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Populärvetenskaplig sammanfattning

Hjärtinfarkt är ett allvarligt tillstånd som är vanligt bland befolkningen, och
bröstsmärta är dess vanligaste symptom. Snabb diagnos och behandling är av stor
vikt för att minimera skadorna som uppstår på hjärtat.
Majoriteten av de patienter som drabbas av bröstsmärtor kontaktar ambulansen som
efter att ha träffat patienten, tar ett EKG och skickar detta via dator vidare till
närmaste hjärtintensivavdelning (HIA) för tolkning. Skulle EKG visa tecken på stor
hjärtinfarkt (så kallad STEMI) dirigeras ambulansen med patienten direkt till HIA
för behandling. Den viktigaste behandlingen vid en STEMI är en ballongvidgning
av det kärl i hjärtat som är tilltäppt, så kallad akut PCI.
Dagligen får HIA vid Skånes Universitetssjukhus i Lund flertalet ambulans-EKG
skickade till sig, vilket är tidskrävande för HIA-läkarna som måste tolka dessa, och
vilket dessutom kan bidra till tidsspill för ambulansen som måste invänta svar från
HIA.
Vi byggde därför ett datorprogram som kallas artificiellt neuralt nätverk (ANN) som
tränades i att detektera EKG som tyder på STEMI. Under drygt 6 månader samlade
vi in 560 ambulans-EKG, och HIA-läkarens bedömning av varje EKG jämfördes
därefter med vårt ANNs tolkning. Vårt ANN var då betydligt bättre på att identifiera
EKG med tecken på STEMI (bättre sensitivitet) än HIA-läkaren, men identifierade
även något fler utan STEMI (sämre specificitet). Ett i systemet inbyggt ANN som
”förtolkar” alla ambulans-EKG före översändning till HIA skulle därmed kunna
minska antalet EKG skickade till HIA med hela 2/3, utan risk för missade STEMIfall.
I behandlingen av akut hjärtinfarkt har syrgas varit en självklarhet de senaste 100
åren. Användandet av syrgas vid hjärtinfarkt har dock på senare tid blivit
omdiskuterad, och experimentella studier har visat att det till och med skulle kunna
vara dåligt för patienter med normal syresättning i blodet att få extra syrgas. Teorin
är att denna över-syresättning dels bidrar till att kärlen i kroppen drar ihop sig och
således ger upphov till att mindre blod strömmar till vävnaderna, samt dels att denna
över-syresättning bidrar till en ökad produktion av så kallade fria radikaler som kan
vara skadlig för kroppens vävnader.
Några tidigare studier som tittat på effekten av syrgas på patienter med dels
misstänkt och dels konstaterat hjärtinfarkt, har visat icke konklusiva resultat, varför
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vi fortfarande inte vet huruvida extra syrgas till patienter med konstaterat
hjärtinfarkt som också har en normal syresättning är farligt eller inte.
För att kunna utvärdera syrgaseffekten hos dessa patienter, genomförde vi två
studier där vi med magnetkamera (MR) och ultraljud undersökte hjärtat på STEMIpatienter som fick respektive inte fick behandling med syrgas.
I studien där MR användes ingick 95 STEMI-patienter. Under transporten till akut
PCI fick 46 av patienterna 10 liter/min syrgas, medan 49 fick enbart vanlig luft.
Efter några dagar undersöktes deras hjärta med MR för att utvärdera hur stor skada
hjärtat fått efter infarkten. Våra resultat visade inga skillnader mellan de två
grupperna, vilket tyder på att det varken är till nytta eller skada för STEMI-patienter
att behandlas med syrgas.
I studien med ultraljud undersökte vi 87 STEMI-patienter, varav 46 fick syrgas
medan 41 fick vanlig luft under transporten till akut PCI. Patienterna undersöktes
sedan efter några dagar, och igen efter 6 månader, med ultraljud för att utvärdera
hjärtats funktion. Inte heller i denna studie fanns det någon skillnad mellan de två
grupperna.
Sammantaget tyder alltså våra studier på att syrgasbehandling vid STEMI hos
patienter med normal syresättning varken är till nytta eller till skada för patienten.
Om ytterligare studier visar detsamma kan ambulanspersonalen i framtiden utan risk
avstå från syrgasbehandling till patienter med hjärtinfarkt.
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There are no incurable diseases — only the lack of will.
There are no worthless herbs — only the lack of knowledge.
Ibn Sina1

1

Ibn Sina (980-1037), known as Avicenna in the western world, was a known Iranian physician and
philosopher. In 1025, he compiled an encyclopedia of medicine consisting of five books, known
as the “Canon of Medicine”. The Canon is still considered as one of the authorities in the history
of medicine.
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Chapter 1: Introduction

1.1 Background and Objectives
ST Elevation Myocardial Infarction is a life-threatening condition where diagnosis,
treatment and time to reperfusion is of vital importance. This creates a large
responsibility for the health care and not least the prehospital care of these patients.
Most STEMI patients arrive the ED with an ambulance after first contacting the
emergency services. The ambulance personnel, after arrival, register the patients’
vital parameters and then usually initiate treatment with O2, as an ECG is taken.
To reduce the time to acute PCI for reperfusion, the prehospital ECG is
electronically transmitted to the closest CCU for interpretation by a physician. She
will then decide whether the patient has a STEMI and therefore should be
transported to the PCI laboratory for reperfusion, or that the patient does not have a
STEMI and should be transported to the ED instead.1,2 Every day, numerous ECGs
are transmitted to the CCU for interpretation, why this task is highly time consuming
for the CCU clinicians
To minimize the numbers of ECGs transmitted to the CCU, an ANN could be of
interest. In Paper I, we studied if an ANN could identify prehospital ECGs with
low probability of STEMI, and thereby possibly decrease the number of ECGs
transmitted to the CCU.
For more than a century, O2 therapy has been an evident and important treatment in
STEMI patients. O2 therapy is therefore prehospitally initiated according to
guidelines for patients with chest pain and STEMI.3,4 There are, however, several
publications questioning the use of O2 therapy in normoxic STEMI patients.5-7 In
Paper II, III and IV, we aimed to study the effects of O2 therapy in normoxic
STEMI patients.
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1.2 Overview of the Cardiac Anatomy and Physiology
The cardiovascular system consists of the heart and the blood vessels. The heart is
responsible for pumping blood to the body and thereby provide the body’s organs
and tissues with O2 and nutrients, as well as receiving waste and CO2 from the same
organs and tissues.
The heart is a muscle lying in the middle of the thorax behind the sternum,
surrounded by the lungs (Figure 1). It is wrapped in the pericardium, a two-folded
sack consisting of the parietal pericardium and the visceral pericardium. The parietal
pericardium is the outer layer of the pericardium which attaches the heart to the
diaphragm and the sternum. The visceral pericardium is the inner part of the
pericardium lying on the surface of the heart. Between the two layers of pericardium
there is a small amount of fluid making it easy for the heart to move and pump.8

