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Abstract

Background: Acute coronary syndrome (ACS) is one of the major causes of mortality in the
world. The prognosis for patients with ACS is affected by several factors, such as baseline
characteristics and treatment before, during and after hospitalisation.

Aims: To further elucidate the impact of body mass index (BMI), socioeconomic status (SES),
cardiogenic shock (CS) and thrombus aspiration as adjunct to PCI using The Swedish Web-
System for Enhancement and Development of Evidence-Based Care in Heart Disease Evaluated
According to Recommended Therapies (SWEDEHEART). A secondary aim was to explore
statistical methods on how to improve analyses in observational registries.

Methods: All papers used SWEDEHEART merged with the National Cause of Death Register,
the National Patient Registry (Paper I) and data obtained from the Swedish Central Bureau of
Statistics, which holds information about SES by postcode (Paper II).
Multiple imputation was used to impute missing variables. Multivariate statistical models were
fitted on both complete and imputed data. In Paper IV, instrumental variable analysis was used
as the primary model to reduce bias due to unmeasured confounders.

Results: In Paper I, we found a U-shaped association between BMI and all-cause mortality.
Patients with a BMI ~ 30 had the lowest risk of mortality.

In Paper II, we found that SES was an independent risk factor for mortality, especially in the
lowest SES tercile compared to patients in the highest.

In Paper III, we observed a significant decrease in the incidence of AMI-induced CS and total
mortality in patients with AMI, but CS-associated mortality increased during the study period.
In Paper 1V, instrumental variable analysis showed no association between thrombus aspiration
and 30-day or 1-year mortality. However, a significant association was found between throm-
bus aspiration and a reduced risk of stent thrombosis, both at 30 days..

Conclusion: In this thesis, we have confirmed that obesity and high SES is associated with a
better prognosis after ACS, that the prognosis for AMI-induced CS has not improved, despite
evolution in treatments and the fact that thrombus aspiration is not associated with a reduction
in mortality in patients with STEMI. Observational registries can be used to study epidemiolog-
ical associations and to give randomised trials external validity.

Keywords: Acute coronary syndrome, acute myocardial infarction, risk factors, obesity para-
dox, socioeconomic status, cardiogenic shock, thrombus aspiration, SWEDEHEART, SCAAR,
RIKS-HIA
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Sammanfattning pa svenska

Akut koronart syndrom (ACS) ar en av de vanligaste dodsorsakerna i vérl-
den. ACS ar ett samlingsbegrepp av akut hjartinfarkt och instabil kérlkramp.
Orsaken till ACS ar vanligtvis att en blodpropp bildas pa ett aderforkalk-
ningsplack i ett av hjartats kranskarl vilket leder till att blodflédet som for-
sorjer hjartmuskeln med blod obstrueras helt eller delvis. Néar blodflddet
hindras utvecklas syrebrist i hjartmuskeln som tillslut dor och hjértfunktion-
en minskar (hjértsvikt).

I Sverige etablerades patientregister for hjértsjukvarden under 1990-talet. De
flesta patienter som vardas med diagnos ACS registreras i det nationella
kvalitetsregistret SWEDEHEART. I SWEDEHEART ingér register for var-
den pa hjartintensiv vardavdelningen (RIKS-HIA) och for kranskérlsrontgen
och PCI (SCAAR).

Prognosen for patienter med ACS avgdrs av manga olika faktorer, bland
annat patientens bakgrundsfaktorer och den behandling som ges under och
efter sjukhusvistelsen. Syftet med detta avhandlingsarbete var att ndrmare
studera hur bakgrundsfaktorerna fetma och socioekonomi paverkar progno-
sen, narmare studera utvecklingen 6ver tid av akut hjartsvikt utlost av hjért-
infarkten samt effekten av att forsoka suga ut blodproppen i samband med
PCT hos patienter med akut hjartinfarkt.

I delarbete I visar vi att hog kroppsvikt jimfort med normalvikt i forhallande
till langden &r associerad till battre prognos efter ACS.

I delarbete II visar vi att 1agt socioekonomiskt status dr associerat med sdmre
prognos efter akut hjartinfarkt.

I delarbete III visar vi att prognosen hos patienter som utvecklar akut hjért-
svikt 1 samband med akut hjartinfarkt inte har paverkats mellan dren 1995
och 2013 trots att behandling med rutinméssig snabb kranskérlsrontgen fatt
stort genomslag. Dock ar det farre patienter som utvecklar akut hjartsvikt.

I delarbete IV bekréftar vi fynden frén stora randomiserade studier dar ut-
sugning av blodproppen i samband med PCI hos patient med akut hjértinfart
inte paverkar prognosen.

Sammanfattningsvis visar denna avhandling att patientregister ar ett viktigt
verktyg att undersoka och bekrifta faktorer som har betydelse vid till exem-
pel ACS. Patientregister ar ocksé ett viktigt komplement for att berédfta ran-
domiserade studiers resultat och kontrollera effekten av etablerade
behandlingar.
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Introduction

Acute coronary syndrome

Ischaemic heart disease (IHD) is caused by a flow limiting atherosclerotic plaque
in the coronary artery causing ischaemia in the heart muscle distal to the plaque.
IHD can be divided into two main categories: stable angina and acute coronary
syndrome (ACS)'.

The main difference between stable angina and ACS is the degree of obstruction
of the blood flow caused by the coronary plaque. Stable angina is characterised
by sufficient blood flow at rest. However during exercise, when the demand is
increased the blood supply is insufficient and the heart muscle will become is-
chaemic®. In ACS, blood flow is also insufficient when the heart muscle is at
rest. ACS can be caused by a very tight stenosis caused by coronary plaque but
the main reason for ACS to develop is when the coronary plaque becomes unsta-
ble and ruptures, allowing platelets and the coagulation cascade to form a throm-
bus on the plaque rupture, hence limiting blood flow *. Severe ischemia of the
heart muscle eventually results in cell necrosis and a loss of heart muscle mass,
i.e., myocardial infarction. The larger the territory affected by vessel supplies,
the larger the potential heart muscle injury, i.e., the area at risk; as a conse-
quence, the risk of sudden death, malignant arrhythmias and heart failure is larg-
er.

When the thrombus causes a total obstruction of the vessel, ST-elevation will
typically appear on the electrocardiogram (ECG). On the other hand, if the
thrombus is only partly obstructing the vessel, ST-depression will usually appear
on the ECG. Hence, ACS can be divided into ST-elevation myocardial infarc-
tion (STEMI) and non-ST elevation ACS (nSTE-ACS). nSTE-ACS can further
be divided, depending on whether or not biomarkers indicating heart muscle
injury appear in the blood. In unstable angina (UA), there is no elevation of bi-
omarkers compared to non-STEMI, where there is an elevation of biomarkers®.

INTRODUCTION 9



Risk factors

The traditional risk factors for developing ACS are age, male gender, smoking,
hypertension, hyperlipidaemia and diabetes mellitus. Together with psychologi-
cal factors and abdominal obesity, these risk factors account for >90% of the
attributable risk factors in myocardial infarction’.

However, most patients with risk factors do not experience ACS. The question
of why coronary plaque rupture occurs in a certain individual but not in another
with a comparable risk factor profile is still unresolved. Most likely, there are
genetic factors and factors that the individual is exposed to, such as inflamma-
tion, imbalance in the neuro-hormonal homeostasis, turbulent blood-flow with
altered shear-stress in the vicinity of the plaque. All these factors can negatively
influence the individual risk for a person®..

Treatmeant

The treatment of ACS has at least two major aims. First, in the acute stage, the
aim is to minimise the myocardial injury caused by the thrombus obstructing the
coronary vessel and to prevent ischemia-induced arrhythmias, heart failure and
sudden death. This is achieved by medical treatment with mainly antithrombotic
agents, e.g., acetylsalicylic acid and fondaparinux, which limit the size of the
thrombus and counteract further thrombus organisation and revascularisation by
percutaneous coronary intervention (PCI) or coronary bypass surgery (CABG)
that aims to achieve sufficient blood flow to the myocardial muscle. PCI is today
the most common method to revascularise patients with IHD — especially in
ACS™.

To salvage heart muscle, the time from symptom onset to revascularisation, es-
pecially in STEMI where the vessel obstruction is complete, is crucial. Factors
delaying revascularisation in ACS are geographical distances from the patient to
the hospital and patient and doctor delay, i.e., symptoms being misunderstood or
neglected by the patient, or the doctor’s assessment of the patient resulting in a
delay in revascularisation treatment’.

The long-term aim in ACS treatment is to prevent future adverse events, e.g.,
sudden death, recurrent ACS, arrhythmias and heart failure. This is mainly
achieved by medical therapy with beta-blockers'®, ACE-inhibitors'', statins'> and
dual antiplatelet therapy', i.e., ASA and a P2Y 12-receptor inhibitor. Coronary
revascularisation also prevents further adverse events'*.

INTRODUCTION 10



Prognosis

Although the morbidity rate caused by ACS has improved in recent years' ",

IHD is still the most common cause of death in the Western world'. Approxi-
mately 10% of patients admitted to a hospital with ACS will die within one week
of the event. Of the remainder, ~20% will experience a recurrent ACS, cerebro-
vascular stroke or cardiovascular death within the first year, and an additional
20% will suffer a new event within three years'®.

Prognosis depends on several factors like age, heart failure, peripheral artery
disease, and treatment received during and after the hospitalisation®. In this the-
sis, we have chosen to focus on four factors and study their association with
prognosis after ACS, with a special focus on patients’ coronary angiography,
obesity, socioeconomic status, acute heart failure and thrombus aspiration.

Classification BMI (kg/m?2)
Principal cut-off peints | Additional cut-off points

Underweight <18.50 <18.50

Severe thinness <16.00 <16.00
Moderate thinness 16.00-16.99 16.00 - 16.99
Mild thinness 17.00-18.49 17.00- 1849
Normal range 18.50 - 24.99 s
23.00-24.99

Overweight 225.00 225.00
25.00-27.49
Pre-obese 25.00-29.99 27.50-29.99

Obese 230.00 230.00
Obese class | 30.00 - 34.99 30.00-3249
32.50-34.99
Obese class Il 35.00 - 39.99 A 0E A
37.50-39.99

Obese class Il 240.00 240.00

Table 1. The international classification of adult underweight, overweight and obe-
sity according to BMI.
Adapted from WHO.
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Obesity

Body mass index (BMI), defined as the weight in kilograms divided by length in
meters squared, is a common way of classifying a person’s height-weight index.
According to the World Health Organization (WHO), a BMI < 25 - >18.5cm/m’
is classified as a normal weight and a BMI >30cm/m’ is classified as obesity
(Table 1).

