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Oxygen Therapy Confers Little Benefit in
Patients with Acute ST-Segment Elevation
Myocardial Infarction: A Systematic Review and
Meta-Analysis

Xinjuan Wang, MD; Huaqin Su, BD; Bixiu Mao, BD; Yangchun Lu, BD; Lianping He, PhD

ABSTRACT

Objective « We aimed to investigate the clinical benefit of
oxygen therapy in patients with acute ST-segment
elevation myocardial infarction (STEMI).

Methods « We searched PubMed, Embase and the
Cochrane Library from database inception to June 2020 to
identify randomized controlled trials (RCTs) on oxygen
therapy in acute STEMI. Literature screening, data
extraction and study quality assessment were
independently carried out by the 2 investigators according
to the predefined eligibility criteria, and RevMan 5.3
analysis software was utilized for all analyses.

Results o Finally, 5 RCTs with a total of 4824 patients with
STEMI were eligible for further meta-analysis. The RCT
results demonstrated that oxygen therapy exerted non-
significant effects in reducing the risks for short-term all-
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INTRODUCTION

Acute myocardial infarction (AMI) is myocardial
necrosis caused by acute or persistent myocardial ischemia
and hypoxia after acute obstruction of a coronary artery. It
features dramatic onset, rapid progression, high mortality
rates and permanent disability. It only allows emergency
rescue within a narrow timeframe, notwithstanding the fact
that advances in monitoring and reperfusion therapy have
recently aided in the decline in mortality in patients with

cause mortality (risk ratio [RR] =1.21; 95% CI, 0.80-1.53;
P = .53), cardiac arrest (RR =1.20; 95% CI, 0.94-1.54;
P=.79), recurrent myocardial infarction (MI) (RR=0.68;
95% CI, 0.43-1.08; P =.10) and cardiogenic shock
(RR=0.81;95% CI, 0.58-1.15; P=.24) and the incidence of
other outcome indicators of acute STEMI.

Conclusions ¢ Oxygen therapy does not provide more
benefits than adverse effects in patients with acute STEML.
Personalized oxygen treatment based on dynamic oxygen
saturation is recommended in patients with hypoxia.
Supplemental oxygen in patients with acute STEMI has no
effect on reducing infarct size, and has no benefit in all-
cause mortality, cardiogenic shock, etc. (Altern Ther
Health Med. 2023;29(2):282-288)

AMI. Acute ST-segment elevation myocardial infarction
(STEMI) is the most common type of AMI.

Inhaled oxygen was first used in patients suspected of
AMI approximately a century ago and subsequently applied
from one type of cardiovascular disease to another. STEMI
remains a significant contributor to morbidity and mortality
worldwide."! To date, supplemental oxygen as a routine
treatment for acute STEMI has been officially recommended
in several management guidelines.” Although several studies
have ascertained that inhaled oxygen, especially in high
concentrations, can treat myocardial injury in patients with
STEMI, most are clinical studies without randomization,
concealment and blinding or animal experiments, which
merely provide not-so-strong evidence about the effectiveness
of oxygen therapy. Based on recent new evidence, routine
oxygen therapy is no longer recommended in patients with
myocardial infarction (MI) without hypoxemia.

Recently, more studies have yielded inconsistent results. It
was reported that high concentrations of oxygen may exacerbate
myocardial injury during coronary artery contraction due to the
oxidative stress response. Other negative cardiovascular effects
after oxygen supplementation in patients with AMI include
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increases in blood pressure, systemic vascular resistance and
infarct size. There is also evidence that oxygen supplementation
as a routine treatment in patients with acute STEMI with
normal oxygen saturation only provides negligible improvement
in 1-year all-cause mortality. Supplemental oxygen exposure in
the first 12 h after STEMI was associated with a clinically
significant increase in cTnl and CK release.* The DETermination
of the role of Oxygen in suspected Acute Myocardial Infarction
(DETO2X-AMI) trial did not find any benefit of oxygen therapy
compared with ambient air in normoxemic patients with
suspected acute MI.* The location of the culprit vessel probably
has no effect on the role of supplemental oxygen therapy in
patients with STEMI.® Even so, the vast majority of patients with
STEMI, including many patients without hypoxemia, still
routinely undergo oxygen therapy as part of their daily care.
Several surveys on the attitude of medical professionals to
oxygen therapy found that approximately half of responders
believe that oxygen therapy is capable of reducing mortality and
relieving chest pain, and most were of the opinion that it at least
caused no harm.