Figure 1 Image of the heart and its surrounding anatomy.
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The heart is composed of myocardium which encircles four cavities; the right and
the left atrium, as well as the right and the left ventricle. The blood returns from the
rest of the body to the right atrium via the superior and inferior vena cava. Also, the
heart itself has a system of drainage via the coronary sinus. Unlike the other heart
veins, however, the anterior cardiac veins do not drain into the coronary sinus, but
directly into the right atrium.
The right atrium is separated from the right ventricle by the tricuspid valve where
the blood travels through. When the heart contracts, the blood is ejected from the
right ventricle through the pulmonary valve into the two pulmonary arteries and to
the lungs where the blood is oxygenated and CO2 delivered to the alveoli for
expiration. The blood then travels through the four pulmonary veins to the left
atrium and through the mitral valve into the left ventricle where the blood is pumped
through the aortic valve to the aorta and the rest of the body.8,9
The phase where the ventricles of the heart contract to eject blood is termed systole.
Diastole is the phase in which the ventricles are filled with blood. Both systole and
diastole are a part of what is called the cardiac cycle which also includes (1)
isovolumetric contraction at the beginning of the systole, and (2) isovolumetric
relaxation at the beginning of diastole (Figure 2).10,11
Contraction of the heart is strictly controlled by its own electrical conduction system
which consists of the SA-node, AV-node, the HIS bundle, the right and the left
bundles as well as the purkinje fibers. The electrical impulse is generated in the
pacemaker cells of the SA-node and then propagated to the muscles of the right and
the left atrium and then to the AV-node where the impulse is briefly halted so that
the atriums can fully contract. The impulse then spreads through the HIS bundle to
its right and left branches and out to the purkinje fibers which initiate the contraction
of the ventricular muscle.8,9 The heart is also supplied by parasympathetic and
sympathetic nerves. The former inhibits the HR through the tenth cranial nerve,
vagus, while the later increase the HR through cervical and thoracic sympathetic
ganglia.9
With each contraction, the heart pumps approximately 70 ml of blood into the aorta.
This is called the SV. When multiplying the SV with the HR, the CO is calculated.
The CO is defined as the amount of blood pumped into the aorta each minute. The
most important factor determining the CO is the amount of blood returning to the
heart, the venous return, which in turn is determined by the function of the peripheral
circulation. Thus, the venous return decides the SV and the CO. This is known as
the Frank-Starling law which states that the venous return decides the SV by
stretching the walls of the ventricle. As more blood returns to the heart the wall is
stretched more, which in turn will make the ventricle contract with more force, thus
more blood will be pumped out.11,12
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Figure 2 The cardiac cycle.

Several arteries supply the myocardium with blood (Figure 3). The RCA descends
from the aortic root and travels anteriorly to enter the so-called AV groove and have
branches into the right atrium, the SA-node, the AV-node as well as the right
marginal artery and the posterior interventricular artery. The main responsibility of
the RCA is to supply the right ventricle. The LCA also arises from the aortic root
and mainly supply the left part of the myocardium. The LCA travels anteriorly in
the left anterior AV groove and divides into the CA and the anterior interventricular
artery. It is important to point out that the RCA in only 60% of the cases supply the
SA-node while the LCA has this responsibility in the rest 40%. In 90% of the people
it is the RCA that gives rise to the posterior interventricular artery which supplies
the AV-node. The CA is responsible in the remaining 10%.9,13
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Because of the high ventricular pressure as the ventricles contract during systole,
the coronary vessels in the subendocardium (i.e. the myocardium closest to the
ventricular cavities) are compressed, which decreases blood perfusion in this tissue.
During diastole, however, when the ventricular pressure is low, blood will flow
freely through the arteries and supply the entire myocardium.14

Figure 3 Image of the heart and its vessels.
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1.3 Acute Coronary Syndrome
1.3.1 Definition
ACS is defined as an acute manifestation of CAD, and is divided in AMI and
UA.15,16
The third universal definition of myocardial infarction17 define AMI as a clinical
diagnosis with evidence of myocardial necrosis. AMI can also be divided according
to ECG findings, in either STEMI or NSTEMI.
STEMI, which is the objective of this dissertation, is the result of a complete or
partial occlusion of a coronary artery giving rise to myocardial ischemia on the base
of termination of O2 supply to the myocardium. The occlusion is due to a rupture or
erosion in a plaque thus creating a thrombosis which occlude or narrows the artery.18

1.3.2 Pathophysiology
1.3.2.1 Atherosclerosis
Atherosclerosis is a condition affecting the arterial walls, and is the most common
cause of ACS.19 The process of atherosclerosis in the coronary artery begins already
in adolescence and progress through the years with a pace depending on several
factors (Figure 4).20-22
The American Heart Association divides the atherosclerotic lesions in the coronary
artery in six types.23 Type I is microscopically characterized by an increased number
of macrophages and macrophage foam cells contributing to a thickening of the
intima.24,25 In the Type II lesion, the macrophage foam cells are distributed into the
coronary arteries smooth muscle cells contributing to a so called “fatty streak”.25 As
the thickening of the intima continues and becomes pathological, lipid droplets can
also be found extracellularly, which is the main characteristic of a Type III lesion.
In the next step, Type IV lesion, an atheroma is built.23,25 The atheroma is usually
characterized by a necrotic core covered by a fibrous cap which is made up by
smooth muscle cells.26 When fibrous connective tissue is formed in the atheroma,
the lesion is called a Type V lesion. A Type VI lesion is present when the atheroma
is complicated by a fissure, hematoma, or thrombus.23
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Figure 4 Image of a normal artery (A) and a narrowed artery because of
atherosclerosis (B).

ACS is mostly caused by a thrombus narrowing or occluding a coronary artery. The
thrombus in turn is usually caused by a plaque erosion or rupture. Because of this,
both Type IV and Type V lesions are the most important and relevant clinical
lesions.23,24 Any injury to the fibrous cap, like an erosion or plaque rupture, will
activate pro-thrombotic proteins and factors which form a thrombus in the coronary
artery, causing myocardial ischemia.26,27
1.3.2.2 Thrombosis
Hemostasis depends on the thrombocytes which acutely stop the bleeding in a vessel
through developing a thrombotic plug, a process called primary hemostasis.28
Secondary hemostasis is the process in which the coagulation starts and fibrin is
produced.29
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As a vascular injury take place, for example after a plaque rupture or erosion of the
atheroma, several pro-thrombotic proteins like collagen and von Willebrand factor
are exposed. This initiates the primary hemostasis which consist of thrombocyte
adhesion, activation and aggregation.30 The result is the formation of a thrombosis
narrowing or occluding the coronary artery. In a plaque erosion, the thrombus
usually adhere to the surface of the plaque, in contrast to a plaque rupture in which
the thrombosis is formed inside the plaque itself and extends into the vessel (Figure
5).31

Figure 5 Formation of a thrombosis in an atherosclerotic artery.

1.3.3 Diagnosis
The diagnosis of ACS is ternary; patient history, ECG and blood tests for cTn. These
three, are the most important tools for diagnosing AMI.17 In patients with symptoms
of myocardial ischemia and a STEMI on the ECG, cardiac troponins have no role
since the patient is usually rushed to the coronary angiography laboratory for an
acute PCI.
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According to the Third Universal Definition of Myocardial Infarction17, in order to
diagnose STEMI, there must be an ST elevation in two contiguous leads in the ECG
with an elevation of  0.1 mV in all leads expect for the V2 and V3 precordial leads
in which the elevation must be  0.2 mV,  0.25 mV and  0.15 mV for men  40
years, men < 40 years and women respectively. The measurement of the elevation
is done at the J point, which is the junction between the end of the QRS-complex
and the beginning of the ST segment.

1.3.4 Treatment
The treatment of ACS is highly depended on whether the patient presents with
STEMI, NSTEMI or UA. Treatment for NSTEMI and UA are quite similar in the
acute phase, but differ from STEMI in which acute PCI is the most important
treatment (Figure 6).32-34

Figure 6 Percutaneous Coronary Intervention (PCI).

