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It is over 100 years since the use of oxygen to relieve angina
pectoris was first described by Steele.! More importantly, it
is over 50 years since Russek and colleagues cautioned that
the administration of 100% oxygen may actually be
contraindicated in patients with myocardial infarction or
angina pectoris in whom the arterial oxygen saturation is
normal.2 Since this warning, there have been numerous
reports of potentially harmful effects of high flow oxygen in
the treatment of myocardial infarction, yet it is routine
clinical practice to administer oxygen to virtually all
patients in this situation. In this essay we have considered,
from an historical perspective, the findings from the key
studies of the effects of oxygen therapy in patients with
myocardial infarction. We propose that randomized
controlled trials are urgently required.

In their original study, published in JAMA in 1950,
Russek and colleagues observed that 100% oxygen via a face
mask led to more pronounced and longer duration of the
electrocardiograph (ECG) manifestations of myocardial
ischemia and failed to prevent the onset or influence the
duration of anginal pain.2 These observations led the
authors to suggest that the administration of 100% oxygen
may actually be contraindicated in patients in whom arterial
oxygen saturation is normal, and to hypothesize that
hyperoxygenated blood may interfere with the reactive
hyperaemia which accompanies an ischaemic myocardium.
They stressed that oxygen should be freely administered if
indicated (i.e. for relief of hypoxia with pulmonary oedema
and Cheyne-Stokes respiration) but that ‘its indiscriminate
employment may result in more harm than good.” These
observations contrasted with the pragmatic but unproven
medical view of the period that the administration of high
flow OXygen was an important therapeutic measure,
regardless of arterial hypoxia, on the basis that it increased
the oxygen supply to the myocardium and reduced the size
of the infarct.3#
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The haemodynamic effects of high flow oxygen in the
setting of myocardial infarction were explored by a number
of groups in the 1960s. In 1965, Thomas and colleagues
reported that in the first few days following myocardial
infarction administration of 40% oxygen for 20 minutes
resulted in a rise in the arterial blood pressure and fall in
cardiac output (Figure 1).> Similarly, high flow oxygen
caused a fall in cardiac output in patients with left
ventricular failure and a baseline arterial oxygen saturation
of >90%.° The cardiovascular response to high flow
oxygen was attributed primarily to arterial vasoconstriction,
which had been demonstrated in retinal blood vessels.” This
mechanism was also thought to explain the reduction in
cerebral blood flow® and renal blood flow® with oxygen
therapy.

In 1968 Kenmure and colleagues confirmed that, in
subjects with myocardial infarction, high flow oxygen
reduced cardiac output and stroke volume and increased the
mean arterial pressure and systemic vascular resistance.!? In
a contemporaneous clinical trial, Foster and colleagues did
not demonstrate a fall in cardiac output when increasing
concentrations of oxygen were given to patients with
myocardial infarction, although arterial pressure and
systemic vascular resistance increased progressively as
arterial oxygen tension increased.!!

The importance of the degree of underlying arterial
hypoxia in determining the effect of oxygen therapy
following myocardial infarction was demonstrated by
Sukumalchantra and colleagues in 1969.12 They demon-
strated that oxygen did not increase oxygen transport in
patients with arterial oxygen saturations >90% because of
reductions in cardiac output in excess of increases in
oxygen content. In contrast, in patients with arterial
<90%,
increased oxygen transport due to both increased cardiac

oxygen saturations oxygen administration
output and oxygen content.

Also at that time, Neill demonstrated—through
measurement of the lactate/pyruvate concentration ratio
in coronary venous blood—that hypoxia did not affect the
availability of oxygen for myocardial metabolism in normal
subjects until the oxygen saturation fell to about 50%.13
However, in subjects with coronary artery disease,
anaerobic metabolism indicative of myocardial ischemia

was observed in some patients with saturations between 70
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Figure 1T Measurements of heart rate, cardiac output and stroke volume made before and after changing the inspired gas from 40%
oxygen to air, and from air to 40% oxygen in patients who had recently experienced a myocardial infarction. Reproduced with permission
from Thomas et al.’

and 85%. In this study, there was no evidence that into the complex interactions between the level of arterial
hyperoxia augmented myocardial oxygen availability or  oxygen saturation and the presence of local coronary artery
relieved myocardial ischemia in patients with coronary obstruction in determining whether myocardial ischaemia

artery disease. These novel observations provided insight  occurs.
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Figure 2 The coronary flow velocity (CFV; A), coronary blood flow (CBF; B) and coronary vascular resistance (CVR; C) in subjects during
sequential room air and 100% oxygen breathing. Reproduced with permission from McNulty et al.?!
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Figure 3 Right coronary angiogram performed in a subject during intracoronary infusion of acetylcholine while breathing room air (left)
and 100% oxygen (right). The diffuse constriction of the distal coronary artery branches while breathing 100% oxygen is evident. Reproduced with

permission from McNulty et al.?!

