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Abstract

Background—Oxygen is commonly administered to patients with ST-elevation myocardial 

infarction (STEMI) despite previous studies suggesting a possible increase in myocardial injury 

due to 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 STEMI diagnosed on 

paramedic 12-lead electrocardiogram. Of 638 patients randomized, 441 were confirmed STEMI 

patients who underwent primary endpoint analysis. The primary endpoint was myocardial infarct 

size as assessed by cardiac enzymes, troponin (cTnI) and creatine kinase (CK). Secondary 

endpoints included recurrent myocardial infarction, cardiac arrhythmia and myocardial infarct 

size assessed by cardiac magnetic resonance (CMR) imaging at 6 months. Mean peak troponin 

was similar in the oxygen and no oxygen groups (57.4 mcg/L vs. 48.0 mcg/L; ratio, 1.20; 95% 

confidence interval [CI], 0.92 to 1.56; P=0.18).  There was a significant increase in mean peak 

CK in the oxygen group compared to the no oxygen group (1948 U/L vs. 1543 U/L; means ratio, 

1.27; 95% CI, 1.04 to 1.52; P= 0.01). There was an increase in the rate of recurrent myocardial 

infarction in the oxygen group compared to the no oxygen group (5.5%vs.0.9%, P=0.006) and an 

increase in frequency of cardiac arrhythmia (40.4% vs. 31.4%; P=0.05). At 6-months the oxygen 

group had an increase in myocardial infarct size on CMR (n=139; 20.3 grams vs. 13.1 grams; 

P=0.04). 

Conclusions—Supplemental oxygen therapy in patients with STEMI but without hypoxia may 

increase early myocardial injury and was associated with larger myocardial infarct size assessed 

at six months.

Clinical Trial Registration Information—clinicaltrials.gov. Identifier: NCT01272713.

Key words: myocardial infarction, ST-segment elevation myocardial infarction, oxygen 
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Introduction 

Following the first report of supplemental oxygen for angina in 1900,1 oxygen therapy has been 

commonly used in the initial treatment of patients with ST-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 

intracoronary aqueous oxygen.6 Other studies, however, have suggested a potential adverse 

physiologic 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 three 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 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. 

Taken together, there remains considerable uncertainty over the utility of routine 

supplemental oxygen in uncomplicated AMI, with no clear recommendation regarding 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. 

vasoconstriction and reperfusion injury.9, 10 A recent meta-analysis of three smalll rrrananandododomimimizezezed d d
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Methods

Study Design 

The Air Versus Oxygen in Myocardial Infarction (AVOID) study was a multicentre, prospective, 

open label, randomised trial. The study was conducted by Ambulance Victoria and nine 

metropolitan hospitals that provide 24 hour percutaneous coronary intervention (PCI) services in 

Melbourne, Australia between October 2011 and July 2014. The trial design was registered with 

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 utilizing a process of 

delayed consent. Prior to pre-hospital enrolment, 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 (DSMC) (Supplementary 

Appendix List of investigators). The DSMC 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 enrolment. Patients 

framework for the conduct of clinical trials in the emergency setting. The study wawawas s s apapapprprprovovovededed by

he Human Research Ethics Committees of all participating hospitals utilizing a process of 
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were included if they were adults  18 years of age, had chest pain commencing less than 12 

hours prior to assessment, with prehospital electrocardiography (ECG) evidence of STEMI, as 

determined by the paramedic, defined as ST-segment elevation of 0.1 mV in two contiguous 

limb leads, or 0.2 mV in two contiguous chest leads, or new left bundle branch block pattern. 

Patients were excluded if any of the following were present: oxygen saturation <94% measured 

on pulse oximeter,16 bronchospasm requiring nebulized salbutamol therapy using oxygen, 

oxygen administration prior to randomization, altered conscious state, or planned transport to a 

non-participating hospital. Patients who met inclusion criteria in the field and were allocated to a 

treatment arm were excluded after arrival at hospital 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 pre-hospital 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 endpoints and six-month telephone follow-up.  

Procedures

In the oxygen group patients were administered supplemental oxygen via face mask at 8 L/min 

by paramedics, and 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 

patient did not have a STEMI.

Randomization and Masking

Compmpmputututererer-g-g-genene errratatatedee  block randomization was pepeperfrfrfooormed, with ambulaaancncnces carrying opaque 

enenenvvev lopes numbmbmberere eddd eeexttxtererernnanallllllyy,y, ccconononceceealing trt eeeatmmeent aaassssigigignmnmnmenenent. IIIndndndivivividduaalslsls iiinvnvvolololvevev d dd wiwiwiththth ttthhehe 

deeelill vevevery of oxoxoxyggenenen theeeraaapy pppreee-h- ossspipp taaal ana d d d innn-hoospppitaaal wwewerrre nnototot bbblil ndnn eeed to trtt eeeatmenenent t
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patients received Aspirin 300 mg orally by paramedics. Additional anti-platelet therapy, choice 

of anticoagulation and percutaneous intervention strategy was at the discretion of the treating 

interventional cardiologist, according to hospital protocol. Blood sampling was done at baseline 

and then six hourly for the first 24 hours and 12 hourly out to 72 hours after admission to assess 

troponin (cTnI) and creatine kinase (CK) concentration. Contrast enhanced CMR at 6 months 

was offered to all patients with confirmed STEMI, who were agreeable to travel to the core site 

for scanning, and had no contraindications for CMR. 

