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ABSTRACT
Coronary artery disease (CAD) is one of the leading causes of heart failure (HF). The overall
aim of this thesis is to describe contemporary epidemiology of post myocardial infarction HF
including temporal trends, changes in patient characteristics, its determinants and prognostic
implications, as well as the long-term risk of HF admission. We also examined adherence
patterns to beta-blocker treatment after acute myocardial infarction (AMI) and subsequent
implications on outcome using a nationwide myocardial infarction registry.
The thesis includes four papers. The first paper described the incidence, temporal trends, and
prognostic impact of HF complicating acute AMI. The second paper investigated the
incidence, determinants and prognostic implications of HF with normal ejection fraction
(HFNEF) that occurs in the setting of AMI. The third paper investigated the risk and
predictors of HF admission among survivors of AMI. Finally, the fourth paper investigated
the pattern of adherence to beta-blocker treatment in one-year AMI survivors, and assessed
predictors of better adherence and subsequent implications on long-term all-cause mortality
and/or HF admissions.
The incidence of in-hospital HF during an index hospitalization for AMI decreased by 39%
with an absolute risk reduction (ARR) of 18% over 13 years with more pronounced reduction
among STEMI (ARR 22%) than NSTEMI (ARR 14%) patients, p<0.001. The use of rapid
revascularization treatment and evidence-based pharmacologic treatment increased over the
years (1996-1997 vs. 2008). Patients with clinical HF after AMI had a higher risk for death
(adjusted HR: 2.09; 95% CI: 2.06 to 2.13). However, mortality was decreasing over time,
showing the potential for a further decrease with even better treatment strategies.
HF with normal EF was a relatively less common form of HF in the setting of AMI but its
occurrence was associated with at least a 3-fold increase in mortality compared to patients
with NEF and no HF. Interestingly, patients who had evidence of left ventricular systolic
dysfunction (LVEF <50%) without clinical HF had better long-term prognosis than patients
with HFNEF, underscoring the importance of clinical findings such as pulmonary rales to
predict higher risk of mortality complementary to EF.
Long-term survivors of MI without a previous history of HF remain at risk of late-onset HF
(LOHF) with in-hospital HF being a strong predictor. Out of 150,566 AMI survivors without
prior HF, 19.4% (n=29,194) were readmitted due to HF during the study period (2004-2013).
However, the incidence of LOHF after AMI showed a declining trend over the years which
largely seems to be related to a decreasing burden of comorbidities and an improved
evidence-based revascularization strategy and pharmacologic treatment.
Out of 38,597 one-year AMI survivors, 31.1% were non-adherent to beta-blocker treatment
one year after the index event. Patients with LVSD (REF) without signs of HF and patients
with HFREF were more likely to receive beta-blockers at discharge and adhere to treatment
one year after the index AMI. Better adherence was associated with improved long-term
outcomes in all patients except in patients with HFNEF. Of note, the long-term prognostic
advantage seen also in low-risk patients highlights the need for future studies.
In conclusion, though gains have been made in AMI treatment, the lingering problem of HF
underscores the importance of interventions at all levels that mitigate its occurrence starting
from primordial preventive measures, early identification and treatment of risk factors,
prompt and effective treatment of AMI and implementation of evidence-based secondary
prevention therapies while ensuring the continuous monitoring of epidemiological trends.
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1 INTRODUCTION
1.1 HISTORICAL PERSPECTIVES
1.1.1 Heart failure
Heart failure (HF) is a global problem of our time, that has been known since ancient times1.
The earliest reported case of chronic HF dates back over 3500 years to the remains of an
Egyptian dignitary who lived under the reign of the 18th dynasty Pharaoh Thutmose III
(1479–24 BC). On a recent histopathologic examination of the lungs, pulmonary edema due
to HF was proposed as the likely cause of death2. Hippocrates (467-377 B.C) described
pulmonary rales and detailed symptoms of HF. He also discussed a rather modern way to
drain fluid from the chest through a hole drilled in the ribcage. Galen (c.130 AD – c.210
AD), viewed the heart as the source of heat and thought that the heart’s primary function was
to distribute heat to the body. His opinions were to dominate Western thinking for more than
1500 years3, 4.
Several centuries had elapsed before William Harvey clearly described circulation and
provided the basis for understanding the hemodynamic abnormalities in HF in 16285. A few
centuries later a turning point occurred after the discoveries of Frank in 1895 and Starling in
1918 (Frank-Starling law) when a more biologically oriented research for regulatory
mechanisms of heart function was initiated6.

“… When edema is gross and
fails to respond… Southey’s
tubes constitute a cleaner way of
removing fluid…”
Paul Wood. Heart failure. In
Diseases of the heart and
circulation. 1957;311
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Blood-letting and leeches were used for centuries as treatment of HF7. The benefits of
digitalis were described by Withering in 17857. In the 19th and early 20th centuries, HF
associated with excessive fluid retention was treated with Southey’s tubes.
The understanding of HF was significantly advanced in the 1940s and 1960s by the
introduction of cardiac catheterization 8 which enabled characterization of many forms of
structural heart disease. In the decades before the 1980s, the changes occurring in HF were
related to the backward/forward theories and treatment was based on bed rest, inactivity and
fluid restriction. Digitalis and diuretics constituted the mainstay of pharmacologic treatment
by then 3.
The description of Starling Curves9 introduced the idea of myocardial contractility. Despite
the difficulties in measuring contractility, the prevailing view was that contractility was
reduced in patients with chronic HF and that increasing it would have a positive effect10.
However, most clinical trials of inotropic drugs were stopped prematurely because the agents
did more harm than good and none had a positive effect on survival 11. Later, cardiac
glycosides were also found not to improve survival in patients with HF in sinus rhythm 12.
One important event took place in cardiology in December 1967, when Christian Barnard
conducted the first orthotopic heart transplant in Cape Town, South Africa. The 1960s was
also the decade that saw the emergence of LV assist devices (LVADs)13, 14. From the mid1970s, the availability of vasodilators provided a means to reduce afterload 15. However, it
soon emerged that despite the benefits related to their hemodynamic effects, a series of trials
showed that patients treated with these agents were at greater risk of developing worsening
HF and mortality than those treated with placebo 16-18.
In the 1980s, the importance of non-hemodynamic abnormalities in HF were realized, when
the neurohumoral response to reduced cardiac output was found to have a major adverse
effect on long-term survival. The neurohumoral response was recognized as a compensatory
response for short-term hemodynamic challenges like exercise and hemorrhage, which has
harmful effects when the response is sustained 19-23. In HF, blood pressure and cardiac output
are reduced over long time periods. Therefore, the neuroendocrine response is chronically
activated, with deleterious consequences as the persisting increase in catecholamines and the
renin-angiotensin system (RAS) damages the function and structure of myocytes leading to
fibrosis.

