Editorial
Oxygen for ST-Segment–Elevation Myocardial Infarction
Still Up in the Air
Zoran S. Nedeljkovic, MD; Alice K. Jacobs, MD

T

he development of American College of Cardiology/
American Heart Association clinical practice guidelines,
based on a rigorous review and evaluation of the available evidence, has helped shape the field of cardiovascular medicine
over the last 3 decades. In patients with ST-segment–elevation
myocardial infarction (STEMI), primary percutaneous coronary intervention (PCI) has emerged as the preferred reperfusion therapy, and shorter times to reperfusion have been
associated with improved survival.1,2 On the basis of an estimate of the size of the intervention and the magnitude of benefit in relation to risk, primary PCI for STEMI is given a Class
I recommendation with Level of Evidence A, the latter based
on the certainty or precision of the data and the type and quality of the evidence. For some treatments, little evidence exists,
and the implementation of those treatments is based largely on
clinical experience, standard of care, or expert opinion. In the
case of supplemental oxygen administration during STEMI, the
American College of Cardiology/American Heart Association
guideline recommendations have evolved. In 1999, although
supplemental oxygen received a Class I recommendation for
patients with pulmonary congestion and arterial oxygen saturation <90%, routine administration to all patients with uncomplicated myocardial infarction during the first 2 to 3 hours
received a Class IIa recommendation.3 In the 2004 STEMI
guidelines, continuing supplemental oxygen beyond the first 6
hours for hypoxemia (arterial oxygen saturation <90%) or pulmonary congestion was also given a Class I recommendation.4
However, the 2013 STEMI guidelines noted that few data exist
to support or refute the value of the routine use of oxygen in
the acute phase of STEMI, and no recommendation was made.5
Therefore, routine administration of supplemental oxygen during acute STEMI, in the absence of systemic hypoxemia, is an
intervention for which evidence to inform our practice in the
current era of reperfusion is lacking.

Article see p 2143
If, fundamentally, myocardial ischemia results from an
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rational on the basis of pathophysiological reasoning and
plausibility that administering supplemental oxygen would
ameliorate symptoms, attenuate ischemic tissue injury,
reduce infarct size, and ultimately decrease mortality. As an
essential element of life, oxygen may be viewed by many as a
relatively benign treatment. However, in a randomized, controlled trial performed nearly 40 years ago, no benefit (and
possible harm) from routine administration of inhaled oxygen compared with air was reported in patients with uncomplicated myocardial infarction.6 More recent studies have
called this routine practice into question, with a similar signal toward more negative outcomes.7 Adverse physiological
effects of supplemental oxygen related to increasing coronary
vascular resistance and generation of reactive oxygen species
have been described,8,9 fueling the need for an adequately
powered randomized, clinical trial.7
In this issue of Circulation, Stub and colleagues10 sought
to determine the relationship between supplemental oxygen
compared with no oxygen therapy with infarct size in normoxic patients with STEMI undergoing primary PCI within
the Air Versus Oxygen Myocardial Infarction (AVOID)
study. Accordingly, 638 patients with suspected STEMI were
enrolled in the field by paramedics serving 9 metropolitan
hospitals in Melbourne, Australia, between October 2011 and
July 2014, of whom 441 had confirmed STEMI. Among the
exclusion criteria was an oxygen saturation of <94% measured on pulse oximeter. In the oxygen group, supplemental
oxygen was administered by face mask at 8 L/min by paramedics and continued until transfer from the cardiac catheterization laboratory. Patients randomly assigned to no oxygen
received oxygen if the saturation fell below 94% and then only
to achieve a saturation of 94%. The primary end point of the
study was myocardial infarct size as assessed by peak cardiac
troponin I and creatine kinase. Secondary end points included
myocardial infarct size as assessed by cardiac magnetic resonance imaging at 6 months. Baseline clinical, angiographic,
and procedural characteristics, including vital signs, time to
reperfusion, and degree of pain, were similar between groups.
Although mean peak troponin was similar, mean peak creatine kinase was significantly higher in the oxygen compared
with the no oxygen group (1948 versus 1543 U/L; means
ratio, 1.27, 95% confidence interval, 1.04–1.52; P=0.01). At
6 months, in the 32% of patients who underwent cardiac magnetic resonance imaging, median infarct size was increased
in the oxygen (20.3 g) compared with the no oxygen (13.1
g) group (P=0.04). Although the study was not powered to
detect differences in clinical outcomes, the rate of in-hospital
recurrent myocardial infarction and the frequency of cardiac
arrhythmia were higher in the oxygen group. The authors
concluded that supplemental oxygen therapy in patients with
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STEMI without hypoxia did not lead to substantial benefit,
rather to increased harm, as evidenced by early myocardial
injury and infarct size at 6 months.
This study adds to the mounting evidence questioning the
routine administration of supplemental oxygen in the absence
of hypoxemia. The trial is fortified by its multicenter, randomized design (using computer-generated block randomization),
independent Data Safety and Monitoring Board, blinded
follow-up and data analysis (aware that the use of masks to
facilitate blinding may put patients at risk and requires the
fitting of compressed air cylinders in ambulances), and a thorough and thoughtful data analysis plan minimizing bias. With
only the less specific creatine kinase being significantly different between groups, multiple sensitivity analyses confirmed
consistent results in the direction of treatment effect across
coprimary end points.
Delays in time to treatment of patients with STEMI are
associated with higher morbidity and mortality,1,11 and national
initiatives have focused on shortening treatment delays in hospitals that perform primary PCI.12,13 However, now that >90%
of patients with STEMI presenting directly to PCI-capable
hospitals are currently treated with a door-to-balloon time
within 90 minutes as recommended in the guidelines,14 attention is currently being focused on time from symptom onset to
reperfusion and the prehospital phase of treatment and transport.15 Systems of care are being developed to provide timely
transfer of patients from referral to receiving hospitals for
primary PCI, and prehospital interventions such as systemic
hypothermia are being actively investigated.16 The present
study is in support of the shifting focus toward management
strategies across the continuum of total ischemic time.
However, although the primary (surrogate) end point is a
measure of initial myocardial injury, as assessed by cardiac
biomarker (cardiac troponin I and creatine kinase) values, it
is important to adjust for differences in territory served by
the infarct artery. Percent left ventricular mass and biomarker
elevation are less meaningful if not corrected for area at
risk. After acute coronary artery occlusion, myocyte necrosis ensues in a transmural fashion from the subendocardium
to subepicardium in what has been described as the wavefront phenomenon.17 Infarct size (and ultimately prognosis)
is determined by the status of collaterals in the infarct zone,
duration of coronary occlusion, and the area at risk. Early
reperfusion aims to salvage myocardium within this risk
zone but may lead to reperfusion injury and further myocyte
necrosis.18 Assessment of area at risk in relation to infarct size
enables determination of myocardial salvage and efficacy of
reperfusion therapy or other interventions. Although there
do not appear to be any significant differences in the infarctrelated artery between the oxygen and no oxygen groups,
important differences in the area at risk (ie, proximal versus distal vessel occlusions, dominant versus nondominant
infarct vessels), despite successful PCI and restoration of
blood flow, could account for important differences in infarct
size between the 2 groups.
This study also has the potential to reactivate the controversy surrounding the issue of delayed informed consent,
as highlighted in another recent trial of primary PCI.19 With
approval of the Human Research Ethics Committees of all

participating hospitals, patients were randomized in the field
and started on oxygen in the treatment group before providing
informed consent, which was obtained after stabilization in the
hospital. This likely facilitated recruitment, and the relatively
low number of patients who opted out or withdrew consent
implies the participants’ lack of objection to this methodology.
Proponents of postponing patient consent for participation in
research until after randomization argue that, at best, true
informed consent is difficult to obtain in critically ill patients
(in whom substituted judgment has played a role), delays time
to reperfusion (although it is unclear whether consent was
obtained before or after PCI), and is perhaps not necessary
when providing the standard of care in both arms of the trial.
In addition to difficulties in addressing data collected from
those who may die before giving consent, many investigators
express an inherent social contract with patients grounded on
the premise that they will not be subject to research without
permission. Whether comparison of treatments used in clinical practice or perhaps recommended by guidelines will be
considered more ethically amenable to delayed consent and
whether this trial and others will set the standard for consent
in pragmatic trials of emergency care require thoughtful deliberation by multidisciplinary participants.
When new data emerge that challenge conventional wisdom and standard-of-care therapies, the medical community
usually reacts with caution and shuns change that is considered premature. The situation is particularly challenging when
new data, albeit incomplete, provide a signal for harm. On the
basis of current evidence, providing oxygen to patients with
acute STEMI en route to primary PCI is indicated for patients
with hypoxemia or overt pulmonary congestion. Larger studies are needed to determine whether clinical outcomes are
affected by withholding oxygen in normoxic patients with
STEMI. While we await results of studies such as the Swedish
Registry–based randomized trial currently enrolling and powered for both morbidity and mortality,20 the routine use of oxygen for patients with STEMI remains “up in the air.”

Disclosures
None.