Data were collected from patient case notes and electronic records into trial-specific case 

record forms. All randomized patients were accounted for using daily audits of pre-hospital and 

hospital data to crosscheck 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 compared using Student’s t-tests. Non-normal variables 

were represented as median and first and third quartiles (Q1, Q3), and groups were compared 

using Wilcoxon rank sum test with exact inference. Binomial variables were expressed as 

proportions and 95% confidence intervals (CI) and groups compared by 2 tests. Definitions of 

the endpoints used in this study are provided in Supplemental Table 1. The primary endpoint 

was myocardial injury, measured by peak cTnI and CK. The area under the curve (AUC72) for 

cTnI and CK concentration in serum were also measured. Secondary endpoints, measured at 

hospital discharge and 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 endpoint, we calculated 

hospital data to crosscheck against all cardiac catheterization laboratory activatioonsnsns aaattt eaeaeachchch 

nstitution. 

Stattisisistititicacacal l l anananalyyysisii

FFFor r r the baseliineee chhaarararacttterererisisistititicscscs, vavavariririababablees thththataa  appproooximamamatteted d d a aa nononormmmalal dddisstribbbutututioioion nn wwewereree 

uuummmmmmarizeddd aaas mememean ±±± SSSD, aaandndnd gggrooouuupsss ccoc mmpmpaaared uuusinnng Stuuudeeentnn ’’’s tt-tttesee ttts. Nononon-n-- ormamamal vvarrriabllless 
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geometric means and ratios (95% CI) for cTnI and CK release, and a Student’s 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 one or more missing 

biomarker assays (Supplemental Figure 1) (Supplemental Table 2).17, 18  

The robustness of our AUC72 estimations were assessed using a series of sensitivity 

analyses. Firstly we conducted trapezoidal integration for area under the curve measurement as 

above, and also considered additional covariates for the imputation model as follows: age, 

gender, TIMI flow pre procedure, LAD culprit artery, symptom to intervention time and 

procedural success. In the second sensitivity analysis, 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 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. In the final sensitivity analysis, 

trapezoidal integration was used for the estimation of area under the curve. Patients with one or 

more missing biomarker assays were replaced by linear interpolation and extrapolation. 

(Supplemental Table 2).19 Infarct size assessed by CMR at six-months was compared across 

groups using the Student’s t-test on the log-transformed data with comparison of groups obtained 

after back-transformation. Group differences in the median CMR infarct size was also compared 

across groups using the Wilcoxon rank sum test. Finally, we used spearman rank correlations to 

assess the relationship between cTnI, CK, and CMR infarct size (Supplemental Table 3). 

For the primary endpoint we hypothesized that withholding oxygen may influence 

procedural success. In the second sensitivity analysis, a repeated measures analysssisisis wwwasasas uuusesesed d d tototo 

estimate the overall profile of cTnI/CK release over the 72 hour window. All available biomarke

dataa wwwererereee anananalaa yzzzededed using linear mixed-effects reeegrgrgreeession with patient aaasss aaa random effect together

wwwithhh treatment gggroror uppp, titimememe ooof f f asasassasaay,y,y, andnnd an ininintet racttionnn ttteeermmm bebb twtwtweeeeeenn trtrtreaeae tmenenentt t grgrrouououppp ananand d d tititimememe of

assssasas y y y includddededed aasss ffif xedd effecccts.. Forrr ttthiis aana alallysssis, tthee nnnonnn-siiigngngniffficccananant t ini ttterractcttioioon nn termrmrm beetwwweennn 

rrreaeaeatmtmtmenenenttt grgrgrouoouppp anananddd tititimememe ooofff asasassasasay waawasss rereremomomoveeveddd frfrfromomom thththeee momomodededelll. IIInnn thththeee fififinananalll sesesensnsnsitititiviivititity anananalalalyssysisisis, 
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myocardial injury by 20%.20, 21 Assuming a mean peak cTnI level of 75 ± 35 mcg/L,22 for a 

statistical power of 90% and a probability of a type I error of 0.01 using a 2-sided test, a sample 

size of 326 (163 in each group) was calculated. This sample was increased to allow for the 

positive predictive value of prehospital diagnosis of STEMI to be <100%, and protocol 

violations. The final recruitment target was 600 pre-hospital 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 following emergent coronary angiogram. Analysis of all randomized patients 

was also performed to examine differences in baseline characteristics (Supplemental Table 4). 