According to international guidelines32,34 all STEMI patients should in the acute
phase be treated with pharmacological dual antiplatelet therapy and as soon as
possible have a PCI. Additional treatment should be based on the patients’
symptoms.
Immediate administration of O2 to patients with ACS or suspected ACS, irrespective
of blood O2 saturation, has for a long time been a cornerstone in the treatment of
these patients as stated in different international guidelines.3,4,35-37
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1.4 Artificial Neural Network
1.4.1 Historical Perspective
The birth of ANN can be traced to 1943 and an article published in Bulletin of
Mathematical Biophysics, in which McGulloch and Pitts showed that neural
networks could quite simple function logically.38 Six years later in 1949, the
psychologist Donald Hebb published a theory in which he further discussed and
developed the ANN in what is known as the Hebbian theory.39
In the late 1950s, the psychologist Frank Rosenblatt, created a model for pattern
recognition, thus further evolving the Neural Network.40 Rosenblatt developed the
ANN as we know it today.

1.4.2 The Structure and Function of the Artificial Neural Network
Previous studies have showed that an ANN can be used to diagnose ACS.41-43 An
ANN is a computational model of neurons which among other things can make
decisions, as data are registered and results are specified. The analysis of the data
fed to the ANN is conducted at the activation node. This node recognizes patterns,
which is also what is important when the physician interprets an ECG.44
As data is inserted to the ANN (input), they are sent through so called synapses to
the activation node in which the data is calculated, and the results presented (output)
(Figure 7).45-47

Figure 7 Basic illustration of an Artificial Neural
Network.
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1.5 Cardiac Magnetic Resonance Imaging
1.5.1 Historical Perspective
MRI was first introduced for clinical use in 198048, and has since become widely
used in the health care system because of its non-invasive nature and its lack of
hazardous radiation. The first images taken on humans by MRI was of the Thorax
in July 1977 by Dr. Raymond Damadian.48 Beside Damadian49, scientists like
Lauterbur50 and Mansfield51 also made great contributions in the MRI field. In fact,
both Dr. Lauterbur and Sir Mansfield received the Noble prize in physiology or
medicine in 2003 "for their discoveries concerning magnetic resonance imaging"52
leaving Damadian out, thereby giving rise to an infected debate lasting until today.

1.5.2 Basics of Magnetic Resonance Imaging
The human body is up to 70% consisted of water. The central element in MRI is the
hydrogen protons in the human body.53 These protons which poses a positive charge,
create an electromagnetic field as they spin around their own axis, and when located
in another magnetic field, the proton spins will be polarized and magnetization
created (Figure 8). As a radio frequency pulse is released by the MRI machine, the
pulses will be directed to the part of the body examined, a phase called excitation.54
The next phase, relaxation, occurs after the end of the radio frequency pulse, and is
divided into two parts; T1- and T2-relaxation. The relaxation phase returns the
magnetization to its normal state.54,55

Figure 8 The protons are spinning around their own axis, generating a
magnetic field.
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1.6 Echocardiography
1.6.1 Historical Perspective
In 1937 Sergei Sokolov received the first patent for an ultrasonic device, followed
by Floyd Firestone in 1942.56 It was, however, the Czechoslovakian-Austrian Dr.
Karl Dussik who first used ultrasound for medical diagnosis.57 The World War II
came like a blessing for ultrasound technology, as research and investments in this
field increased because of the use of naval sonar.58 Even though many researchers
continued to work with this technology and made important contributions59-61, it was
the Swedish Cardiologist Inge Edler and the electrical engineer Hellmuth Hertz,
both at Lund University, who introduced echocardiography as we know it today.58,62

1.6.2 Basics of Echocardiography
Echocardiography has become one of the most used tools to examine the heart. The
good image quality and its non-invasiveness has probably been factors contributing
to its popularity and use. The base of echocardiography are high-frequency sounds,
i.e. ultrasounds, which travel from the transducer to tissues and structures in the
body and bounce back to the transducer which then shows the image on the monitor
(Figure 9).63,64

Figure 9 Basic principles of how image is produced in an echocardiography.
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1.7 Oxygen Therapy
1.7.1 Historical Perspective
The British Joseph Priestley, among others a chemist and a political theorist, is
deemed to have discovered O2. In 1775 he described the burning of a candle thanks
to the O2 in the air. He stated that O2 could be used as a medicine, at the same time
warning for possible toxic effects.65 In 1859, Birch66 noted that even though O2
therapy has positive effects, it must be used with caution and that more clinical trials
are needed. As far as known, the first written discussion on the role of O2 therapy in
patients with chest pain/ACS was presented by Dr. Charles Steele67 in 1900 in a
letter where he described how O2 therapy relieved angina in a single patient of his.
Through the decades more studies were published on the role of O2 therapy in
patients with chest pain/ACS, which showed positive effects on both the circulation
and in relieving the pain.68-72 Russek et al.73 in 1950, however, in contrast to the
studies above, showed that administration of 100% O2 to five patients with angina
pectoris had no effect on the ECG or chest pain. The authors, nevertheless,
recommended that O2 therapy should be initiated not only when it is indicated, but
also when the physician merely suspect its use might be of importance.
Studies of the positive and negative effects of O2 therapy in patients with ACS
continued through the 1960s and 1970s. Most of the results, however, remained
inconclusive. However, because of the belief that O2 is an innocent medicine
without harm, medical personnel have been using O2 therapy loosely and mostly
without prescription from a physician.74-77

1.7.2 The Cardiovascular Physiology of Oxygen Therapy
Several studies have shown that O2 administration to healthy individuals have
negative cardiovascular effects. An early study from 1969 on 10 healthy individuals
with hyperoxemia showed that the venous blood O2 saturation rise, but that the
coronary blood flow decrease.78 The same results were also found in research on
canines.79,80
Continued studies have shown that hyperoxemia causes arterial vasoconstriction
both in the coronary and peripheral circulation, a diminished SV and CO, decreased
left ventricular perfusion, an increase in LV end-diastolic pressure as well as an
increase in the SVR.81-91 Both the vasoconstriction as well as the increased SVR is
believed to cause impaired blood flow to organs and thereby perhaps contributing
to organ injuries.83,92,93
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Regarding the effect of oxygen in decreasing CO, it is mostly believed that the
peripheral vasoconstriction is the main cause81; the vasoconstriction gives rise to an
increased SVR thus contributing to a diminished SV and thereby CO.83,94 Another
theory, however, is that the CO decreases because of a diminished HR as the
parasympathetic nervous system are stimulated.82,95 In a study on 16 healthy subjects
receiving graded O2 administration, LV perfusion and CO decreased by 23%
respective 10%.90 In another study on nine healthy individuals with hyperoxemia81,
the authors showed that the CO decreased because of a decrease in SV, without
affecting the HR. The authors concluded that since the HR was not affected, it is
more likely that the diminished CO and SV is the results of the peripheral
vasoconstriction and the increase in SVR, rather than a stimulation of the
parasympathetic nervous system. The vasoconstriction is believed to be mediated
either by an increase in vasoconstrictors like free oxygen radicals96,97, or a decrease
in vasodilators like prostaglandin E298. Rousseau et al.84 conclude that these factors
contribute to a vasoconstriction raising the BP, which in turn activates the
baroreceptors which decrease the HR and thereby also the CO. In another study the
authors showed that O2 therapy increased the sensitivity of baroreceptors,
supporting this theory.83
It has also been stated that hyperoxemia increase free oxygen radicals which have
been proposed to facilitate injuries to the heart or promoting arrhythmias by
impaired endothelial function, cell injury and microvascular damage.83,91,92,99,100