References
1. Rathore SS, Curtis JP, Chen J, Wang Y, Nallamothu BK, Epstein AJ,
Krumholz HM; National Cardiovascular Data Registry. Association
of door-to-balloon time and mortality in patients admitted to hospital
with ST elevation myocardial infarction: national cohort study. BMJ.
2009;338:b1807.
2. Nallamothu BK, Normand SL, Wang Y, Hofer TP, Brush JE Jr, Messenger
JC, Bradley EH, Rumsfeld JS, Krumholz HM. Relation between door-toballoon times and mortality after primary percutaneous coronary intervention over time: a retrospective study. Lancet. 2015;385:1114–1122. doi:
10.1016/S0140-6736(14)61932-2.
3. Ryan TJ, Antman EM, Brooks NH, Califf RM, Hillis LD, Hiratzka LF,
Rapaport E, Riegel B, Russell RO, Smith EE 3rd, Weaver WD, Gibbons
RJ, Alpert JS, Eagle KA, Gardner TJ, Garson A Jr, Gregoratos G, Ryan
TJ, Smith SC Jr. 1999 Update: ACC/AHA guidelines for the management
of patients with acute myocardial infarction: a report of the American
College of Cardiology/American Heart Association Task Force on Practice
Guidelines (Committee on Management of Acute Myocardial Infarction).
J Am Coll Cardiol. 1999;34:890–911.
4. Antman EM, Anbe DT, Armstrong PW, Bates ER, Green LA, Hand M,
Hochman JS, Krumholz HM, Kushner FG, Lamas GA, Mullany CJ,
Ornato JP, Pearle DL, Sloan MA, Smith SC Jr; American College of

Downloaded from http://circ.ahajournals.org/ at Imperial College London Library on July 2, 2015

Nedeljkovic and Jacobs

5.

6.
7.
8.

9.

10.

11.

12.

Cardiology; American Heart Association; Canadian Cardiovascular
Society. 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 Task Force
on Practice Guidelines (Writing Committee to revise the 1999 guidelines
for the management of patients with acute myocardial infarction). J Am
Coll Cardiol. 2004;44:671–719. doi: 10.1016/j.jacc.2004.07.002.
O’Gara PT, Kushner FG, Ascheim DD, Casey Jr DE, Chung MK, de
Lemos JA, Ettinger SM, Fang JC, Fesmire FM, Franklin BA, Granger
CB, Krumholz HM, Linderbaum JA, Morrow DA, Newby LK, Ornato
JP, Ou N, Radford MJ, Tamis-Holland JE, Tommaso CL, Tracy CM,
Woo YJ, Zhao DX. 2013 ACCF/AHA guideline for the management of
ST-elevation myocardial infarction: a report of the American College
of Cardiology Foundation/American Heart Association Task Force on
Practice Guidelines. Circulation. 2013;127:e362–e425.
Rawles JM, Kenmure AC. Controlled trial of oxygen in uncomplicated
myocardial infarction. Br Med J. 1976;1:1121–1123.
Cabello JB, Burls A, Emparanza JI, Bayliss S, Quinn T. Oxygen therapy for acute myocardial infarction. Cochrane Database Syst Rev.
2013;8:CD007160. doi: 10.1002/14651858.CD007160.pub3.
McNulty PH, King N, Scott S, Hartman G, McCann J, Kozak M, Chambers
CE, Demers LM, Sinoway LI. Effects of supplemental oxygen administration on coronary blood flow in patients undergoing cardiac catheterization.
Am J Physiol Heart Circ Physiol. 2005;288:H1057–H1062. doi: 10.1152/
ajpheart.00625.2004.
McNulty PH, Robertson BJ, Tulli MA, Hess J, Harach LA, Scott S,
Sinoway LI. Effect of hyperoxia and vitamin C on coronary blood
flow in patients with ischemic heart disease. J Appl Physiol (1985).
2007;102:2040–2045. doi: 10.1152/japplphysiol.00595.2006.
Stub D, Smith K, Bernard S, Nehme Z, Stephenson M, Bray JE, Cameron
P, Barger B, Ellims AH, Taylor AJ, Meredith IT, Kaye DM. Air versus
oxygen in ST-segment–elevation myocardial infarction. Circulation.
2015;131:2143–2150. doi: 10.1161/CIRCULATIONAHA.114.014494.
Pinto DS, Kirtane AJ, Nallamothu BK, Murphy SA, Cohen DJ, Laham
RJ, Cutlip DE, Bates ER, Frederick PD, Miller DP, Carrozza JP Jr,
Antman EM, Cannon CP, Gibson CM. Hospital delays in reperfusion
for ST-elevation myocardial infarction: implications when selecting a
reperfusion strategy. Circulation. 2006;114:2019–2025. doi: 10.1161/
CIRCULATIONAHA.106.638353.
Krumholz HM, Bradley EH, Nallamothu BK, Ting HH, Batchelor WB,
Kline-Rogers E, Stern AF, Byrd JR, Brush JE Jr. A campaign to improve
the timeliness of primary percutaneous coronary intervention: Door-toBalloon: An Alliance for Quality. JACC Cardiovasc Interv. 2008;1:97–
104. doi: 10.1016/j.jcin.2007.10.006.

Oxygen for STEMI

2103

13. Jacobs AK, Antman EM, Faxon DP, Gregory T, Solis P. Development
of systems of care for ST-elevation myocardial infarction patients:
executive summary. Circulation. 2007;116:217–230. doi: 10.1161/
CIRCULATIONAHA.107.184043.
14. Krumholz HM, Herrin J, Miller LE, Drye EE, Ling SM, Han LF, Rapp MT,
Bradley EH, Nallamothu BK, Nsa W, Bratzler DW, Curtis JP. Improvements
in door-to-balloon time in the United States, 2005 to 2010. Circulation.
2011;124:1038–1045. doi: 10.1161/CIRCULATIONAHA.111.044107.
15. Bates ER, Jacobs AK. Time to treatment in patients with STEMI. N Engl
J Med. 2013;369:889–892. doi: 10.1056/NEJMp1308772.
16. Nichol G, Aufderheide TP, Eigel B, Neumar RW, Lurie KG, Bufalino
VJ, Callaway CW, Menon V, Bass RR, Abella BS, Sayre M, Dougherty
CM, Racht EM, Kleinman ME, O’Connor RE, Reilly JP, Ossmann EW,
Peterson E; American Heart Association Emergency Cardiovascular
Care Committee; Council on Arteriosclerosis, Thrombosis, and Vascular
Biology; Council on Cardiopulmonary, Critical Care, Perioperative and
Resuscitation; Council on Cardiovascular Nursing; Council on Clinical
Cardiology; Advocacy Committee; Council on Quality of Care and
Outcomes Research. Regional systems of care for out-of-hospital cardiac arrest: a policy statement from the American Heart Association.
Circulation. 2010;121:709–729. doi: 10.1161/CIR.0b013e3181cdb7db.
17. Reimer KA, Jennings RB. The “wavefront phenomenon” of myocardial
ischemic cell death, II: transmural progression of necrosis within the
framework of ischemic bed size (myocardium at risk) and collateral flow.
Lab Invest. 1979;40:633–644.
18. Ibáñez B, Heusch G, Ovize M, Van de Werf F. Evolving therapies for myocardial ischemia/reperfusion injury. J Am Coll Cardiol. 2015;65:1454–
1471. doi: 10.1016/j.jacc.2015.02.032.
19. Shahzad A, Kemp I, Mars C, Wilson K, Roome C, Cooper R, Andron
M, Appleby C, Fisher M, Khand A, Kunadian B, Mills JD, Morris JL,
Morrison WL, Munir S, Palmer ND, Perry RA, Ramsdale DR, Velavan
P, Stables RH; HEAT-PPCI Trial Investigators. Unfractionated heparin
versus bivalirudin in primary percutaneous coronary intervention (HEATPPCI): an open-label, single centre, randomised controlled trial. Lancet.
2014;384:1849–1858. doi: 10.1016/S0140-6736(14)60924-7.
20. Hofmann R, James SK, Svensson L, Witt N, Frick M, Lindahl B, Östlund
O, Ekelund U, Erlinge D, Herlitz J, Jernberg T. DETermination of the role
of OXygen in suspected Acute Myocardial Infarction trial. Am Heart J.
2014;167:322–328. doi: 10.1016/j.ahj.2013.09.022.
KEY WORDS: Editorials ◼ myocardial infarction ◼ oxygen ◼ percutaneous
coronary intervention

Downloaded from http://circ.ahajournals.org/ at Imperial College London Library on July 2, 2015

Resuscitation Science
Air Versus Oxygen in ST-Segment–Elevation
Myocardial Infarction
Dion Stub, MBBS, PhD; Karen Smith, BSc, PhD; Stephen Bernard, MBBS, MD;
Ziad Nehme, BEmergHlth(Pmedic); Michael Stephenson, RN, BHlthSc, Grad Dip (MICA);
Janet E. Bray, RN, PhD; Peter Cameron, MBBS, MD; Bill Barger, MACAP;
Andris H. Ellims, MBBS, PhD; Andrew J. Taylor, MBBS, PhD; Ian T. Meredith, BSc, MBBS, PhD;
David M. Kaye, MBBS, PhD; on behalf of the AVOID Investigators*
Background—Oxygen is commonly administered to patients with ST-elevation–myocardial infarction despite previous
studies suggesting a possible increase in myocardial injury as a result of coronary vasoconstriction and heightened
oxidative stress.
Methods and Results—We conducted a multicenter, prospective, randomized, controlled trial comparing oxygen (8 L/min)
with no supplemental oxygen in patients with ST-elevation–myocardial infarction diagnosed on paramedic 12-lead ECG.
Of 638 patients randomized, 441 patients had confirmed ST-elevation–myocardial infarction and underwent primary endpoint analysis. The primary end point was myocardial infarct size as assessed by cardiac enzymes, troponin I, and creatine
kinase. Secondary end points included recurrent myocardial infarction, cardiac arrhythmia, and myocardial infarct size
assessed by cardiac magnetic resonance imaging at 6 months. Mean peak troponin was similar in the oxygen and no
oxygen groups (57.4 versus 48.0 μg/L; ratio, 1.20; 95% confidence interval, 0.92–1.56; P=0.18). There was a significant
increase in mean peak creatine kinase in the oxygen group compared with the no oxygen group (1948 versus 1543 U/L;
means ratio, 1.27; 95% confidence interval, 1.04–1.52; P=0.01). There was an increase in the rate of recurrent myocardial
infarction in the oxygen group compared with the no oxygen group (5.5% versus 0.9%; P=0.006) and an increase in
frequency of cardiac arrhythmia (40.4% versus 31.4%; P=0.05). At 6 months, the oxygen group had an increase in
myocardial infarct size on cardiac magnetic resonance (n=139; 20.3 versus 13.1 g; P=0.04).
Conclusion—Supplemental oxygen therapy in patients with ST-elevation–myocardial infarction but without hypoxia may
increase early myocardial injury and was associated with larger myocardial infarct size assessed at 6 months.
Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT01272713.
(Circulation. 2015;131:2143-2150. DOI: 10.1161/CIRCULATIONAHA.114.014494.)
Key Words: myocardial infarction ◼ oxygen ◼ ST-segment elevation myocardial infarction