Obesity is associated with cardiovascular risk factors such as hypertension, dia-
betes mellitus and hyperlipidaemia and is, therefore, also linked to a higher risk
of cardiovascular disease. In primary prevention, a BMI <25kg/m? is recom-
mended®. This recommendation was previously also recommended for patients
with established coronary disease, e.g., after ACS"? However, several studies
indicate that obesity may actually be protective once disease has been estab-
lished. This phenomenon is commonly called the ‘obesity paradox’, i.e., a coun-
terintuitive inverse relationship between prognosis and weight. The obesity
paradox was first shown in patients with end-stage renal failure®' and, thereafter,
similar patterns have been shown in numerous cardiac conditions such as heart

failure®, atrial fibrillation®, sudden death® and IHD*?".

Socioeconomic status

Socioeconomic status (SES) is a measurement that reflects the level of educa-
tion, income and occupation”®. SES can be described either on individual or geo-
graphical area levels and is an independent predictor of outcome in numerous
medical conditions”. The association between SES and the risk of developing
coronary heart disease has been established both on individual and geographical
area levels”" . The area-level effect has been described both for larger areas,
e.g., different economic regions and counties, and for smaller areas such as dif-

ferent neighbourhoods within the same city®*>>.

INTRODUCTION 12



Cardiovascular mortality in Sweden has decreased by 60% over the past decade,
and cardiac care in Sweden is considered to be excellent®®. Sweden is one of the
most egalitarian countries in the world, with a stated ambition of providing equal
healthcare to its citizens regardless of SES®. Nonetheless, low SES is still inde-

pendently associated with THD incidence and mortality also in Sweden®**.

Cardiogenic shock

Acute cardiac failure in patients with ACS can be stratified into four groups
based on severity, according to Killip class™ (Table 2). Killip class is one of the
most powerful predictors of in-hospital mortality in ACS***'. The mechanisms
for patients with ACS to develop Killip class IV, i.e. cardiogenic shock (CS), are
heterogeneous such as mechanical complication, (e.g. mitral regurgitation sec-
ondary to papillary muscle rupture, ventricular septal defect), global subendo-
cardial ischaemia and/or large transmural infarction. The main risk factors for
development of CS are infarctions with large area at risk, long duration from
symptom to revascularization and prior comorbidities, e.g. chronic heart failure,
valvular disease or concomitant haemorrhage. In an all-comer registry, CS was
associated with an in-house mortality rate of >60%*. Early revascularisation

with PCI or CABG, compared to medical therapy, has been shown to improve

Killip class Diagnostic criteria

No signs of cardiac
decompenasation

Lung rales or jugular
" Heart failure venous distention

1 Severe heart failure Qvert pulmonary edema

Persistent hypotension
(systolic blood pressure
<90 mmHg) and

v Cardiogenic shock evidence of peripheral
vasoconstriction such as
oliguria, cyanosis and
diaphoresis.

| No heart failure

Table 2. Definition of Killip class

INTRODUCTION 13



the prognosis*. However, in the recent IABP-SHOCK 11 trial, comparing in-
traaortic balloon counterpulsation (IABP) with no IABP, >97% of the patients
were treated with early revascularisation and the mortality rate at 30 days was
still ~40% in both treatment groups™’.

Although the mortality rate, despite modern therapies, in patients who have de-
veloped CS is discouraging, the frequency of patients with ACS developing CS
has decreased during the past decades**®. One reason for this trend could be the

rapid implementation of early revascularisation with PCI or CABG'**"*,

Thrombus aspiration

A major factor in ACS is the thrombus formation on the ruptured plaque. The
thrombus, apart from contributing to occlusion of the vessel, can embolise distal-
ly in the coronary artery tree, causing microvascular obstruction®-*°. Microvas-
cular obstruction is associated with impaired prognosis in patients with ACS>"*%.
Therefore, aspiration of the thrombus before implantation of stent to minimise
thrombus burden is an intuitive and appealing approach in ACS patients, espe-
cially in patients with STEMI. Several smaller studies have reported that throm-
bus aspiration may be beneficial for patients with STEMI, due to improvement
in coronary microcirculation, decreased infarct size and higher survival rate™,
However, the two large-scale randomised clinical trials (RCT), the TASTE
(Thrombus Aspiration in ST-Elevation Myocardial Infarction in Scandinavia)
and TOTAL (The Trial of Routine Aspiration Thrombectomy With PCI Versus
PCI Alone in Patients With STEMI) trials, did not confirm the clinical benefits
of routine thrombus aspiration in STEMI regarding short- and long-term mortali-
ty’”%. While, in the TASTE study, there was a trend for reduced risk of stent
thrombosis and reinfarction, in the TOTAL study thrombus aspiration was asso-
ciated with an increased risk of stroke®. Since the publication of TASTE, the
frequency of thrombus aspiration in patients undergoing PCI due to STEMI has

decreased in Sweden from 40% in 2011 to 12% in 2014°',
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SWEDEHEART and SCAAR

This thesis is based on studies of patients included in The Swedish Web-System
for Enhancement and Development of Evidence-Based Care in Heart Disease
Evaluated According to Recommended Therapies (SWEDEHEART).
SWEDEHEART was formed in 2009 by merging four existing national quality
registries: The Register of Information and Knowledge About Swedish Heart
Intensive Care Admissions (RIKS-HIA), The Swedish Angiography and Angio-
plasty Registry (SCAAR), the Swedish Heart Surgery Registry, and the National
Registry of Secondary Prevention (SEPHIA)®. In 2010, the Registry for Percu-
taneous Valve Interventions was incorporated. SWEDEHEART is a national
registry of all patients hospitalised for ACS or who are undergoing coronary or
valvular intervention for any indication. The registry enrols approximately
80,000 cases each year: 30,000 with ACS, 40,000 undergoing coronary angi-
ography or angioplasty, 7,000 undergoing heart surgery, and 6,000 who are fol-
lowed for 12—14 months for secondary prevention after ACS.

SCAAR was established in 1999 after the unification of the Swedish Coronary
Angiography registry (Acta Coronaria) and the Swedish Coronary Angioplasty
registry (SCAP). SCAAR holds data on all patients from all hospitals that per-

form coronary angiography and PCI in Sweden.

SWEDEHEART, including SCAAR, is independent of commercial funding and
is sponsored by Swedish health authorities only. The technology was developed
and is administered by the Uppsala Clinical Research Center. Since 2001, the
registry has had a web-based case-report platform, with automatic data surveil-
lance. In total, there are 30 hospitals with coronary catheterisation facilities in
Sweden, of which 9 are university hospitals. In SCAAR, a coronary angiography
procedure is defined as ~50 variables, while PCI procedure is defined as ~200
variables. The information about clinical characteristics and procedural details is
entered into the registry immediately after the procedure by the PCI physician,
after a review of the clinical information. The information about in-hospital
complications, e.g., bleeding and neurological complications, is entered into the

registry at discharge, according to local routines at each hospital.
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Every Swedish citizen has a unique personal identification number, which, to-
gether with name, address and hospital, is included in the registry. The use of
personal identification numbers enables the merging of the SWEDEHEART
database with the National Cause of Death Register (which includes information
about the vital status of all Swedish citizens) and the National Patient Registry
(which includes diagnoses at discharge for all hospital stays in Sweden). All
patients are informed about their inclusion in the registry and the follow up, and
have the right to decline inclusion. The National Board of Health and Welfare,
the Swedish Data Inspection Board, and the ethical committee at Uppsala Uni-
versity approved the merging of the registries. Since this merging, researchers

have had access to hospital identity but not patient identity.

The registry captures 100% of patients undergoing angiography, angioplasty, or
heart surgery and 60% (with considerable variability between hospitals) of pa-
tients admitted to hospital due to ACS — the main reason for this is that some
ACS patients are admitted to units other than coronary care units. The degree of

patient-capture is higher in younger patients and in those with STEMI.

Observational contra randomised studies

In a randomised controlled trial (RCT), patients are randomly allocated a treat-
ment. RCT is considered the gold standard for evidence-based medicine due to
its ability to eliminate confounders between treatment groups®. However, an
important limitation of the RCT design is its restricted external validity due to
frequent selection bias of the patients included in the study®**®. Because patients
included in the RCTs are often highly selected, the results from these studies
may not be applicable to the considerable number of patients that were excluded
based on specific inclusion and exclusion criteria. In general, patients included in
RCTs are younger with fewer comorbidities and a lower risk of mortality®’.
High-quality observational studies, based on large-scale registries and adequate
statistical modelling, provide valuable evidence for the external validity of
RCTs. Thus, observational studies are an important complement to RCTs®. Fur-

thermore, large-scale observational registries are well suited for descriptive stud-
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ies to investigate associations between patient characteristics (such as obesity

and socioeconomic status) and risk of disease and mortality.

On the other hand, there are many pitfalls that are inherent to observational stud-
ies. Because patients are not randomised, it is much more problematic to prove
causation between exposure (e.g. risk factor, treatment) and clinical outcomes of
interest®®. When a specific treatment is not randomly assigned, other factors
such as the preference of the physician, the hospital and/or patient may influence
the choice, or a concomitant disease unknown both to the patient and physician
that causes a phenotype (e.g., low BMI, affecting the life expectancy®) for

which we are not able to adjust.

Statistical considerations in observational studies

The problem with confounders in observational studies is commonly dealt with
by using multivariate adjusted regression analysis, e.g., logistic regression or
Cox proportional-hazards regression. However, these methods also have their
limitations and confounders, especially unmeasured confounders, can still result
in biased risk estimates — even after adjustments. In this section, we discuss
some methods that are considered useful for control and reduction of bias in ob-

servational studies.

Missing Data in Observational Studies

Missing data is a frequent problem in observational studies. A common approach
in performing statistical modelling with missing data is to limit analyses to cases
with complete data for all variables in the analysis. Such ‘complete-case’ anal-
yses often introduce considerable bias and are always inefficient. Bias arises if
individuals with missing data are not representative of the population of interest.
Inefficiency is caused by reduced sample size, which decreases statistical power
(e.g., by decreasing the number of events). In SWEDEHEART, there are differ-
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ent reasons why some variables have missing data, e.g., some variables are com-
pulsory to register and some are not. For variables that are not compulsory, e.g.,
smoking status, value of creatinine, weight and height, there is missing data be-
cause the value has not been registered. For variables that are compulsory, there
is often a category ‘unknown’ — a form of ad hoc imputation that should be treat-
ed as missing data (see below). Variables in SWEDEHEART have been intro-
duced at different times, therefore data for variables which were not a part of the
registry at a certain time are missing. In SWEDEHEART, patients with missing
data have a worse prognosis than patients without missing data, e.g., in Paper I"°,
patients with missing data have a hazard ratio of 1.65 (95% CI 1.53-1.77) for

mortality, compared to patients with complete data.