1.7.3 Oxygen Therapy in Myocardial Infarction
O2 therapy has been shown to alter hemodynamics not only in healthy individuals,
but also in patients with cardiac failure.101-103 In discussing AMI, however, the
results are conflicting. A large number of clinical studies in humans104-121 and
animals122-124, reviews and reports125-133 as well as editorials134-138 have been written
on the matter which still remains unclear.
Most of these studies have been conducted with weak methods, and no strong and
reliable conclusions can be made. A Cochrane report from 2013127 stated that there
is no evidence to support the routine use of O2 therapy in patients with AMI. One of
the problems, the authors pointed out, was the lack of RCTs.
1.7.3.1 Randomized Controlled Trials
There are only six RCTs focusing on O2 therapy in patients with AMI (Table
1).113,115,119-121,139
The first RCT in patients with AMI was performed in 1976 by Rawles and
Kenmure113 where they, after exclusion, included 157 patients with confirmed AMI
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and randomized them to either O2 therapy or air for 24 hours. There were 12 inhospital deaths; three in the air group and nine in the O2 group. This difference in
mortality, however, was not significant. The IS, however, was larger in patients
treated with O2 when measured by serum aspartate aminotransferase (99.9 IU/ml
versus 80.7 IU/ml; P = <0.05).
It would take two decades before the next RCT. In 1997, Wilson and Channer121
conducted an open-label RCT with 50 AMI patients, of which half received O2
therapy for 24 hours. Because of exclusions, only 42 patients were analyzed. All
patients were monitored for arrhythmias and ST segment changes. Since there was
no difference between the two groups in the incidence of arrhythmias and ST
segment changes, the authors believed that it is unnecessary to treat all AMI patients
with supplemental O2. Their recommendation was to use pulse oximetry to guide
O2 therapy.
In 2005, Ukholkina et al.115 included 137 patients in an open-label prospective
randomized study. Patients were randomized to an “O2 group” where they received
30-40% O2 therapy, and a “control group” where the patients breathed room air.
Inhalation of O2 prior to and after PCI reduced the area of necrosis in both anterior
(8.61%±1.5 versus 13.23%±1.7; P = <0.02) and posterior AMI (4.37%±1.2 versus
7.76%±0.9; P = <0.015). The authors conclude that O2 therapy decreased IS and
improved central hemodynamics.
Ranchord et al.119 performed a RCT in which 136 first-time STEMI-patients were
randomized to either high flow O2 (6 L/min) or titrated O2 (O2-saturation goal of 9396%). All patients were treated for 6 hours. There was no significant difference in
IS as measured by TnT between the high flow and the titrated O2 group (2.2 ng/mL
versus 2.9 ng/mL; 95% CI -1.5-0.2; P = 0.12). IS was also measured with CMRI in
almost half of the patients in week 4-6 after the inclusion. There was no significant
difference between the high flow O2 group or the titrated O2 group in IS expressed
as absolute mass or percent of LV mass (difference í0.8 g; 95% CI í7.6 to 6.1; P =
0.82 and í0.6%; 95% CI í5.6 to 4.5; P = 0.83, respectively).
In 2015, Stub et al.118 randomized 441 patients with STEMI to either O2 therapy or
no supplemental O2. The main objectives were to study IS as measured by TnI and
CK, as well as by CMRI six months after inclusion. No significant difference was
observed in mean peak TnI between the O2 and the no supplemental O2 group (57.4
versus 48.0 ȝg/L; 95% CI 0.92–1.56; P = 0.18). There was, however, a significantly
larger increase in mean peak CK in the O2 group (1948 versus 1543 U/L; 95% CI
1.04–1.52; P = 0.01). Of those included, 139 patients (65 in the O2 group and 74 in
the no supplemental O2 group) underwent a CMRI after six months. The absolute
IS mass was larger in the O2 than in the no supplemental O2 group (20.3 g versus
13.1 g; P = 0.04), but there was no difference in IS expressed as percent of LV mass.
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A published post-hoc analysis of this study showed a significant link between an
increase in TnT and O2 therapy.118
The most recent study was published by Hofmann et al.139 in 2017. This was a
Swedish registry-based randomized trial conducted between April 2013 and
December 2015, with a main objective to evaluate the effects of oxygen treatment
on one-year all-cause mortality in patients with suspected AMI and normoxemia at
inclusion. A total of 6629 patients were enrolled of which 3311 were randomized to
the O2 group and 3318 to the ambient-air group. The mortality was 5% in the O2
group and 5.1% in the ambient-air group (P = 0.80). There were no significant
differences in morbidity, which was the secondary outcome. Even though the study
proved to be underpowered, its results, based on the large study population included,
strongly supports that O2 therapy is neither beneficial nor detrimental in normoxic
patients with suspected AMI.
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Table 1 Oxygen therapy in myocardial infarction - Randomized Controlled Trials.
Author
(Year)

Method

Inclusion

Final analysis cohort

Results

Rawles et al.
(1976)113

Double blind
RCT.

Suspected AMI.

n = 157; 77 patients received O2 (6
L/min). 80 patients received
compressed air (6 L/min).

Increased IS in the O2
group as measured by
AST.

Wilson et al.
(1997)121

Open-label
RCT.

Confirmed AMI.

n = 42; 22 patients received O2 (4
L/min). 20 patients received air.

No differences between
the groups in the
incidence of
arrhythmias and ST
segment changes.

Ukholkina
et al.
(2005)115

Open-label
RCT.

Confirmed AMI.

n = 137; 58 patients received 3-6
L/min O2 (28 received O2 30 min
prior to and for 3h after
revascularization. 30 received O2
only for 3h after revascularization).
79 patients breathed normal air.

Area of necrosis, periinfarction area and the
rate of arrhythmias
were significantly lower
in the O2 group.

Ranchord
et al.
(2012)119

Open-label
RCT.

First time
N = 136; 68 received O2 therapy (6
STEMI or LBBB. L/min). 68 received titrated O2 to
achieve an O2-saturation of between
93-96%.

No significant
differences between the
two groups in IS as
measured by TnT and
CMRI.

Stub et al.
(2015)120

Open-label
RCT.

STEMI.

N = 441; 218 received O2 therapy (8
L/min). 223 breathed normal air.

Significant increase in
mean peak CK, the rate
of recurrent MI,
arrhythmias and IS in
the O2 group.

Hofmann
et al.
(2017)139

Open-label
RCT.

Suspected AMI.

n = 6629; 3311 randomized to O2
therapy (6 L/min), 3318 to ambient
air.

No significant
differences in one-year
mortality and morbidity.

AST = Aspartate Aminotransferase; LBBB = Left Bundle Branch Block.
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Chapter 2: Material and Methods

2.1 Study Setting
The SOCCER study was conducted at the Skåne University Hospital in Lund and
Malmö, whereas the ANN study was conducted in only Lund. Both hospitals have
a 24/7 ED and the combined census is more than 150 000 patients annually. The
hospitals have also a comprehensive CCU with at least one physician present at all
times. There are also several state-of-the-art PCI laboratories, with at least one
interventionist always on call. Both cities have state-of-the-art ambulances equipped
with modern technology including wireless ECG transmission. All ambulances are
also staffed with at least one specialist nurse.
The absolute majority of patients with STEMI are identified in the ambulance and
directly transported to the PCI laboratory bypassing the ED. All patients with chest
pain contacting the emergency telephone number and having an ambulance
dispatched, will have their ECG transmitted to the nearest CCU where the physician
on call, after analyzing the ECG, will direct the ambulance either to the PCI
laboratory (in case of STEMI) or to the ED. According to the current guidelines in
Skåne for the ambulances, all STEMI patients are to be treated with 10 liters O2/min.