S

ince the first report of supplemental oxygen for angina in
1900,1 oxygen therapy has commonly been used in the
initial treatment of patients with ST-segment–elevation myocardial infarction (STEMI). This is based on the belief that
supplemental oxygen may increase oxygen delivery to ischemic myocardium and hence reduce myocardial injury and is
supported by laboratory studies,2,3 an older clinical trial,4 the
apparent benefit of hyperbaric oxygen,5 and clinical trials of
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intracoronary aqueous oxygen.6 Other studies, however, have
suggested a potential adverse physiological effect of supplemental oxygen, with reduced coronary blood flow,7 increased
coronary vascular resistance,8 and the production of reactive
oxygen species contributing to vasoconstriction and reperfusion injury.9,10 A recent meta-analysis of 3 small, randomized
trials suggested a possible increase in adverse outcomes with
supplemental oxygen administration.11 More recently, a study
comparing high-concentration oxygen with titrated oxygen
in patients with suspected acute myocardial infarction (AMI)
found no difference in myocardial infarct size on cardiac
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magnetic resonance imaging (CMR).12 Importantly, there
are no studies evaluating the effects of supplemental oxygen
therapy in the setting of contemporary therapy for STEMI,
specifically acute coronary intervention.
With these results taken together, there remains considerable uncertainty over the utility of routine supplemental oxygen in uncomplicated AMI, with no clear recommendation for
oxygen therapy in normoxic patients in the latest American
Heart Association STEMI guidelines.13 Despite its potential
adverse physiological effects, supplemental oxygen continues
to be administered to almost 90% of patients with suspected
AMI.14 The aim of this study was to compare supplemental
oxygen therapy with no oxygen therapy in normoxic patients
with STEMI to determine its effect on myocardial infarct size.

Methods
Study Design
The Air Versus Oxygen in Myocardial Infarction (AVOID) study was
a multicenter, prospective, open-label, randomized trial. The study
was conducted by Ambulance Victoria and 9 metropolitan hospitals
that provide 24-hour percutaneous coronary intervention services in
Melbourne, Australia, between October 2011 and July 2014. The trial
design was registered with clinicaltrials.gov (http://www.clinicaltrials.gov; NCT01272713) and has been reported previously.15

Study Oversight
The study conformed to the Australian National Health and Medical
Research Council framework for the conduct of clinical trials in the
emergency setting. The study was approved by the Human Research
Ethics Committees of all participating hospitals using a process of
delayed consent. Before prehospital enrollment, patients were given
brief information and the opportunity to opt out of the trial. Informed
consent by the patient or next of kin was sought after stabilization in
hospital. The study was designed by the authors, who wrote all drafts
of the manuscript and vouch for the integrity and completeness of
the data and analyses and for the fidelity of this report. None of the
sponsors had access to the study data or had any role in the design or
implementation of the study or the reporting of the data. All primary
efficacy and safety outcome measures, including mortality, cardiac
arrest, and unplanned intubations, were assessed by an independent
Data Safety Monitoring Committee (see the list of investigators in
the online-only Data Supplement). The Data Safety Monitoring
Committee performed an interim analysis after 405 randomizations
and recommended continuing the trial to the planned target.

Patient Population
Paramedics screened patients with chest pain to determine their eligibility for enrollment. Patients were included if they were adults ≥18
years of age, had chest pain beginning <12 hours before assessment,
with prehospital ECG evidence of STEMI, as determined by the paramedic, defined as ST-segment elevation of ≥0.1 mV in 2 contiguous
limb leads, ≥0.2 mV in 2 contiguous chest leads, or new left bundlebranch block pattern. Patients were excluded if any of the following
was present: oxygen saturation <94% measured on pulse oximeter,16
bronchospasm requiring nebulized salbutamol therapy with oxygen,
oxygen administration before randomization, altered conscious state,
or planned transport to a nonparticipating hospital. Patients who met
the inclusion criteria in the field and were allocated to a treatment arm
were excluded after hospital arrival if physician assessment indicated
that the patient did not have a STEMI.

Randomization and Masking
Computer-generated block randomization was performed with ambulances carrying opaque envelopes numbered externally, concealing

treatment assignment. Individuals involved with the delivery of oxygen therapy before hospital arrival and in hospital were not blinded
to treatment assignment. Six-month follow-up of all patients was
performed by a central coordinator blinded to treatment assignment.
Investigators undertaking data analysis were masked to treatment
assignment for primary end points and 6-month telephone follow-up.

Procedures
Patients in the oxygen group were administered supplemental oxygen via face mask at 8 L/min by paramedics. This therapy continued
until transfer from the cardiac catheterization laboratory to the cardiac care ward. Patients randomized to the no oxygen arm received
no oxygen unless oxygen saturation fell below 94%, in which case
oxygen was administered via nasal cannula (4 L/min) or face mask (8
L/min) to achieve an oxygen saturation of 94%. All patients received
aspirin 300 mg orally by paramedics. Additional antiplatelet therapy
and choice of anticoagulation and percutaneous intervention strategy were at the discretion of the treating interventional cardiologist,
according to hospital protocol. Blood sampling was done at baseline
and then every 6 hours for the first 24 hours and every 12 hours to 72
hours after admission to assess cardiac troponin I (cTnI) and creatine
kinase (CK) concentration. Contrast-enhanced CMR at 6 months was
offered to all patients with confirmed STEMI who agreed to travel
to the core site for scanning and had no contraindications for CMR.
Data were collected from patient case notes and electronic records
onto trial-specific case record forms. All randomized patients were
accounted for through daily audits of prehospital and hospital data to
cross-check against all cardiac catheterization laboratory activations
at each institution.

Statistical Analysis
For the baseline characteristics, variables that approximated a normal
distribution were summarized as mean±SD, and groups were compared by Student t tests. Nonnormal variables were represented as
median and first and third quartiles, and groups were compared by
the Wilcoxon rank-sum test with exact inference. Binomial variables
were expressed as proportions and 95% confidence intervals (CIs),
and groups were compared by χ2 tests. Definitions of the end points
used in this study are provided in Table I in the online-only Data
Supplement. The primary end point was myocardial injury, measured
by peak cTnI and CK. The area under the curve (AUC72) for cTnI
and CK concentrations in serum was also measured. Secondary end
points, measured at hospital discharge and at 6 months, included
ECG ST-segment resolution, mortality, major adverse cardiac events
(death, recurrent myocardial infarction, repeat revascularization, and
stroke), and myocardial infarct size on CMR (n=139) at 6 months.
For the primary end point, we calculated geometric means and ratios
(95% CI) for cTnI and CK release, and a Student t test was carried
out on the log-transformed data with comparison of groups obtained
after back-transformation. To estimate the AUC72 for cTnI and CK
release, we used trapezoidal integration, with multiple imputation
using the Markov Chain Monte Carlo method for patients with ≥1
missing biomarker assays (Figure I and Table II in the online-only
Data Supplement).17,18
The robustness of our AUC72 estimations was assessed with a
series of sensitivity analyses. First, we conducted trapezoidal integration for the AUC measurement as above and considered additional covariates for the imputation model as follows: age, sex,
Thrombolysis in Myocardial Infarction flow before the procedure,
left anterior descending culprit artery, symptom-to-intervention time,
and procedural success. In the second sensitivity analysis, a repeatedmeasures analysis was used to estimate the overall profile of cTnI/CK
release over the 72-hour window. All available biomarker data were
analyzed by use of linear mixed-effects regression with patient as a
random effect, together with treatment group, time of assay, and an
interaction term between treatment group and time of assay included
as fixed effects. For this analysis, the nonsignificant interaction term
between treatment group and time of assay was removed from the
model. In the final sensitivity analysis, trapezoidal integration was
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used for the estimation of AUC. Patients with ≥1 missing biomarker
assays were replaced by linear interpolation and extrapolation (Table
II in the online-only Data Supplement).19 Infarct size assessed by
CMR at 6 months was compared across groups with the Student t test
on the log-transformed data with comparison of groups obtained after
back-transformation. Group differences in the median CMR infarct
size were also compared across groups with the Wilcoxon rank-sum
test. Finally, we used Spearman rank correlations to assess the relationship among cTnI, CK, and CMR infarct size (Table III in the
online-only Data Supplement).
For the primary end point we hypothesized that withholding oxygen may influence myocardial injury by 20%.20,21 Assuming a mean
peak cTnI level of 75±35 μg/L,22 for a statistical power of 90% and a
probability of a type I error of 0.01 with a 2-sided test, a sample size
of 326 (163 in each group) was calculated. This sample was increased
to allow the positive predictive value of prehospital diagnosis of
STEMI to be <100% and protocol violations. The final recruitment
target was 600 prehospital randomizations, with 490 (245 patients in
each arm) meeting inclusion criteria on arrival to hospital.
The primary analysis was performed on an intention-to-treat
basis for all patients with confirmed STEMI after emergent coronary angiogram. Analysis of all randomized patients was also performed to examine differences in baseline characteristics (Table IV
in the online-only Data Supplement). Analysis of the primary end
point and all cardiac biomarker analyses were performed by an independent statistician blinded to treatment allocation. We assessed
whether the distribution of the main clinical variables was similar
between groups, taking into account whether they later fulfilled eligibility criteria (Table V in the online-only Data Supplement). To
examine possible bias resulting from exclusion after randomization
of patients with an alternative diagnosis to STEMI and the possible effect of the intervention on the diagnosis itself, we compared
baseline and procedural characteristics and secondary end points
available in patients included in the analysis with those who were
excluded (Table VI in the online-only Data Supplement). Similarly,
to examine whether missing data introduced selection bias, we compared baseline and procedural characteristics and secondary end
points between included patients and patients who did not undergo
the 6-month CMR (Table VII in the online-only Data Supplement).
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Results
The study profile is shown in Figure 1. Of 836 adult patients
with chest pain screened for the trial, 638 patients were randomized by paramedics. Of these, 50 were subsequently
excluded because of prehospital protocol violations (35
patients), patient refusal of consent for trial participation (14
patients), and repeat enrollment (1 patient). After arrival at the
emergency department, a further 118 patients were excluded
from the analysis of primary end point after physician assessment of patient and ECG indicated an alternative diagnosis to
STEMI.
The remaining 470 patients who were eligible to continue in the study underwent emergent coronary angiography.
Primary end-point data are reported on the 441 patients (oxygen group, 218 patients; no oxygen group, 223 patients) with
confirmed STEMI.
The baseline characteristics and vital signs between the
treatment groups were well matched (Table 1). Patient treatments after randomization are shown in Table 2. Patientreported pain scores, opioid requirements, and hemodynamics
were similar between the 2 groups (Table VIII in the onlineonly Data Supplement). The majority of patients (99.5%) allocated to oxygen received oxygen at 8 L/min, whereas a small
proportion of patients (7.7%) in the no oxygen group required
oxygen at 4 L/min either before or on arrival to the cardiac
catheterization laboratory (Figure II in the online-only Data
Supplement). There was a significant difference in oxygen
saturations (P<0.001) during the intervention period (Figure
III in the online-only Data Supplement).
The time from onset of symptoms to intervention was
similar in the 2 groups, with a median time of 150.5 minutes (interquartile range, 125.0–213.8 minutes) in the oxygen

