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Oxygen

• As used in clinical medicine, the word “oxygen” is a misnomer. 

• Oxygen denotes elemental oxygen with an atomic number of 8 and a symbol of “O”. 

• Clinically  we deliver dioxygen, or “O2,” - the stable molecular form of elemental oxygen 
(“O”). 

• Oxygen's name also represents a misnomer, because it stems from the Greek roots 
“oxys,” meaning “sharp” in reference to the sour taste of acids and the assumption by 
Lavoisier that it was an essential element for all acids, and “-genes,” which means 
“begetter.”

Pharmacology of Oxygen
• Oxygen is an odorless, colorless, tasteless drug present as a gas in the 

atmosphere at 21%

• Oxygen delivery via the oxygen cascade from a PO2 of room air at 159 mm 
Hg to 2-3 mm Hg at the mitochondrial level

• Oxygen is primarily transported by Hgb with a small amount dissolved in 
plasma

• The main purpose of O2 in the body is to participate in oxidative 
phosphorylation which produces high levels of energy required for cellular 
function 

• The primary indication for oxygen is hypoxemia

• Other uses include treatment of CO poisoning, air embolism, non-healing 
wounds (hyperbaric)

Pharmacology of Oxygen

Toxicity

• Delivered at high doses results in several physiological and potentially harmful 
changes. 

• Hypercapnia – changes in V/Q in the presence of chronic lung disease (hypercapnia) 
often referred to as reducing hypoxic drive

• Breathing high doses of oxygen leads to washout of nitrogen causing absorption 
atelectasis and shunt with a paradoxical decrease in oxygenation.

• Long term high doses lead to oxygen toxicity, characterized by parenchymal damage 
and lung injury likely due to increased reactive oxygen species.

• Cardiovascular changes are minor and consist of a slight reduction in heart rate and 
cardiac output. Also coronary vasoconstriction.

• CNS effects are noted at very high levels are characterized by seizures and visual 
changes. 

Oxygen
• Oxygen is addicting; in its grip are all the mitochondria 

rich eukaryotes who learned to depend on it during the 
past 1.4 billion years.  This, the first atmospheric 
pollutant, is the waste product of stromatolites which 
excreted it at least 2.3 billion years ago.  Since then, all 
sediments have been rusted or oxidized.  Oxygen is toxic.  
It rusts a person in a century or less. With oxygen came 
the danger and blessing of fire.  If introduced today, this 
gas might have difficulty getting approved by the FDA.

• Severinghaus JW & Astrup PB. J Clin Monit 1986
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Oxygen Exposure in Critical Illness
• Oxygen toxicity is generally thought of as pulmonary in origin

• There is growing concern regarding oxygen toxicity in 
systemic tissues

• Conservative oxygen practices – precision oxygen delivery vs. 
permissive hypoxemia 

Oxygen Exposure in Critical Illness: The Growing 
Concern

• Excessive oxygen administration in illness & injury 
characterized by ischemia reperfusion injury (MI, TBI, 
trauma, ARDS?)

• Production of ROS

• Loss of HPV

• Vasoconstriction

Why are Our Patients Hyperoxic?

• Ease of oxygen administration

• Imprecision in dosing

• Opinion that short term O2 is not toxic

• In the ICU FIO2 < 0.60 is non-toxic

• Lack of options in administration

Oxygen for ST Elevation
• ACC and AHA (2004)

• “It is reasonable to administer supplemental oxygen to all patients 
with uncomplicated ST elevation myocardial infarction during the 
first 6 hours.” LOE C.

• ESC (2008) – ST Elevation MI

• “Oxygen 2-4 l/min by mask or nasal prongs should be administered 
to those who are breathless or who have any features of heart 
failure or shock.” 

Antman EM,  ACC/AHA guidelines for the management of patients with ST-elevation myocardial 

infarction— executive summary: a report of the American College of Cardiology/American Heart 

Association. Circulation 2004;110:588-636. 

Van de Werf F.. Management of acute myocardial infarction in patients presenting with persistent ST-

segment elevation: the Task Force on the Management of STSegment Elevation Acute Myocardial 

Infarction of the European Society of Cardiology. Eur Heart J 2008;29:2909-45. 
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2010 CPR & ECC

• 411 scientific evidence reviews on 277 topics

• 313 participants at 2010 Consensus 
Conference, (46% from outside US)

• COI questionnaires completed by all 
participants (802 collected and reviewed)

• Writing group members voted on each 
recommendation

© 2010 American Heart Association. 

All rights reserved.