2.1.1 Paper I
2.1.1.1 Study Design
This prospective study was approved by the Regional Ethical Review Board in Lund
(Dnr. 2005/137) and was conducted between August 30, 2005 and February 18,
2006.
2.1.1.2 Data Collection
All ECGs transmitted to the CCU during the study period was interpreted by the
CCU physician on call, who at the same time documented on CRFs whether the
patient had a STEMI or left bundle branch block (as a STEMI equivalent), and
whether the patient was directly transported to the PCI laboratory or not. Every day
the CRFs were collected and electronically registered.
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2.1.1.3 Artificial Neural Network
The ANN had previously been trained to interpret ECGs by feeding it with 3000
ECGs from 1306 unique patients of which 552 had STEMI.140
The ECGs transmitted to the CCU in Paper I was all interpreted by the ANN.
Results from the ANN was then compared with the CCU physician´s real-time ECG
interpretation and his decision on whether to perform an acute PCI or not. All the
collected ECGs were also interpreted by two senior physicians experienced in ECG
interpretation, and their results were deemed as the reference standard.
The ANN interpretation was also compared with the results of the coronary
angiography and PCI, and these data were collected from the SCAAR141 which
includes information on all coronary angiographies and PCIs performed in Lund
(and Sweden).
2.1.1.4 Study Endpoints
The endpoints were two; to study if the ANN can (1) identify patients without
STEMI, and (2) determine if the patient needs a PCI or not.
2.1.1.5 Statistical Analysis
The t test was used to compare continuous variables, while the chi square test or the
Fischer exact test were for comparing categorical variables. The predictive ability
of the ANN was analyzed using the AUROC.

2.1.2 Paper II, III and IV
2.1.2.1 Study Design
The study was an investigator-initiated, single blind, parallel group, randomized
controlled trial with no commercial funding (Figure 10). Both the Regional Ethical
Review Board in Lund (Dnr. 2011/258) as well as the Swedish Medical Products
Agency (EudraCT No. 2011-001452-11) approved the study which was conducted
between January 23, 2012 and August 5, 2015.
After inclusion and admission, the patients underwent an extended
echocardiography both at the index visit and after six months (Paper IV). Between
days 2-6 the patients also underwent a CMRI (Paper III).
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Figure 10 Study design for the SOCCER study.

2.1.2.2 Inclusion and exclusion
Normoxic (blood O2 saturation  94%) STEMI patients accepted for PCI with
symptom duration < 6 h were included. Previous AMI, inability to decide to
participate, severe claustrophobia and implanted magnetic material in the body were
exclusion criteria.
Patients eligible for inclusion were after verbal consent in the ambulance
randomized 1:1 to either administration of 10 liter O2/min or no supplemental O2
until the end of the PCI. Independent of their study allocation, all included patients
received an OxyMaskTM.142 The patients were thus blinded to their study group
allocations.
After the PCI, all patients were treated according to standard CCU protocol. Within
72 hours after the PCI, a physician met the patient to receive an informed consent
in writing.
2.1.2.3 Data Collection
The ambulance nurses and the personnel in the PCI laboratory noted all patient data
including vital parameters and given medications on CRFs, which later were
registered electronically in a database. In-hospital data including blood sample
results, PCI results and adverse events were retrieved from the Swedish nationwide
online cardiac registry, SWEDEHEART143. Other data of interest, e.g. for the six
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months follow-up, were retrieved from Melior144, the electronic medical record
system used in Skåne.
2.1.2.4 Cardiac Magnetic Resonance Imaging
In paper III we study the effect of O2 therapy on IS, MaR and MSI as measured by
CMRI. Several studies have established that CMRI is the gold standard method for
evaluating IS, MaR and MSI (Figure 11).145-148

Figure 11 Image A outlines the MaR (yellow). In image B, the IS is traced (yellow), and
image C shows the salvaged myocardium (blue).

The patients undergoing CMRI in Lund (Philips 1.5T Achieva or Siemens 1.5T
Aera) or Malmö (Siemens 1.5T Avanto) had their images taken in the standard three
long-axis images as well as a stack of short axis images. All images were analyzed
using the software Segment, v.1.9 R3084 (http://segment.heiberg.se).149 The
physicians assessing the images were blinded to the patients’ study group allocation.
All images were assessed in the short-axis images after intravenous administration
of gadoteric acid which is a gadolinium-based contrast agent. Since gadolinium is
an extracellular agent, LGE has been shown to be a very useful tool in assessing
AMI.150,151 Details of how the images are analyzed and quantified is beyond the
scope of the present thesis, and relevant details have been published
previously.152,153 Different CMRI methodologies affect infarct quantification, and in
the present thesis we used a validated method with semi-automatic algorithm154
showing no bias in comparison to histochemical staining 7 days after AMI155,156.
2.1.2.4.1 Myocardial area at Risk
MaR is defined as the size of the ischemic section before the PCI157, is expressed as
a percentage of the LV myocardium and can be visualized by a T2-weighted
technique (Philips Achieva) first described in 2006158. The technique was later
validated for measuring MaR in patients with STEMI up to one week after their
diagnosis.145 Another technique in which MaR can be quantified is through a T2prepared steady-state free precession (Siemens Avanto) as well as contrast-
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enhanced steady-state free precession short-axis images.159 The latter was described
and validated by researchers in Lund.152,160
2.1.2.4.2 Infarct Size
IS, expressed as percentage of the LV myocardium, is the final ischemic injury to
the heart after the PCI, and is associated with both mortality and cardiovascular
morbidity.161,162 It is measured and quantified with CMRI 15 minutes after the
administration of the contrast agent gadoteric acid.150 Quantification of IS is made
using an automatic infarct quantification method described and validated by
Heiberg et al.153 The use of CMRI to quantify IS is of great prognostic value for allcause mortality and future cardiovascular events.147,157,163-165 To assess LV
remodeling is of importance since it is highly related to morbidity and mortality.166
2.1.2.4.3 Myocardial Salvage Index
MSI was the primary endpoint for the SOCCER study as discussed in papers II and
III. It is defined as the area of the myocardium affected by the ischemia but salvaged
from permanent injury by the PCI. MSI is quantified as (1 – IS/MaR) x 100.
MSI was chosen as the primary endpoint mainly for two reasons: (1) a recent
prospective study by Eitel et al.167 concluded that MSI as measured by CMRI to a
higher degree predicted prognosis like mortality and major adverse cardiac events
than IS measurement, at least partly because final IS depends on many factors168,
and (2) by measuring MSI instead of IS, sample size can be smaller. Engblom et
al.169 showed that sample size can be reduced between 46% - 65% without losing
statistical power.
The use of MSI as the studies primary endpoint was also the reason for why STEMI
patients with symptoms > 6 h were excluded from the study. Previous publications
state that myocardial salvage as well as MSI may to some degree decrease as the
time to reperfusion from symptom onset is delayed.170-172
2.1.2.5 Echocardiography
In paper IV we studied the effect of O2 therapy on LVEF and WMSI as measured
by echocardiography. As a part of standard management, all STEMI patients
undergo an echocardiography in the first days after PCI. In the SOCCER study, a
subgroup of patients, the first 50 included, were subjected to an extended
echocardiography both at admission and once again at six months. All patients
underwent echocardiography with Philips 133 ultrasound system, and the
physicians performing the echocardiography and assessing the images were all
blinded for the patients group allocation.
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2.1.2.5.1 Left Ventricular Ejection Fraction
An echocardiography is used to assess cardiac function and LVEF is one of the
important measures. Defined as the fraction of blood pumped out from the LV with
each beat, the LVEF was calculated in 2-chamber and 4-chamber view according to
the Simpson´s biplane disk methodic (the modified Sipmson´s rule).173-175 In order
to calculate the LVEF, both the end diastolic volume (EDV) and the end systolic
volume (ESV) are estimated (Figure 12).176 LVEF was chosen as a SOCCER
endpoint since it has prognostic value in patients with AMI both regarding mortality
and morbidity.106,177-179 However, LVEF measurements are highly dependent on the
physician assessing the images and the method used.179-182

 ൌ

ሺ െ ሻ



Figure 12 The formula used to calculate the LVEF.