The literature about missing data in statistical modelling is extensive’"”>. Ad hoc
imputation methods, such as the ‘last observation carried forward’, the insertion
of a ‘missing category indicator’, and the imputation protocols in which each
missing value is replaced with an ‘assumed or estimated value’ are not recom-
mended, as they often lead to reduction or exaggeration of the association of
interest”. Instead, more accurate imputation methods have been developed
based on classification of missing data mechanisms and on probability models’*
76

Data are missing completely at random if the probability that a particular obser-
vation is missing does not depend on observable variables. Data are also missing
at random if the probability that observations are missing is independent of the
missing data. Data are missing not at random if the probability of missing still
depends on the missing value, even after the available data are taken into ac-
count. When data are missing not at random, valid inferences require explicit
assumptions about the mechanisms that led to the missing data. Missing data in
health care registries are often missing at random. Methods to deal with data
missing at random fall into three principal categories: likelihood-based ap-
proaches, weighted estimation, and multiple imputation. Multiple imputation is
the most commonly used because of its flexibility, particularly when multiple
variables have missing values. The general recommendations about how to re-
port and handle missing data in observational studies is provided in the consen-
sus document Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE).
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Multilevel models

Most clinical registries are organised in levels, i.e., the data are hierarchical or
clustered, where the studied object (e.g., patients) is organised into more than
one level. One such example of this is that patients treated at the same hospital
are likely to be treated in a similar fashion and differently to patients treated at
another hospital. Therefore, the patients treated at the same hospital are not
completely independent observations from each other. In multilevel models, the
non-independent nature of observations belonging to the same cluster is taken
into account”’. In a regression model, data are fitted into the most suitable inter-
cept and coefficient (slope) of the model, i.e., the estimated value for every ob-
servation. The difference between the true value and the estimated value is the
residual. The estimated value in, for example, a linear regression, is the straight
line with its origin from a certain intercept and with a certain slope. However, if
data can be organised into different levels, each level is a potential source of
unexplained variability. In a multilevel regression model, each level will have its
own regression line. Multilevel models can have random intercepts, random

slopes, or both (Figure 1).

Figure 1. Multilevel linear regression model with random intercept and slope
for each cluster.
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Propensity score’

In observational studies, there are often major differences in the baseline charac-
teristics of the different groups of patients. If a certain treatment is studied, the
categorisation of whether a patient was treated or not is made in an intentional
fashion, based on patient characteristics, treatment preferences of the hospi-
tal/physician and other factors. One way to handle this in a statistical analysis is
to assign all patients a propensity score. The propensity score is the value of the
probability that a certain patient will belong to a certain group of patients, e.g.,
treated or untreated. In an RCT, where treatments are randomly assigned (i.e., no
consideration is given to patient characteristics) the propensity score is 0.50 for
each patient, which is the equivalent of tossing a coin to decide which group
each patient belongs to. The propensity score is usually calculated using logistic
regression adjusted for the covariates, which are most influential when assigning
the patients to the groups of interest. The studied groups of interest with the

same propensity score will have equal patient characteristics.

Characteristics of an adequate propensity score are that it balances the difference
between the baseline covariates between the groups, that the degree of overlap of
the propensity score between the groups is large, and that the discriminatory
property, i.e., that the score discriminates between which group a patient most

likely belongs to, is high.

Propensity score analysis can be used in four major ways: stratification, match-
ing, covariate adjustment and weighting. In matching, patients belonging to dif-
ferent groups but with similar propensity scores are matched and then the groups
are compared. Matching requires a large sample with a large overlap of propen-
sity scores of the groups, since observations not matched are dropped in the
analysis. Using propensity score as a covariate adjustment means to simply enter
it as a continuous variable in the equation. Stratification is achieved by stratify-
ing the observations into equal-size groups, e.g., quintiles, depending on the pro-
pensity score and entering the strata as a covariate in the equation. Weighting is
less commonly used and is a method where each patient is reweighted depending

on their propensity score.
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Instrumental variable analysis

Evaluation of treatment effect based on observational data is problematic due to
the presence of unmeasured and/or unknown confounders which makes it diffi-
cult to prove causation®. Instrumental variable analysis can reduce bias due to
unmeasured confounders. To use instrumental variable analysis, one must identi-
fy a naturally varying phenomenon in the observed data, which, like the act of
randomisation in an RCT, predicts the treatment that will be assigned to the in-
dividual patient. To become a valid instrument, a variable has to fulfil some nec-
essary criteria: first, it has to be strongly associated with the received treatment.
Second, it must not be associated either directly or indirectly with the outcome,
except through the effect of the treatment itself. The instrument, and indirectly
the treatment, can thus be considered as allocated to a patient at random — thus
mimicking the randomisation process in an RCT — and minimising the differ-
ences in unmeasured confounders between the groups. One commonly used in-
strument is geographical location, e.g., different countries or administrative
health care regions’*'. The estimate of instrumental variable analysis is mainly
determined by subgroups, whose treatment status depends on which category of
the instrument the patient belongs to, e.g., patients with the same characteristics
receiving different treatments in different geographical regions™ (Figure 3). A
common method of instrumental analysis is two-stage least squares (2SLS) re-

gression analysis®.
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Aims

The major aims of this project were to elucidate factors that affect the prognosis
in patients with ACS by using SWEDEHEART (especially SCAAR) and to ex-

plore statistical methods of how to improve analyses in observational registries.

Specific aims for each paper:

¢ To study the relationship between BMI and mortality in patients with ACS
undergoing coronary angiography.

¢ To study the influence of area-level SES on mortality in patients hospital-
ised due to AML

¢ To investigate the trends in incidence and prognosis of AMI-induced CS
between 1995 and 2013

¢ To study the impact of thrombus aspiration on mortality, stroke and stent
thrombosis in patients with STEMI undergoing PCI
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Patients and methods

All studies in this thesis are based on patient cohorts created from the national
quality registries SCAAR or RIKS-HIA. In papers I and IV, a cohort of consecu-
tive patients undergoing coronary angiography at all Swedish centres was creat-
ed using SCAAR. In papers II and II1, a cohort of consecutive patients admitted
due to ACS to hospitals in Region Vistra Gotaland, western Sweden, was creat-
ed using RIKS-HIA.

The Kaplan-Meier survival curve with log-rank test was used to examine unad-
justed survival. Missing data were imputed using multiple imputation chained
equations® with 5-20 data set. Adjusted models were fitted on both complete
case data and on imputed data. Logistic regression (Paper IV) and multinominal
regression (Paper II) were used to calculate the likelihood of a patient belonging
to a certain group. The calculated propensity score was then entered into the

models as quintiles (stratified).

Paper |

In this study, we used SCAAR merged with the National Cause of Death Regis-
ter and the National Patient Registry, to establish a cohort of all consecutive pa-
tients who underwent coronary angiography for ACS in Sweden between May
2005 and December 2008. The patients were divided into nine BMI categories
according to the National Institute of Health — AARP cohort®. The primary out-
come was all-cause mortality in the patients who had significant stenosis (0.50%
diameter narrowing) in one or more coronary arteries. The patients with signifi-
cant CAD were divided into subgroups, according to the physician’s initial
treatment decision, such as coronary artery bypass grafting (CABG), PCI, or
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medical therapy. The treatment strategy was defined based on the intention-to-
treat decision following the index catheterisation.

To evaluate the association between BMI and mortality, the multivariable-
adjusted hazard ratios (HR) were calculated using Cox proportional-hazards re-
gression, adjusted for patient characteristics. The continuous risk relationship
between BMI and all-cause mortality was analysed by entering BMI as a contin-
uous variable into a fractional polynomial Cox proportional-hazards regression.

Paper Il

In Paper 11, we used RIKS-HIA to establish a cohort of consecutive patients ad-
mitted to one of three hospitals in the city of Gothenburg, Véstra Gétaland, due
to NSTEMI or STEMI between 1995 and 2013. The data was merged with the
National Cause of Death Register and with data obtained from the Swedish Cen-
tral Bureau of Statistics, which holds postcode information about SES. Each
postcode area within the city was ranked according to the average SES of its

residents. SES was calculated as combined income and educational level.

The primary endpoint of the study was all-cause mortality. The three SES groups
were compared using Cox proportional hazards regression and logistic or multi-
ple linear regression. Differences in patient characteristics were accounted for by
adjusting for covariates or by propensity scores. Multilevel models accounting
for calendar year and/or clustering of patients within different hospitals were
fitted and compared to single-level models. Subgroup analyses were performed,
by inclusion of interaction terms in Cox proportional hazards models, to detect
associations between area-level SES and calendar year, as well as gender, age, or
presence of ST-elevation, respectively.
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Paper ll

In Paper III, we used RIKS-HIA, merged with the National Cause of Death Reg-
istry, to establish a cohort of patients admitted to hospital in Véstra Gétaland
with ACS between 1995 and May 2013. We compared patients with CS to pa-
tients without CS. Patients with CS who had been hospitalised more than once
for ACS were included in the analysis at the time they developed CS. All other

patients were included at first occurrence in the registry.

We studied the contribution of the risk factor profile in developing CS after
acute myocardial infarction by fitting a logistic regression model with patient
covariates. We tested whether CS-associated mortality decreased over time by
including an interaction term between calendar year, as a centred variable, and
CS. We also tested whether the trends in incidence of CS and/or prognosis post-
AMI differed between patients with STEMI and NSTEMI by including an inter-
action term if the patient presented after 2005 and whether they presented with
STEMI or NSTEMI. We assessed the predictive power of risk factors and treat-
ment choices on the prognosis of patients who developed CS with a logistic re-
gression model on imputed data with survival up to 30 days as the dependent
variable. We also compared the risk of dying among patients who developed CS
before and after 2005, which was when primary PCI replaced thrombolysis as

the preferred reperfusion strategy.

Paper IV

Paper IV includes all consecutive patients undergoing PCI due to STEMI be-
tween 2005 and September 2014 in SCAAR. Data was merged with the National
Patient Registry. Patients were then categorised according to whether thrombus

aspiration was used in conjunction with PCI or not.

The primary endpoint was mortality at 30 days. The secondary endpoints were

mortality at one year, stent thrombosis at 30 days and at one year, and reported
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in-hospital neurological complication. Stent thrombosis was defined as an acute
stent occlusion verified by coronary angiography. Neurological complication
was defined as a new neurological deficit during PCI or during in-hospital stay
after index PCIL.