Post-Cardiac Arrest Care
• Change:

• New 5th link in the chain of survival

• Why:
• Emphasize importance of comprehensive multidisciplinary care through 

hospital discharge and beyond

• Includes:
• Optimizing vital organ perfusion
• Titration of FiO2 to maintain O2 sat ≥ 94%
• Transport to comprehensive post-arrest system of care
• Emergent coronary reperfusion for STEMI or high suspicion of AMI.
• Temperature control 
• Anticipation, treatment, and prevention of multiple organ dysfunction

© 2010 American Heart Association. 

All rights reserved.

Acute Coronary Syndromes (ACS) 

• Support for STEMI systems of care

• Continue to implement prehospital 12-lead ECG program

• Triage to hospitals capable of performing PCI

• Supplementary oxygen is not needed for patients without evidence of 
respiratory distress if the oxyhemoglobin saturation is ≥ 94%.

• Use morphine with caution

© 2010 American Heart Association. 
All rights reserved.

First Aid

 First Aid Guidelines again co-sponsored with American Red Cross

 Unchanged: Oxygen administration (not recommended), aspirin for chest 
discomfort (recommended)

 Change in Epinephrine for anaphylaxis (allergic reaction)

 If symptoms persist despite epinephrine administration, first aid 
providers should seek medical assistance before administering second 
dose

 Pressure dressing  for all types of venomous snakebites

 Tourniquets still not recommended for first aid use

 Recommendations added for jellyfish stings

© 2010 American Heart Association. 
All rights reserved.

Oxygen following Cardiac Arrest

• Supplemental Oxygen: 100% vs Titration  

• Does the use of titrated oxygen during cardiac arrest, compared with the use of 100% oxygen, improve outcome 
(eg, ROSC, neurologically intact survival)?

• Consensus on Science

• There were no adult human studies.

• Two animal studies (LOE 5) suggested worse neurological outcomes compared with normoxic resuscitation.

• One animal study (LOE 5) 100% oxygen or 21% oxygen during resuscitation did not affect outcome.

• Treatment Recommendation

• There is insufficient evidence to support or refute the use of a titrated oxygen concentration or constant 21% 
oxygen compared with 100% oxygen during adult cardiac arrest. No change the current treatment algorithm 
(100% oxygen during cardiac arrest).

• Knowledge Gaps

• Prospective clinical trials may be warranted to explore constant (including room air) versus titrated oxygen 
resuscitation approaches during human adult cardiac arrest.

Hyperoxemia in Cardiac Patients
• Oxygen is often given in the absence of hypoxemia

• The vasoactive actions of oxygen are not well 
appreciated

• Once SpO2 is 100% further increases in PaO2 are not 
monitored

• Hyperoxemia in normoxic patients may adversely effect 
outcome
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JAMA 2010;303:2165 JAMA 2010;303:2165

JAMA 2010;303:2165

Systematic Review – Hyperoxia and Coronary Blood Flow
• From 2,072 publications, 6 met criteria, 6 healthy and 61 with cardiac disease. 

• High-concentration O2 resulted in hyperoxia, PaO2 of 273 to 425 mm Hg. 

• Hyperoxia caused a significant reduction in coronary blood flow (mean change −7.9% to 
−28.9%, n = 6 studies).

• Hyperoxia caused a significant increase in coronary vascular resistance (mean change 
21.5% to 40.9%, n = 4 studies) and a significant reduction in myocardial oxygen 
consumption (mean change −15.3% to −26.9%, n = 3 studies).

• Conclusions Hyperoxia from high-concentration oxygen therapy causes a marked reduction 
in coronary blood flow and myocardial oxygen consumption. These physiologic effects may 
have the potential to cause harm and are relevant to the use of high-concentration oxygen 
therapy in the treatment of cardiac and other disorders. (Farquhar H.  Am Heart J 
2009;158:371-7.)

Hyperoxemia and Coronary Blood Flow  

McNulty PH. Effects of supplemental oxygen 

administration on coronary blood flow in patients 

undergoing cardiac catheritization. Am J Physiol 

Heart Circ Physiol 2005;288:H1057-62.
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Background
Oxygen is widely recommended for patients with myocardial infarction yet may do more harm than good. 
Systematic reviews have concluded that there was insufficient evidence to know whether oxygen reduced, 
increased or had no effect on the ischemia or infarct size.
Selection criteria
Randomized controlled trials of people with suspected or proven AMI, less than 24 hours after onset, in which 
the intervention was inhaled oxygen compared to air and regardless of co-therapies provided these were the 
same in both arms of the trial.
Main results
Three trials (387 patients) were included and 14 deaths occurred. The pooled RR of death was 2.88 (95% CI 
0.88 to 9.39) in an intention-to-treat analysis and 3.03 (95% CI 0.93 to 9.83) in patients with confirmed AMI. 
While suggestive of harm, the small number of deaths recorded meant that this could be a chance occurrence. 
Conclusions
There is no conclusive evidence from randomized controlled trials to support the routine use of inhaled oxygen 
in patients with acute AMI. A definitive randomized controlled trial is urgently required given the mismatch 
between trial evidence suggestive of possible harm from routine oxygen use and recommendations for its use 
in clinical practice guidelines.