2.1.2.5.2 Wall Motion Score Index
Another method to assess the LV systolic function superior to LVEF, is to use
WMSI.106,183-185 Sixteen segments of the myocardium are assessed with
echocardiography and given a score between 1 to 5, where 1 is normal wall
movement and 2-5 describes diminished wall movement as decreased contractility.
The WMSI is calculated by summing up the scores of the segments and then
dividing the result with the number of segments assessed (Figure 13).
WMSI was one of our endpoints since it is of high value both in the acute and
chronic phases of an AMI in assessing IS, myocardial contractility, myocardial
remodeling and prognosis like morbidity and mortality.178,179,186-188 WMSI has also
been shown to be superior to LVEF with respect to prognosis after an AMI including
cardiovascular events.189
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Figure 13 WMSI calculation. In this example, the patient has eight normal segments and
eight akinetic segments, giving a WMSI of 2.

2.1.2.6 Study Endpoints
Endpoints for the SOCCER study can be divided into primary and secondary. The
primary endpoint was MSI as measured by CMRI. Secondary endpoints included
IS and MaR on CMRI, subjectively perceived health at six months as well as LVEF
and WMSI as measured by echocardiography.
2.1.2.7 Statistical Analysis
The null hypothesis in all studies was that there is no difference between patients
randomized to O2 therapy versus air. A 2-sided Mann-Whitney test was used to
compare the two groups in which P < 0.05 was considered statistically significant.
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In Paper III, we made the following sample size calculation: If MSI is assumed to
be 60 ± 20%145,190-192 in the O2 group, 100 included patients will allow us to detect
an MSI difference of 15% points between the two treatment groups with an actual
power of 96% at a 5% risk of an Į error.
In Paper IV, we made the following sample size calculation: If we assume a WMSI
of 1.6 ± 0.2187 in the O2 group, 50 included patients will allow us to detect a WMSI
difference of 0.2 between the two treatment groups with an actual power of 93% at
a 5% risk of an Į error. The same calculation applies for the same patients
undergoing a second echocardiography six months after inclusion.
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Chapter 3: Results

3.1 Paper I
3.1.1 Study Profile
Of 743 ECGs transmitted to the CCU, 560 could be further analyzed (Figure 14).
Of these 560 patients, 36 were deemed by the CCU physician to have a STEMI and
was therefore directly transported to the PCI laboratory. The rest were transported
to the nearest ED.

Figure 14 Study profile.
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3.1.2 Predictive Ability of the Artificial Neural Network
The AUROC for the ANN to detect STEMI was 0.93 (95% CI 0.89 – 0.96), and the
AUROC for the ANNs ability to predict the need of an acute PCI was 0.94 (95% CI
0.90 – 0.97) (Figure 15).

Figure 15 The AUROC for the ANN to detect STEMI (right) and the AUROC for the ANNs
ability to predict the need of an acute PCI (left). The red dots indicate the performance of
the CCU physician in predicting STEMI and the need of acute PCI respectively.

The predictive performances of the ANN and the CCU physician is presented in
Table 2. The ANN had a superior sensitivity compared to the CCU physician in
predicting STEMI (0.95 vs 0.74) and the need for an acute PCI (0.97 vs 0.78).
However, the specificity was much lower for the ANN than the CCU physician in
predicting STEMI (0.68 vs 0.98) and the need for an acute PCI (0.68 vs 0.98).
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Table 2 Predictive performances of the ANN and the CCU physician.
Sens

Spec

PPV

NPV

ANN

0.95
(0.82–0.99)

0.68
(0.63–0.73)

0.18
(0.13–0.23)

0.99
(0.98–1.00)

CCU physician

0.74
(0.57–0.87)

0.98
(0.97–0.99)

0.76
(0.59–0.088)

0.98
(0.97–1.00)

ANN and CCU
physician*

0.74
(0.57–0.87)

0.99
(0.98–1.0)

0.80
(0.63–0.92)

0.98
(0.97–0.99)

Predicting STEMI

Predicting need of acute PCI
ANN

0.97
(0.85–1.0)

0.68
(0.63–0.72)

0.17
(0.12–0.23)

1.0
(0.98–1.00)

CCU physician

0.78
(0.61–0.90)

0.98
(0.97–0.99)

0.76
(0.59–0.89)

0.98
(0.97–0.99)

ANN and CCU
physician*

0.78
(0.61–0.90)

0.99
(0.98–1.0)

0.80
(0.63–0.92)

0.98
(0.97–0.99)

*Theoretical diagnostic performances if only ECGs in which the ANN predicted STEMI were to be transmitted to the
CCU physician.
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3.2 Paper II
O2 therapy has for the last century been an important part of the treatment of chest
pain and ACS, regardless of the patients’ blood oxygen saturation, and has been
repeatedly recommended by international guidelines.3,4,36,37
The theory behind the above recommendations is that supplemental O2 to patients
with ACS, will increase the delivery of O2 to the ischemic myocardium, thus
diminishing the IS and the risk for arrhythmias. However, in the last years, several
studies have suggested that O2 therapy may have negative cardiovascular effects
such as increasing blood pressure, decreasing CO and coronary blood flow and
increasing systematic vascular resistance.83,84,90,101,111 These adverse findings of O2
therapy have been seen in healthy individuals, patients with heart failure as well as
patients with CAD.83,84,90,101,111
In discussing patients with AMI, Ranchord et al.119 recently showed no significant
difference in IS measured by cTn nor 30-day mortality in first-time STEMI patients
receiving 6 l/min O2 or titrated O2 to reach a blood oxygen saturation of 93-96%.
They did not find any significant difference either when IS was measured by CMRI
in a subset of the included patients. Ongoing studies evaluating O2 therapy in AMI
patients are the AVOID study in Australia193, the DETO2X-AMI study in Sweden194
and our SOCCER study, the study design of which is presented in this paper.
Our literature study shows that the cardiovascular effects of O2 therapy in AMI
patients are still unclear and that the results from different studies are unclear and
inconclusive. Often these studies have also had major as well as minor
methodological issues which may have affected the results of the studies. In light of
these findings, we have initiated the SOCCER study in order to evaluate the effect
of O2 therapy in normoxic STEMI patients. The effect of O2 therapy will be
evaluated with the help of CMRI and echocardiography in order to determine IS,
MaR, MSI as well as WMSI.

3.3 Paper III
3.3.1 Study Profile
Of 229 patients assessed for eligibility, 160 was randomized to either the O2 group
or the air group. After excluding patients not undergoing CMRI, 45 patients were
finally analyzed in the O2 group and 49 patients in the air group (Figure 16). Prehospital and intra-hospital patient characteristics of the two groups were similar.
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Figure 16 Study profile.