8

Dr Barnard and the first patient who received a heart transplant.

One important piece of evidence proposing HF to be much more than a hemodynamic
syndrome came from studies of beta-blockers which, in spite of causing initial worsening of
hemodynamics, improved prognosis24, 25. As a result of improved pathophysiologic
understanding of HF, angiotensin converting enzyme inhibitors (ACEIs) and beta-blockers
were successfully introduced as effective treatments for HF 24-28. Later, mineralo corticoid
receptor antagonists (MRA)29, 30 and the angiotensin receptor blockers (ARBs) 31, 32 joined the
group of drugs that counteract neuroendocrine activation.
The role of implantable cardioverter-defibrillators (ICDs) in preventing arrhythmia related
mortality in HF patients was established in the beginning of the 21st century although the first
device was implanted a few decades earlier33. A few years later cardiac resynchronization
therapy (CRT) was shown to enhance ventricular contractility, diminish secondary mitral
regurgitation, reverse ventricular remodeling and sustain the improvement in ejection fraction
(EF) 34, 35 and subsequently became established treatment of HF in appropriately selected
patients. Other therapeutic technologies are continuously providing new advances in left
ventricular assistance such as implant-based multi-parameter telemonitoring 36, chronic vagal
stimulation 37 and cardiac contractility modulation though the available evidence is
considered insufficient to support guideline recommendations. The electronic revolution has
enabled cardiologists to monitor heart function at a distance by wireless technologies.
Furthermore, new therapeutic possibilities for HF are being investigated in the fields of
molecular biology, genetics and stem-cell therapy with substantial hopes 37.
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New pharmacological treatments were also introduced in the later years. The PARADIGM HF study recently showed a dual angiotensin receptor and neprilysin inhibition (ARNi) with
sacubitril/valsartan (LCZ696) significantly improved prognosis compared with Enalapril38.
The same drug is being studied in patients with HF with preserved EF (HFPEF) while other
ongoing trials are investigating various new classes of drugs developed from advances made
in the pathophysiological understanding of HF.
Moreover, the advent of HF clinics has improved adherence and dosing of evidence-based
treatment while contributing to improved self-care behavior through patient education and
physical training programs, with subsequent improvement of survival and reduction in HF
related events 39.
Indeed, much has happened throughout the history of HF but there is much which remains to
happen. While modern medicine has come a long way in the treatment of HFREF, HF with
preserved EF (HFPEF) and acute HF remain two areas with large unmet needs for
pathophysiological insights and improved therapies.
1.1.2 Coronary artery disease
Angina pectoris, the main symptom of coronary artery disease (CAD) was first clinically
described in the late 18th century 40. The pathogenesis was unknown up until early 19th
century. Almost a century had passed after the description of angina before pathologists
recognized the importance of the coronary arteries in its pathogenesis. At the turn of the 20th
century pathologists related acute myocardial infarction (AMI) with thrombosis in the
coronary arteries. In the early 20th century, a number of cases of AMI were described and by
1919 electrocardiography was able to diagnose the disease41. By that time, the recommended
treatment was total bed rest. In-hospital mortality was close to 40%, and many victims likely
succumbed to early malignant arrhythmias and pulmonary embolism due to prolonged
immobilization. The management of AMI constituted these approaches until the mid-20th
century42.
Physiologists were able to characterize pressures in the major vessels and heart chambers of
animals in the 19th century43. The cumulative effect of their efforts led to the first human heart
catheterization, performed by Werner Forssman on himself in 1929, which led to a much
better understanding of cardiac hemodynamics 44 and paved the way for the development of
coronary arteriography in 195845. These advances were of paramount importance in the
development of the first revascularization strategy, coronary artery bypass grafting (CABG)46,
47