Our primary model was based on an instrumental variable 2SLS regression, with
administrative health care regions in Sweden based on geographical location as
the treatment-preference instruments. Our secondary models were based on an
unadjusted and propensity score-adjusted multilevel logistic regression with ad-
ministrative healthcare regions and individual hospitals worked into the regres-

sion model as random-effects variables.
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Results and conclusions

Paper |

Between May 2005 and December 2008, there were a total of 64,436 patients, of
whom 54,419 had significant coronary artery disease (primary analysis). In 29%
(18,743) of the cases, there were missing variables. The mean follow-up time
was 21 months (SD+13 months). In the adjusted analysis of patients with signifi-
cant coronary artery disease, with BMI entered as a continuous variable, we
found a U-shaped association between BMI and all-cause mortality (Figure 2).
Patients with a BMI ~ 30 had the lowest risk of mortality. When comparing
complete case models to models with imputed data, we found that complete case
models tended to magnify the differences in outcome between the BMI groups

compared to the imputed models (Table 3).

Lo I

Hazard

L

T | T T T

0 20 40 60 80
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Figure 2. Adjusted fractional polynomial Cox-proportional-hazards regression (95% Cl, shaded

area)with continuous risk relationship between BMI and all-cause mortality in patients with ACS and

sianificant coronarv disease.
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We further studied patients divided by choice of treatment (i.e., PCI, CABG or
medical therapy) after angiography, and patients with no visible coronary artery
disease on angiography and found similar patterns, although not all were statisti-
cally significant compared to the primary analysis.

In patients with significant coronary artery disease, there was no difference be-
tween the BMI categories of in-hospital, 30-day mortality, or in a recurrent hos-
pitalisation due to ACS, heart failure or stroke.

Conclusion:

In this large and unselected group of ACS patients, the relation between BMI
and mortality was U-shaped, with the nadir being among the overweight or
obese patients, with the underweight and normal-weight patients having the
highest risk. These data strengthen the concept of the obesity paradox. Multiple

imputation methods seem to reduce confounders caused by missing data.

Paper Il

Between1995-2013, 10,895 patients were hospitalised due to myocardial infarc-
tion in the Gothenburg metropolitan area. The three SES tertiles contained 4,280
(low), 3,570 (middle), and 3,048 (high) patients, respectively. SES predicted
baseline risk factors like obesity, smoking, diabetes and hyperlipidaemia, but not
hypertension. Although adjustments for known traditional risk factors and calen-
dar year were made, SES remained an independent risk factor for mortality, with
highest risk of mortality associated with areas with the lowest SES tertile (Figure
4). Adjustment with propensity score quintiles tended to give smaller differences
in risk than complete covariate adjustment. SES did not affect the treatment, i.e.,
revascularisation or prescribed medical therapy that was given during the hospi-
tal stay or at discharge.

There was a significant interaction between SES and age and between SES and
STEMLI, i.e., the difference in prognosis between high and low SES is particular-
ly seen in patients with age <75 years and in patients with STEMI. Patients with
low SES were at higher risk of pre-hospital cardiogenic shock and in-hospital

heart failure, but not for pre-hospital cardiac arrest.
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Conclusion:

Even in a country with strong egalitarian traditions like Sweden, lower SES as-

sociates with worse prognosis after AMI, and this has not improved over the past

decade. The association persists after adjustments for differences in traditional

cardiovascular risk factors and for differences in received treatment.

Hazard ratio M Middle SES
i Low SES
Reference; ]
High SES ] !
V—— 1.09(1.02-1.19)
#Mimp : p=<0.001
Mjasted i 1.17(1.09-1.26)
i
Mimp i'_._| 1.10(1.02-1.18) p=0.007
PS quintiles i 1.12(1.03-1.20)
]
M|.|np | : —a— 1.26(1.17-1.36) p=<0.001
Unadjusted i 1.27(1.18-1.37)
Complete case| —_——— 1.11(0.92-1.33) =
PS quintiles : 1.20(1.01-1.43)
Complete case| p—— 1.09(1.01-1.19) p=<0.001
Adjusted ! 1.16(1.07-1.26)
Complete case| R — 126(117-1.36) _ g 099
Unadjusted . 1.27(1.181.37)
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Figure 3. Hazard ratio, risk of death. Eight different statistical models were fitted to estimate haz-
ard ratio after acute myocardial infarction for patients residing in areas of high, middle or low SES.
P-values refer to test for trend across SES categories. Mimp, multiple imputation data; PS, pro-
nensitv score” SFS socineconomic status' # nrimarv model

Paper lli

Between 1995 and May 2013 44, 414 patients were treated for AMI in Region
Vistra Gotaland of whom 3,654 had CS. Patients with cardiogenic shock were
older, more likely to be women, and have diabetes mellitus. They were also
more likely to have previously had AMI and present with STEMI. On the other

RESULTS AND CONCLUSIONS

30



hand, patients with cardiogenic shock were less likely to have hypertension or
present with atrial flutter or fibrillation.

Between 1995 and 2012,we observed significant decreases in the incidence of
AMI-induced CS (Figure 4A) and total mortality in patients with AMI (Figure
4B), but CS-associated mortality increased (Figure 4C). The incidence of CS
decreased to a greater extent among patients with NSTEMI than patients with
STEMI. Previous myocardial infarction, smoking, female gender, hyperlipidae-
mia, diabetes mellitus, age, atrial fibrillation and presenting with STEMI were
all associated with an increased risk of developing cardiogenic shock, whereas
hypertension and being admitted after 2005 were associated with a lower risk of

cardiogenic shock (Table 4).

A

Inchlence of C5 In patients with ANI Total mortality in patients with AMI
N AMI (n=43.073)
. STEMA (m=15.786)
! NSTEMI fn=26.136]

AL EFE PP PP PSS S CEECLIIPPIPPIPPF S

s F

u Mortality in patients with (5
. AN (n=1.650)
W STEMI{ne1.798)
WSTEMI (m=1.744)

AL FEPFI IR F

Figure 4. Trends in incidence and mortality in cardiogenic shock. A. Incidence of cardiogenic shock (CS)
and admission to the ward in Region Vastra Gétaland per calendar year for all patients with AMI. B.
Total 30-daymortality in patients with acute myocardial infarction (AMI) in Vastra Goétaland per calendar
year. C. 30-daymortality in patients with AMI-induced CS at admission in Region Vastra Gétaland per
calendar year. Non-ST-elevation myocardial infarction (NSTEMI); ST-elevation myocardial infarction
(STEMI).
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Covariate adjusted logistic regression models fitted on imputed data, as well as

complete case data, consistently revealed an approximately ten times higher risk

of death among patients who developed CS. Unadjusted and adjusted cardiogen-

ic shock-associated risk of death increased over the study period, with an odds
ratio of 1.08 per year (1.06—1.10, p =b0.001), and 1.02 (1.01-1.03, p b 0.001),
respectively. The odds ratio for dying once the patient had developed cardiogen-

ic shock if he or she presented after 2005, compared to before 2005, was 2.44
(2.06-2.89, p b 0.001) or 2.89 (2.41-3.47, p b 0.001) in unadjusted and age- and
gender-adjusted logistic regression models, respectively.

Variable OR 95% confidence interval pvalue
Female gender 1.1 1.03-1.19 0,007
Age JRIL 1.02-1.03 <L
Hy pertension [ LF. ] 9-0492 < (L
Hy perlipide mia 115 1.04-1.28 =0.001
Dizbetes mellitus 120 L10-1.30 <0
Smoking 1L.3b 1.24-1.50 <000
STEMI 134 217252 <000
Previous myocardial infarction 207 191-2.25 =0,001
Previous PCI (h4s E3-1.15 ./88
Previous cardiac surgery 084 0.72-098 0.025
Atrial Mutter/fibrillation 1.48 133-164 <0001
Beta blodeer reatment 1Y 0EB-0.78 =0,001
Admittance after 2005 .39 036-0.42 <000

Table 3. Multivariate logistic regression (risk of developing cardiogenic shock). Covariate adjusted
Logistic regression model on imputed data with development of cardiogenic shock as the depend-

ent variable.

Conclusion:

In conclusion, our study demonstrates that the incidence of AMI induced CS has

declined in western Sweden over the past decade. However, once CS develops

the mortality is higher today than it was in 1995.
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Paper IV

During the study period, we identified 45,151 patients who underwent primary
PCI. We excluded patients without a Swedish personal identification number
(n=2,142), patients with a missing follow-up time (n=17), and patients with
missing information about treatment with thrombus aspiration (n=163). After the
exclusion of these patients, 42,829 patients (29% female) were included in the
study, of whom 10,660 (25%) were treated with thrombus aspiration. The fre-
quency of thrombus aspiration varied between the administrative health care
regions from 18% to 35%. The 30-day mortality rate was 6.1% in the thrombus
aspiration group and 6.4% in patients who did not receive this treatment. . The
primary analysis — 2SLS regression with health care region as the treatment
preference instrumental variable — showed no difference in 30-day or 1 year
mortality (Table 4). The primary model with instrumental variable analysis
showed a significant association between thrombus aspiration and reduced risk
of stent thrombosis both at 30 days and at one-year. However, landmark analysis
after 30 days has shown no difference between the groups (Table 4). There was
no difference in in-hospital stroke between the groups.

The secondary analyses, with multilevel logistic regression unadjusted and ad-
justed for propensity score quintiles, showed that thrombus aspiration is associ-
ated with an increased risk of mortality, but it is not as strongly associated with a

decrease in the risk of stent thrombosis.

Conclusion:

This study provides important evidence for the external validity of the TASTE
and TOTAL trials regarding mortality. Thrombus aspiration during primary PCI
may decrease the risk of stent thrombosis and future studies should determine
whether this treatment might be cost-effective for the prevention of stent throm-

bosis, even in the absence of survival benefit.

Compared to traditional multivariate analysis, instrumental variable analysis,
accounting for unmeasured confounders, gives a result that is comparable to that
reported by the large RCTs.
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Discussion

Main findings

In this thesis, we have confirmed the presence of an obesity paradox after ACS
in patients undergoing angiography and also that SES is a prognostic factor after
ACS, even in an egalitarian country like Sweden. We also found that the prog-
nostic impact of CS in patients with ACS has not improved, despite the evolu-
tion in treatments such as early revascularisation. However, the incidence of
cardiogenic shock has decreased. We have confirmed and given external validity
to the large randomised trials, which show that thrombus aspiration does not
impact the prognosis after STEMI in patients undergoing primary PCI.