3.3.2 Cardiac Magnetic Resonance Imaging
There were no significant differences between the O2 group and the air group
regarding MSI (53.9% vs 49.3%; 95% CI for difference: -5.4 – 14.6%), MaR (31.9%
± 10.0% vs 30.0% ± 11.8%; 95% CI -2.6 – 6.3) and IS (15.6% ± 10.4% vs 16.0% ±
11.0%; 95% CI -4.7 – 4.1) (Figure 17).
In a post-hoc analysis, we found that with the MSI results presented above, the
actual power to detect a MSI difference of 15% points between the groups was 86%
at a 5% risk for an Į error.
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Figure 17 Effects of O2 therapy versus room air in STEMI patients as measured by CMRI.

3.4 Paper IV
3.4.1 Study profile
Of 155 patients assessed as eligible, 94 was randomized to either the O2 group or
the air group. After excluding patients not undergoing echocardiography both at
index visit and after six months, the final analysis consisted of 46 patients in the O2
group and 41 patients in the air group (Figure 18). Pre-hospital and intra-hospital
patient characteristics for the two groups were in general similar. However, the
patients in the O2 group had significantly more often multivessel disease than in the
air group (50% vs 26.8%; P = 0.02).
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Figure 18 Study profile.

3.4.2 Echocardiography
At the index visit, there were no significant differences between the O2 and air
groups in LVEF (47.0 ± 8.5% vs 49.2 ± 8.1%) and WMSI (1.32 ± 0.27 vs 1.28 ±
0.28). Nor were there differences at six months between the O2 and the air group in
LVEF (53.5 ± 5.8% vs 53.5 ± 6.9%) and WMSI (1.16 ± 0.25 vs 1.14 ± 0.24) (Figure
19).
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Figure 19 Effects of O2 therapy versus room air in STEMI patients as measured by
echocardiography at the index visit and at six months.

3.4.3 Six months Follow-up
At the six months follow-up, the only significant difference between the study
groups was that patients in the O2 group received beta-blockers to a higher degree
(97.8% vs 73.2%; P = 0.001). Using the subjective health grading tool EQ-5D, the
overall health for both groups were similar with no significant differences (Table
3).

54

Table 3 Six months follow-up characteristics.
Characteristics

O2 group (n=46)

Air group (n=41)

P-value

Patient alive, n (%)

46 (100%)

41 (100%)

-

Readmission for heart failure, n (%)

1 (2.2%)

1 (2.4%)

0.920

Drugs prescribed, n (%)
ACEi

35 (76.1%)

31 (75.6%)

0.959

Anticoagulant

2 (4.3%)

4 (9.8%)

0.323

ARBs

8 (17.4%)

4 (9.8%)

0.305

Aspirin

43 (93.5%)

38 (92.7%)

0.884

Betablocker

45 (97.8%)

30 (73.2%)

0.001

CCB

5 (10.9%)

6 (14.6%)

0.600

Diuretics

4 (8.7%)

7 (17.1%)

0.208

Nitrates

1 (2.2%)

3 (7.3%)

0.245

Other antithrombotic drugs

42 (91.3%)

33 (80.5%)

0.229

Other lipid-lowering medications

1 (2.2%)

2 (4.9%)

0.479

Statins

45 (97.8%)

39 (95.1%)

0.493

EQ-5D, n (%)
Mobility, > Level 1

7 (15.2%)

8 (19.5%)

0.552

Personal care, > Level 1

1 (2.2%)

3 (7.2%)

0.242

Usual activities, > Level 1

4 (8.7%)

9 (21.9%)

0.057

Pain/Discomfort, > Level 1

13 (28.3%)

12 (29.3%)

0.839

Anxiety/Depression, > Level 1

15 (32.6%)

13 (31.7%)

0.924

Health state, % (SD)

79.1 (17.9)

82.9 (13.1)

0.813

ACEi = Angiotensin Converting Enzyme Inhibitor; ARBs = Angiotensin II Receptor Blockers; CCB = Calcium Channel
Blockers.
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Chapter 4: Discussion

The aim of this thesis was twofold. One aim was to evaluate how effectively an
ANN can diagnose STEMI in ECGs transmitted from the ambulance and predict the
need of acute PCI in comparison with the CCU physician. Another aim was to
evaluate the effect of O2 therapy in uncomplicated STEMI patients by determining
MaR, IS and MSI measured by CMRI, as well as LVEF and WMSI measured by
echocardiography. The main findings of the thesis can be summarized as follows:
Paper I:

The ANN had a very good ability to both predict STEMI and the need
of acute PCI. The ANN has thus the ability to reduce the number of
ECGs transmitted from the ambulance to the CCU.

Paper II:

O2 therapy has been a cornerstone in the treatment of ACS for the last
century. There is, however, no consensus in the literature on the
positive or negative effects of O2 therapy is these patients, and
randomized controlled studies are therefore needed.

Paper III:

There were no significant differences in MaR, IS and MSI between
STEMI patients randomized to O2 or air. This suggests that it is
neither beneficial nor harmful to treat normoxic STEMI patients with
O2, and supports that O2 can safely be withheld.

Paper IV:

There were no significant differences in LVEF and WMSI between
the O2 group and the air group at the index visit or at six months.
These results further support the conclusion that it is safe withhold
O2-therapy in normoxic STEMI patients.
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4.1 Paper I
The large ANN AUROC for both predicting STEMI and the need for an acute PCI,
indicates that the number of transmitted ECGs to the CCU can be safely decreased
with the use of an ANN. The sensitivity of the ANN was much better than the CCU
physician in both predicting STEMI and the need for acute PCI. However, the much
lower specificity of the ANN compared with the CCU physician indicates that the
ANN cannot be used alone to interpret the transmitted ECGs. The low specificity
and PPV makes it vital for a physician to interpret the ECG and make the final
decision in order to avoid a large number of patients being unnecessarily sent to the
PCI laboratory. The low PPV of the ANN is probably partly related to our low
prevalence of STEMI (7%) among the transmitted ECGs, which is lower than in
other studies.195,196
At least today, only a physician can assess the ECG, pain history and symptoms
together for the final decision. There are more diagnoses than AMI that can give a
STEMI-like ECG pattern, for example aortic dissection. However, an ANN could
be of value as a decision support system for the CCU physician.
Since the ANN was so effective in excluding STEMI (high NPV), it would be
possible to create a system in which only ECGs deemed as STEMI by the ANN
would be interpreted by the CCU physician. In this way, not only would the number
of ECGs transmitted to the CCU decrease with no risk of missing STEMI cases, but
the ambulance transport would also be faster with less waiting time for the CCU
physician to interpret the ECG.