Figure 1. Patient selection and randomization flowchart. STEMI indicates ST-segment–elevation myocardial infarction.
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Table 1. Baseline Characteristics of Patients With Confirmed
STEMI
Characteristic

Table 2. Procedural Details of Patients With Confirmed
STEMI

Oxygen Arm (n=218) No Oxygen Arm (n=223)

Age, mean (SD), y

63.0 (11.9)

62.6 (13.0)

Male, n (%)

174 (79.8)

174 (78.0)

27.4 (25.1–31.1)

27.7 (24.7–30.8)

Body mass index, median
(IQR), kg/m2*

Characteristic

No Oxygen Arm
(n=223)

Status on arrival at the catheterization laboratory
Oxygen saturation, median (IQR), %* 100.0 (99.0–100.0) 98.0 (96.0–99.0)
Oxygen being administered, n (%)*
Oxygen dose, median (IQR), L/min*

Past history and risk factors,
n (%)

Oxygen Arm
(n=218)

208 (95.9)

17 (7.7)

8.0 (8.0–8.0)

4.0 (2.0–8.0)

Diabetes mellitus

37 (17.0)

41 (18.4)

Preintervention oxygen duration,
median (IQR), min*†

Hypertension

130 (59.6)

123 (55.2)

Cardiac arrest, n (%)

10 (4.6)

8 (3.6)

Dyslipidemia

121 (55.5)

118 (52.9)

Inotrope use, n (%)

11 (5.0)

12 (5.4)

Current or ex-smoker†

141 (65.3)

165 (74.3)

Intubation, n (%)

0

3 (1.3)

4 (1.8)

11 (4.9)

Thrombolysis, n (%)

2 (0.9)

0

23 (11.1)

27 (12.7)

Peripheral vascular disease

79.0 (59.3–94.0) 51.5 (41.3–91.8)

Stroke

11 (5.0)

15 (6.7)

Killip class ≥II, n (%)

Ischemic heart disease

38 (17.4)

40 (17.9)

Culprit artery, n (%)

24 (11.0)

26 (11.7)

LAD

82 (38.0)

74 (33.8)

4 (1.8)

3 (1.3)

LCx

21 (9.7)

31 (14.2)

8 (3.7)

12 (5.4)

RCA

100 (46.3)

101 (46.1)

17 (7.8)

19 (8.5)

11 (5.1)

15 (6.8)

Single vessel

95 (43.8)

84 (37.7)

Multivessel

122 (56.2)

139 (62.3)

Previous PCI
Previous CABG
Medication only
Creatinine > 120 μmol/L

Other
Extent of coronary disease, n (%)

Status on arrival of
paramedics
Heart rate,
median (IQR), bpm

74.0 (61.0–84.0)

Systolic blood pressure,
median (IQR), mm Hg
Oxygen saturation,
median (IQR), %

72.0 (60.0–80.3)

130.0 (105.0–150.0)

130.0 (110.0–150.0)

98.0 (97.0–99.0)

98.0 (97.0–99.0)

7.0 (5.0–9.0)

7.0 (5.0–8.0)

LMCA Involvement

9 (4.1)

7 (3.1)

Preprocedural TIMI flow 0/1, n (%)

191 (89.3)

191 (88.0)

Postprocedural TIMI flow 2/3, n (%)

208 (98.1)

211 (95.9)

Procedural details, n (%)
Radial intervention

72 (33.2)

74 (33.3)

CABG indicates coronary artery bypass grafting; IQR, interquartile range;
PCI, percutaneous coronary intervention; and STEMI, ST-segment–elevation
myocardial infarction.
*Available in 280 of 441 patients.
†P for difference <0.05.

Stent implanted

202 (92.7)

201 (90.1)

Drug-eluting stent

112 (51.4)

114 (51.1)

group compared with 162.0 minutes (interquartile range,
130.0–240.0 minutes) in the no oxygen group (P=0.09).
Procedural details, including infarct-related artery, site of
arterial access, use of thrombus aspiration, administration of
glycoprotein IIb/IIIa antagonists, and stent implantation, were
similar between the groups (Table 2).
In patients with confirmed STEMI, the geometric mean
peak cTnI was 57.4 μg/L (95% CI, 48.0–68.6) in the oxygen group compared with 48.0 μg/L (95% CI, 39.6–58.1)
in the no oxygen group, with a ratio of oxygen to no oxygen of 1.20 (95% CI, 0.92–1.56; P=0.18). Similar findings
were obtained for AUC72 (Table 3). In the repeated-measures analysis, an ≈20% difference in the geometric mean
for cTnI was consistent across all assay times (P value for
group×time interaction=0.93; Figure 2). The ratio for oxygen to no oxygen cTnI based on the model that ignores the
group×time interaction was highly significant at 1.28 (95%
CI, 1.04–1.56; P=0.02; Table II in the online-only Data
Supplement).
There was a significant increase in the geometric mean
peak CK in the oxygen group compared with the no oxygen
group (1948 U/L [95% CI, 1721–2205] vs 1543 U/L [95%

Pain score, median (IQR)

Glycoprotein IIb/IIIa inhibitor

97 (44.5)

90 (40.4)

Thrombus aspiration

107 (49.1)

105 (47.1)

Intra-aortic balloon pump

7 (3.2)

12 (5.4)

CABG

5 (2.3)

9 (4.0)

Time intervals, median (IQR), min
Call to hospital arrival

55.0 (46.0–69.0) 56.5 (48.0–68.8)

Paramedic on scene to hospital
arrival

45.0 (35.0–55.0) 46.0 (38.0–57.0)

Symptom to intervention
Hospital arrival to intervention
Length of stay, median (IQR), d

150.5
(125.0–213.8)

162.0
(130.0–240.0)

54.0 (39.0–66.3) 56.0 (42.0–70.8)
4.0 (4.0–5.0)

4.0 (3.0–5.0)

CABG indicates coronary artery bypass grafting; IQR, interquartile range;
LAD, left anterior descending artery; LCx, left circumflex artery; RCA, right
coronary artery; STEMI, ST-segment–elevation myocardial infarction; and TIMI,
Thrombolysis in Myocardial Infarction.
*P for difference <0.05.
†Duration on oxygen therapy from randomization to first procedural
intervention (eg, aspiration, ballooning) measured in patients who received
oxygen therapy.