Obesity paradox

The mechanism for the obesity paradox is still unknown. All studies illustrating
the obesity paradox are of epidemiological nature, making the relationship be-
tween BMI and mortality associative not causative. However, there are tentative
explanatory theories. For instance, obesity may protect against malnutrition and
energy wastage post-revascularisation and an altered neuroendocrine status in
obese patients may play a role in the remodelling of the injured heart muscle
after ACS. Further, the size of the coronary vessels increases with increasing
BMI, and small vessels is a risk factor for worse outcome after PCI and
CABG®, hence the improved outcome in obese individuals. In Paper I, we tenta-
tively propose that obesity may protect against malignant ventricular arrhythmias
during and after ACS, and therefore decrease the risk of sudden death. This hy-
pothesis is indirectly supported by clinical evidence from patients with heart
failure (HF) secondary to AMI**, with cautious support from the data in Paper L.
During the follow-up period, the overweight and obese patients did not differ in
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their frequency of hospitalisation for HF, ACS, and stroke — common causes of
death in this population — suggesting that obesity is not associated with lower
risk of these clinical events. By process of elimination, these observations
strengthen the hypothesis that obesity may protect against malignant ventricular
arrhythmias, as it is another frequent cause of mortality in patients with CAD.
Experimental evidence is emerging that suggests adipose tissue, as the largest
endocrine organ®’, produces hormones (e.g., leptin, adiponectin, resistin) that
may have cardioprotective effects in ACS®™®'. There is considerable evidence
demonstrating that leptin and adiponectin have direct cardioprotective effects.
These hormones possess anti-inflammatory, antiapoptotic, and anti-hypertrophic
effects, as well as reducing infarct size”*”*. All these effects may lower ar-
rhythmogenicity in the infarcted myocardium and, therefore, potentially prevent
sudden death.

The growing evidence for the existence of an obesity paradox in patients with
ACS has been acknowledged by the ESC guidelines for cardiovascular disease
prevention®. The evidence that weight reduction in itself has a positive prognos-
tic value after ACS is very scarce. Actually, some evidence suggests that weight
loss after ACSs might in fact have a negative effect”. However, a cautious in-
terpretation of the current body of evidence is recommended and should not be
taken as support of the status quo in obese patients. The attention should be on
reaching the recommended targets for exercise, smoke cessation, blood pressure
and lipid levels, rather than a BMI target.

BMI is the most commonly used measure of obesity, however it does not distin-
guish between adipose and lean tissue, or between central and peripheral adi-
posity. Combining BMI and waist circumference may predict risk better than
BMI alone’.

Socioeconomic status

One suggested explanation for the negative impact of SES on prognosis after
ACS is that lower SES is associated with a lifestyle leading to a higher burden of
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traditional cardiovascular risk factors’”'®. An explanation for our findings could

plausibly be that SES, in previous reports'*"+'*

reflects the adherence to pre-
scribed medication and life style changes. Another possible explanation of SES’s
influence on prognosis may be ‘status syndrome’, which links perceived unfair-
ness in society, less control over one's life and limited social participation (i.e., a
psychological manifestation of social inequality) to negative biological effects
caused by prolonged psychosocial stress'®. The existence of status syndrome is
supported by experimental studies that show how low social position is linked to
increased activity of the sympatho-adrenomedullary axis and the hypothalamic-

104

pituitary-adrenal axis™ . Overactivity of these two systems after AMI could be

expected to increase the risk of new myocardial infarction, sudden death and/or

heart failure!*'%.

Despite well-developed social support for all citizens and a low poverty rate,
prognosis after myocardial infarction is directly influenced by the SES of the
area in which a patient resides. Thus, for patients with myocardial infarction,
equity in health is not achieved by the Swedish health care system'®. Further-
more, the situation does not appear to have improved over the past decade. Data
obtained during the last part of the twentieth century indicated that Sweden and
other Nordic countries, despite having long histories of egalitarian politics and
low poverty rates, suffered from larger inequalities in cardiovascular mortality
compared with central European countries'’’. Almost twenty years later, these
health inequalities persist. It is possible that status syndrome is more detrimental
in more egalitarian societies than in less egalitarian societies.

Cardiogenic shock

During the study period of Paper 11, routine coronary angiography and revascu-
larisation was adopted in NSTEMI patients and a treatment switch from throm-
bolysis to PCI took place for STEMI patients. It is reasonable to argue that this
switch in treatment algorithm was responsible for the decrease in the mortality
rate at 30 days after hospital admission, as well as in the incidence of CS. How-

ever, despite the progress in revascularisation treatment, the mortality rate in CS
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patients increased during the study period. Patients who were hospitalised for CS
after 2005 had a higher burden of cardiovascular risk factors and were therefore
most likely at higher risk. Even if the risk of mortality was higher after adjust-
ment for these risk factors, the residual confounder is a possible explanation as
to why mortality increased during the study period. The lack of a temporal trend
in the proportion of patients who developed CS after admission makes this as-
sumption even more likely. Regardless of the mechanisms behind the increase in
mortality, it is evident that care for patients with cardiogenic shock has not im-
proved prognosis and development of new treatment regimens are needed. Nei-
ther inotropic drugs nor IABP has proven to improve mortality in CS
patients'®'” However, as the availability of mechanical ventricular assist de-
vices (VAD) is increasing, their use could be a realistic approach to assisting

"% A large-scale RCT, randomising CS patients to VAD
or medical therapy is highly warranted.

recovery in CS patients

Thrombus aspiration

The large number of prospectively followed STEMI patients in SCAAR provid-
ed a unique opportunity to evaluate the association between thrombus aspiration
and important clinical outcomes in unselected patients from everyday clinical
practice. Prior to the TASTE and TOTAL trials, meta-analyses of smaller studies
had shown diverging results. While some studies have reported improved sur-
vival with thrombus aspiration, others did not’>'"""'"*_ The results in Paper IV are
in agreement with the results from the TASTE and TOTAL studies, which have
shown that routine thrombus aspiration does not decrease mortality. The present
study, therefore, constitutes important evidence for the external validity of these
two trials regarding mortality. We used a statistical method based on treatment
preference instrumental variable analysis with the 2SLS regression®>**'"*_ This
method allows adjustment for measured as well as unmeasured confounders. If
the central methodological assumptions are fulfilled (i.c., a valid instrument that
reflects a naturally occurring randomisation process), observational studies based
on the instrumental variable method mimic the act of randomisation in RCTs.

Actually, the results from the instrumental variable-based statistical modelling
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have shown risk estimates closer to those from the TASTE and TOTAL trials.
Whereas the results based on the propensity score-adjusted logistic regressions
are similar to a previous study on thrombus aspiration from SCAAR'"®. The dif-
ferences in outcome between the analyses most likely reflect the presence of
unknown selection bias in the study population, and they are in line with conclu-

sions drawn in other fields''.

Limitations

First, as described earlier, in observational studies one cannot rule out the possi-
bility of selection bias, residual confounding and survival bias. By adopting the
statistical methods mentioned earlier, especially instrumental variable analysis,

we believe that this limitation is reduced but not omitted.

Secondly, the SWEDEHEART registry does not hold data on pharmacological

treatment and compliance with pharmacological treatment after discharge.
Third, we do not have data on cause-specific mortality.

Fourth, a proportion of the patients in the studies have missing data. Patients
with missing data had higher mortality and, therefore, their exclusion from anal-
yses might have produced biased results. However, results from data in which
missing variables had been imputed using the multiple imputation method were
congruent with the data from complete case analyses.

Lastly, in all papers, several statistical models were used, which increases the

risk of associations occurring by chance.
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Future perspective

Considering the limitations of both RCTs and observational studies a new con-
cept has been developed called the registry-based randomised clinical trial
(RRCT). RRCT treatments are assigned to patients after randomisation within a
clinical registry. The TASTE trial was the first RRCT and it randomised 7,244
patients to adjunct thrombus aspiration or PCI alone within SCAAR. All PCI
centres in Sweden took part in the TASTE trial. During the study period, 11,709
patients underwent PCI due to STEMI, of whom ~60% were included in the
study. As the randomisation and follow-up was mainly conducted within the
registry, complete information is also known about patients who are entered into
the registry but who are not taking part of the study”"™’. A further advantage of
the RRCT (particularly with a large number of participating hospitals) over tradi-
tional RCT is the capacity to include numerous patients over a short time in a
cost-efficient way. In SWEDEHEART, several RRCTs have now been conduct-
ed or are ongoing. Both the DETOX trial''” (comparing oxygen therapy to room
air in 6,600 patients with suspected acute myocardial infarction) and the iFR-
SWEDEHEART'"® study (comparing instantaneous wave-free ratio to fractional
flow reserve in 2,000 patients with stable angina or non-STEMI ACS and inter-
mediate stenosis of 30-80%) have been completely recruited during 2015. The
VALIDATE trial, comparing unfractionated heparin to bivalirudin as an antico-
agulation therapy during PCI in 6,000 patients with NSTEMI and STEMI is an-
ticipated to be fully recruited during 2016
(http://www.ucr.uu.se/swedeheart/index.php/forskning-swedeheart/pagaende-r-
rct).

FUTURE PERSPECTIVE 40



Acknowledgement

I would first like to acknowledge all hospital personnel in Sweden contributing
with their time and effort to register patients in the SWEDEHEART registry.
Without you, national quality registries and studies based on these would not be
possible.

My main supervisor, Elmir Omerovic, for always being eager to be a combatant
in research, political, clinical and philosophical debates. No argument is too
simple. I admire you for your enthusiasm and for always being devoted to re-
search questions and high morale. Thank you for introducing me to the world of
research and statistics.

My co-supervisor and clinical head, Per Albertsson, for all good advices and for
your enormous support.

All my co-authors, especially Bjorn Redfors for great collaboration.

The national SCAAR steering committee, especially Bo Lagerqvist for sharing
his longtime knowledge about the registry and its variables.

All my colleagues at the Department of Cardiology, Sahlgrenska University
Hospital and former colleagues at Norra Alvsborgs Linssjukhus, Trollhittan.

My family: Anna, Nils, Siri, Saga, Olle and last but not least our dog Maja.

ACKNOWLEDGEMENT 41



References

1. Wong ND. Epidemiological studies of CHD and the evolution of preventive
cardiology. Nat Rev Cardiol 2014;11:276-89.

2. Montalescot G, Sechtem U, Achenbach S, et al. 2013 ESC guidelines on the
management of stable coronary artery disease: the Task Force on the
management of stable coronary artery disease of the European Society of
Cardiology. European heart journal 2013;34:2949-3003.