Analysis of primary endpoint and all cardiac biomarker analyses was 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 (Supplemental Table 5). To examine possible bias due to exclusion after 

randomization of patients with an alternative diagnosis to STEMI, and possible effect of the 

intervention on the diagnosis itself, we compared baseline and procedural characteristics, and 

secondary endpoints available in patients included in the analysis versus those who were excluded 

(Supplemental Table 6). Similarly, to examine whether missing data introduced selection bias, we 

compared baseline and procedural characteristics and secondary endpoints between included 

patients and patients who did not undergo 6 month CMR (Supplemental Table 7).  

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 due 

Analysis of primary endpoint and all cardiac biomarker analyses was performed by y y ananan iiindndndepepepenenendededent

tatistician, blinded to treatment allocation. We assessed whether the distribution of the main 

cliniciccalalal vvvararariaiaiablbb esss wwwas similar between groups, takikikingngng into account whetheheherr r they later fulfilled 

eleleligggibility criterrriaiaia ((Suuupppppplelelememementntntalalal TTTababablell 5). TTTooo examammine e e ppopossssssibibiblee bbbiaaass ddduueu  to exexexclclclusususioioion nn afafaftett r r r 
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to: pre-hospital protocol violations (35 patients), patient refused 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 endpoint, 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 endpoint 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. Patient reported 

pain scores, opioid requirements and hemodynamics were similar between the two groups 

(Supplemental Table 8). The majority (99.5%) of patients allocated to oxygen received oxygen 

at 8 L/min, whilst a small proportion (7.7%) of patients in the no oxygen group required oxygen 

at 4 L/min either before or upon arrival to the cardiac catheterization laboratory (Supplemental

Figure 2). There was a significant difference in oxygen saturations (P<0.001) during the 

intervention period (Supplemental Figure 3).  

The time from onset of symptoms to intervention was similar in the two groups with a 

median time of 150.5 minutes (interquartile range, 125.0 to 213.8) in the oxygen group compared 

with 162.0 minutes (interquartile range, 130.0 to 240.0) 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 troponin I was 57.4 mcg/L 

(95% CI, 48.0 to 68.6) in the oxygen group compared to 48.0 mcg/L (95% CI, 39.6 to 58.1) in 

pain scores, opioid requirements and hemodynamics were similar between the twwwooo grgrgrouououpspsps 

Supplemental Table 8). The majority (99.5%) of patients allocated to oxygen received oxygen 

at 8 LLL/m/m/mininin, , , whww ilststst aaa small proportion (7.7%) of pppatatatieiei nts in the no oxygeenen group required oxygen 

atatat 444 L/min eitheeer rr bbefofoforerere ooorrr upupupononon aaarrrrrivivivalaa tto tthehh  carddiaaac cccatatatheheheteteterir zazazationonon lllabababoorattorororyyy (((SuSuSupppppplelelememementntn aaal

FiFiigugugurerr  2). TTThehh reee wwwas a signiiifificcacant dddifffferrer ncccee iiin oxxyyygeeen satturururatattiooonss (((P<P<P<0..0001)1)1 durininnggg the 

nnntetetervrrvenenentititiononon ppperererioioioddd (((SuSSupppppplelelememementntntalalal FFFigigigurrureee 333))).  
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the no oxygen group, with a ratio of oxygen to no oxygen of 1.20 (95% CI, 0.92 to 1.56; 

P=0.18). Similar findings were obtained for AUC72 (Table 3). In the repeated measures analysis, 

an approximate 20% difference in the geometric mean for cTnI was consistent across all assay 

times (p-value for group*time interaction=0.93) (Fig. 2). The ratio for oxygen to no oxygen cTnI 

based on the model that ignores the group*time interaction was highly significant, 1.28 (95% CI, 

1.04 to 1.56; P=0.02) (Supplemental Table 2). 

There was a significant increase in the geometric mean peak CK in the oxygen group 

compared to no oxygen group, 1948 U/L (95% CI, 1721 to 2205) compared with 1543 U/L (95% 

CI, 1341 to 1776), with a ratio of oxygen to no oxygen of 1.26 (95% CI, 1.05 to 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 cTnI, a consistent 20% increase in the geometric 

mean CK was found in the oxygen group irrespective of assay time (Fig. 3),  which was 

significant when collapsed over time (ratio of oxygen to no oxygen, 1.20; 95% CI, 1.05 to 1.38; 

P=0.007) (Supplemental Table 2). Peak cTnI and CK measurements were highly correlated 

(r=0.87, p<0.001) (Supplemental Table 3), with a similar trend across clinically relevant 

subgroups (Supplemental Figure 4). 

Clinical endpoints in-hospital and at 6-months were monitored for safety (Table 4). By 

hospital discharge there were four (1.8%) deaths in the oxygen group compared with 10 (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% vs. 0.9%; P=0.006) and major cardiac 

arrhythmias, defined as sustained and non-sustained ventricular and atrial tachyarrhythmia 

(40.4% vs. 31.4%; P=0.05).  At 6-month follow-up, the rate of adverse outcomes did not differ 

between the groups, with appropriate medical therapy in both groups (Supplemental Table 9). 