.
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Other crucial developments were also taking place during the same time-period. The
Framingham study was started in 1948 with the collaboration of professionals from different
disciplines with the goal of understanding the mechanisms behind CAD by analyzing
lifestyles in the population. Their findings identified high blood pressure and elevated lipid
levels as definite risk factors. Later, smoking was identified as another major risk factor for
the development of CAD. The recognition of these risk factors introduced the idea that CAD
and its complications could be prevented. Educating clinicians and the public about these risk
factors have led to huge improvements in age-adjusted cardiovascular death rates 42.
The first major advance in the treatment of AMI came prior to the advent of CABG and
percutaneous coronary interventions (PCI) in the early 1960s with the development of
dedicated coronary intensive care unit after Day48 and Brown et al 49 reported their initial
experiences with the clustering of patients with AMI in special care areas designed for
continuous monitoring of the electrocardiograms. The in-hospital mortality for MI patients
was halved with the addition of coronary intensive care units (CCUs). A few years later
Killip and Kimball performed a study of specialized care for myocardial infarction involving
250 patients with objectively proved AMI treated in a specially designed, equipped and
staffed coronary care unit in a voluntary teaching hospital50. To provide a clinical estimate of
the severity of myocardial derangement, they classiﬁed patients into one of four categories
recognizing HF as a deleterious complication of AMI:
1) No heart failure (HF); 2) HF as demonstrated by the presence of basilary rales, an S3
gallop, and/or elevated jugular venous pressure; 3) Severe HF or frank pulmonary edema; and
4) Cardiogenic shock. This system later became known as the Killip classiﬁcation, which we
still use today. Its implementation in practice has since evolved to guide management and
prognosticate while serving as an important tool for tracking outcomes in clinical research.
Another major advance took place in 1976 when the fibrinolytic agent, streptokinase was
used to open acutely occluded coronary arteries by intracoronary infusion 51. The GISSI trial
showed that intravenous streptokinase reduced early mortality in patients with AMI 52. Soon
thereafter, the ISIS-2 trial showed that the addition of aspirin led to further reductions in
mortality53. Subsequently, more potent platelet inhibitors (e.g., P2Y12 and glycoprotein
IIb/IIIa platelet–receptor blockers) were developed 54. During that era, randomized, controlled
clinical trials (RCTs) became established approaches for the advancement of effective
treatments such as ACE-inhibitors55-58, angiotensin receptor blockers 31, beta-blockers 24, 25,
59-61

and aldosterone blockers 29, 30.
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Figure 1. Decline in Deaths from Cardiovascular Disease in Relation to Scientific Advances. ALLHAT
denotes Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial, CASS Coronary
Artery Surgery Study, GISSI Italian Group for the Study of Streptokinase in Myocardial Infarction, HMGCoA 1-hydroxy-3-methylglutaryl coenzyme A, ISIS-2 Second International Study of Infarct Survival, MI
myocardial infarction, NCEP National Cholesterol Education Program, NHBPEP National High Blood
Pressure Education Program, PCI percutaneous coronary intervention, SAVE Survival and Ventricular
Enlargement, and TIMI 1 Thrombolysis in Myocardial Infarction 1. 42 Used with permission from Nabel EG &
Braunwald E., N Engl J Med 2012;366:54-6342

The 1960s and 70s heralded the emergence of the field of invasive cardiology. Andreas
Grüntzig performed the first coronary balloon angioplasty in 1977, a few years after the
pioneering work of Dotter and Judkins 43. More than a decade later, RCTs demonstrated it to
be more effective than thrombolysis and paved the way for the era of primary PCI 54, 62.
Balloon angioplasty was followed by the insertion of baremetal stents, and today, drugeluting stents are used together with effective double antiplatelet treatment to prevent
coronary restenosis63.
Indeed, notable advances have taken place over the last several decades which have improved
the prognosis of patients with AMI impressively (Figure 1). However, HF remains a
common complication after AMI occurring both as early and late complications and causing
considerable morbidity and mortality.
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1.2 DEFINITION OF HF
Heart failure is a common syndrome resulting from a variety of cardiac diseases and is
characterized by a reduced cardiac output that is unable to meet the metabolic needs of the
body. According to the 2016 ESC guidelines the diagnosis of HF requires33:


the presence of appropriate symptoms, typically breathlessness or fatigue at rest or
during exertion or ankel swelling and



objective evidence of structural and/or functional cardiac dysfunction, resulting in a
reduced cardiac output and or/elevated filling pressures at rest or during stress with
accompanying signs (e.g. elevated jugular venous pressure, pulmonary crackles and
peripheral oedema)



In case of doubt, symptom improvement with HF therapy.

The first 2 criteria should be fulfilled in all cases. HF is a largely clinical diagnosis that is
based on a careful history and physical examination.
1.2.1 Diagnostic criteria
Several standardized diagnostic criteria have been used for the purpose of case ascertainment
on a large scale to study the epidemiology of HF. However, they lack uniformity64
contributing to the discrepancies observed in the findings of studies on trends and outcomes.
The ones used include the Framingham criteria65, the Boston criteria 66, the Gothenburg
criteria67 and the European Society of Cardiology criteria68. The European Society of
Cardiology criteria require objective evidence of cardiac dysfunction 68-71. Altogether, the
scores are largely similar for the detection of HF 72.
1.2.2 Systolic and diastolic HF
After establishing the diagnosis of HF, assessment of the LVEF is made to classify HF into
HF with preserved (HFPEF) or reduced EF (HFREF). Systolic HF is identified by a reduced
EF however different thresholds have been used by different groups 73-77. A threshold of
≥50% remains the most commonly used77-83. Using this threshold, HFPEF constitutes more
than half of HF cases in the population 84, 85.
The 2016 ESC guidelines 33, defines HFPEF by the presence of symptoms and/or signs of
HF, a ‘preserved’ EF (deﬁned as LVEF ≥50% or 40–49% for HF with medium range EF),
elevated levels of natriuretic peptides and objective evidence of other cardiac functional
(signs of elevated LV ﬁlling pressure) and structural alterations (left atrial enlargement and
LV-hypertrophy). For confirmation of the diagnosis, a stress test or invasive assessment of
LV ﬁlling pressures may be needed.
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The two entities have distinct structural changes which are also associated with distinct
functional consequences involving in particular the LV end systolic pressure–volume
relationship (Figure 2) 86.
The term ‘diastolic HF’ was ﬁrst used to reﬂect the leading pathophysiological factor
believed to cause the syndrome - LV diastolic dysfunction. However, patients with ‘systolic
HF’ were even more likely to have moderate/severe diastolic dysfunction compared with
patients with so-called ‘diastolic HF’. Nonetheless, progression of LV diastolic dysfunction
was found to be a major mechanism distinguishing HFPEF.
There are still signiﬁcant uncertainties surrounding the pathophysiology and treatment of
HFPEF, leaving clinicians in a dilemma regarding its optimal management. New paradigms
including a prominent role of co-morbidities, inﬂammation, endothelial dysfunction, and prohypertrophic signaling pathways have been proposed. The disease appears to be
pathophysiologically distinct and not merely a continuum with HFREF 86.