In similar experiments, Bourassa and colleagues!*
extended these observations by reporting that in patients
with severe triple vessel disease, abnormal lactate changes
were produced or accentuated during the administration of
100% oxygen. These authors concluded that high flow
oxygen can reduce coronary blood flow sufficiently to cause
myocardial ischemia in patients with severe coronary artery
disease.

In the 1970s there were two studies indicating benefit
with the use of oxygen in the situation of angina or
myocardial infarction. In 1972 Horvat et al. reported that
the threshold to pacing-induced angina improved with
oxygen therapy,!® although a similar benefit could not be
demonstrated with exercise-induced angina.16 In 1976
Madias and colleagues suggested that the administration of
oxygen therapy to patients experiencing a myocardial
infarction may reduce ischaemic injury, based on precordial
ST segment mapping.17 This represents the major clinical
evidence for the benefit of oxygen therapy in myocardial
infarction, and for this reason the study needs to be
considered in detail. Unfortunately, the lack of a
randomized controlled design, standardization of duration
of oxygen therapy or blinding in the ST measurements
limits the significance of their findings. Furthermore, there
was no correlation between the ST changes and the age of
the infarct, duration of exposure to oxygen inhalation,
levels of PaO,, or initial ST measurements. As a result, the
Madias et al. study should be considered to provide only
moderate evidence at best of a benefit with oxygen therapy
and apply only to Q wave myocardial infarction.

It was not until 1976 that Rawles and Kenmure!8
undertook the first randomized, double-blind, controlled
trial of oxygen therapy in the first 24 hours of
uncomplicated myocardial infarction. The group receiving

oxygen via an MC mask at a flow rate of 6 litres per minute
for the initial 24 hour period had a higher serum aspartate
aminotransferase level than the group receiving room air,
indicating greater myocardial damage. In the group
receiving oxygen, 9/80 (11.3%) died compared to 3/77
(3.9%) in the control group. The relative risk of mortality
in the oxygen group was 2.9 (95% CI 0.81-10.3; P=0.08).
While this difference did not reach traditional levels of
statistical significance, there was clearly the possibility of a
substantial type II error rate. Indeed, based on a 95% CI for
a difference in proportions, the number needed to cause a
death could have been as small as 6.5 for oxygen therapy.
Conversely, these findings provided no support for the view
that oxygen therapy was either beneficial or safe in terms of
cither the size of the myocardial infarction or mortality
rate, which would have been necessary to justify the use of a
therapeutic intervention (i.e. first do no harm). These
findings assume greater significance as there have been no
further placebo-controlled randomized double-blind trials
of oxygen therapy in myocardial infarction.

The 1980s and 1990s were dominated by trials of
pharmacological agents in myocardial infarction and
unstable angina, including thrombolysis, aspirin, heparin,
beta blockade, calcium antagonists, angiotensin-converting
enzyme inhibitors, nitrates and magnesium. However,
during this period, there were a number of studies which
raised further concerns about the use of high flow oxygen in
other related clinical situations. For example, in critically ill
patients, high flow oxygen was shown to reduce whole body
oxygen uptake, indicating a mal-distribution of blood flow
and functional oxygen shunting to protect tissue from the
non-physiological effects of high flow oxygen.19 In
congestive heart failure, high flow oxygen was shown to
have a detrimental effect on cardiac function, leading the
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authors to caution against the use of oxygen in the absence
of substantial arterial desaturation.20

More recently, in 2005 McNulty and colleagues
provided direct evidence that the administration of high
flow oxygen reduces coronary artery blood flow in stable
patients with ischacmic heart disease (Figures 2 and 3).%! As
a result, the indirect evidence for such an effect that was
provided over 35 years ago14 has now been confirmed
utilizing the latest advances in technology: the methods may
change, but the effects of oxygen on the heart remain the
same.

We suggest that the current practice of oxygen
administration in the setting of myocardial infarction is
not based on the key studies which appear to have been
buried deep in history. We recommend that randomized
controlled trials of the use of oxygen therapy in myocardial
infarction are urgently required.
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