Significant findings were also found for geometric mean AUC72 (Table 3). The resesesululultststs ooof f f thththe e e 

epeated measures analysis were similar to cTnI, a consistent 20% increase in the geometric 

meanann CCCK K K wawawass foooununnd in the oxygen group irrespececectititivvve of assay time (Fiiig.g.g. 3),  which was 

iiignnnificant whhenenen colllalalapspspsededed oooveveverrr tititimememe (((rarar tio ofofof oxyygeeen tototo nnooo oooxygygygennn, 1.1 20220; 9555% % % CICICI, ,, 1.11 050505 tooo 111.383838; fff

P===0.0.0 0000 7) (SuSuSuppp llel mmem nnntaala  Tababablelele 2).).). Peeeakk k cTTTnIII andd CCCKKK mmmeaaasurururemememeeentstst wwweere hihih ghghg lyy cooorreelaaated 
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 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 (Supplemental Table 

10), as were the characteristics of those patients who did and did not undergo CMR 

(Supplemental Table 8). No patient had evidence of a myocardial infarction in two arterial 

territories or myocardial scarring in a non-ischemic pattern. Left ventricular dimensions and 

ejection fraction were similar between the two groups. Median infarct size was increased in the 

oxygen group compared to the no oxygen group, (20.3 grams [interquartile range, 9.6 to 29.6] vs. 

13.1 grams [interquartile range, 5.2 to 23.6]; 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 to 

19.2) in the oxygen group compared with 9.0% (interquartile range, 4.1 to 16.3) in the no oxygen 

group (P=0.08), with the ratio of geometric means approaching significance: 1.38 (95% CI, 0.99 

to 1.92; P=0.06). Troponin and CK measurements taken at the index admission were 

significantly correlated with infarct size at six months (Supplemental Table 3). 

Discussion

The AVOID study was conducted to determine whether the routine administration of 

supplemental oxygen for patients with STEMI in both the pre-hospital 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 troponin I and CK profile. Rather, our data suggest 

that routine high flow oxygen supplementation may be accompanied by harm, as reflected by a 

significant rise in CK and larger infarct size determined by CMR at 6 months.  

Whilst there have been significant advances in therapies for AMI, our findings are similar 

19.2) in the oxygen group compared with 9.0% (interquartile range, 4.1 to 16.3) iiinn n thththe e e nonono oooxyxyxygggen

group (P=0.08), with the ratio of geometric means approaching significance: 1.38 (95% CI, 0.99 

o 1.9.992;2;2; PPP=0=0=0.0.0.06).. TrTT oponin and CK measuremennntststs tttaka en at the index adddmimm ssion were 

iiignnnificantly cooorrrrrrelatattededed wwwititithhh inininfafafarcrcrct tt sisiizzze at t sisisixxx monttths (((SuSuSupppppplell mmmentntntalalal TTTaableee 333))). 
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to those reported by Rawles and Kenmure over 40 years ago. In their study, inhaled oxygen 

therapy at 6L/minute, increased myocardial injury as measured by aspartate aminotransferase 

release in patients with AMI.20 Our results differ from a recent study by Ranchord and colleagues 

of high flow oxygen (6L/minute) compared to titrated oxygen in patients with STEMI.12 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 there was no difference in chest 

pain scores or the requirement for additional opioid analgesics in the pre-hospital 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 increase coronary 

vascular resistance,8 and impact 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, on arrival to the 

cardiac catheterisation laboratory required oxygen supplementation for an oxygen saturation of 

<94%.  

Our study was not powered for clinical endpoints. The statistical differences noted for in-

hospital recurrent myocardial infarctions and major cardiac arrhythmias, and the non-significant 

difference in mortality, will need to be confirmed. The currently enrolling Swedish registry 

benefits to anxious patients during an AMI.23 Our data suggest there was no diffeeerererencncnce ee ininin ccchehehestss  

pain scores or the requirement for additional opioid analgesics in the pre-hospital period in

patienenentststs nnnototot aaadmmminininisi tered oxygen. There are, howwwevevever, proposed mechaaanininisms that support our 

fififinddding of increeeaasa eed mmmyoyoyocacacardrdrdiaiaialll inininfafafarccct t ssizee innn pattieeents s s adadadmimimininn ststteree ededed hhhigigighh flowowow ooxyxyxygegegen.nn 242424 HHHigigigh h h 

fllowowow ooxygen n n hahh ss bbeb enn shhoh wnnn ttto o o redududuceee eeepipip cacacardddial cooorooonaaaryryy blololoododd ffflooow,ww 77 iincrrreaaase cocoorrronaaryyy 

vaavascscscullulararar rrresesesisisistatatancncnceee,88 aaandndnd iiimpmpmpacacacttt thththeee mimimicrcrcrocococirirircucculalalatititiononon leleleadadadinininggg tototo fffunnunctctctioioionananalll oxooxyggygenenen ssshuhhuntntntinininggg.2525
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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 mortality27. The AVOID 