Figure 2: (A and B) Pressure–volume loop
characteristics in HFPEF (black) and HFREF
(red) in baseline conditions (A), and in response to
vasodilators (B). Adapted and reused with
permission from Eur Heart J.2014;35(16):10221032 86

In addition to etiological and phenotypic heterogeneity the prominent contribution of comorbidities make understanding the HFPEF syndrome particularly challenging 87.

14

1.3. EPIDEMIOLOGY
1.3.1 The scope of the problem
HF has become an important public health problem with increasing prevalence and economic
burden on societies88, 89. In high income countries, HF is the most common diagnosis in
hospitalized patients ≥ 65 years. HF carries a prognosis which is worse than that of most
cancers37. Understanding the epidemiology of HF remains challenging, despite reports from
large population-based studies, mostly from developed countries 90-92. The reasons are related
to difficulties in its diagnosis due to the non-specific nature of symptoms that may result from
various cardiovascular and non-cardiovascular conditions that lead to impaired cardiac
function.
Epidemiological studies have not employed a consistent definition of HF making
comparisons difficult. The Framingham Heart study employed a clinical definition of HF
without an objective assessment of ventricular function 93. Other studies have included
echocardiographic analysis of ventricular function in detailing the prevalence of HF 94.
1.3.2 Incidence and prevalence of HF
The incidence of HF varies according to the populations studied and the definitions
employed, and is dependent on age and sex. The incidence rate is estimated to be 1-4 per
1000 per year 95, 96. Higher age and male gender are associated with higher incidences. Data
from the Framingham cohort have shown a doubling in incidence of HF with each decade of
ageing. Although incidence of HF is approximately one-third lower in general for women
than men, women comprise about one-half of the HF burden due to their longevity 97.
Interestingly, women who suffer from a MI are more likely to develop HF than men 97.
Several common risk factors for HF, including hypertension, valvular heart disease, obesity,
and diabetes mellitus, are more powerful predictors of HF risk in women than in men 98 .
The prevalence of HF is approximately 1-2% of the adult population in developed countries
rising to ≥ 10% among people >70 years of age. It increases with age, and is more common in
men than in women in those aged >40 and <80 years (Figure 3).
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Figure 3: Adapted and used with permission from Mozaffarian D, Benjamin EJ, Go AS, et al., on behalf of the
American Heart Association Statistics Committee and Stroke Statistics Subcommittee. Heart disease and stroke
statistics—2015 update: a report from the American Heart Association99

At the age of 40 years (or at 40 years old), the lifetime risk of development of HF is 1 in 9 for
men and 1 in 6 for women. In those with a prior history of MI at age 40 years the lifetime risk
for the development of HF is greater, being 1 in 5 for both men and women. As patients with
CAD, hypertension and HF itself continue to live longer with better treatment, it is expected
that the prevalence of HF will continue to rise. Furthermore, changing demography, increased
prevalence of major CV risk factors such as hypertension, diabetes, and obesity as well as
progressive chronic kidney disease (CKD) (add to abbreviations), may also contribute to an
increase in prevalence over time. Worldwide, it is estimated that HF affects more than 38
million people 37 an increase from 23 million estimated in the 1990s 100.
1.3.3 Morbidity and quality of life
Patients with HF are burdened not only by disabling symptoms, but also have high
prevalence of comorbidities including hypertension, diabetes, atrial fibrillation and chronic
pulmonary disease. They are also at higher risk of developing thromboembolic complications
including stroke, MI and venous thromboembolism100-102. Clearly, therefore, patients with HF
are likely to be dependent on frequent consultations with healthcare services, in both primary
care and hospital settings. Such dependence exemplifies the demand HF places on health-care
resources.
HF has a significant detrimental effect on quality of life which encompasses physical and
psychological wellbeing, as well as social functioning.
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Readmissions for HF remain common, with significant quality of life and economic
repercussions. Multiple hospitalizations, particularly of elderly patients with multiple
comorbid conditions, are especially common. In patients aged ≥65 years, the 30-day hospital
readmission rate is approximately 30% 103. Insights from large registries have revealed that
approximately 20% of patients admitted with acute decompensated HF have no weight loss
during their hospitalization,104 suggesting the inadequacies of in-hospital management.
1.3.4 Prognosis
Reports from the Framingham cohort have confirmed a decrease in long-term mortality with
symptomatic HF. Nevertheless, the 10-year survival for patients with symptomatic HF
remains only 20%, with a median survival of 1.7 years for men and 3.2 years for women 90.
Approximately 50% of patients diagnosed with HF die within 5 years 91. The poor survival
seen in the Framingham (US) data has also been observed in the European population with
HF 105. HF mortality increases with age and rises precipitously after 65 years of age. The 30day inpatient hospital mortality is 11% in US patients aged ≥65 years admitted with HF 103.
Indeed, the 65-year age-adjusted and sex-adjusted mortality rate for HF is worse than for
most common malignancies, including breast and prostate cancer 106.
1.4 PATHOPHYSIOLOGY
HF is the clinical syndrome that results from structural or functional abnormalities that impair
ability of the heart to fill with or eject blood. A patient with HF has decreased cardiac output
which in turn leads to decreased tissue perfusion. The body thus tries to maintain adequate
tissue perfusion and compensates to bring mean arterial pressure back to normal using several
mechanisms including the Frank–Starling mechanism, neurohormonal activation and
ventricular remodeling. While initially beneficial, the long-term effects of these mechanisms
serve to worsen HF in a vicious cycle if the adaptation persists107-109.
Cardiac insults that cause myocardial pressure overload, volume overload, or decreased
contractility trigger adaptive responses whose purpose is to improve cardiac output and
maintain blood flow to vital organs. However, when these responses become persistent, they
lead to the structural and molecular changes that characterize ventricular remodeling.
Neurohormonal activation in response to decreased cardiac pump function consists primarily
of increased sympathetic activation (SA) and upregulation of the renin-angiotensinaldosterone system (RAS)110 (Figure 4). Plasma norepinephrine (NE), an indirect measure of
total SA is elevated and is associated with an increased risk of mortality. Increased SA is
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associated with a number of deleterious effects on cardiovascular function, which can be
reversed by pharmacologic blockade of sympathetic receptors 111, 112.
Activations of the Sympathetic and the Renin - Angiotensin - Aldosterone
systems in heart failure