CI, 1341–1776]), with a ratio of oxygen to no oxygen of 1.26
(95% CI, 1.05–1.52; P=0.01). Significant findings were also
found for geometric mean AUC72 (Table 3). The results of the
repeated-measures analysis were similar to those for cTnI. A
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consistent 20% increase in the geometric mean CK was found
in the oxygen group regardless of assay time (Figure 3), which
was significant when collapsed over time (ratio of oxygen to
no oxygen, 1.20; 95% CI, 1.05–1.38; P=0.007; Table II in the
online-only Data Supplement). Peak cTnI and CK measurements were highly correlated (r=0.87, P<0.001; Table III in
the online-only Data Supplement), with a similar trend across
clinically relevant subgroups (Figure IV in the online-only
Data Supplement).
Clinical end points in hospital and at 6 months were monitored for safety (Table 4). By hospital discharge, there were 4
deaths (1.8%) in the oxygen group compared with 10 deaths
(4.5%) in the no oxygen group (P=0.11). In the oxygen group,
there was an increase in the rate of in-hospital recurrent myocardial infarctions (5.5% versus 0.9%; P=0.006) and major
cardiac arrhythmias, defined as sustained and nonsustained
ventricular and atrial tachyarrhythmia (40.4% versus 31.4%;
P=0.05). At the 6-month follow-up, the rate of adverse outcomes did not differ between the groups, with appropriate
medical therapy in both groups (Table IX in the online-only
Data Supplement).
CMR was performed on 139 patients (32%) at 6 months.
Baseline characteristics of those patients in the oxygen (n=65)
and no oxygen (n=74) groups were similar (Table X in the
online-only Data Supplement), as were the characteristics of
those patients who did and did not undergo CMR (Table VIII
in the online-only Data Supplement). No patient had evidence
of a myocardial infarction in 2 arterial territories or myocardial
scarring in a nonischemic pattern. Left ventricular dimensions
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and ejection fraction were similar between the 2 groups. The
median infarct size was increased in the oxygen group compared with the no oxygen group (20.3 g [interquartile range,
9.6–29.6 g] versus 13.1 g [interquartile range, 5.2–23.6 g];
P=0.04). When expressed as a proportion of left ventricular
mass, the difference in median infarct size was 12.6% (interquartile range, 6.7%–19.2%) in the oxygen group compared
with 9.0% (interquartile range, 4.1%–16.3%) in the no oxygen
group (P=0.08), with the ratio of geometric means approaching significance at 1.38 (95% CI, 0.99–1.92; P=0.06). cTnI
and CK measurements taken at the index admission were significantly correlated with infarct size at 6 months (Table III in
the online-only Data Supplement).

Discussion
The AVOID study was conducted to determine whether the
routine administration of supplemental oxygen in patients
with STEMI in both the prehospital and early in-hospital
setting is associated with beneficial or harmful effects. We
demonstrated that, in normoxic patients, routine oxygen
administration was not associated with a reduction in symptoms or a diminution in infarct size according to the cTnI and
CK profiles. Rather, our data suggest that routine high-flow
oxygen supplementation may be accompanied by harm, as
reflected by a significant increase in CK and larger infarct size
determined by CMR at 6 months.
Although there have been significant advances in therapies
for AMI, our findings are similar to those reported by Rawles
and Kenmure20 >40 years ago. In their study, inhaled oxygen

Table 3. Measures of Infarct Size in Patients With Confirmed STEMI
End Point

Oxygen Arm (n=218)

No Oxygen Arm (n=223)

Ratio of means
(Oxygen/No Oxygen)

P Value

1.20 (0.92–1.55)

0.18

1.21 (0.95–1.55)

0.12

1.26 (1.05–1.52)

0.01

1.19 (1.01–1.40)

0.04

cTnI
Sample size, n

200

205

Median peak (IQR), μg/L

65.7 (30.1–145.1)

62.1 (19.2–144.0)

Geometric mean peak (95% CI), μg/L

57.4 (48.0–68.6)

48.0 (39.6–58.1)

Median AUC72 (IQR), μg/L

2336.4 (965.6–5043.1)

1995.5 (765.7–4426.0)

Geometric mean AUC72 (95% CI), μg/L

2000.4 (1692.8–2363.9)

1647.9 (1380.1–1967.6)

217

222

Creatine kinase, U/L
Sample size, n
Median peak (IQR), U/L

2073 (1065–3753)

Geometric mean peak (95% CI), U/L

1948 (1721–2205)

1727 (737–3598)
1543 (1341–1776)

Median AUC72 (IQR), U/L

64 620 (35 751–107 066)

51 757 (29–141–10 6029)

Geometric mean AUC72 (95% CI), U/L

60 395 (54 185–67 316)

50 726 (44 861–57 358)

Infarct size on CMR*
Sample size, n

61

66

Median (IQR), g

20.3 (9.6–29.6)

13.1 (5.2–23.6)

Geometric mean (95% CI), g

14.6 (11.3–18.8)

10.2 (7.7–13.4)

Median (IQR) proportion of LV mass, %

12.6 (6.7–19.2)

9.0 (4.1–16.3)

Geometric mean (95% CI) proportion of LV mass, g

10.0 (8.1–12.5)

7.3 (5.7–9.3)

132 (62.0)

149 (69.6)

ECG ST-segment resolution >70%, measured 1 d after
hospital admission, n (%)

0.04
1.43 (0.99–2.07)

0.06
0.08

1.38 (0.99–1.92)

0.06
0.10

AUC indicates area under the curve; CI, confidence interval; CMR, cardiac magnetic resonance imaging; cTnI, cardiac troponin I; IQR, interquartile range; LV, left
ventricular; and STEMI, ST-segment–elevation myocardial infarction.
*CMR conducted at six-month follow-up in 139 of 441 patients.
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therapy at 6 L/min increased myocardial injury as measured
by aspartate aminotransferase release in patients with AMI.
Our results differ from a recent study by Ranchord and colleagues12 of high-flow oxygen (6 L/min) compared with
titrated oxygen in patients with STEMI. In their study of 136
patients, there was no difference in infarct size by troponin
or CMR. One limitation of that study was that randomization
and allocation to different levels of oxygen therapy occurred
only after hospital presentation, and most subjects had routinely received oxygen therapy by paramedics for an average
of 60 minutes.12
It has been suggested that oxygen may provide both psychological and physiological benefits to anxious patients during an AMI.23 Our data suggest that there was no difference
in chest pain scores or the requirement for additional opioid
analgesics in the prehospital period in patients not administered oxygen. There are, however, proposed mechanisms that
support our finding of increased myocardial infarct size in
patients administered high-flow oxygen.24 High-flow oxygen
has been shown to reduce epicardial coronary blood flow,7 to
increase coronary vascular resistance,8 and to affect the microcirculation, leading to functional oxygen shunting.25
Our results also suggest that withholding routine oxygen
therapy is safe in normoxic patients with an AMI. A previous
study reported a rate of hypoxia in AMI patients of 70%26;
however, our study found that only 7.7% of patients allocated
to no oxygen required oxygen supplementation on arrival to
the cardiac catheterization laboratory for an oxygen saturation
of <94%.
Our study was not powered for clinical end points. The
statistical differences noted for in-hospital recurrent myocardial infarctions and major cardiac arrhythmias and the nonsignificant difference in mortality need to be confirmed. The
currently enrolling Swedish registry–based randomized trial
of oxygen in AMI is powered for mortality and will provide
evidence for the effects of supplemental oxygen on cardiovascular morbidity and mortality.27 The AVOID trial was also
not designed to assess the impact of lower concentrations of

supplemental oxygen that may be administered via nasal cannulas. Patients in the oxygen arm received 8 L/min oxygen
therapy via face mask. This was chosen to maintain consistency with existing emergency medical services treatment
protocols in Australia. Although the dose of 8 L/min is substantially lower than those used in other emergency medical
services systems28 and earlier physiological studies,29 the dose
is similar to what has been used in earlier clinical trials.12,30
The AVOID study was a pragmatic clinical trial, which
by design required randomization in the prehospital setting by paramedics before detailed patient consent. The use
of delayed consent in clinical trials in patients with STEMI
has been the subject of significant recent controversy31 but
has been deemed to be a suitable method of conducting ethical, pragmatic, comparative-effectiveness trials of emergency
interventions.32 Our process of consent was approved by the
Human Research Ethics committees of all participating hospitals and was well received by patients.
Our study has several limitations. First, treatment allocation was not blinded to paramedics, patients, or in-hospital
cardiology teams. However, the analysis of the primary end
point was performed by a statistician who was blinded to
treatment group. Our study was powered to detect group differences in initial myocardial injury as reflected by the cardiac biomarker profiles rather than major adverse cardiac
events. Given the relatively low mortality observed in our
trial, an outcomes-based study would require a much larger
number of patients. The study had a pragmatic design facilitating prehospital enrollment by paramedics, which led to a
number of patients who did not have STEMI being excluded
from the primary end-point analysis after randomization. The
proportion of excluded patients was comparable to those in
other prehospital STEMI trials,33,34 and the characteristics of
excluded patients compared with those included in the analysis were similar, suggesting that substantial selection bias did
not occur. In addition, not all patients in our study underwent
CMR at 6 months after infarct because of contraindications to
and the availability of CMR at a single central site that made

Figure 2. Geometric mean (95% confidence interval) for cardiac
troponin I (cTnI) release (μg/L) over 72 hours in patients with
confirmed ST-segment–elevation myocardial infarction. A
repeated-measures analysis was used to estimate the overall
profile of cTnI release over the 72-hour window. All available
biomarker data were analyzed with linear mixed-effects
regression with patient as a random effect, together with
treatment group, time of assay, and an interaction term between
treatment group and time of assay included as fixed effects.