3. Virmani R, Burke AP, Farb A, Kolodgie FD. Pathology of the vulnerable
plaque. Journal of the American College of Cardiology 2006;47:C13-8.

4. Thygesen K, Alpert JS, Jaffe AS, et al. Third universal definition of
myocardial infarction. European heart journal 2012;33:2551-67.

5. Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable risk
factors associated with myocardial infarction in 52 countries (the INTERHEART
study): case-control study. Lancet (London, England) 2004;364:937-52.

6. Perk J, De Backer G, Gohlke H, et al. European Guidelines on cardiovascular
disease prevention in clinical practice (version 2012). The Fifth Joint Task Force
of the European Society of Cardiology and Other Societies on Cardiovascular
Disease Prevention in Clinical Practice (constituted by representatives of nine
societies and by invited experts). European heart journal 2012;33:1635-701.

7. Roffi M, Patrono C, Collet J-P, et al. 2015 ESC Guidelines for the
management of acute coronary syndromes in patients presenting without
persistent ST-segment elevation. Task Force for the Management of Acute
Coronary Syndromes in Patients Presenting without Persistent ST-Segment
Elevation of the European Society of Cardiology (ESC) 2016;37:267-315.

8. Wijns W, Kolh P, Danchin N, et al. Guidelines on myocardial
revascularization. European heart journal 2010;31:2501-55.

9. Steg PG, James SK, Atar D, et al. ESC Guidelines for the management of
acute myocardial infarction in patients presenting with ST-segment elevation.
The Task Force on the management of ST-segment elevation acute myocardial
infarction of the European Society of Cardiology (ESC) 2012;33:2569-619.
10.Yusuf S, Peto R, Lewis J, Collins R, Sleight P. Beta blockade during and
after myocardial infarction: an overview of the randomised trials. Progress in
cardiovascular diseases 1985;27:335-71.

11.Effects of an Angiotensin-Converting—-Enzyme Inhibitor, Ramipril, on
Cardiovascular Events in High-Risk Patients. New England Journal of Medicine
2000;342:145-53.

REFERENCES 42



12.Randomised trial of cholesterol lowering in 4444 patients with coronary heart
disease: the Scandinavian Simvastatin Survival Study (4S). Lancet (London,
England) 1994;344:1383-9.

13.Effects of Clopidogrel in Addition to Aspirin in Patients with Acute Coronary
Syndromes without ST-Segment Elevation. New England Journal of Medicine
2001;345:494-502.

14.Invasive compared with non-invasive treatment in unstable coronary-artery
disease: FRISC II prospective randomised multicentre study. FRagmin and Fast
Revascularisation during InStability in Coronary artery disease Investigators.
Lancet (London, England) 1999;354:708-15.

15.Klempfner R, Elis A, Matezky S, et al. Temporal trends in management and
outcome of diabetic and non-diabetic patients with acute coronary syndrome
(ACS): Residual risk of long-term mortality persists: Insights from the ACS
Israeli Survey (ACSIS) 2000-2010. International journal of cardiology
2015;179:546-51.

16.Khera S, Kolte D, Aronow WS, et al. Non-ST-clevation myocardial
infarction in the United States: contemporary trends in incidence, utilization of
the early invasive strategy, and in-hospital outcomes. Journal of the American
Heart Association 2014;3.

17.Desta L, Jernberg T, Lofman I, et al. Incidence, temporal trends, and
prognostic impact of heart failure complicating acute myocardial infarction. The
SWEDEHEART Registry (Swedish Web-System for Enhancement and
Development of Evidence-Based Care in Heart Disease Evaluated According to
Recommended Therapies): a study of 199,851 patients admitted with index acute
myocardial infarctions, 1996 to 2008. JACC Heart failure 2015;3:234-42.
18.Jernberg T, Hasvold P, Henriksson M, Hjelm H, Thuresson M, Janzon M.
Cardiovascular risk in post-myocardial infarction patients: nationwide real world
data demonstrate the importance of a long-term perspective. European heart
journal 2015;36:1163-70.

19.Bassand JP, Hamm CW, Ardissino D, et al. Guidelines for the diagnosis and
treatment of non-ST-segment elevation acute coronary syndromes. European
heart journal 2007;28:1598-660.

20.Wright RS, Anderson JL, Adams CD, et al. 2011 ACCF/AHA focused update
incorporated into the ACC/AHA 2007 Guidelines for the Management of
Patients with Unstable Angina/Non-ST-Elevation Myocardial Infarction: a report
of the American College of Cardiology Foundation/American Heart Association
Task Force on Practice Guidelines developed in collaboration with the American
Academy of Family Physicians, Society for Cardiovascular Angiography and
Interventions, and the Society of Thoracic Surgeons. Journal of the American
College of Cardiology 2011;57:¢215-367.

21.Degoulet P, Legrain M, Reach I, et al. Mortality risk factors in patients
treated by chronic hemodialysis. Report of the Diaphane collaborative study.
Nephron 1982;31:103-10.

REFERENCES 43



22.0reopoulos A, Padwal R, Kalantar-Zadeh K, Fonarow GC, Norris CM,
McAlister FA. Body mass index and mortality in heart failure: a meta-analysis.
American heart journal 2008;156:13-22.

23.Badheka AO, Rathod A, Kizilbash MA, et al. Influence of obesity on
outcomes in atrial fibrillation: yet another obesity paradox. The American
journal of medicine 2010;123:646-51.

24.Choy B, Hansen E, Moss AJ, McNitt S, Zareba W, Goldenberg 1. Relation of
body mass index to sudden cardiac death and the benefit of implantable
cardioverter-defibrillator in patients with left ventricular dysfunction after
healing of myocardial infarction. The American journal of cardiology
2010;105:581-6.

25.0reopoulos A, McAlister FA, Kalantar-Zadeh K, et al. The relationship
between body mass index, treatment, and mortality in patients with established
coronary artery disease: a report from APPROACH. European heart journal
2009;30:2584-92.

26.0reopoulos A, Padwal R, Norris CM, Mullen JC, Pretorius V, Kalantar-
Zadeh K. Effect of obesity on short- and long-term mortality postcoronary
revascularization: a meta-analysis. Obesity (Silver Spring, Md) 2008;16:442-50.
27.Romero-Corral A, Montori VM, Somers VK, et al. Association of
bodyweight with total mortality and with cardiovascular events in coronary
artery disease: a systematic review of cohort studies. Lancet (London, England)
2006;368:666-78.

28.Baker EH. Socioeconomic Status, Definition. =~ The Wiley Blackwell
Encyclopedia of Health, Illness, Behavior, and Society: John Wiley & Sons, Ltd;
2014.

29.Adler NE, Boyce T, Chesney MA, et al. Socioeconomic status and health.
The challenge of the gradient. The American psychologist 1994;49:15-24.
30.Rosengren A, Subramanian SV, Islam S, et al. Education and risk for acute
myocardial infarction in 52 high, middle and low-income countries:
INTERHEART case-control study. Heart (British Cardiac Society)
2009;95:2014-22.

31.Salomaa V, Niemela M, Miettinen H, et al. Relationship of socioeconomic
status to the incidence and prehospital, 28-day, and 1-year mortality rates of
acute coronary events in the FINMONICA myocardial infarction register study.
Circulation 2000;101:1913-8.

32.Wing S, Casper M, Riggan W, Hayes C, Tyroler HA. Socioenvironmental
characteristics associated with the onset of decline of ischaemic heart disease
mortality in the United States. American journal of public health 1988;78:923-6.
33.Diez Roux AV, Merkin SS, Arnett D, et al. Neighborhood of residence and
incidence of coronary heart disease. The New England journal of medicine
2001;345:99-106.

34.Sundquist K, Winkleby M, Ahlen H, Johansson SE. Neighborhood
socioeconomic environment and incidence of coronary heart disease: a follow-up

REFERENCES 44



study of 25,319 women and men in Sweden. American journal of epidemiology
2004;159:655-62.

35.Rosvall M, Gerward S, Engstrom G, Hedblad B. Income and short-term case
fatality after myocardial infarction in the whole middle-aged population of
Malmo, Sweden. European journal of public health 2008;18:533-8.

36.Chung SC, Gedeborg R, Nicholas O, et al. Acute myocardial infarction: a
comparison of short-term survival in national outcome registries in Sweden and
the UK. Lancet (London, England) 2014;383:1305-12.

37.Mahler VA. Exploring the Subnational Dimension of Income Inequality: An
Analysis of the Relationship between Inequality and Electoral Turnout in the
Developed Countries. International Studies Quarterly 2002;46:117-42.
38.Rawshani A, Svensson AM, Rosengren A, Eliasson B, Gudbjornsdottir S.
Impact of Socioeconomic Status on Cardiovascular Disease and Mortality in
24,947 Individuals With Type 1 Diabetes. Diabetes care 2015;38:1518-27.
39.Killip Lii T, Kimball JT. Treatment of myocardial infarction in a coronary
care unit: A Two year experience with 250 patients. The American journal of
cardiology 1967;20:457-64.

40.DeGeare VS, Boura JA, Grines LL, O'Neill WW, Grines CL. Predictive
value of the Killip classification in patients undergoing primary percutaneous
coronary intervention for acute myocardial infarction. The American journal of
cardiology 2001;87:1035-8.

41.El-Menyar A, Zubaid M, AlMahmeed W, et al. Killip classification in
patients with acute coronary syndrome: insight from a multicenter registry. The
American journal of emergency medicine 2012;30:97-103.

42.Hochman JS, Boland J, Sleeper LA, et al. Current spectrum of cardiogenic
shock and effect of early revascularization on mortality. Results of an
International Registry. SHOCK Registry Investigators. Circulation 1995;91:873-
81.

43.Hochman JS, Sleeper LA, Webb JG, et al. Early Revascularization in Acute
Myocardial Infarction Complicated by Cardiogenic Shock. New England Journal
of Medicine 1999;341:625-34.

44 Thiele H, Zeymer U, Neumann F-J, et al. Intraaortic Balloon Support for
Myocardial Infarction with Cardiogenic Shock. New England Journal of
Medicine 2012;367:1287-96.

45.Jeger RV, Radovanovic D, Hunziker PR, et al. Ten-year trends in the
incidence and treatment of cardiogenic shock. Annals of internal medicine
2008;149:618-26.

46.Fang J, Mensah GA, Alderman MH, Croft JB. Trends in acute myocardial
infarction complicated by cardiogenic shock, 1979-2003, United States.
American heart journal 2006;152:1035-41.