trial was also not designed to assess the impact of lower concentrations of supplemental oxygen 

that may be administered via nasal cannulae. Patients in the oxygen arm received 8 L/minute of 

oxygen therapy via face mask, and this was chosen to maintain consistency with existing EMS 

treatment protocols in Australia. Although the dose of 8 L/minute is substantially lower than 

those used in other EMS systems28 and earlier physiological studies29, 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 randomisation 

in the pre-hospital setting by paramedics, prior to detailed patient consent. The use of delayed 

consent in clinical trials in patients with STEMI has been the subject of significant recent 

controversy31, but deemed to be a suitable method of conducting ethical pragmatic comparative 

effectiveness trials of emergency interventions32. 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 

endpoint 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 much larger numbers of patients. 

The study had a pragmatic design facilitating pre-hospital enrolment by paramedics, which led to 

a number of patients excluded from primary endpoint analysis following randomization, who did 

n the pre-hospital setting by paramedics, prior to detailed patient consent. The ussseee ofofof dddelelelayayayededed 

consent in clinical trials in patients with STEMI has been the subject of significant recent 

conttrororoveveversrsrsyyy31, buuuttt ded emed to be a suitable methododod ooof conducting ethicaaalll pppragmatic comparativef

efefeffeeectiveness trrriaiaialss ooof ff emmmererergegegencncncy y ininintetet rvrvrveentititionononss32. Ouur prprproococesesess ss ofofof conononseseennnt wasass aaapppppprororovevev d dd bybyby ttthehehe 
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papapatititienenentststs.   

 by guest on Septem
ber 16, 2016

http://circ.ahajournals.org/
D

ow
nloaded from

 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.114.014494 

14

not have STEMI. The proportion of excluded patients was comparable to other pre-hospital 

STEMI trials,33, 34 and the characteristics of excluded patients compared to those included in the 

analysis were similar, suggesting that substantial selection bias did not occur. Also, not all 

patients in our study underwent CMR at 6 months post infarct, due to contraindications and 

availability of CMR at a single central site that made 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 using the same cTnI and CK assays, we did not utilize a 

core laboratory for all enzyme analysis or analysis of angiographic data. However, our findings 

suggest a strong correlation between both sets of cardiac biomarker data. 

Whilst oxygen therapy is appropriate in hypoxemic patients with complicated AMI, it 

should be noted that oxygen is a drug with possible significant side effects. To date, clinical trial 

data supporting its routine use in normoxemic patients with AMI has not been robust enough to 

inform clinical guidelines with sufficient levels of evidence, particularly in the setting of 

contemporary interventional reperfusion practices. In conclusion 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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Table 1. Baseline characteristics of patients with confirmed STEMI. 
 
Characteristic Oxygen Arm 

N=218
No Oxygen Arm 

N=223
Age in years, mean (SD)  63.0 (11.9) 62.6 (13.0) 
Males, n (%)  174 (79.8) 174 (78.0) 
Body mass index, median (IQR)* 27.4 (25.1, 31.1) 27.7 (24.7, 30.8) 
Past history and risk factors, n (%)   

Diabetes mellitus 37 (17.0) 41 (18.4) 
Hypertension 130 (59.6) 123 (55.2) 
Dyslipidemia 121 (55.5) 118 (52.9) 
Current or ex-smoker† 141 (65.3) 165 (74.3) 
Peripheral vascular disease 4 (1.8) 11 (4.9) 
Stroke 11 (5.0) 15 (6.7) 
Ischemic Heart Disease 38 (17.4) 40 (17.9) 

Previous PCI 24 (11.0) 26 (11.7) 
Previous CABG 4 (1.8) 3 (1.3) 
Medication only 8 (3.7) 12 (5.4) 

Creatinine > 120 μmol/L 17 (7.8) 19 (8.5) 
Status on arrival of paramedics   

Heart rate, median (IQR) 74.0 (61.0, 84.0) 72.0 (60.0, 80.3) 
Systolic blood pressure, median (IQR) 130.0 (105.0, 150.0) 130.0 (110.0, 150.0) 
Oxygen saturation, median (IQR) 98.0 (97.0, 99.0) 98.0 (97.0, 99.0) 
Pain score, median (IQR) 7.0 (5.0-9.0) 7.0 (5.0-8.0) 

SD denotes standard deviation, PCI percutaneous coronary intervention, CABG coronary artery bypass grafting, 
IQR interquartile range. 
*   Available in 280 of 441 patients. 
†  P for difference < 0.05.