Figure 3. Geometric mean (95% confidence interval) for creatine
kinase release (U/L) over 72 hours in patients with confirmed
ST-segment–elevation myocardial infarction. A repeatedmeasures analysis was used to estimate the overall profile of CK
release over the 72-hour window. All available biomarker data
were analyzed with linear mixed-effects regression with patient
as a random effect, together with treatment group, time of assay,
and an interaction term between treatment group and time of
assay included as fixed effects.
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Table 4. Adverse Clinical End Points at Hospital Discharge
and the 6-Month Follow-Up in Patients With Confirmed STEMI
Oxygen Arm
(n=218)

No Oxygen
Arm (n=223)

P Value

Mortality, any cause

4 (1.8)

10 (4.5)

0.11

Cardiac cause

4 (1.8)

7 (3.1)

…

Massive hemorrhage

0

2 (0.8)

…

Sepsis

0

1 (0.4)

…

12 (5.5)

2 (0.9)

0.006

3 (1.4)

1 (0.4)

0.30

Clinical End Point
At hospital discharge, n (%)

Recurrent myocardial infarction
Stroke or transient ischemic attack
Cardiogenic shock

20 (9.2)

20 (9.0)

0.94

Coronary artery bypass grafting

5 (2.3)

9 (4.0)

0.30

Major bleeding

9 (4.1)

6 (2.7)

0.41

88 (40.4)

70 (31.4)

0.05

Arrhythmia
At the 6-mo follow-up, n (%)*
Mortality, any cause

8 (3.8)

13 (5.9)

0.32

Cardiac cause

6 (2.9)

9 (4.1)

…

0

2 (0.9)

…

Massive hemorrhage
Sepsis
Renal failure
Cancer
Recurrent myocardial infarction
Stroke or transient ischemic attack

0

1 (0.5)

…

1 (0.5)

0

…

0

1 (0.5)

…

16 (7.6)

8 (3.6)

0.07

5 (2.4)

3 (1.4)

0.43

Repeat revascularization

23 (11.0)

16 (7.2)

0.17

MACEs

46 (21.9)

34 (15.4)

0.08

MACE indicates major adverse cardiac events (all-cause mortality,
recurrent myocardial infarction, repeat revascularization, stroke); and STEMI,
ST-segment–elevation myocardial infarction.
*Fourteen of 441 were lost to follow-up.

travel difficult for many patients. Given this limited availability, it was not feasible to perform the originally planned CMR
scan during index presentation to measure myocardial salvage
and infarct size as a proportion of area at risk. All cardiac
enzymes were performed with the same cTnI and CK assays;
we did not use a core laboratory for all enzyme analyses or
analyses of angiographic data. However, our findings suggest
a strong correlation between both sets of cardiac biomarker
data.
Although oxygen therapy is appropriate in hypoxemic
patients with complicated AMI, it should be noted that oxygen is a drug with possibly significant side effects. To date,
clinical trial data supporting its routine use in normoxemic
patients with AMI have not been robust enough to inform
clinical guidelines with sufficient levels of evidence, particularly in the setting of contemporary interventional reperfusion
practices.

Conclusions
Our study does not demonstrate any significant benefit of
routine oxygen therapy for reducing myocardial infarct size,
improving patient hemodynamics, or alleviating symptoms.
Instead, we identified some evidence for increased myocardial injury when oxygen was administered during uncomplicated AMI.
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CLINICAL PERSPECTIVE
The Air Versus Oxygen in ST-Segment–Elevation Myocardial Infarction (AVOID) trial has important implications for the
management of patients with suspected acute myocardial infarction during both their prehospital and in-hospital treatment
pathways. Although oxygen may benefit the hypoxemic patient with complicated acute myocardial infarction, evidence
supporting its routine use in normoxemic patients is of low quality and predates contemporary reperfusion practices. Recent
physiological studies have highlighted the potential adverse effects of supplemental oxygen, including a reduction in coronary blood flow, increased coronary vascular resistance, and the production of reactive oxygen species. The AVOID study,
taken in conjunction with these recent physiological studies, does not demonstrate any significant benefit of routine oxygen
use in terms of myocardial infarct size, patient hemodynamics, or reported symptoms. Instead, the AVOID trial identified a
signal for increased myocardial injury during uncomplicated acute myocardial infarction with the routine use of supplemental oxygen. Oxygen should be treated like all other medical therapies, balancing efficacy and side-effect profile. On the basis
of this data, the largest collection so far, we recommend that prehospital and hospital care providers review their current
practice concerning supplemental oxygen. Until larger studies are available, international guidelines should consider updating recommendations, highlighting the lack of benefit for oxygen therapy and the potential for harm in acute myocardial
infarction unless oxygen saturations are <94%.
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Table S1. Definitions of outcomes used in the AVOID study.

Death

Deaths were classified as cardiac or non-cardiac. Examples of cardiac death included myocardial infarction,
cardiogenic shock, arrhythmia, or dissection. A non-cardiac cause of death was the result of sepsis,
pneumonia, cancer or non-cardiac haemorrhaging. Non-cardiac causes of death which occurred after the
index admission were classified as non-cardiac deaths. Causes of death were verified through medical
records and autopsy findings (if necessary). Deaths occurring after the index admission were verified
through telephone follow-up with the patient’s next-of-kin.
The diagnosis of recurrent myocardial infarction was made using the following criteria:

Recurrent myocardial
infarction

1.
2.

3.
4.

Occurred after the index admission; AND
Recurrence of ischemic chest discomfort and/or new ST segment elevation, in at least two
contiguous limbs leads (≥ 1 mm) or chest leads (≥ 2mm), or new left bundle branch block (LBBB)
pattern; AND
A 50% increase in the serum cardiac enzyme level in a patient with a previously established peak
value, and where the result is greater than 3 × 99th percentile Upper Reference Limit (URL) OR
Angiographic evidence of new thrombus, or either complete or partial vessel occlusion.

Stroke or transient
ischemic attack

Neurological deficits classified by a clinician as stroke or transient ischaemic attack. Strokes were classified
as haemorrhagic or ischaemic on the basis of brain imaging.

Major adverse cardiac
event

A major adverse cardiac event was defined as death from any cause, recurrent myocardial infarction,
recurrent revascularisation, and stroke.

Cardiogenic shock

Evidence of inadequate tissue perfusion in the setting of adequate intravascular volume, characterised by
persistent hypotension (systolic blood pressure ≤ 90 mm Hg), with or without altered mental status and
peripheral hypoperfusion, requiring either pharmacologic or mechanical circulatory support.
Clinically overt bleeding associated with either one of the following:

Major bleeding

1.
2.
3.
4.

A drop in haemoglobin of > 3 g/dL;
Haemodynamic compromise;
Requires blood transfusion;
Intracranial haemorrhage.

Bleeding occurring after the index admission was classified as major bleeding when associated with death,
hospital admission, blood transfusion, or intracranial haemorrhage.
Repeat
revascularization

Any subsequent revascularisation (i.e. percutaneous coronary intervention or coronary artery bypass
grafting) of any lesion which occurs after the index admission and verified at 6 months follow-up.

Target vessel
revascularization

Any subsequent revascularisation (i.e. percutaneous coronary intervention or coronary artery bypass
grafting) which occurs after the index admission, and involves the target lesion treated at the index
admission.

Readmissions

Re-hospitalisations occurring for any reason after the index admission.

ST segment resolution
at 1 day after
admission

The reduction in ST-segment elevation one day after the admission as a proportion of the initial preprocedural ECG.

Major Cardiac
Arrhythmia

Defined as sustained and non-sustained ventricular and atrial tachyarrhythmia requiring medical
intervention
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Table S2. Sensitivity analyses of area under the curve estimation for cTnI and CK release in patients with confirmed STEMI.
Oxygen Arm

No Oxygen Arm

Ratio of Means
(Oxygen/No Oxygen)

P-Value

Geometric Mean AUC72 (95% CI) cTnI, mcg/L
Primary analysis*

2000.4 (1692.8 – 2363.9)

1647.9 (1380.1 – 1967.6)

1.21 (0.95 – 1.55)

0.12

Sensitivity analysis 1†

1978.3 (1683.6-2324.6)

1620.2 (1354.2-1938.5)

1.22 (0.96 – 1.55)

0.10

Sensitivity analysis 2‡

NA

NA

1.28 (1.04 – 1.56)

0.02

Sensitivity analysis 3∫

2164.4 (1824.8 – 2567.2)

1820.4 (1518.1 – 2183)

1.19 (0.93 – 1.53)

0.17

Geometric Mean AUC72 (95% CI) CK, U/L
Primary model*

60395 (54185 - 67316)

50726 (44861 - 57358)

1.19 (1.01 – 1.40)

0.04

Sensitivity analysis 1†

60749 (5414 - 67699)

51168 (45232 - 57883)

1.19 (1.01 – 1.40)

0.04

Sensitivity analysis 2‡

NA

NA

1.20 (1.05 – 1.38)

0.007

Sensitivity analysis 3∫

69937 (62494 – 78266)

58760 (51891 – 66538)

1.19 (1.01 – 1.41)

0.04

NA denotes not applicable.
* Trapezoidal integration was used for the estimation of AUC 72. Data for patients with one or more missing biomarker assays were replaced by multiple
imputation using the Markov Chain Monte Carlo (MCMC) method. Analyses were conducted on the log-transformed data, with comparisons obtained by
back-transformation.
† Trapezoidal integration was used for the estimation of AUC 72, as per the primary analysis. For this sensitivity analysis, the imputation model included
additional baseline covariates were associated with cTnI/CK release and missingness of data. The imputation model considered additional covariates as
follows: age, gender, TIMI flow pre procedure, LAD culprit artery, symptom to intervention time and procedural success.
‡ A repeated measures analysis was used to estimate the overall profile of cTnI/CK release over the 72 hour window. All available biomarker data were
analyzed using linear mixed-effects (LMM) regression with patient as a random effect together with treatment group, time of assay, and an interaction
term between treatment group and time of assay included as fixed effects. For this analysis, the non-significant interaction term between treatment group
and time of assay was removed from the model.
∫ Trapezoidal integration was used for the estimation of AUC 72, as per the primary analysis. Patients with one or more missing biomarker assays were
replaced by linear interpolation and extrapolation.
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Table S3. Spearman's rank correlation coefficient between derived endpoints*
Peak CK