Despite the proven disadvantages of conventional
oxygen therapy in patients with AMI with normal oxygen
saturation levels, new findings cast increasing doubt on
whether early oxygen intervention should be used in patients
with acute STEMI, and there is growing evidence that
hyperoxia therapy may have adverse effects in these
patients.®"* Some studies ascertained that the efficacy of early
oxygen therapy in acute STEMI remained uncertain and
might even increase the risk for recurrent MI and prolong
the average length of hospital stay.'?'® Therefore, we
performed a meta-analysis of randomized controlled trials
(RCTs) to provide stronger evidence as to whether oxygen
therapy conveys benefits in patients with acute STEMI. Our
study will provide a reference for a more reasonable and
flexible strategy in acute STEMI management.

MATERIALS AND METHODS
Literature Search Strategy

We searched RCTs of oxygen therapy in acute STEMI
published in PubMed, Embase, and the Cochrane Library
from their inception to June 2020. The combination of
subject headings and free text words were utilized for the
following concepts: myocardial infarction, oxygen inhalation
therapy, randomized controlled trials and human trials. Only
English-language studies were searched. The specific retrieval
strategy is shown in the supplementary materials.

Inclusion and exclusion criteria

Inclusion criteria. Studies were included if: (1) they were
RCTS; (2) patients were confirmed with acute STEMI; (3) normal-
pressure oxygen therapy was delivered at hospitals in the treatment
group and medical air or titrated oxygen in the control group; (4)
at least one of the following outcome indicators was utilized:
short-term all-cause mortality or the recurrence rates of
cardiogenic shock, myocardial ischemia, or MI. We selected RCTs
that included patients with normal oxygen saturation.

Exclusion criteria. Articles were excluded if: (1) they
failed to provide comprehensive data that could be extracted;
(2) they were conferences, reviews, expert opinions, non-open
access articles or duplicates; (3) non-acute STEMI was being
studied; (4) studies were without controlled comparisons, or
had questionable design or were of poor quality.

Literature screening

The literature review and data extraction were performed
by the 2 investigators independently. Any disagreement was
discussed with a third researcher. During the initial screening,
we removed duplicate articles after reading titles and
abstracts. In the next stage, we read the full texts of the
remaining articles to determine whether they fulfilled the
inclusion criteria. Finally, the name of the first author,
publication year, country, sample size, age, gender, follow-up
duration, interventions and outcome indicators were
extracted from the articles included in the meta-analysis.

Literature quality evaluation

The risk of bias in the RCTs included was evaluated
using the Cochrane Handbook version 5.3.0 from 6 domains:
random sequence generation and allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting
and other sources of bias. Each item in the handbook was
assigned a low, high, or unclear risk of bias for evaluation.
Studies that completely and partially met the inclusion
criteria were rated Grade A and B, respectively, suggesting
the smallest and moderate likelihood of bias; those not
completely satisfying the criteria indicated a high possibility
of bias and were rated Grade C. Quality assessment was
performed by the 2 researchers independently. Any
disagreement was resolved by consensus or by consultation
with the third researcher.

Statistical Analysis

All meta-analyses of RCTs were performed using
RevMan 5.3.0 statistical software provided by the Cochrane
Collaboration. Effect sizes for dependent measures were
expressed as standardized mean differences (SMDs) with
95% ClIs; those for enumeration data were expressed as
relative risk (RR) with 95% CIs. Heterogeneity between
studies was tested using the chi-square test and indicated by
a P<.1and an F>50% and a random-effect model was used
for meta-analysis. If homogeneity between studies was
observed (P>.1; <50%), a fixed-effect model was used. The
statistical significance level was set at P<.05.