Figure 4: Used with permission from Dorn GW et al (2009), Nat Rev Cardiol 113

Increased SA is accompanied by upregulated activity of the RAAS, causing salt and water
retention and vasoconstriction114. Angiotensin II (AII) is a potent vasoconstrictor that acts on
peripheral arterioles. AII production in HF increases afterload, wall stress, and myocardial
oxygen consumption, ultimately decreasing stroke volume. AII stimulates both SA and
aldosterone release. In addition, AII stimulation of the myocardium has been associated with
activation of the fetal gene program, LV hypertrophy, and myocardial fibrosis. Aldosterone is
a mineralocorticoid hormone that stimulates sodium reabsorption in the distal tubule. When
combined with AII, the net effect is avid sodium reabsorption in both the proximal and distal
tubules, contributing to volume overload in HF. Aldosterone also has been implicated in
proliferation of myocardial fibrosis115. Treatment with neurohormonal blockers that interfere
with SA and RAAS activity improves survival in patients with HF.
Natriuretic peptides, atrial natriuretic peptide (ANP), and B-type natriuretic peptide (BNP)
are released from cardiomyocytes in response to increased atrial and ventricular wall stress.
The pro-protein proBNP is cleaved into BNP and the physiologically inactive molecule NTproBNP. Natriuretic peptides are degraded by neprilysin, a neutral endopeptidase. The
natriuretic peptides have physiologic functions that counter the effect of sustained SA and
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RAS activation, including decreasing RAS activity, inducing peripheral vasodilation and
sodium excretion, and inhibiting myocardial hypertrophy and fibrosis116. Treatment with a
combination angiotensin-receptor blocker/neprilysin inhibitor (ARNi) reduces the risk of
death and hospitalization for HF38. Other neurohormonal mediators such as activation of
arginine-vasopressin system, endothelin-1 and impaired Nitric oxide (NO) system function
may have significant hemodynamic and ventricular remodeling effects 117-119.
In summary, the chronic hemodynamic stresses on the heart lead to alterations in the size,
shape, structure, and function of the ventricle in a process known as remodeling which is
characterized by myocyte apoptosis, hypertrophy, tissue fibrosis, activation of
metalloproteinases and increased cardiac expression of cytokines 120-124. An intricate network
of pathophysiological changes eventually leads to the clinical spectrum of features observed
in patients with cardiac dysfunction.
1.5 ETIOLOGIES
Longitudinal studies 90, 125 provide data relating to the etiologies of HF, and their respective
contributions at different time periods. In the developed world, CAD and hypertension are the
principal etiologies in the development of HF in almost 80% of patients with HF126.
However, the prevalence of CAD in studies of HF vary considerably. Clinical trials and
population-based studies have reported estimates with large discrepancies 95, 127-131. In the
initial cohort of the Framingham study, hypertension appeared to be the most common
underlying condition. However, as time progressed, an increase in the contribution of CAD
(at the expense of hypertension and valvular heart disease) was noted. Consideration of the
attributable risk of risk factors for HF and its evolution over time is important for prevention
88

. Other significant causes of HF include idiopathic dilated cardiomyopathy, hypertrophic

and restrictive cardiomyopathies, and valvular heart disease.
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1.6 HEART FAILURE AFTER MYOCARDIAL INFARCTION
1.6.1 Incidence and temporal trends of CAD and AMI
As outlined above, CAD is one of the leading causes of HF. AMI remains a major clinical
problem despite reported declines in premature CAD in the developed world. Studies have
shown decreases in the incidence and severity of acute myocardial infarction (AMI) which
are partly ascribed to the growing use of coronary artery revascularization procedures and
better medical treatment 125, 132, 133 though primarily attributable to a reduction in major risk
factors 134, 135 with a marked decrease in the incidence of ST-segment elevation myocardial
infarction (STEMI)135, 136 (Figure 5). Effective primary and secondary prevention of coronary
heart disease is therefore of paramount importance 137. Data from the INTERHEART study
show that most cases of MI are predictable from what is already known about the preventable
risk factors 138.

Figure 5. Adapted and used with permission from Yeh RW et al, New Engl J Med 2010;362(23):2155-65. I
bars represent 95% confidence intervals. MI denotes myocardial infarction, and STEMI ST-segment elevation
myocardial infarction 135.