AUC72 CK

Peak cTnI

AUC72 cTnI

AUC72 CK

0.95

-

-

-

Peak cTnI

0.87

0.81

-

-

AUC72 cTnI

0.89

0.86

0.97

-

CMRI Infarct size

0.65

0.59

0.68

0.70

* All correlations are significant (p<0.001).
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Table S4. Baseline characteristics of all randomized patients.*

Characteristic

Oxygen Arm
N=312

No Oxygen Arm
N=312

P-Value

Age in years, median (IQR)

63.5 (54.0, 73.0)

62.0 (53.0, 71.0)

0.28

Males, n (%)

240 (76.9)

242 (77.6)

0.85

Body mass index, median (IQR) †

27.4 (25.0, 31.0)

27.5 (24.7, 30.1)

0.80

Heart rate, median (IQR)

76.0 (64.0, 88.0)

72.0 (62.0, 84.0)

0.28

Systolic blood pressure (mmHg), median
(IQR)

130.0 (108.0, 150.0)

130.0 (110.0, 150.0)

0.57

Oxygen saturation (%), median (IQR)

98.0 (97.0, 99.0)

98.0 (97.0, 99.0)

0.50

Pain score, median (IQR)

6.0 (4.8, 8.0)

6.0 (4.0, 8.0)

0.17

Heart rate, median (IQR)

75.0 (64.0, 84.5)

74.0 (63.0, 84.0)

0.48

Systolic blood pressure (mmHg), median
(IQR)

130.0 (118.3, 148.8)

130.0 (115.0, 145.0)

0.13

Oxygen saturation (%), median (IQR)

99.0 (99.0, 100.0)

98.0 (97.0, 99.0)

<0.001

Pain score, median (IQR)

2.0 (0.0, 4.0)

2.0 (0.5, 3.5)

0.77

ST elevation myocardial infarction

220 (75.1)

227 (78.0)

0.41

Non-ST elevation myocardial infarction

11 (3.8)

13 (4.5)

0.66

Unstable angina

4 (1.4)

3 (1.0)

0.71

Pericarditis

9 (3.1)

6 (2.1)

0.44

Apical ballooning

4 (1.4)

8 (2.7)

0.24

Chest pain, non-specific

20 (6.8)

13 (4.5)

0.22

Arrhythmia

4 (1.4)

5 (1.7)

0.73

Syncope

6 (2.0)

7 (2.4)

0.77

Other

15 (5.1)

9 (3.1)

0.22

5 (1.6)

11 (3.5)

0.13

Status on arrival of paramedics

Status on arrival at hospital

Hospital diagnosis, n (%) ‡

All-cause mortality during hospital
admission, n (%)
IQR denotes interquartile range.

* Excludes 14 of 638 patients who did not consent for participation in the trial.
† Available in 302 of 624 patients.
‡ Available in 584 of 624 patients.
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Table S5. Baseline characteristics of randomized patients by enrolment criteria.*

Characteristic

All randomized
patients
N=624

Assessed for STEMI
criteria on hospital
arrival
N=588

Confirmed STEMI on
emergent coronary
angiogram
N=441

Age in years, median (IQR)

63.0 (54.0, 72.0)

63.0 (54.0, 72.0)

63.0 (54.0, 71.0)

Males, n (%)

482 (77.2)

457 (77.7)

348 (78.9)

Body mass index, median (IQR) †

27.4 (24.9, 30.8)

27.4 (24.9, 30.8)

27.5 (24.9, 30.9)

Heart rate, median (IQR)

74.0 (62.5, 84.0)

74.0 (62.0, 84.5)

72.0 (60.0, 84.0)

Systolic blood pressure (mmHg), median
(IQR)

130.0 (110.0, 150.0)

130.0 (110.0, 150.0)

130.0 (110.0, 150.0)

Oxygen saturation (%), median (IQR)

98.0 (97.0, 99.0)

98.0 (97.0, 99.0)

98.0 (97.0, 99.0)

Pain score, median (IQR)

6.0 (4.0, 8.0)

6.0 (5.0, 8.0)

7.0 (5.0, 8.0)

Heart rate, median (IQR)

74.0 (64.0, 84.0)

74.0 (64.0, 84.0)

72.5 (64.0, 84.0)

Systolic blood pressure (mmHg), median
(IQR)

130.0 (115.8, 146.0)

130.0 (116.3, 145.8)

130.0 (120.0, 148.0)

Oxygen saturation (%), median (IQR)

99.0 (99.0, 100.0)

99.0 (98.0, 100.0)

99.0 (98.0, 100.0)

Pain score, median (IQR)

2.0 (0.0, 4.0)

2.0 (0.0, 4.0)

2.0 (1.0, 4.0)

ST elevation myocardial infarction

447 (76.5)

443 (76.4)

441 (100.0)

Non-ST elevation myocardial infarction

24 (4.1)

24 (4.1)

0

Unstable angina

7 (1.2)

7 (1.2)

0

Pericarditis

15 (2.6)

15 (2.6)

0

Apical ballooning

12 (2.1)

12 (2.1)

0

Chest pain, non-specific

33 (5.7)

33 (5.7)

0

Arrhythmia

9 (1.5)

9 (1.6)

0

Syncope

13 (2.2)

13 (2.2)

0

Other

24 (4.1)

24 (4.1)

0

16 (2.6)

15 (2.6)

14 (3.2)

Status on arrival of paramedics

Status on arrival at hospital

Hospital diagnosis, n (%) ‡

All-cause mortality during hospital
admission, n (%)
IQR denotes interquartile range.

* Excludes 14 of 638 patients who did not consent for participation in the trial.
† Available in 302 of 624 patients.
‡ Available in 584 of 624 patients.
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Table S6. Baseline characteristics of patients included in the primary endpoint analysis and
those excluded after randomization.*

Characteristic

Confirmed STEMI on
emergent coronary
angiogram
N=441

Excluded after
randomization
N=183

P-Value

Age in years, median (IQR)

63.0 (54.0, 71.0)

63.0 (50.0, 73.0)

0.86

Males, n (%)

348 (78.9)

134 (73.2)

0.12

Body mass index, median (IQR) †

27.5 (24.9, 30.9)

26.8 (24.4, 29.4)

0.30

Heart rate, median (IQR)

72.0 (60.0, 84.0)

77.0 (66.0, 89.3)

0.003

Systolic blood pressure (mmHg), median
(IQR)

130.0 (110.0, 150.0)

130.0 (110.0, 150.0)

0.36

Oxygen saturation (%), median (IQR)

98.0 (97.0, 99.0)

98.0 (97.0, 99.0)

0.60

Pain score, median (IQR)

7.0 (5.0, 8.0)

5.0 (1.0, 8.0)

<0.001

Heart rate, median (IQR)

72.5 (64.0, 84.0)

76.0 (64.0, 84.0)

0.41

Systolic blood pressure (mmHg), median
(IQR)

130.0 (120.0, 148.0)

125.0 (111.3, 145.0)

0.06

Oxygen saturation (%), median (IQR)

99.0 (98.0, 100.0)

99.0 (98.0, 100.0)

0.61

Pain score, median (IQR)

2.0 (1.0, 4.0)

1.0 (0.0, 2.0)

<0.001

ST elevation myocardial infarction

441 (100.0)

6 (4.2)

<0.001

Non-ST elevation myocardial infarction

0

24 (16.8)

<0.001

Unstable angina

0

7 (4.9)

<0.001

Pericarditis

0

15 (10.5)

<0.001

Apical ballooning

0

12 (8.4)

<0.001

Chest pain, non-specific

0

33 (23.1)

<0.001

Arrhythmia

0

9 (6.3)

<0.001

Syncope

0

13 (9.1)

<0.001

Other

0

24 (16.8)

<0.001

14 (3.2)

2 (1.1)

0.13

Status on arrival of paramedics

Status on arrival at hospital

Hospital diagnosis, n (%) ‡

All-cause mortality during hospital
admission, n (%)

SD denotes standard deviation; IQR, interquartile range.
* Excludes 14 of 638 patients who did not consent for participation in the trial.
† Available in 302 of 624 patients.
‡ Available in 584 of 624 patients.
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Table S7. Baseline characteristics and procedural details of patients with confirmed
STEMI with and without CMRI data at six months follow-up.