RESULTS
Literature Search

In the first stage, 1956 relevant studies were retrieved,
including 576 from PubMed, 412 from Embase and 759 from
the Cochrane Library. After eliminating duplicates by using
EndNote Click software and reading titles, 1446 studies were
initially selected. In the second stage, 31 studies were selected
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after the title and abstract review, 21 of which were full-text | Figure 1. Flow diagram of literature screening.
articles. Based on the full-text reading, 10 studies satisfied the
inclusion criteria. After removing 5 that were low quality, 5

Potentially relevant papers identified (n = 1747)

RCTs that completely met the eligibility criteria were «PubMed (n = 576)
. . . X . «Cochrane (n = 759)
ultimately included in the meta-analysis. The sample size was EMBAGSE (n = 412)

9728 patients with acute STEMI, including 4824 receiving
oxygen therapy and 4905 inhaling medical air (the control
group). The literature screening process and results are
shown in Figure 1 and the basic characteristics of the RCTs
included in the study are summarized in Tables 1 and 2.

Duplicates excluded (n=479)

Quality of RCTs Titles and abstracts screened for retrieval (n=1268)

All 5 RCTs were rated high-quality. Specifically, random
sequence generation was carried out in each study, and 4 Studies excluded (n=1251)
studies'”?* described the specific procedures using a computer —P| «Did not fulfill inclusion criteria
and 1 mentioned the use of a random number table. In (n = 1251)
addition, 2 studies'”'® elaborated on the procedures of
allocation concealment gsing the sea}ed e{nvelope sygtem, Potentially appr:)piate studics to be included n
and none of the others did. All 5 studies failed to provide a systematic review (n=17)
clear description of blinding. In terms of incomplete outcome
data, all the RCTs included reported the missing-data

problem and the number of patients and provided specific Sgldlies te’xtcluied 25117)( o
. . . A-nasracavaen:
reasons; 2 studies reported selective reporting of results. *Did ot fulfill imclusion critetia
(n=1)
META-ANALYSIS

h 4

All-cause mortality

The incidence of short-term (within 30 days including
the in-hospital stay) mortality after oxygen therapy was
reported in 2 RCTs, and a non-significant difference was ]
observed between the oxygen therapy and control groups. . &C:TE)eXduded from meta-analysis
Our meta-analysis showed that patients with acute STEMI +Data could not be extracted (n = 5)
did not benefit from oxygen therapy in short-term all-cause
mortality decline vs the control group (RR = 1.21; 95% CI,
0.80-1.53; P =.53), as shown in Figure 1. RCTs included in meta-analysis (n=5)

RCTs included in systematic review (n=10)

Table 1. Literature Information on the Effect of Oxygen Therapy in Patients with Acute ST-segment Elevation Myocardial
Infarction

First author, Number of Study Oxygen therapy Control | Outcome | Follow-up
publication year | patients (O/C) | Country | design Group (O) group (C) | indicators | duration
Hofmann, 2017 3311/3318 | Sweden | Unblinded Mask oxygen Air 1,34 395 days
RCT (6 L/min) 6-12 h
Hofmann, 2018 1361/1446 Sweden | Unblinded Mask oxygen Air 1,2,3 1356 days
RCT (6 L/min) 6-12 h
Khoshnood, 2016 46/49 Sweden | Unblinded Mask oxygen Air 1,2,3,4 After PCI
RCT (10 L/min) 6-12 h
Khoshnood, 2017 46/41 Sweden | Unblinded Mask oxygen Air 1,2,3,4 6 months
RCT (10 L/min) 6-12 h
Khoshnood, 2018 60/51 Sweden | Unblinded Mask oxygen Air 1,2,3,4 1-6 days
RCT (10 L/min) 6-12 h

Note: Outcome indicators 1 = all-cause mortality; 2 = cardiac arrest; 3 = recurrent myocardial infarction; 4 = cardiogenic
shock

Abbreviations: C, control group; O, oxygen group; PCI, percutaneous transluminal coronary intervention; RCT, randomized
controlled trial.
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Table 2. Literature Sources and Outcome Results of the Five Randomized Controlled Trials Included in the Study (N = 4824)