47.Goldberg RJ, Spencer FA, Gore JM, Lessard D, Yarzebski J. Thirty-year
trends (1975 to 2005) in the magnitude of, management of, and hospital death
rates associated with cardiogenic shock in patients with acute myocardial
infarction: a population-based perspective. Circulation 2009;119:1211-9.

REFERENCES 45



48.Keeley EC, Boura JA, Grines CL. Primary angioplasty versus intravenous
thrombolytic therapy for acute myocardial infarction: a quantitative review of 23
randomised trials. Lancet (London, England) 2003;361:13-20.

49.Saber RS, Edwards WD, Bailey KR, McGovern TW, Schwartz RS, Holmes
DR, Jr. Coronary embolization after balloon angioplasty or thrombolytic
therapy: an autopsy study of 32 cases. Journal of the American College of
Cardiology 1993;22:1283-8.

50.0zaki Y, Tanaka A, Tanimoto T, et al. Thin-cap fibroatheroma as high-risk
plaque for microvascular obstruction in patients with acute coronary syndrome.
Circulation Cardiovascular imaging 2011;4:620-7.

51.Klug G, Mayr A, Schenk S, et al. Prognostic value at 5 years of
microvascular obstruction after acute myocardial infarction assessed by
cardiovascular magnetic resonance. Journal of cardiovascular magnetic
resonance : official journal of the Society for Cardiovascular Magnetic
Resonance 2012;14:46.

52.Fearon WF, Low AF, Yong AS, et al. Prognostic value of the Index of
Microcirculatory Resistance measured after primary percutaneous coronary
intervention. Circulation 2013;127:2436-41.

53.Svilaas T, Vlaar PJ, van der Horst IC, et al. Thrombus aspiration during
primary percutaneous coronary intervention. The New England journal of
medicine 2008;358:557-67.

54.Vlaar PJ, Svilaas T, van der Horst IC, et al. Cardiac death and reinfarction
after 1 year in the Thrombus Aspiration during Percutaneous coronary
intervention in Acute myocardial infarction Study (TAPAS): a 1-year follow-up
study. Lancet 2008;371:1915-20.

55.Sardella G, Mancone M, Bucciarelli-Ducci C, et al. Thrombus aspiration
during primary percutaneous coronary intervention improves myocardial
reperfusion and reduces infarct size: the EXPIRA (thrombectomy with export
catheter in infarct-related artery during primary percutaneous coronary
intervention) prospective, randomised trial. Journal of the American College of
Cardiology 2009;53:309-15.

56.De Luca G, Navarese EP, Suryapranata H. A meta-analytic overview of
thrombectomy during primary angioplasty. International journal of cardiology
2013;166:606-12.

57.Frobert O, Lagerqvist B, Olivecrona GK, et al. Thrombus Aspiration during
ST-Segment Elevation Myocardial Infarction. New England Journal of Medicine
2013;369:1587-97.

58.Frobert O, Lagerqvist B, Olivecrona GK, et al. Thrombus aspiration during
ST-segment elevation myocardial infarction. The New England journal of
medicine 2013;369:1587-97.

59.Lagerqvist B, Frobert O, Olivecrona GK, et al. Outcomes 1 year after
thrombus aspiration for myocardial infarction. The New England journal of
medicine 2014;371:1111-20.

REFERENCES 46



60.Jolly SS, Cairns JA, Yusuf S, et al. Randomised Trial of Primary PCI with or
without Routine Manual Thrombectomy. New England Journal of Medicine
2015;372:1389-98.

61.Annual report SWEDEHEART 2014.
http://www.ucr.uu.se/swedeheart/index.php/dokument-sh/arsrapporter2014.
62.Jernberg T, Attebring MF, Hambraeus K, et al. The Swedish Web-system for
enhancement and development of evidence-based care in heart disease evaluated
according to recommended therapies (SWEDEHEART). Heart (British Cardiac
Society) 2010;96:1617-21.

63.Schulz KF, Altman DG, Moher D. CONSORT 2010 Statement: Updated
Guidelines for Reporting Parallel Group Randomised Trials. Annals of internal
medicine 2010;152:726-32.

64.Lauer MS, D'Agostino RB, Sr. The randomised registry trial--the next
disruptive technology in clinical research? The New England journal of
medicine 2013;369:1579-81.

65.Steg PG, Lopez-Sendon J, Lopez de Sa E, et al. External validity of clinical
trials in acute myocardial infarction. Archives of internal medicine 2007;167:68-
73.

66.Ho PM, Peterson PN, Masoudi FA. Evaluating the evidence: is there a rigid
hierarchy? Circulation 2008;118:1675-84.

67.Hannan EL. Randomised Clinical Trials and Observational Studies:
Guidelines for Assessing Respective Strengths and Limitations. JACC:
Cardiovascular Interventions 2008;1:211-7.

68.Holland PW. Statistics and causal inference. Journal of the American
statistical Association 1986;81:945-60.

69.Pocock SJ, Elbourne DR. Randomised Trials or Observational Tribulations?
New England Journal of Medicine 2000;342:1907-9.

70.Angeras O, Albertsson P, Karason K, et al. Evidence for obesity paradox in
patients with acute coronary syndromes: a report from the Swedish Coronary
Angiography and Angioplasty Registry. European heart journal 2013;34:345-53.
71.McKnight PE. Missing data : a gentle introduction. New York ; London:
Guilford; 2007.

72.Molenberghs G, Kenward MG. Missing data in clinical studies. Chichester:
Wiley; 2007.

73.Horton NJ, Kleinman KP. Much ado about nothing: A comparison of missing
data methods and software to fit incomplete data regression models. Am Stat
2007;61:79-90.

74.Little RJ. RD. Statistical Analysis with Missing Data. New York: Wiley;
2002:19-23.

75.Rubin DB. Inference and Missing Data. Biometrika 1976;63:581-90.
76.Rubin DB. Multiple imputation for nonresponse in surveys. Hoboken, N.J.:
Wiley-Interscience; 2004.

REFERENCES 47



77.Stawski RS. Multilevel Analysis: An Introduction to Basic and Advanced
Multilevel Modeling. Structural Equation Modeling: A Multidisciplinary Journal
2013;20:541-50.

78.Austin PC. An introduction to propensity score methods for reducing the
effects of confounding in observational studies. Multivariate behavioral research
2011;46:399-424.

79.Stukel TA, Fisher ES, Wennberg DE, Alter DA, Gottlieb DJ, Vermeulen MJ.
Analysis of observational studies in the presence of treatment selection bias:
effects of invasive cardiac management on AMI survival using propensity score
and instrumental variable methods. JAMA 2007;297:278-85.

80.Brookhart MA, Rassen JA, Schneeweiss S. Instrumental variable methods in
comparative safety and effectiveness research. Pharmacoepidemiol Drug Saf
2010;19:537-54.

81.Earle CC, Tsai JS, Gelber RD, Weinstein MC, Neumann PJ, Weeks JC.
Effectiveness of chemotherapy for advanced lung cancer in the elderly:
Instrumental variable and propensity analysis. J Clin Oncol 2001;19:1064-70.
82.Harris KM, Remler DK. Who is the marginal patient? Understanding
instrumental variables estimates of treatment effects. Health Services Research
1998;33:1337-60.

83.Rassen JA, Schneeweiss S, Glynn RJ, Mittleman MA, Brookhart MA.
Instrumental Variable Analysis for Estimation of Treatment Effects With
Dichotomous Outcomes. American Journal of Epidemiology 2009;169:273-84.
84.Van Buuren S. Multiple imputation of discrete and continuous data by fully
conditional specification. Statistical methods in medical research 2007;16:219-
42.

85.Pischon T, Boeing H, Hoffmann K, et al. General and abdominal adiposity
and risk of death in Europe. The New England journal of medicine
2008;359:2105-20.

86.0'Connor NJ, Morton JR, Birkmeyer JD, Olmstead EM, O'Connor GT.
Effect of coronary artery diameter in patients undergoing coronary bypass
surgery. Northern New England Cardiovascular Disease Study Group.
Circulation 1996;93:652-5.

87.Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. The Journal of
clinical endocrinology and metabolism 2004;89:2548-56.

88.Smith CC, Dixon RA, Wynne AM, et al. Leptin-induced cardioprotection
involves JAK/STAT signaling that may be linked to the mitochondrial
permeability transition pore. American journal of physiology Heart and
circulatory physiology 2010;299:H1265-70.

89.Kondo K, Shibata R, Unno K, et al. Impact of a single intracoronary
administration of adiponectin on myocardial ischaemia/reperfusion injury in a
pig model. Circulation Cardiovascular interventions 2010;3:166-73.

90.Tao L, Gao E, Jiao X, et al. Adiponectin cardioprotection after myocardial
ischaemia/reperfusion involves the reduction of oxidative/nitrative stress.
Circulation 2007;115:1408-16.

REFERENCES 48



91.Gao J, Chang Chua C, Chen Z, et al. Resistin, an adipocytokine, offers
protection against acute myocardial infarction. Journal of molecular and cellular
cardiology 2007;43:601-9.

92.Shibata R, Sato K, Pimentel DR, et al. Adiponectin protects against
myocardial ischaemia-reperfusion injury through AMPK- and COX-2-dependent
mechanisms. Nature medicine 2005;11:1096-103.

93.Shibata R, Ouchi N, Ito M, et al. Adiponectin-mediated modulation of
hypertrophic signals in the heart. Nature medicine 2004;10:1384-9.

94.Smith CC, Mocanu MM, Davidson SM, Wynne AM, Simpkin JC, Yellon
DM. Leptin, the obesity-associated hormone, exhibits direct cardioprotective
effects. British journal of pharmacology 2006;149:5-13.

95.Myers J, Lata K, Chowdhury S, McAuley P, Jain N, Froelicher V. The
obesity paradox and weight loss. The American journal of medicine
2011;124:924-30.

96.Coutinho T, Goel K, Correa de Sa D, et al. Combining body mass index with
measures of central obesity in the assessment of mortality in subjects with
coronary disease: role of "normal weight central obesity". Journal of the
American College of Cardiology 2013;61:553-60.

97.Diez-Roux AV, Nieto FJ, Muntaner C, et al. Neighborhood environments and
coronary heart disease: a multilevel analysis. American journal of epidemiology
1997;146:48-63.

98.Lewis L, Maher C, Katzmarzyk P, Olds T. Individual and School-Level
Socioeconomic Gradients in Physical Activity in Australian Schoolchildren. The
Journal of school health 2016;86:105-12.

99.Non AL, Roman JC, Gross CL, et al. Early childhood social disadvantage is
associated with poor health behaviours in adulthood. Annals of human biology
2016:1-42.