Characteristic

Patients without MRI
data
N=302

Patients with MRI data
N=139

P-Value

Age in years, median (IQR)

64.0 (55.0, 74.0)

60.0 (53.0, 65.0)

<0.001

Males, n (%)

231 (76.5)

117 (84.2)

0.07

Body mass index, median (IQR)*

27.4 (24.7, 31.1)

27.7 (25.9, 30.7)

0.60

Previous IHD, n (%)

54 (17.9)

24 (17.3)

0.88

Diabetes mellitus, n (%)

59 (19.5)

19 (13.7)

0.13

Current or ex-smoker, n (%)

209 (69.9)

97 (69.8)

0.98

Heart rate, median (IQR)

72.0 (60.0, 84.0)

72.0 (60.0, 84.0)

0.90

Systolic blood pressure, median (IQR)

130.0 (108.5, 150.0)

135.0 (110.0, 154.0)

0.51

Oxygen saturation, median (IQR)

98.0 (97.0, 99.0)

98.0 (97.0, 99.0)

0.11

Pain score, median (IQR)

7.0 (5.0, 8.0)

7.0 (5.0, 8.0)

0.59

LAD Culprit artery

101 (34.1)

55 (39.6)

0.27

Multi-vessel coronary disease

180 (59.8)

81 (58.3)

0.76

Pre-procedural TIMI flow 0/1

259 (88.7)

123 (88.5)

0.95

Post-procedural TIMI flow 0/1

12 (4.1)

1 (0.7)

0.06

Radial intervention

105 (35.0)

42 (30.2)

0.32

Stent implanted

270 (89.4)

133 (95.7)

0.03

Glycoprotein IIb/IIIa inhibitor

118 (39.1)

69 (49.6)

0.04

Thrombus aspiration

139 (46.0)

73 (52.5)

0.21

Length of stay (days), median (IQR)

4.0 (4.0, 5.0)

4.0 (3.0, 5.0)

0.09

Symptom-to-intervention time in minutes,
median (IQR)

158.0 (127.0, 230.0)

156.0 (123.5, 219.8)

0.43

Geometric Mean Peak cTnI (95% CI),
mcg/L

53.3 (45.3 – 62.7)

50.5 (40.5 – 62.9)

0.71

Geometric Mean Peak CK (95% CI), U/L

1719 (1530 – 1931)

1760 (1498 – 2066)

0.82

Status on arrival of paramedics

Procedural details, n (%)

IHD denotes ischemic heart disease, TIMI thrombolysis in myocardial infarction, LAD left anterior
descending, IQR interquartile range, CI confidence interval.
* Available in 280 of 441 patients.
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Table S8. Paramedic treatment of patients with confirmed STEMI.
Oxygen Arm
N=218

No Oxygen Arm
N=223

P-Value

Heart rate, median (IQR)

74.0 (61.0, 84.0)

72.0 (60.0, 80.3)

0.24

Systolic blood pressure (mmHg), median
(IQR)

130.0 (105.0, 150.0)

130.0 (110.0, 150.0)

0.29

Oxygen saturation (%), median (IQR)

98.0 (97.0, 99.0)

98.0 (97.0, 99.0)

0.51

Pain score, median (IQR)

7.0 (5.0, 9.0)

7.0 (5.0, 8.0)

0.08

Heart rate, median (IQR)

75.0 (64.0, 86.0)

72.0 (62.5, 84.0)

0.32

Systolic blood pressure (mmHg), median
(IQR)

130.0 (120.0, 148.0)

130.0 (118.0, 147.8)

0.45

Oxygen saturation (%), median (IQR)

100.0 (99.0, 100.0)

98.0 (97.0, 99.0)

<0.001

Pain score, median (IQR)

2.0 (1.0-4.0)

2.0 (1.0-4.0)

0.59

Oxygen being administered, n (%)

215 (99.5)

10 (4.5)

<0.001

Oxygen dose (L/min), median (IQR)

8.0 (8.0, 8.0)

4.0 (2.8, 8.0)

< 0.001

Morphine administered, n (%)

192 (89.3)

204 (91.5)

0.44

Morphine dose total (mg), median (IQR)

12.5 (8.0, 20.0)

11.3 (7.5, 15.0)

0.33

Fentanyl administered, n (%)

20 (9.3)

21 (9.4)

0.97

Fentanyl dose total (mcg), median (IQR)

137.5 (63.8, 218.8)

100.0 (80.0, 150.0)

0.45

Nitrates administered, n (%)

46 (21.3)

54 (24.2)

0.47

Nitrates dose total (mg), median (IQR)

0.6 (0.3, 1.3)

0.6 (0.3, 0.9)

0.44

Status on arrival of paramedics

Status on arrival at hospital

IQR denotes interquartile range.
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Table S9. Medical therapy at six months follow-up.
Oxygen Arm
N=218

No Oxygen Arm
N=223

P-Value

Aspirin

172 (83.9)

181 (85.8)

0.59

Clopidogrel

84 (41.0)

82 (38.9)

0.66

Prasugrel

39 (19.0)

45 (21.3)

0.56

Ticagrelor

41 (20.0)

44 (20.9)

0.83

Aspirin + (Clopidogrel OR Prasugrel OR
Ticagrelor)

151 (73.7)

159 (75.4)

0.69

Beta-blocker

161 (78.5)

171 (81.0)

0.52

Statin

182 (88.8)

182 (86.3)

0.44

ACE/ARB

166 (81.0)

169 (80.1)

0.82

Ca-channel blocker

10 (4.9)

9 (4.3)

0.77

Aldosterone antagonist

1 (0.5)

2 (0.9)

0.58

Diuretic

23 (11.2)

14 (6.6)

0.10

Anticoagulation

9 (4.4)

5 (2.4)

0.25
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Table S10. Baseline characteristics and findings in 139 patients with confirmed STEMI undergoing
cardiac magnetic resonance imaging (CMRI) at six months follow-up.
Characteristic/measure

Oxygen Arm
N=65

No Oxygen Arm
N=74

P-Value

Age in years, mean (SD)

60.0 (10.7)

59.0 (9.9)

0.60

Males, n (%)

55 (84.6)

62 (83.8)

0.89

Body mass index, median (IQR)

26.8 (25.2, 30.8)

27.7 (24.8, 31.0)

0.90

Previous IHD, n (%)

12 (18.5)

12 (16.2)

0.73

LAD culprit artery, n (%)

27 (26.5)

55 (39.6)

0.43

Pre-procedural TIMI flow 0/1, n (%)

58 (89.2)

65 (87.8)

0.80

Post-procedural TIMI flow 0/1, n (%)

0

1 (1.4)

0.35

Symptom-to-intervention time in minutes,
median (IQR)

147.0 (119.0, 221.5)

162.0 (129.0, 213.5)

0.32

Recurrent MI, n (%)

4 (6.2)

1 (1.4)

0.13

LV end diastolic volume, mean (SD)

180.4 (43.9)

178.1 (44.1)

0.75

LV end systolic volume, median (IQR)

84.3 (59.8, 108.1)

77.7 (56.9, 100.5)

0.34

LV stroke volume, mean (SD)

96.1 (21.8)

95.3 (20.8)

0.81

LV ejection fraction, mean (SD)

54.4 (9.5)

54.9 (10.0)

0.76

Pre-procedural TIMI flow 0/1

53.9 (9.7)

54.3 (9.8)

0.83

Pre-procedural TIMI flow 2/3

58.9 (6.9)

59.7 (10.9)

0.86

LAD culprit artery

52.7 (9.3)

52.8 (10.9)

0.96

Non-LAD culprit artery

55.8 (9.6)

56.2 (9.4)

0.85

Symptom to intervention ≤180mins

54.5 (9.9)

55.4 (9.3)

0.76

Symptom to intervention >180mins

54.2 (9.0)

55.0 (11.4)

0.80

20.3 (9.6, 29.6)

13.1 (5.2, 23.6)

0.04

Pre-procedural TIMI flow 0/1

20.7 (10.0, 31.4)

15.2 (6.3, 24.3)

0.06

Pre-procedural TIMI flow 2/3

16.2 (4.2, 25.0)

7.0 (2.3, 24.2)

0.64

LAD culprit artery

20.7 (10.6, 33.3)

20.1 (4.4, 632.3)

0.60

Non-LAD culprit artery

15.2 (7.4, 26.3)

10.6 (5.2, 18.9)

0.05

Symptom to intervention ≤180mins

20.3 (9.9, 29.1)

12.9 (6.2, 22.2)

0.10

Symptom to intervention >180mins

20.8 (8.2, 30.5)

13.1 (3.3, 25.8)

0.15

Infarct size (% of LV mass), median (IQR)

12.6 (6.7, 19.2)

9.0 (4.1, 16.3)

0.08

Pre-procedural TIMI flow 0/1

12.7 (6.9, 19.3)

9.5 (5.5, 16.3)

0.14

Pre-procedural TIMI flow 2/3

9.0 (3.4, 17.0)

5.9 (2.1, 14.1)

0.32

LAD culprit artery

13.5 (8.1, 21.0)

14.8 (3.3, 20.1)

0.64

Non-LAD culprit artery

11.9 (5.8, 17.2)

8.1 (4.1, 15.0)

0.13

Symptom to intervention ≤180mins

11.9 (6.3, 17.6)

9.4 (4.3, 16.2)

0.28

Symptom to intervention >180mins

12.8 (7.4, 20.4)

7.9 (2.5, 16.5)

0.13

Infarct size (grams), median (IQR)

LV denotes left ventricular, IHD ischemic heart disease, TIMI thrombolysis in myocardial infarction, LAD left anterior
descending, IQR interquartile range, SD standard deviation, MI myocardial infarction.
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Figure S1: Proportion of patients with completed biomarker assays for each time-point.
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Figure S2. Proportion of patients receiving supplemental oxygen across study time points and treatment
groups in patients with confirmed STEMI.
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Figure S3. Geometric mean (95% CI) for peripheral blood oxygen saturation (SpO2) across time points in patients with
confirmed STEMI.
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Figure S4: Ratio of geometric means (95% CI) for peak cTnI and peak CK release in patients with confirmed STEMI.

Characteristic

Sub-group

Ratio of means
(Oxygen/No Oxygen)

P-value for
interaction
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1.24 (0.88 – 1.73)

0.81
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1.16 (0.76 – 1.76)

Male
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2.64 (1.52 – 4.57)

LAD

1.30 (0.86 – 1.96)

Non-LAD

1.17 (0.84 – 1.63)

≤ 180 mins

1.03 (0.75 – 1.42)

> 180 mins

1.40 (0.87 – 2.26)

0 or 1

1.10 (0.85 – 1.42)
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≤ 180 mins

1.10 (0.87 – 1.39)
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TIMI flow
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TIMI denotes thrombolysis in myocardial infarction, LAD left anterior descending,
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