1.6.2 Incidence and prevalence of HF and LVSD after AMI
Over the years, population-based studies 139, 140, registries141-147 and clinical trials148-152 have
studied changes in the incidence, determinants and prognosis of HF and LVSD after AMI.
While population-based studies usually report on longer-term follow-up and outcomes postAMI, most data on the incidence of in-hospital HF and LVSD originate from clinical trials.
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While some employed ICD-codes for case ascertainment, probably underestimating the
incidence of HF, others utilized evaluation of case-records or patient reviews which is also
biased by varying definitions of HF and differing study populations 153.
Hence, the use of different approaches to quantify HF that complicates AMI makes
comparison of the incidence and prevalence of HF after AMI difficult. However, collectively
the studies suggest 30-50% of AMI patients have HF at some time following AMI 139-152.
Patients in clinical trials tend to generally be younger, more often men, often admitted at
CCUs, with lower incidence of HF on arrival, and higher likelihood of receiving evidence
based therapies including reperfusion treatments 142, 149, 154. As a result, the reported incidence
of HF after AMI is lower in trial patients than in epidemiologic studies. Of note, limited data
are available regarding incidence and prognostic impact of HF with normal EF (HFNEF) in
the setting of AMI that include detailed structural and functional assessment of diastolic
function according to current guidelines33, 155.
Data on the incidence and prevalence of LVSD early after AMI is even more limited partly
due to the inadequate attention given to it, despite the fact that it is one of the major
precursors of HF. It is known that imaging evaluations are more likely to be performed in
patients managed by cardiologists, in younger patients, in patients admitted to CCUs and in
teaching hospitals, which increases the likelihood of a strong selection bias in the cohorts
studied. In addition to methodologic issues in echocardiographic LVEF assessment, the
utilization of other imaging methods and varying cut-offs for defining reduced LVEF
influence classification of patients, making comparison of reported findings challenging 70, 143,
144, 148, 150, 152, 155-160

(Table 1). Clinical trials present more complete data on LVEF than do

epidemiologic studies, however bias related to inclusion criteria in these studies is significant.
In one prospective population study, the prevalence of LVSD (defined as LVEF ≤30%) was
found to be approximately 30 per 1000 of the population aged 25 years and older, with
approximately 50% of those with LVSD being asymptomatic161. The methodological issues
discussed above account for the discrepancies reported in the incidence and prevalence of
LVSD after AMI (Table 1).
1.6.3 Ventricular remodeling after AMI
A large AMI can lead to changes in the structure of both the infarcted and non-infarcted
regions of the myocardium. The process of progressive lengthening and secondary volumeoverload hypertrophy occurs in the non-infarcted areas. This alteration affects both the
function of the ventricle and survival. Acute reperfusion therapy has been shown to result in a
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reduction in ventricular volume. Both experimental and clinical studies have shown favorable
changes in the loading conditions of the left ventricle after a long-term therapy with an ACEI
that prevents progressive ventricular enlargement 162. Acutely, AMI can cause a severely
dysfunctional ventricle due to massive myocardial ischemia and subsequent necrosis, usually
presenting as cardiogenic shock. In some patients, acute HF may arise due to mechanical
complications such as acute ventricular septal defect or papillary muscle dysfunction or
rupture. Pump dysfunction in the peri-infarct period may alternatively be short-lived due to
myocardial stunning or ischemia. The underlying cause for the majority of patients
developing HF is a moderate amount of myocardial necrosis with consequent ventricular
remodeling163, 164.
The process of ventricular remodeling starts in the immediate post-infarction period and
continues slowly thereafter. It consists of ventricular wall thinning in the infract area,
ventricular chamber dilatation, and compensatory hypertrophy via lengthening of the noninfarcted portion of the myocardium162. The efficiency of the adaptive process depends on the
prior health of the non-infarcted myocardium. Diabetic or hypertrophied myocardium may be
less able to compensate for the area of infarction. Remodeling initially maintains stroke
volume and pump function but over time these changes become maladaptive leading to
decreased contractility and a vicious downward spiral culminating in HF 163, 164. The process
is causally related to neurohormonal activation as discussed in previous sections. The early
studies on ACEI have shown attenuation of ventricular enlargement with prevention of
further deterioration of ventricular performance 55, 165.
1.6.4 Clinical characteristics of patients with HF and LVSD after AMI
The risk of HF during hospitalization for AMI is increased in elderly subjects, in women, and
in patients with prior comorbidities such as diabetes, hypertension, pre-existing CAD, stroke
and renal dysfunction 141, 148, 149, 166. The Global Registry for Acute Coronary Events
(GRACE) study showed that patients who develop HF in-hospital have a worse prognosis
than patients who present with HF at admission166. Data from this and another study144
showed no difference in the incidence of post MI HF between STEMI and non-STEMI
patients while others reported a higher incidence of Killip class II-IV in patients with
NSTEMI146. Those with marked LVSD were more likely to have had HF on admission and
were more likely to develop fatal ventricular arrhythmias. HF is more common after anterior
MI than after infarction at other sites102. Patients who develop smaller infarcts tend to be
older with significant comorbidities and have a higher incidence of prior MI with
subsequently higher likelihood of developing early-onset HF.
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Table 1: Studies on post Myocardial infarction HF/LVSD
Study type