100. Smith GD, Hart C, Watt G, Hole D, Hawthorne V. Individual social class,
area-based deprivation, cardiovascular disease risk factors, and mortality: the
Renfrew and Paisley Study. Journal of epidemiology and community health
1998;52:399-405.

101. Kulkarni SP, Alexander KP, Lytle B, Heiss G, Peterson ED. Long-term
adherence with cardiovascular drug regimens. American heart journal
2006;151:185-91.

102. Barbeau EM, Krieger N, Soobader MJ. Working class matters:
socioeconomic disadvantage, race/ethnicity, gender, and smoking in NHIS 2000.
American journal of public health 2004;94:269-78.

103. Marmot MG. Status syndrome: a challenge to medicine. Jama
2006;295:1304-7.

104. Brunner E. Stress and the biology of inequality. BMJ (Clinical research
ed) 1997;314:1472-6.

105. Wahrborg P. Mental stress and ischaemic heart disease: an underestimated
connection. European heart journal 1998;19 Suppl O:020-3.

REFERENCES 49



106. Braveman P, Gruskin S. Defining Equity in Health. Journal of
Epidemiology and Community Health (1979-) 2003;57:254-8.

107. Mackenbach JP, Stirbu I, Roskam A-JR, et al. Socioeconomic Inequalities
in Health in 22 European Countries. The New England journal of medicine
2008;358:2468-81.

108. Thiele H, Zeymer U, Neumann FJ, et al. Intraaortic balloon support for
myocardial infarction with cardiogenic shock. The New England journal of
medicine 2012;367:1287-96.

109. Unverzagt S, Wachsmuth L, Hirsch K, et al. Inotropic agents and
vasodilator strategies for acute myocardial infarction complicated by cardiogenic
shock or low cardiac output syndrome. The Cochrane database of systematic
reviews 2014;1:CD009669.

110. Kar B, Basra SS, Shah NR, Loyalka P. Percutaneous Circulatory Support
in Cardiogenic Shock: Interventional Bridge to Recovery. Circulation
2012;125:1809-17.

111. Burzotta F, De Vita M, Gu YL, et al. Clinical impact of thrombectomy in
acute ST-elevation myocardial infarction: an individual patient-data pooled
analysis of 11 trials. European heart journal 2009;30:2193-203.

112. Bavry AA, Kumbhani DJ, Bhatt DL. Role of adjunctive thrombectomy
and embolic protection devices in acute myocardial infarction: a comprehensive
meta-analysis of randomised trials. European heart journal 2008;29:2989-3001.
113. Mongeon FP, Belisle P, Joseph L, Eisenberg MJ, Rinfret S. Adjunctive
thrombectomy for acute myocardial infarction: A bayesian meta-analysis.
Circulation Cardiovascular interventions 2010;3:6-16.

114. Martens EP, Pestman WR, de Boer A, Belitser SV, Klungel OH.
Instrumental variables: application and limitations. Epidemiology 2006;17:260-
7.

115. Frobert O, Lagerqvist B, Kreutzer M, Olivecrona GK, James SK.
Thrombus aspiration in ST-elevation myocardial infarction in Sweden: A short
report on real world outcome. International journal of cardiology 2010;145:572-
3.

116. Orban M, Limbourg T, Neumann FJ, et al. ADP receptor antagonists in
patients with acute myocardial infarction complicated by cardiogenic shock: a
post hoc JABP-SHOCK 1I trial subgroup analysis. Eurolntervention : journal of
EuroPCR in collaboration with the Working Group on Interventional Cardiology
of the European Society of Cardiology 2015;11.

117. Hofmann R, James SK, Svensson L, et al. DETermination of the role of
OXygen in suspected Acute Myocardial Infarction trial. American heart journal
2014;167:322-8.

118. Gotberg M, Christiansen EH, Gudmundsdottir I, et al. Instantaneous
Wave-Free Ratio versus Fractional Flow Reserve guided intervention (iFR-
SWEDEHEART): Rationale and design of a multicenter, prospective, registry-
based randomised clinical trial. American heart journal 2015;170:945-50.

REFERENCES 50



	Factors influencing prognosis in acute coronary syndrome
	Flik I
	Paper_I_345.full
	Flik II
	Paper_II_1-s2.0-S0167527314024826-main
	Flik III
	Paper_III_1-s2.0-S0167527315003459-main
	Flik IV
	Paper_IV_Thrombectomy manuskript 160215


 
 
    
   HistoryItem_V1
   StepAndRepeat
        
     Trim unused space from sheets: no
     Allow pages to be scaled: yes
     Margins and crop marks: none
     Sheet size: 6.496 x 9.528 inches / 165.0 x 242.0 mm
     Sheet orientation: best fit
     Scale by 70.00 %
     Align: centre
      

        
     0.0000
     5.6693
     20.0001
     0
     Corners
     0.2999
     ToFit
     0
     0
     1
     1
     0.7000
     0
     0 
     1
     0.0000
     0
            
       D:20160212132647
       685.9843
       S5
       Blank
       467.7165
          

     Best
     582
     181
    
    
     0.0000
     C
     0
            
       CurrentAVDoc
          

     0.0000
     0
     2
     0
     1
     0 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0k
     Quite Imposing Plus 3
     1
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   StepAndRepeat
        
     Trim unused space from sheets: no
     Allow pages to be scaled: yes
     Margins and crop marks: none
     Sheet size: 6.496 x 9.528 inches / 165.0 x 242.0 mm
     Sheet orientation: best fit
     Scale by 70.00 %
     Align: centre
      

        
     0.0000
     5.6693
     20.0001
     0
     Corners
     0.2999
     ToFit
     0
     0
     1
     1
     0.7000
     0
     0 
     1
     0.0000
     0
            
       D:20160212133100
       685.9843
       S5
       Blank
       467.7165
          

     Best
     582
     181
    
    
     0.0000
     C
     0
            
       CurrentAVDoc
          

     0.0000
     0
     2
     0
     1
     0 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0k
     Quite Imposing Plus 3
     1
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   StepAndRepeat
        
     Trim unused space from sheets: no
     Allow pages to be scaled: yes
     Margins and crop marks: none
     Sheet size: 6.496 x 9.528 inches / 165.0 x 242.0 mm
     Sheet orientation: best fit
     Scale by 70.00 %
     Align: centre
      

        
     0.0000
     5.6693
     20.0001
     0
     Corners
     0.2999
     ToFit
     0
     0
     1
     1
     0.7000
     0
     0 
     1
     0.0000
     0
            
       D:20160212132805
       685.9843
       S5
       Blank
       467.7165
          

     Best
     582
     181
     0.0000
     C
     0
            
       CurrentAVDoc
          

     0.0000
     0
     2
     0
     1
     0 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0k
     Quite Imposing Plus 3
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all odd numbered pages
     Trim: none
     Shift: move right by 5.67 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20150924105621
       907.0866
       SRA3
       Blank
       1275.5906
          

     Wide
     1
     0
     No
     394
     240
     Fixed
     Right
     5.6693
     0.0000
            
                
         Odd
         1
         AllDoc
         104
              

       CurrentAVDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0k
     Quite Imposing Plus 3
     1
      

        
     0
     8
     6
     4
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all even numbered pages
     Trim: none
     Shift: move left by 5.67 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20150924105621
       907.0866
       SRA3
       Blank
       1275.5906
          

     Wide
     1
     0
     No
     394
     240
    
     Fixed
     Left
     5.6693
     0.0000
            
                
         Even
         1
         AllDoc
         104
              

       CurrentAVDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0k
     Quite Imposing Plus 3
     1
      

        
     1
     8
     7
     4
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   StepAndRepeat
        
     Trim unused space from sheets: no
     Allow pages to be scaled: yes
     Margins and crop marks: none
     Sheet size: 6.496 x 9.528 inches / 165.0 x 242.0 mm
     Sheet orientation: tall
     Scale by 70.00 %
     Align: centre
      

        
     0.0000
     5.6693
     20.0001
     0
     Corners
     0.2999
     ToFit
     0
     0
     1
     1
     0.7000
     0
     0 
     1
     0.0000
     0
            
       D:20160216080840
       685.9843
       S5
       Blank
       467.7165
          

     Tall
     582
     181
    
    
     0.0000
     C
     0
            
       CurrentAVDoc
          

     0.0000
     0
     2
     0
     1
     0 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0k
     Quite Imposing Plus 3
     1
      

   1
  

 HistoryList_V1
 qi2base




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice



 
 
    
   HistoryItem_V1
   StepAndRepeat
        
     Trim unused space from sheets: no
     Allow pages to be scaled: yes
     Margins and crop marks: none
     Sheet size: 6.496 x 9.528 inches / 165.0 x 242.0 mm
     Sheet orientation: best fit
     Scale by 70.00 %
     Align: centre
      

        
     0.0000
     5.6693
     20.0001
     0
     Corners
     0.2999
     ToFit
     0
     0
     1
     1
     0.7000
     0
     0 
     1
     0.0000
     0
            
       D:20160212132217
       685.9843
       S5
       Blank
       467.7165
          

     Best
     582
     181
     0.0000
     C
     0
            
       CurrentAVDoc
          

     0.0000
     0
     2
     0
     1
     0 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0k
     Quite Imposing Plus 3
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.614 x 9.528 inches / 168.0 x 242.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20151005074828
       685.9843
       168x242
       Blank
       476.2205
          

     Tall
     1
     0
     No
     394
     240
     None
     Left
     5.6693
     0.0000
            
                
         Both
         1
         AllDoc
         104
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0k
     Quite Imposing Plus 3
     1
      

        
     0
     110
     109
     110
      

   1
  

    
   HistoryItem_V1
   DefineBleed
        
     Range: all odd numbered pages
     Request: bleed left 0.00, right 8.50, top 0.00, bottom 0.00 points
     Bleed area is outside visible: no
      

        
     0.0000
     1
     0.0000
     0.0000
     0
     481
     266
     8.5039
     Margin
            
                
         Odd
         AllDoc
              

       PDDoc
          

     0.0000
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0k
     Quite Imposing Plus 3
     1
      

        
     110
     108
     55
      

   1
  

    
   HistoryItem_V1
   DefineBleed
        
     Range: all even numbered pages
     Request: bleed left 8.50, right 0.00, top 0.00, bottom 0.00 points
     Bleed area is outside visible: no
      

        
     0.0000
     1
     8.5039
     0.0000
     0
     481
     266
     0.0000
     Margin
            
                
         Even
         AllDoc
              

      
       PDDoc
          

     0.0000
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0k
     Quite Imposing Plus 3
     1
      

        
     110
     109
     55
      

   1
  

 HistoryList_V1
 qi2base