Pre-Hospital Oxygen in COPD

MA Austin, E Wills, L Blizzard et al. High flow oxygen increases mortality in chronic 

obstructive pulmonary disease patients in a pre-hospital setting: a randomized 

trial. BMJ, 341 (2010), p. c5462

High FIO2 in COPD

MA Austin, E Wills, L Blizzard et al. High flow oxygen increases mortality in chronic 

obstructive pulmonary disease patients in a pre-hospital setting: a randomized 

trial. BMJ, 341 (2010), p. c5462
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High FIO2 in COPD

MA Austin, E Wills, L Blizzard et al. High flow oxygen increases mortality in chronic 

obstructive pulmonary disease patients in a pre-hospital setting: a randomized 

trial. BMJ, 341 (2010), p. c5462

High FIO2 in COPD

MA Austin, E Wills, L Blizzard et al. High flow oxygen increases mortality in chronic 

obstructive pulmonary disease patients in a pre-hospital setting: a randomized 

trial. BMJ, 341 (2010), p. c5462

• Titrated oxygen treatment reduces mortality, acidosis, and hypercarbia in patients 
with acute exacerbation of chronic obstructive pulmonary disease treated before 
arrival at hospital

• The risk of death was reduced by 78% by use of titrated oxygen rather than high flow 
oxygen, with a number needed to harm of 14

• These findings provide strong evidence that titrated oxygen treatment should be used 
for hypoxic or breathless patients with chronic obstructive pulmonary disease in 
prehospital settings

BTS – Oxygen for Emergency Care
• Oxygen is probably the most common drug to be used in the care of patients who 

present with medical emergencies

• Approximately 34% of ambulance journeys involve oxygen use at some stage and 

national audit data suggest that 18% of hospital inpatients in the UK are being 

treated with oxygen at any given time.

• At present, oxygen is administered for three main indications:

• to correct hypoxaemia, as there is good evidence that severe     

hypoxaemia is harmful

• to prevent hypoxaemia in unwell patients

• to alleviate breathlessness.
O’Driscoll BR, British Thoracic Society emergency oxygen audits. 
Thorax 2011 Apr 17. [Epub ahead of print].

Driscoll BR. Clinical Medicine 2011, Vol 11, No 4: 372–5

Driscoll BR. Clinical Medicine 2011, Vol 11, No 4: 372–5

Recommendations
• COPD patients to receive O2 at 24- 28% via AEM and oxygen alert 

card

• If hypercapnia is expected reduce O2, don’t discontinue therapy

• Equipment – NRB, cannula, AEM

• Targets – 94-98% no risk of hypercapnia- 88-92% - risk of 
hypercapnia

• Nebulizers should be driven by air

• Oxygen prescription should include
• Liter flow or %
• Delivery device
• Target – SpO2

High FIO2 in COPD

Nebulizers should be operated 

from compressed air.
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Oxygen Toxicity

• Oxygen toxicity in animals is completely different than in humans

• Oxygen toxicity in normals is different than oxygen toxicity in critically ill & injured 
patients

• Where is the evidence that hyperoxemia (PaO2 > 100 mm Hg) and FIO2 > 0.60 is 
toxic in the critically ill mechanically ventilated patient?

• What are the mechanisms?

• What are the risks of managing oxygenation on the steep portion of the 
oxyhemoglobin disassociation curve? 

Oxygen Toxicity

• The Lorrain-Smith effect – 0.7-0.8 FIO2 x 4 days in mammals  created diffuse lung 
damage (1899)

• Effects of normobaric hyperoxia on the respiratory system:
• Respiratory depression – effect on chemoreceptors

• Respiratory stimulation – respiratory centers in the brain

• Hypercapnia – release of carboamino compounds with Hgb saturation (Christian-Douglas-
Haldane effect) – V/Q mismatch

• Absorption atelectasis – Low V/Q units with N2 washout (6 mins)

• Tracheobronchitis and mucociliary dysfunction - reduced mucus clearance

• Alveolar damage mimicking ARDS – most data from animals

• Bronchopulmonary dysplasia – pressure x FIO2 x time

Hyperoxia and 
Respiratory 
Depression

Lodato & Jubran JAP 1993;74:634

Oxygen Toxicity (FIO2 0.8)
Findings Time to Occurrence

EXUDATIVE

Capillary congestion, focal edema, fibrin 
thrombin in capillaries

< 3 days

Interstitial edema > 3 days

Hyaline membrane lining alveolar septa, 1-7 days

Interstitial edema  mononuclear cell 
infiltrate

<7 days

PROLIFERATIVE

Alveolar lining cell hyperplasia Focal 3 days, diffuse 7 days

Interstitial fibrosis Focal 3 days, diffuse 8 days, severe 2 
weeks

Balentine JL 1982 NY Acad Press

Hyperoxic Tolerance in Critically Ill 
Subjects

• In rats, endotoxin fully protected animals from hyperoxic morbidity and 
mortality (Frank JCI 1978:61:269)