Period

N

Age

Prior MI

mean

LVEF

Mode of

cut-off

LVSD

HF %-

Scope of

Trends

LVEF-

adm/

analysis

incidence

assessment

in-hosp

of HF

Population
based -

WHAS 167
epidemiologic
WHAS 139

1975-1995

6,798

1975-2001

10,440

Olmsted 81

1979-1994

1,537

Olmsted 140

1978-1998

2,171

72.5

73

Recurrent

-

-

-

Early

Decreasing

Recurrent

-

-

-

39.9

Early

Increasing

First

-

-

-

36

onset
Early/ late

Decreasing

First

-

Echo,

44%

24

All

No change

MUGA
Framingham92

1950-1989

546

Framingham168

1970-1999

676

Canada 169

1994-2000

7,733

in survival

-

-

-

-

-

Late

No change

67

First

-

-

-

24

Early/late

Increasing

>65

First

-

-

-

37

Early/ late

Increasing
HF

Registries
French CCU143

1995

2,563

67

18%

≤50%

Echo

52%

44

-

French usic144

2000

2,320

65

18%

≤50%

Echo

46%

30.3

-

1994-2000

606,500

-

-

20.4

-

NMRI 141

68.3

(+8.6)%
GRACE166

1999-2001

16,166

72.5

32%

CCP 142

1994-1995

42,703

77.3

EHS ACS 147

2000-2001

10,484

Sweden170

1993-2004

Australia 171

1984-1993

-

-

-

13

32.8%

≤40%

Not given

26.6%

48.1

63.4

22.3%

-

-

-

35.2

175,216

35-84

-

-

-

-

4,006

25-64

First

-

-

-

22.4

Early

-

-

-

All

Decreasing

Early/Late

No change
-

Clinical trials
BEAT148

1998-1999

3,166

68

28%

<40%

Echo

InTIME II149

1997-1998

15,078

61

16%

-

-

VALIANT150

1999-2001

5,566

65.1

24%

≤40%

Not given

27.2%

23.1

GUSTO I/IIb/III,

1990-1998

61,041

61.7

-

-

-

-

29.4

TRACE172

1990-1992

6,676

≤35%

Echo

39%

AIRE173

1991-1992

2006

-

-

-

EMIAT157

31.1%

55.5
23

-

-

-

-

ASSENT151
35%
65

-

Early

-

1991-2001

28.5%

≤40%

MUGA

43%

53

-

159

1996

12.6%

≤40%

Echo

28%

22

-

DIAMOND-MI

1998

36.6

≤35%

Echo

29%

89

-

ARGAMI-2

158

MAGIC152
CAPRICORN

1999-2002

6,213

70

26%

<50%

Not given

18.7

-

1959

63

30%

≤40%

Echo

48

-

174
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AIRE, Acute Infraction Ramipril Efficacy; ARGAMI-2, Argatroban in AMI-2; ASSENT, Assessment of the safety and efficacy
of a New thrombolyctic; BEAT, Bucindolol Evaluation in AMI trial; CAPRICORN, Carvedilol Postinfarct survival Control in
LV dysfunction; CCP, Cooperative Cardiovascular Project; CCU, Coronary Care Unit; DIAMOND-MI, Danish
Investigations of Arrhytmias and Mortality on Dofetilide; EHS, European Heart Survey; EMIAT, European Myocardial
Infarct Amiodarone Trial; Gusto I, Global Utilization of Streptokinase and tissue-plasminogen activator for Occluded
Coronary arteries I; GUSTO IIb/III, Global use of Strategies to Open Occluded Coronary Arteries ; GRACE, Global
Registry of Acute Coronary Events; InTIME, Intravenous NPA for the treatment of Infarcting Myocardium Early Study;
MAGIC, Magnesium in Coronaries trial; MUGA, multiple Gated Nuclear Angiography; NRMI, National registry of MI;
TRACE,Trandolapril Cardiac Evaluation; USIC, Unité de Soin’s Coronaries; VALIANT, Valsartan in AMI trial, WHAS,
Worcester Heart Attack Study

1.6.5 Prognostic value of HF following AMI
Several studies have demonstrated that HF after AMI increases in hospital mortality 2 to 4fold 141, 143, 144, 150, 166, 167. HF has also a detrimental effect on prognosis in the long-term. The
timing of HF after AMI has been shown to effect prognosis. Development of HF during
hospital stay is associated with a higher in-hospital mortality than presenting with HF during
admission166. Post-MI HF also affects morbidity with significantly greater in-hospital
incidences of re-infarction, stroke and sustained VT/VF compared to those without HF175.
The appearance of pulmonary rales during hospitalization is one of the signs of an
unfavorable hemodynamic state 176 and predict worse outcomes 177. Higher Killip class is
associated with poor long-term outcome177. In the AIRE trial which studied the efficacy of
Ramipril in AMI patients with clinical HF evidence of HF was defined as at least one of the
following: evidence of HF one chest radiograph; presence of bilateral rales or auscultatory
evidence of a third heart sound with persistent tachycardia173.
1.6.6 Prognostic implication of LVSD after AMI
Although relatively understudied compared to the prognostic implication of co-existing HF
and LVSD after AMI, post myocardial infarction LVSD without clinical HF is associated
with poor outcome. Studies have shown the detrimental effect of LVSD after AMI on both
short and long-term prognosis, independently of HF150, 178-181.
1.6.7 Prognostic impact of both HF and LVSD after AMI
The simultaneous presence of HF and LVSD is associated with even greater risk of morbidity
and poor short- and long-term prognosis (Figure 10). Killip class and LVSD both predict
mortality, and their combined presence predict a worse prognosis after myocardial infarction
153, 182-184
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(Figure 6).

Figure 6: Impact of Killip class
and left ventricular systolic
dysfunction (LVSD) on 10-year
mortality. Used with permission
from Parakh K et al, The
American journal of medicine.
2008;121(11):1015-8. 182

1.6.8 HF/LVSD developing and recovering after discharge from the index AMI
A patient with post MI in-hospital HF will not necessarily develop chronic HF185. The
TRACE study showed that in-hospital HF would be transient in approximately 15% of
patients with major LVSD and 40% of patients without major LVSD186. Other prospective
studies have shown improvement of the LVEF in up to 30-55% of AMI patients in a matter
of weeks or months186-188.
The incidence of late-onset HF is even more uncertain. Data from the Framingham study
suggested, late-onset HF (one month or more after discharge) may have been reduced by 50%
while the Olmsted county study reported 41% would develop HF over 6,6 years. Three other
studies (SAVE56, CAPRICORN 174 and EPHESUS30) reported subsequent HF event varying
from 11.1% to 15.5% over 15 to 42 months follow up.
1.6.9 Temporal trends in incidence and prognosis of HF/LVSD after AMI
There is a paucity of contemporary data on changes in temporal trends in incidence and
associated short and long-term outcomes of HF after AMI. Most of the studies performed
over the last 3 decades suggest gradual reduction in the incidence of post MI HF over time 141,
148, 149, 170, 179, 180, 189, 190

while other studies reported an increasing trend 139, 168, 169, 191, 192.