N 218 N 22233
Age in years, mean (SD)  63.0 (11.9) 62.666 (((131313.0.0.0)))
Males, n (%) 174 (79.8) 174 (7(7(7888.0)0)) 
Body mass index, median (IQR)* 27.4 (25.1, 31.1) 27.7 (24.7, 30.8) 
Past history and rrrisisi k factors, n (%) 

DiDiDiaababetesess mmmellililitututus 37 (17.0) 41 (18.4) 
HHHypertensisiononon 13330 (5(5(59.9.9.6)6)6) 121212333 (5(5(55.2)2)2) 
DDDyslipidemiaa 12221 (5(5(55.5.5.55)5) 11118 (5(5(5222.9)) 
CuCuCurrent ororor ex--smmmokkkerrr† 14441 (6(6(655.33)3) 11165 (7(7(7444.3))) 
PePeriririphphpheereral vvasasa cucuulalalarr dididisses ase 444 (111 88.8))) 111111 (((444.9))) 
SSStrokkke 111111 (((555.0)0)0) 151515 (((666.7)7)7) 
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Table 2. Procedural details of patients with confirmed STEMI. 

Characteristic Oxygen Arm 
N=218

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 (%)† 208 (95.9) 17 (7.7) 
Oxygen dose, median (IQR)† 8.0 (8.0, 8.0) 4.0 (2.0, 8.0) 
Pre-intervention oxygen duration in 
minutes, median (IQR)*† 

79.0 (59.3, 94.0) 51.5 (41.3, 91.8) 

Cardiac arrest, n (%) 10 (4.6) 8 (3.6) 
Inotrope use, n (%) 11 (5.0) 12 (5.4) 
Intubation, n (%) 0 3 (1.3) 
Thrombolysis, n (%) 2 (0.9) 0 
Killip Class  II, n (%) 23 (11.1) 27 (12.7) 

Culprit artery, n (%)   
LAD 82 (38.0) 74 (33.8) 
LCx 21 (9.7) 31 (14.2) 
RCA 100 (46.3) 101 (46.1) 
Other 11 (5.1) 15 (6.8) 

Extent of coronary disease, n (%)    
Single vessel      95 (43.8) 84 (37.7) 
Multi-vessel 122 (56.2) 139 (62.3) 
LMCA Involvement 9 (4.1) 7 (3.1) 

Pre-procedural TIMI flow 0/1, n (%)  191 (89.3) 191 (88.0) 
Post-procedural TIMI flow 2/3, n (%) 208 (98.1) 211 (95.9) 
Procedural details, n (%)   

Radial intervention 72 (33.2) 74 (33.3) 
Stent implanted 202 (92.7) 201 (90.1) 
Drug-eluting stent 112 (51.4) 114 (51.1) 
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 (minutes), median (IQR)   
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 150.5 (125.0, 213.8) 162.0 (130.0, 240.0) 
Hospital arrival to intervention 54.0 (39.0, 66.3) 56.0 (42.0, 70.8) 

Length of stay (days), median (IQR) 4.0 (4.0, 5.0) 4.0 (3.0, 5.0) 
LAD denotes left anterior descending, LCx left circumflex, RCA right coronary artery, TIMI thrombolysis in 
myocardial infarction, CABG coronary artery bypass grafting, IQR, interquartile range.  
*  Duration on oxygen therapy from randomization to first procedural intervention (e.g. aspiration, ballooning) 

measured in patients who received oxygen therapy. 
†  P for difference <0.05. 

( ) ( )
LCx 21 (9.7) 31 (1(1(14.4.4.2)2)2)  
RCA 100 (46.3) 10111 (((464646.1.1.1)))
Other 11 (5.1) 15 (6.8)

Extent of coronary disease, n (%)    
SiSiSingngnglelele vvvesesessel    95 (43.8) 84 (37.7) 
MMMulti-vessssssel 122 (((565 .2) 13399 (62.3))) 
LLLMCA Involollvevvemeentntn 999 (((44.11)1 77 (((3.3.3.1)1)) 

PPPre-e-e-procedural TTIMMI fflowww 000/1/ , n (%(%(%)  19111 (8(8(89.99 333) 191 (((8888.0)
Poooststst-p-p-pror cececedududuraaall l TTIT MIMIMI flow w w 2/2/2/333, nnn (%)%)%) 20008 (9(9(9888.1)1)1) 2221111 (((9995.999) 
Proceddural details, n (%)   

Radial intervention 72 (33.2) 74 (33.3)
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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

Troponin I, mcg/L     
Sample size 200 205   
Median Peak (IQR) 65.7 (30.1, 145.1) 62.1 (19.2, 144.0)   
Geometric Mean Peak (95% CI) 57.4 (48.0 – 68.6) 48.0 (39.6 – 58.1) 1.20 (0.92 – 1.55) 0.18 
Median AUC72 (IQR) 2336.4 (965.6, 5043.1) 1995.5 (765.7, 4426.0)   
Geometric Mean AUC72 (95% CI) 2000.4 (1692.8 – 2363.9) 1647.9 (1380.1 – 1967.6) 1.21 (0.95 – 1.55) 0.12 