# of patients Recurrent myocardial

(O/C, patients) All-cause mortality Cardiac arrest infarction Cardiogenic shock
First author, Oxygen Control Oxygen Control Oxygen Control Oxygen Control Oxygen Control
publication yr therapy group | group | therapy group | group | therapy group | group | therapy group | group | therapy group | group
Hofmann, 2017 3311 3318 53 44 79 63 17 34 32 37
Hofmann, 2018 1361 1446 26 29 56 51 12 11 25 33
Khoshnood, 2016 46 49 - - 1 3 1 0 1 1
Khoshnood, 2017 46 41 - - - - - 0 1
Khoshnood, 2018 60 51 - - - - - 1 2

Figure 1. Forest plot of meta-analysis of the effect of oxygen therapy on all-cause mortality for acute ST-segment elevation
myocardial infarction

Experimental  Control (Odds Ratio (Odds Ratio
Study or Subgroup Events Total Events Total Weight M.H. Fixed. 95%Cl MH. Fixed, 95% Cl
Ardavan Khoshnood 2016 146 349 25% 0.34(0.03,340)
Robin Hofmann 2017 79 3B 63 3318 550% 1.26(0.90,1.76]
Robin Hofmann 2018 56 1361 51 1446 425% 1.17(080,1.73
Total (95% CI) 478 4813 100.0% 1.20(0.94,1.54)
Total events 136 17

001 01 1 10 100
Favours [experimental] Favours [control]

Heterogeneity. Chi*=1.25, df= 2 (P= 0.53); F= 0%
Test for overall effect Z= 143 (P=0.15)

Figure 2. Forest plot of meta-analysis of the effect of oxygen therapy on cardiac arrest in acute ST-segment elevation
myocardial infarction

Experimental Control 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M.H. Fixed. 95%Cl M.H. Fixed, 95% CI
Ardavan Khoshnood 2016 1 46 0 49 10% 326[0.13,82186)
Robin Hofmann 2017 17 3311 34 3318 754%  050[0.28,0.89) -
Robin Hofmann 2018 12 1361 11 1446 236% 1.16(051,264) -
Total (95% CI) 4718 4813 100.0% 0.68[0.43,1.08) ‘
Total events 30 45
Heterogeneity. Chi*= 362, df= 2 (P= 0.16); P= 45% J

001 01 1 10 100

Testfor overal effect Z= 1.62 (P = 0.10) Favours [experimental] Favours [control)

Figure 3. Forest plot of meta-analysis of the effect of oxygen therapy in the recurrence rate of myocardial infarction in acute
ST-segment elevation myocardial infarction.

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M.H.Fixed. 95%Cl M.H, Fixed, 95% Cl
Ardavan Khoshnood 2016 1 46 1 49 13% 1070061757 D
Ardavan Khoshnood 2017 0 46 1 4 22% 029(001,733)
Ardavan Knhoshnood 2018 1 60 2 51 29% 0420004472 —
Robin Hofmann 2017 32 3381 37 3318 504% 087[054,1.39
Robin Hofmann 2018 25 1361 33 1446 432% 080[0.47,139)
Total (95% CI) 4824 4905 100.0% 0.81[0.58,1.15)
Total events 59 i}
Heterogeneity: Ch= 0.79, df = 4 (P = 0.94); F= 0% i

Testfor overall effect Z=1.17 (P=0.24)

001 01 1 10 100

Favours [experimental] Favours [control)

Incidence of cardiac arrest

A total of 3 studies reported the number of patients with
cardiac arrest. The meta-analysis showed that there was a
non-significant improvement in cardiac arrest after
conventional oxygen therapy (RR=1.20; 95% CI, 0.94-1.54;
P=.15) (see Figure 2).

Recurrence rate of myocardial ischemia or infarction

A meta-analysis of 3 studies calculating the incidence of
recurrent myocardial ischemia or infarction was performed.
Oxygen therapy was not found to be beneficial in lowering the
recurrence of myocardial ischemia or infarction vs the control
groups (RR=0.68; 95% CI, 0.43-1.08; P=.10) (see Figure 3).
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acute ST-segment elevation myocardial infarction.

