genation. The mechanism of death was attributed towors-
ening secondary brain injury due to increased [oxidative
stress or ROS formation. However, these results have not
been|inconsistent across subsequent studies.

In the AVOID trial,? 441 patients with ST-elevation
myocardiallinfarction were randomly assigned to receive
supplemental oxygen (8 L/min) compared with ambient
air. The group that received liberal oxygen administration
experienced|argerjmyocardiallinfarct size (median,20:3g;
interquartilerange [IQR]. 9.6-29.6 g] vs median,13.1g; IQR,
5.2-23.6 g) at 6 months and higher frequency of recur-
rent myocardial infarction (5.5% vs[0.9%; P = .006). A
physiologic study? invovling 46 third-trimester pregnant
patients showed thatmaternallhyperoxialled to adecline
in/cardiac/index that was more pronounced than it was
among 20 nonpregnant study participants. Given therec-
ognized harm associated with unrestricted oxygenin pre-
terminfantsleadingtoretinal hyperplasia, astrategy offper-
missive hypoxemia (saturation, 85%-89%) was compared
with normoxia (saturation,[91%195%) in 4965 extremely
preterm infants (median gestational age of 26 weeks)
across 5 randomized clinical trials.* There was no differ-
enceinthe primary outcome, acomposite of death or ma-
jor disability at 24 months corrected age. Examining indi-
vidual components of the composite, thelnormoxia group
had ajhigher incidence of retinopathy of prematurity but
had allower risk of/death and necrotizing enterocolitis.

Two clinical circumstancesiin which the effects of hy-
peroxia remain juncertain include intraoperative man-
agement and jneurologic insults without hypoxic-
ischemic encephalopathy (such as/stroke and traumatic
braininjury). In 2016, the World Health Organization
(WHO) recommended use of a high fraction of inspired
oxygen (F10,) of 0.80 during general anesthesia for
adults undergoing surgery tolreduce surgical site infec-
tions. However, an updated meta-analysis® that in-
cluded 17 randomized clinical trials showed no benefit
from a higher (0.80) vs lower (0.30-0.35) Fio, for the
reduiction of surgical sitefinfections (absolute rates, [14%
for the high Fi0, group vs[13.1% for the low Fi0, group;,
risk ratio [RR], 0.89; 95% Cl, 0.73-1.07). Short-term
(ie,132 [SD,]1 50 minutes) exposure to hyperoxia during
cardiopulmonary bypass also has not been associated
with adverse neurologic complications.® In 2018, the
WHO modified its fecommendation and called for
higher/qualitylliterature. The risks of liyperoxialin the set-
ting of traumatic brain|injury or stroke remain [unclear.
Theoretically, similar to the cardiac arrest population,
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hyperoxemia could potentiate secondary brain injury; however,
harms of hypoxemia in this population are well established and,
therefore, some experts caution against rapid adoption of conser-
vative oxygen protocols until more outcome data are available.

Liberal oxygen therapy has several established benefits. The most
consistently described benefit is the bactericidal property associ-
ated with increased ROS formation through oxidative killing of bac-
teria. This|may be particularly [beneficial in the setting of wound|in-
fections for which tisstie/oxygen|tensions may belfediicedcompared
withjnormaltissue. The potential benefits of hyperoxia (infection clear-
ance or shock reversal) were evaluated in the Hyperoxia and Hyper-
tonic Saline in Patients With Septic Shock (HYPERS2S) trial” in which
442 patients withisepsis were exposed to[.00 Fio, for 24 hours! The
trial was/stopped early due to a signal suggesting increased/mortality
inthe hyperoxia group. Incontrast, a recent study® that evaluated con-
servative oxygen therapy, defined as a target saturation 0f91%t0 95%
vs usual-care oxygen (target saturation, 91%-100%) in 251 patients
with sepsis demonstrated asuggestion of possible harm in the lcon-
Servativelgroup. Although this finding did not reach statistical signifi-
cance, the 7% higher mortality in the conservative oxygen therapy
group supports the hypothesis that a higher oxygen threshold may
have some beneficial properties in the setting of sepsis. Discrepan-
cies|in the results of these 2 studies may be attributable to the differ-
ences in oxygen exposure in the liberal treatment group (100% Fio,
VS a more conservative usual-care strategy).

The Oxygen-ICU trial,° which involved 480 critically ill patients
with an anticipated intensive care unit (ICU) stay of at least 72 hours,
demonstrated that a conservative‘oxygen approach (Pao,, 70-100
mm Hg or target saturation, 94%-98%) was associated with alower
mortality than was a liberal approach (allowing Pao, up to 150 mm
Hg or target saturation, 97%-100%), mortality/rates of 11.6% for the
conservative approach vs20.2% for the liberal approach (P = .01),
respectively. However, the trial wasstopped early because of diffi-
culties with enrollment after an earthquake and may therefore
have overestimated the treatment effect. The recently published
ICU-ROX trial'® has forced reevaluation of the potential harm attrib-
utable to oxygen. This trial compared a|conservative oxygen strat-
egy (target saturation, [91%:-96%) to usual-care (target saturation,
91%-100%) in 1000 patients who were receiving mechanical ven-

ARTICLE INFORMATION

pregnancy exerts a more profound effect on

tilation. There was no significant difference in 28-day ventilator-
free days or 90-day mortality. However, significant heterogeneity of
treatment effect was observed, with the hypoxic-ischemic encepha-
lopathy subgroup demonstrating more favorable outcomes withicon-
servative oxygen. A key difference between this trial and the previ-
ous literature is that istial-€are was neither yperoxemia nor a more
liberal oxygen strategy. Usual care in this study represented a satu-
ration of between91% and 100%, which is different from trials that
target a Pao, exceeding 200 or 300 or a fixed Fio, of 100%, which
is usually considered hyperoxemia or hyperoxia. Only 55% of the
hours of observation among patients in the control group had
an oxygen saturation of 97% or more (in contrast to the Oxygen-
ICU trial in which oxygen saturation in the control group ranged
from 97%-100%). Therefore, in critical care settings in which the
usual-care practice may be more liberal, the results of this trial may
not be generalizable.

Clinicians should recognize that aconservative oxygen strat-
egy" does not mean permissive hypoxia, which hasnot been jwell
studied in adults but is harmful in neonates. In a monitored setting,
it appears jgenerally safe to wean oxygen with 3 maximum satura-
tion target of 96%. Outside of the setting of targeted oxygen therapy
forwound infections, indiscriminate oxygen use resulting in hyper-
oxia or hyperoxemia is not necessary and may induce harm in cer-
tain acute care conditions.

Many important.questions remain including (1) thresholds and du-
ration of oxygen that may induce harm, (2) optimal ways tolstudy ex-
cess oxygen (FI0,} saturation, orlPao,). (3) interactions with acid-base
disturbances, ventilator-induced lung injury or shock, and (4) long-
term consequences. It is likely that there are different clinical condi-
tions in which liberal oxygen may induce harm when combined with
some degree of exogenous stimuli that causes a proliferation of ROS.
The liberal oxygen threshold at which this occurs likely varies across
different conditions and different intensities of the exogenous stimuli
(eFigure in the Supplement). To date, more than 70 clinical trials of
oxygen therapy have been registered and are ongoing or recently com-
pleted. The results of these studies will further inform the degree to
which inappropriately titrated oxygen has contributed to iatrogenic
adverse events and will help define the appropriate use and dose of
oxygen in acute care medicine.
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