Creatine kinase, U/L     
Sample size 217 222   
Median Peak (IQR) 2073 (1065, 3753) 1727 (737, 3598)   
Geometric Mean Peak (95% CI) 1948 (1721 – 2205) 1543 (1341 – 1776) 1.26 (1.05 – 1.52) 0.01 
Median AUC72 (IQR) 64620 (35751, 107066) 51757 (29141, 106029)   
Geometric Mean AUC72 (95% CI) 60395 (54185 – 67316) 50726 (44861 – 57358) 1.19 (1.01 – 1.40) 0.04 

Infarct size on CMR*     
Sample size 61 66   
Median (IQR), grams 20.3 (9.6, 29.6) 13.1 (5.2, 23.6)  0.04 
Geometric Mean (95% CI), grams 14.6 (11.3 – 18.8) 10.2 (7.7 – 13.4) 1.43 (0.99 – 2.07) 0.06 
Median (IQR) proportion of LV mass 12.6 (6.7, 19.2) 9.0 (4.1, 16.3)  0.08 
Geometric Mean (95% CI) proportion of 
LV mass 

10.0 (8.1 – 12.5) 7.3 (5.7 – 9.3) 1.38 (0.99 – 1.92) 0.06 

ECG ST-segment resolution > 70%, 
measured one day after hospital admission

132 (62.0) 149 (69.6)  0.10 

CI denotes confidence interval, IQR interquartile range, LV left ventricular. 
*   CMR conducted at six-month follow-up in 139 of 441 patients.  

( Q ) ( ) ( )
eometric Mean AUC72 (95% CI) 2000.4 (1692.8 – 2363.9) 1647.9 (1380.1 – 1967.6) 1.21 (000 9.9.95 5 5 –– 1..1.555555))) 0
tine kinase, U/L    
mple size 217 222  
edian Peak (IQR) 2073 (1065, 3753) 1727 (737, 3598) 
eometric Mean Peak (95% CI) 1948 (1721 – 2205) 1543 (1341 – 1776) 1.26 (1.05 – 1.52) 0
ediannn AAAUCUCUC727272 (((IQIQIQR) 64620 (35751, 107000666666))) 51757 (29141, 106029)9)9)
e momometetetrir c Meann AAAUC72 (95% CI) 60395 (54185 – 67316) 50726 (44861 ––– 57358) 1.19 (1.01 – 1.40) 0
ccct siisize on CMR*R*R     
mpm lell  size 61 66  
eeedidd ananan (IQR), gramms 0020.3 (9.6, 29.99 6) 11 .3 1 (5.2,,, 3323.6) 0
e momom ttetririric c Meanann (((9599 % IICI),)  grramamams s 1411 66.6 ((11111 .3.33 –– 1118.8.8.8) 110.0.0.22 (7(7(7.7.7. ––– 1113.3.3.4)4)4 111 44.433 (0.9.9.99 9 9 – 2.070707))) 0
edian (((IQIQIQR)R)R) proporttiiion offf LLLVVV mass 12 66.6 (((6.66 7, 1119.99 )2) 9 00.0 (4(4( .1, 61616 3.33) 000
eomom tetet iiricc MMMeanan (((959595%%% CICICI))) prpropoporortititionon oofff 
V

101010 00.0 (((888.111 – 121212 55.5))) 777.333 (5(5(5 77.7 – 999.3)3)3) 111 33.3888 (0(0(0 99.9999 – 111.929292))) 000
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Table 4. Adverse clinical end points at hospital discharge and six-month follow-up in patients 
with confirmed STEMI.

Clinical End Point Oxygen Arm 
N=218

No Oxygen Arm 
N=223

P-Value

At hospital discharge, n (%)    
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) - 

Recurrent myocardial infarction 12 (5.5) 2 (0.9) 0.006 
Stroke or transient ischemic attack 3 (1.4) 1 (0.4) 0.30 
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 
Arrhythmia 88 (40.4) 70 (31.4) 0.05 

At six-month follow-up, n (%)*    
Mortality, any cause 8 (3.8) 13 (5.9) 0.32 

Cardiac cause 6 (2.9) 9 (4.1) - 
Massive hemorrhage 0 2 (0.9) - 
Sepsis 0 1 (0.5) - 
Renal failure 1 (0.5) 0 - 
Cancer 0 1 (0.5) - 

Recurrent myocardial infarction 16 (7.6) 8 (3.6) 0.07 
Stroke or transient ischemic attack 5 (2.4) 3 (1.4) 0.43 
Repeat revascularization 23 (11.0) 16 (7.2) 0.17 
Major adverse cardiac event† 46  (21.9) 34 (15.4) 0.08 

*   14 of 441 were lost-to-follow-up.    
†   MACE denotes all-cause mortality, recurrent myocardial infarction, repeat revascularization, stroke..  