Testfor overall eflect 2= 0.64 (P=053)

Figure 4. Forest plot of meta-analysis of the effect of oxygen therapy on the incidence of cardiogenic shock in patients with

Experimental  Control (dds Ratio 0dds Ratio
Studyor Subgroup  Events Total Events Total Weight MK Fixed. 35%Cl MAH, Fixed. 95% C1
RodinHofmam 2017 53 BT 44 38 611%  120081,18) 1 ]
RobinHofmann 2018 26 1361 20 1446 389%  095056,162) +
Total (95%C1) 461 4764 1000% 1.11[080,159)
Total events 1 n
Heterogenedy. Chi*= 0.50, df= 1 (P= 0.48),F= 0% 'o.m g} | 1'0 100’

Favours [experimental] Favours foonkrol]

Incidence of cardiogenic shock

All 5 studies analyzed the incidence of cardiogenic shock
after oxygen therapy. However, there was a non-significant
reduction in the incidence of cardiogenic shock after oxygen
therapy vs the control groups in all of the RCTs (RR=0.81;
95% CI, 0.58-1.15; P=.24) (see Figure 4).

Other studies consistently reported the same results:
patients suspected of acute STEMI without hypoxemia did
not benefit from routine oxygen supplementation in reducing
l-year all-cause mortality.?’* Our meta-analysis
demonstrated that oxygen therapy offered no reductions in
the incidence of cardiac arrest (pooled RR =1.20; 95% CI,
0.9-1.54; P=.751; ’=0.0%) (see Figure 2), the recurrence rate
of myocardial ischemia or infarction (pooled RR=0.68; 95%
CIL, 0.43-1.08; P =.10; I? =45%) (see Figure 3), and the
occurrence of cardiogenic shock (pooled RR=0.81; 95% CI,
0.58-1.15; P=.24; ?=0.0%) (see Figure 4) vs the control
group. Therefore, there is no conclusive evidence from RCTs
to support the benefit of routine oxygen therapy in patients
with acute STEML?

DISCUSSION

Our meta-analysis, which included 4824 patients from 5
RCTs, demonstrated that conventional oxygen therapy did not
confer improvement in the short-term incidence of all-cause
mortality, cardiac arrest, myocardial ischemia or infarction or
cardiogenic shock in patients with acute STEMI without
hypoxemia. This may be due to the nature of oxygen, which
promotes leukocyte chemotaxis and inflammatory processes
that may increase the possibility of cardiomyocyte death. In
this process, reactive oxygen species may enhance myocardial
depolarization via activation of the oxidative stress response,
which can lead to tachycardia and even ventricular fibrillation
or other fatal arrhythmias. The researchers found that in
patients with acute stroke without hypoxemia, there was a
non-significant difference in mortality between routine oxygen
inhalation (2 to 3 L) vs medical air. Hyperoxia is associated
with increased mortality after cardiac arrest.

The controversy about whether oxygen therapy is
appropriate in patients with acute STEMI with normal

Figure 5. Risk-of-bias assessment of RCTs of oxygen therapy
in acute ST-segment elevation myocardial infarction.

Random sequence generation (selection bias) _:

Allocation concealment (selection bias) _:-

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) :—
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _:
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saturation has been going on for years. Early studies found
that increased arterial oxygen content after oxygen inhalation
might benefit the ischemic myocardium by providing a
sufficient oxygen supply, thereby reducing infarct size. Our
meta-analysis further confirmed that oxygen therapy
conferred no benefit in patients with normal oxygen
saturation.

Recently, public health officials in the United States, the
United Kingdom and other European countries began to use
caution with oxygen inhalation treatment and changed the
criteria for oxygen therapy in AMI. According to the British
Thoracic Society guidelines for emergency oxygen application,
it is only approved for emergency use in patients with
hypoxemia. Heart failure guidelines in Canada, Europe and
the United States suggest that oxygen therapy can be indicated
in patients with hypoxemia (especially arterial saturated
oxygen [SaO,] <90%, Class I: benefit > risk, level C
confidence); in the absence of hypoxemia, conventional
oxygen therapy is not recommended (Class IIIL: risk > benefit,
level C confidence). The 2004 American College of Cardiology
Foundation/American Heart Association (ACCF/AHA)
guideline for the management of STEMI claims that oxygen
therapy is indicated in patients with arterial oxygen saturation
<90% (Class I), and oxygen supplementation is approved in
all patients with AMI within the first 6 h (Class III). The 2013
ACC/AHA guideline for STEMI no longer recommends
oxygen therapy but the use of oxygen supplementation based
on oxygen saturation monitoring. In 2012, several European
guidelines for the management of MI suggested the use of
non-invasive blood oxygen monitoring for adequate oxygen
supply. The upper limit for patients receiving oxygen therapy
is <94%, as indicated by the 2015 European Society of
Cardiology (ESC) guideline, and oxygen therapy is
recommended in individuals with hypoxemia, considering
its serious complications. Generally, authoritative guidelines
state that oxygen therapy is suitable in patients with low
oxygen saturation.