• Protection from hyperoxia in ARDS

1. Alveolar epithelial cells and endothelial cells in areas of shunt have a low 
PO2

2. Systemic circulation is protected by arterial hypoxemia (definition of 
ARDS)

3. Cytokines, TNF-a, IL-1 and endotoxin all induce tolerance

4. Intra-alveolar hemorrhage and plasma provides a ready source of anti-
oxidants (transferrin and ceruloplasmin)

Conventional Wisdom

• FIO2 > 0.6 is  toxic after > 24-48 hrs

• Use PEEP and manipulation of mean airway pressure to decrease 
FIO2 to < 0.6

• How do we practice in clinical care?
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• No findings of harm in patients with hyperoxia

• Most patients had a minimum FIO2 of 0.4

• A cushion of elevated PaO2 may prevent against 
hypoxemia associated with procedures, deterioration 
in lung function and physiologic perturbations 

Linking Hyperoxemia and Mortality
• De Jonge Crit Care  (2008)

• PaO2 values higher than recommended

• Low and high PaO2 independently associated with in hospital mortality

• Severity of illness or errors in multivariate analysis

• Rachmale Respir Care 2012

• FIO2 correlated with worse OI at 48 hrs in a dose response manner

• Higher FIO2 and longer exposure resulted in worsening OI

• Greater MV days, ICU stay and hospital stay

• No mortality cost

• Eastwood ICM 2012

• Hypoxia was associated with increased hospital mortality

• Hyperoxia in the first 24 hrs had no impact on mortality

• Early hyperoxia and mortality – the link remains uncertain

Linking Hyperoxia and Mortality

Linking Hyperoxia and Mortality Linking Hyperoxia and Mortality
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Linking Hyperoxia and Mortality
Linking Hyperoxia and Mortality

Linking Hyperoxia and Mortality
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Exposure to High FIO2 in MV Subjects and Outcome

Author No. 
Subjects

Reference Outcome

Eastwood 152,680 ICM 2014 In the first 24 hours only hypoxia was associated with in-hospital mortality.  
Hyperoxia had no impact. 

de Jonge 36,307 Crit Care 2008 In the first 24 hours high FIO2 and both hypoxia and hyperoxia were associated 
with in-hospital mortality 

Suzuki 105 CCM 2014 No negative clinical outcomes - oxygen exposure was markedly reduced. 

Aboab 14 ICM 2006 High FIO2 in ARDS was associated with absorption atelectasis which could be 
reversed by PEEP 

Rachmale 210 Respir Care 2012 Both exposure to higher FIO2  and longer duration of exposure were associated 
with worsening oxygenation index at 48 hours, more days on mechanical 
ventilation, longer ICU stay, and longer hospital stay. No mortality difference 

Suzuki JCC 2015 Might be associated with decreased radiological evidence of atelectasis, earlier 
weaning from mandatory ventilation modes, and earlier first trial of spontaneous 
ventilation. 

Panwar 103 AJRCCM 2016 Supports the feasibility of a conservative oxygenation strategy in MV patients

Helmerhorst 15,045 CCM 2016 Stepwise implementation of conservative oxygenation targets was feasible, 
effective, and  safe in critically ill patients

Risks of Precision FIO2 Control

• On the steep portion of the OxyHgb disassociation curve – that first 
step is a doozy

• Pulse oximetry error can further complicate precision control

• This technique may expose patients to unnecessary hypoxemia and 
risk

• A single episode of hypoxemia following TBI is associated with 
worsening neurologoic outcome and greater mortality

Risks of Precision FIO2 Control Risks of Precision FIO2 Control

Risks of Precision FIO2 Control

• No difference in ROP or death
• Lower target SpO2 (85-89%) increased the risk of in hospital 

death
• Lower target resulted in a decrease in ROP
• There was substantial overlap in the actual SpO2 between 

groups

Risk of Precision FIO2 Control 
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Risk of Precision FIO2 Control Summary 

• Oxygen is a drug which should be given with a prescription that 
includes an oxygenation goal

• Beyond pulmonary toxicity – both hypoxia and hyperoxia can result in 
untoward consequences in other organs

• Oxygen is the ultimate Goldilocks in medicine “Not too little, not too 
much, but just right”

• Closed loop control of oxygen may assist in this goal