At six-month follow-up, n (%)*    
Mortality, any cause 8 (3.8) 13 (5.9) 000.3.3.32 22

Cardiac cause 6 (2.9) 9 (4.1) -
Massive hemorrhage 0 2 (0.9) -
SeSeSepspspsisi 000 1 (0(00.5.5.5) -
Renal ll fafafailure 1 (000.5) 00 -
Cancer 000 11 (0(0(0.5) ---

RRRecurrent myyoccardddiaal infffararrction 1666 (((7.6)6)) 8 (333.6) 0.07 
StStStroror ke ooor r r trtrt annnsiiient isschc emmmicicc aaattttttacacack 55 (222.444))) 333 ((1.444) 0.43 
Repee tatat revascularization 232 (11.00))) 16 (7.22) 0.177
Major adverse cardiac event† 46  (21.9) 34 (15.4) 0.08 
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Figure Legends: 

Figure 1. Patient selection and randomisation flow-chart.

Figure 2. Geometric mean (95% CI) for TnI release (mcg/L) over 72 hours in patients with 

confirmed STEMI.* *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 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. 

Figure 3. Geometric mean (95% CI) for CK release (U/L) over 72 hours in patients with 

confirmed STEMI.* *A repeated measures analysis was used to estimate the overall profile of 

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. 

fixed effects. 

Figuguurerere 333.. . GeGeGeomometetetrirr c mean (95% CI) for CK releaeaeassseee (U/L) over 72 hourururs s in patients with 

ccoconnnfirmed STEMEMEMII.** *A*A*A rrrepepepeaeaeateteteddd mememeasassurres aaannnalyssisss waaas   usussededed to o essstititimamamatee theee oooveveverararallllll pprororofiiilelele ooof ff

CKCKK rrrelee ease ooovvver thhhe 7222 hhhour r wiwiwindnn owowow. AlAlAll avvvaiiilablle biomomomarkkekerrr dadadataaa wwweree aanaalalyzyzyzed uuussisinggg liiinearr 
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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.     

Recurrent myocardial 
infarction  

The diagnosis of recurrent myocardial infarction was made using the following criteria: 

1. Occurred after the index admission; AND 

2. 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 

3. 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 

4. 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.  

Major bleeding  

Clinically overt bleeding associated with either one of the following: 

1. A drop in haemoglobin of > 3 g/dL; 

2. Haemodynamic compromise; 

3. Requires blood transfusion; 

4. 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 pre-

procedural 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 AUC72. 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 AUC72, 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 AUC72, as per the primary analysis. Patients with one or more missing biomarker assays were 

replaced by linear interpolation and extrapolation. 

 

  



Page 5 of 15 

 

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 

Status on arrival of paramedics    

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 

Status on arrival at hospital    

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 

Hospital diagnosis, n (%) ‡    

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 

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

5 (1.6) 11 (3.5) 0.13 

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) 

Status on arrival of paramedics    

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) 

Status on arrival at hospital    

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) 

Hospital diagnosis, n (%) ‡    

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 

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

16 (2.6) 15 (2.6) 14 (3.2) 

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 

Status on arrival of paramedics    

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 

Status on arrival at hospital    

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 

Hospital diagnosis, n (%) ‡    

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 

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

14 (3.2) 2 (1.1) 0.13 

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 

Status on arrival of paramedics    

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 

Procedural details, n (%)    

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 

     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 

Status on arrival of paramedics    

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 

Status on arrival at hospital    

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 

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 

Infarct size (grams), median (IQR) 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 

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.  

 

 

 

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 

 

Peak cTnI 

Age 

< 65 years 1.24 (0.88 – 1.73) 0.81  

≥ 65 years 1.16 (0.76 – 1.76)   

Gender 

Male 0.96 (0.72 – 1.29) 0.001  

Female 2.64 (1.52 – 4.57)   

Culprit Artery 

LAD 1.30 (0.86 – 1.96) 0.69  

Non-LAD 1.17 (0.84 – 1.63)   

Symptom-to-
intervention time 

≤ 180 mins 1.03 (0.75 – 1.42) 0.29  

> 180 mins 1.40 (0.87 – 2.26)   

Pre-intervention 
TIMI flow 

0 or 1 1.10 (0.85 – 1.42) 0.22  

2 or 3 1.89 (0.82 – 4.38)   

Peak CK 

Age 

< 65 years 1.23 (0.95 – 1.58) 0.69  

≥ 65 years 1.33 (1.01 – 1.75)   

Gender 

Male 1.09 (0.89 – 1.34) 0.003  

Female 2.11 (1.42 – 3.14)   

Culprit Artery 

LAD 1.30 (0.95 – 1.78) 0.73  

Non-LAD 1.22 (0.97 – 1.53)   

Symptom-to-
intervention time 

≤ 180 mins 1.10 (0.87 – 1.39) 0.13  

> 180 mins 1.49 (1.08 – 2.07)   

Pre-intervention 
TIMI flow 

0 or 1 1.17 (0.97 – 1.41) 0.07  

2 or 3 1.94 (1.15 – 3.30)   

     

     

     

TIMI denotes thrombolysis in myocardial infarction, LAD left anterior descending,  
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