As for acute STEMI, our analysis provides stronger
evidence that oxygen therapy conveys no benefit in normoxic
patients, which conforms to the latest recommendation of
the upper limit for oxygen therapy of 94% oxygen saturation.
A Cochrane review showed that oxygen inhalation may
increase mortality risk in patients with AMI vs air inhalation.**
Compared with medical air, high-flow oxygen was not
associated with a decrease in ischemic area, myocardial
rescue or smaller infarct size before percutaneous
transluminal coronary intervention.*®

Although so far only a limited number of RCTs have
provided evidence that oxygen inhalation has a non-
significant effect in patients with MI worldwide, authoritative
associations in the United States and European countries
have raised awareness and have already taken action on
problems with excessive oxygen therapy. The 2010 AHA
Guidelines for Cardiopulmonary Resuscitation and
Emergency Cardiac Events claimed that only patients with
acute coronary syndrome accompanied by hypoxia should

receive titrated oxygen therapy before oxygen saturation
reached 94%. The 2013 AFFC/AHA guidelines produced the
altered recommendation in STEMI management that oxygen
inhalation is only indicated in patients presenting with
manifestations of hypoxia or shock* The 2012 ESC
Guidelines for the Treatment of STEMI also pointed out that
non-invasive oxygen saturation monitoring should be used
to avoid either hypoxemia or oxygen inhalation-induced
hyperoxemia.”

Study Limitations

This study had the following limitations that may affect
the credibility of our analysis. Only 5 RCTs were finally
included, so the publication bias analysis that requires at least
10 studies was not available. In addition, significant
heterogeneity in both oxygen flow rate and concentration
was observed between studies, and the effect of each specific
oxygen concentration on the patients could not be meta-
analyzed due to the limited number of studies. Only 2 of the
included RCTs conducted long-term follow-up, leaving the
remaining studies with either a short-term or no follow-up
for exploration of the post-treatment effects of oxygen
therapy. Therefore, the insufficient follow-up data did not
support a meta-analysis of the long-term efficacy of oxygen
therapy, resulting in a bias. Of note, hypoxic patients were
excluded from the RCTs, so the results are only applicable to
normoxic patients, increasing the possibility of bias.
Oxygen therapy in normoxic patients with STEMI should
therefore be omitted.”® Oxygen has no significant analgesic
effect on chest pain in patients with STEML" and does not
reduce the risk for all-cause mortality, recurrent ischemia or
MI, heart failure or arrhythmias.?

CONCLUSIONS

Overall, our meta-analysis ascertains that patients with
acute STEMI with normal oxygen saturation do not benefit
from conventional oxygen therapy; there is no amelioration
in all-cause mortality or declines in the incidence of recurrent
MI, cardiac arrest or cardiogenic shock, which are consistent
with previous studies of STEMI. Excessive oxygen therapy
may even bring potential risks, notwithstanding unnecessary
medical waste. Whether patients with acute STEMI are
suitable for oxygen inhalation depends on their oxygen
saturation and other indicators.

In future clinical studies, we need to pay more attention
to thorough evaluation of a lower oxygen flow rate in
particular patients with different SaO, ranges, with blood
oxygen concentration tested and monitored by SaO,.*
Perhaps we should once again think about oxygen therapy in
terms of its indication, contraindications, dose, route of
administration and monitoring for outcomes and toxicity,
just as with any other pharmaceutical intervention.* Avoiding
routine oxygen therapy in patients with suspected or
confirmed MI without hypoxemia at baseline saves significant
expenditure for the health care system both with regards to
medical and human resources.*
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