4.2 Paper II, III and IV
For more than 100 years, O2 therapy have been a cornerstone in the treatment of
AMI. However, our knowledge of the effects of O2 therapy in patients with AMI
including STEMI is incomplete as studies show inconclusive results. Although
some studies104,122,123,197-199 have shown that O2 therapy may have positive effects on
the circulation, new studies indicate that O2 therapy may have negative
cardiovascular effects83,84,90,120.
AMI is one the most common causes of death in the world with millions of people
succumbing to this life-threatening condition every year.200,201 Since the use of O2
supplementation is still widespread and common in the management of normoxic
patients with AMI, and there is a risk that this supplemental O2 therapy can be
harmful, randomized controlled trials in this matter is important and highly needed.
We therefore initiated the SOCCER study, in which we evaluate the effects of O2
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therapy in STEMI patients by CMRI (Paper III) and Echocardiography (Paper IV),
which may contribute to increased knowledge regarding O2 therapy in AMI patients.
Paper III evaluated the effect of O2 therapy on MaR, IS and MSI using CMRI, which
is the gold standard method to evaluate these measures.145-147 MSI167 was chosen as
the primary endpoint of the study.
There were no significant differences between the O2 and air groups in MaR, MSI
and IS. Regarding IS, there was no difference both when IS was expressed as
absolute volume and as a fraction of the LV mass. This indicates that supplemental
O2 during the ambulance transport does not affect the efficacy of acute PCI in
STEMI patients.
Ranchord et al.119 also found no significant effect of O2 therapy on the
cardiovascular system. The AVOID study,120 however, showed a small negative
effect of O2 therapy in terms of an increased IS expressed in grams, but there was
no significant effect when the IS was expressed as percentage of the LV mass. In
comparison to the SOCCER study, both of these studies had some important
methodological limitations; Ranchord et al.119 focused solely in inpatients not taking
the pre-hospital treatment, among them supplemental O2, in consideration. Also the
fact that 30 of the 136 patients analyzed by Ranchord et al.119 received thrombolysis
rather than PCI, may have contributed to a skewness in the results. The AVOID
study120 was an open-label study, thus both the patient and the rater was unblinded.
Another limitation in the study, was that the CMRI was only performed in patients
being well enough and willing to travel to the CMRI site. This limitation may be a
source of serious selection and reporting bias.
Our study was the first to evaluate the effects of O2 therapy with state-of-the-art
CMR measurements of MaR and MSI,150,152,153,160,202 and our results of no acute
cardiovascular effects might therefore be viewed as relatively trustable.
In Paper IV, we evaluated the effect of O2 therapy on LVEF and WMSI both at the
index visit and at six months after inclusion. This was the first study to evaluate both
short-term and medium-term effects of O2 therapy in STEMI patients. LVEF as well
as WMSI were chosen since they both provide important information on both LV
function as well as mortality and morbidity.106,178,179,183-185,188 However, WMSI has
been shown to be superior to LVEF to assess LV function.106,183-185
There were no significant differences between the O2 and air groups in WMSI and
LVEF at the index visit or at six months. Also, at six months there were no
significant difference between the two groups in subjective health status as
measured by the EQ-5D. These results confirm and extend our previous results that
supplemental O2 does not affect the efficacy of acute PCI in STEMI patients. The
six months follow-up data are important since IS in the acute phase may not
correlate with long term outcome.203
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The combined results from Papers III and IV support that it is safe to withhold
supplemental O2 therapy in normoxic, STEMI patients. We found neither benefit
nor harm from O2 therapy in these patients. Our studies thereby provide a solid
evidence base for the current European Resuscitation Council Guidelines stating
that O2 therapy should be initiated in ACS patients only when the patient presents
with hypoxia, dyspnea or symptoms of heart failure.204
The SOCCER study, however, was not powered to detect differences in clinical
events like mortality and morbidity. The Swedish DETO2X-AMI study, however,
which included 6629 patients with suspected AMI, showed no significant difference
in 1-year mortality in patients randomized to O2 therapy compared to room air.139

4.3 Future Implications
4.3.1 Paper I
Since ANN both in our study as well in other studies has shown to be superior to
physicians to predict AMI and ACS,205,206 ANNs could and should be evaluated with
a focus on ACS diagnosis and not merely STEMI. One interesting question is
whether troponin blood samples already in the ambulance could enhance the ability
of the ANN to rule-in or rule-out ACS.

4.3.2 Paper II, III and IV
More randomized trials are needed to fully understand the effects of O2 therapy in
AMI and ACS patients, i.e. patients with acute myocardial ischemia. These studies
should include a large number of patients with complicated as well as uncomplicated
AMI and ACS, and should analyze the subgroups STEMI, NSTEMI and UA. Some
focus should also be dedicated to clinical events like mortality and morbidity which
lacked in the SOCCER study.
Future studies on O2 therapy should also focus on the role of supplemental O2 in
other patients and settings, e.g. in ischemic stroke and in ICU patients. A recent
study on 434 Italian ICU patients showed that patients randomized to conservative
O2 therapy (arterial O2 saturation of 94-98%) had significantly lower mortality, liver
failure and bacteremia than those receiving standard O2 therapy (O2 saturation 97100%).207
Other areas that could be the focus of future research are the question of placebo
effects208 of O2 therapy, and the question of cost of O2 therapy. Until June 15, 2017
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there was not a single paper in PubMed (search phrase (oxygen therapy[Title]) AND
placebo[Title/Abstract]) which discussed possible placebo effects of oxygen
therapy in patients with chest pain, ACS or AMI. While a placebo effect of O2
therapy on MaR, IS, MSI, LVEF and WMSI seems unlikely, there may well be a
placebo effect on the patient’s overall well-being. In discussing the issue of cost and
cost-effectiveness, Fitterman209 stated in a commentary in JAMA Internal Medicine,
that O2 therapy in STEMI patients in only the USA, may cost as much as 100 million
dollars annually, thus showing the importance of studies on the matter of O2 therapy
in STEMI patients.
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Chapter 5: Limitations

5.1 Paper I
Only one ambulance district and one hospital was studied. The performance of the
ANN may thus not be generalizable to other districts and hospitals.
One-hundred-eighty-three ECGs could not be collected because of technical and
other problems. These problems were randomly distributed and unrelated to patient
characteristics, so we believe that the risk of ECGs altering the results is low.
Because of the lack of follow-up of patients not deemed to have a STEMI by the
CCU physician, and thus transported to the ED, there is a risk that both the CCU
and ED physicians missed a STEMI. This risk is, however, very low since the ED
physician assessed the patient in person and had access to both the prehospital and
the ED ECGs.

5.2 Papers II, III and IV
The SOCCER study was relatively small, only conducted at two hospitals, and only
included stable STEMI patients. The results may thus not be applicable to other
hospitals and settings, and also not to other forms of ACS like NSTEMI and UA.
The mean time of receiving O2 therapy was close to 90 minutes. A longer O2 therapy
time may have altered the results. However, the time of the dose of the O2 therapy
was the same as in routine care.
Although the SOCCER study was blinded to the patients, the ambulance personal
as well as the CCU staff were not blinded to the study allocation. The treatment of
the patients may therefore have been influenced to some extent, but our combined
management data for the patient groups suggest that this was not the case.
One serious limitation in Paper III is the large number of patients not undergoing
CMR. We cannot exclude that this was a source of bias, but we consider the risk of
this as small. Most of the patients not undergoing CMR were prevented from this
by technical/logistical issues, unrelated to patient characteristics.
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Chapter 6: Conclusions

6.1. Paper I
The large AUROC indicates that the ANN has a great ability to identify STEMI and
recommend acute PCI in ECGs transmitted from chest pain patients in the
ambulance. The ANN can thus contribute to a faster diagnosis and triage of STEMI
patients in need of acute PCI, and if built into the electronic system, may safely
reduce the number of ECGs transmitted to the CCU physician.

6.2 Papers II, III and IV
Paper II. The effects of O2 therapy in AMI patients are unclear, and the results from
the literature are partly conflicting. Based on the current knowledge, we designed
the SOCCER study which is described in this paper. The results of the SOCCER
study are presented in Paper III and IV.
Paper III. We found no effects of O2 therapy on MaR, MSI and IS as measured by
CMR in STEMI patients undergoing acute PCI.
Paper IV. There were also no effect of O2 therapy on WMSI and LVEF as measured
by CMR in STEMI patients.
Taken together, these results firmly support the safety of withholding O2 therapy in
normoxic STEMI patients.
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The doctor`s aim is to do good,
even to our enemies,
so much more to our friends…
Zakaria Razi2

2

Zakaria Razi (854-925/935), also called Rhazes in the western world, was a known Iranian
physician, alchemist and philosopher. He discovered alcohol, and is known to have been the first
to describe several medical conditions. Razi was also the first to discuss the theory of acquired
immunity.
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