Differences in patient population, diagnostic approaches and applied definitions are likely
reasons for differences in reported findings.
Studies have also reported conflicting outcomes on mortality trends. While some reported no
significant reduction140, 190 in one-year mortality in patients with HF after AMI over the years,
others have reported a declining trend in mortality169, 193. Separation of mortality into in-

25

hospital and long-term subsets seems to suggest improved in-hospital outcomes over the last
decades with unchanged 1-year mortality over time 167, 169.
Indeed, myocardial infarction and HF are closely related health problems which impose a
major burden on health care systems worldwide. Hence, it is essential to study how these two
disease states, that are so closely related but also independent of each other, interplay in the
modern era of coronary care units, PCI technology and effective medical therapy.
1.6.10 Adherence to secondary prevention therapies
Registries have been introduced with the aim of improving quality of care and adherence to
guideline recommended therapies. Furthermore, the main focus has been improving
prescription during discharge. However, the intended survival benefits of these medications
cannot be achieved without sustained therapy.
Beta-blockers remain a cornerstone in the treatment of patients with CAD, especially postMI. Most of the studies that established the positive effect of beta-blockers in ACS pre-date
the modern reperfusion era but beta-blockers are still widely used194, 195. The place of longterm treatment especially in low-risk patients is uncertain196. There is a lack of randomized
clinical trials in the modern reperfusion era investigating the role of beta-blockers in post MI
patients without LVSD or HF, but a large observational study did not find a lower risk of
cardiovascular events after ACS in these patients197.
Thus, studying adherence patterns to beta-blockers and subsequent effect on outcome after
AMI in real-world patients would give valuable complimentary information in addition to
giving insights regarding adherence to guideline recommended therapies.
1.7 Pros and cons of observational studies and randomized clinical trials
The highest level of scientific clinical evidence stems from prospective, randomized control
trials (RCTs). Many trials are limited by the specific recruitment of patients using narrow
inclusion criteria and multiple exclusion criteria, thereby limiting the trial’s generalizability to
real-world patients seen in practice settings. In addition, large scale RCTs are complex,
expensive to perform and economic revenue is typically the primary incentive to initiate such
trials. Consequently, many trials are too small to provide reliable estimates of the risk-benefit
balance. In general, patients included in RCTs are younger, with fewer comorbidities and a
lower risk of mortality198.
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Registry based epidemiologic studies
High-quality observational studies, based on large-scale registries and adequate statistical
modelling, provide valuable evidence for the external validity of RCTs making them an
important complement to RCTs. Furthermore, large-scale observational registries are well
suited for descriptive studies to investigate associations between patient characteristics and
risk of disease and mortality.
Today, studies based on databases, medical records and registries have become extensive in
epidemiological research. Even though data collection in register-based studies differs from
researcher collected data, all persons in a population are available and traditional statistical
analysis focusing on sampling error as the main source of uncertainty may not be relevant199.
The main strengths of registry based studies are that data already exists and valuable time has
passed, study populations are more complete minimizing selection bias and data is
independently collected. They also have the advantage of studying important clinical
outcome measures rather than surrogate end-points. Large study populations provide the
opportunity to study rare conditions and end-points. Their main limitations include the
possibility that necessary information may be unavailable, data collection is not done by the
researcher, confounder information is lacking, missing information on data quality and
truncation at the start of follow-up making it difficult to differentiate between prevalent and
incident cases and the risk of data dredging199.
Limitations that are inherent to all observational studies must be considered. Because patients
are not randomized, it is significantly more problematic to prove causation between exposure
(e.g. risk factor, treatment) and clinical outcomes of interest. One important weakness of
registry studies of treatment effect is that differences between the groups usually generate
bigger differences in measured “effect” than the real difference between the treatments. 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 for which we are not able
to adjust.
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
using advanced statistical methods.
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2 AIMS
OVERALL AIM
To describe contemporary epidemiology of HF that complicates AMI including changes in
temporal trends, patient characteristics, determinants and prognostic implications as well as
the long-term risk of HF readmission and evaluate compliance patterns to mainstay evidencebased secondary preventive therapies and implications on outcome using a nationwide
myocardial infarction registry.
PAPER I
To study temporal trends in the incidence of HF complicating AMI and its effect on
prognosis in a large national cohort.
PAPER II
To study incidence and predictors of HF with normal EF (>49%) during hospitalization for an
index AMI and its implications on short and long-term patient outcomes.
PAPER III
To study the risk, determinants and temporal trends of late-onset HF (LOHF) and the
composite event of LOHF and/or death in hospital survivors of AMI in a large national
cohort.
PAPER IV
To study pattern and determinants of adherence to beta-blocker treatment after a first AMI
and subsequent implications of adherence on risk of all-cause mortality and the composite of
HF admission and/or death based on status of clinical HF and LV systolic function during
hospitalization.
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3 MATERIAL AND METHODS
3.1

PATIENT POPULATION AND REGISTRIES

This work is based on data collected in the SWEDEHEART register between 1996 and 2013
with additional data from the National population register, the National Patient Register
(NPR), the National cause of death Register and the National register for prescribed drugs
(NRPD).
3.1.1 SWEDEHEART
The Register of Information and Knowledge about Swedish Heart Intensive-Care
Admissions (RIKS-HIA) database was established as a national quality registry in 1991
and further improved in 1995 and includes today all Swedish hospitals (n = 72) that
provide acute coronary care. The registry enrols consecutive patients admitted to a
coronary care unit or other specialized facility because of symptoms suggestive of an
acute coronary syndrome (ACS). Information is collected prospectively for more than 100
variables including baseline characteristics, electrocardiography (ECG) findings,
examinations, interventions, in-hospital complications, discharge medication and
diagnoses 200, 201. The variables in RIKS-HIA comply with the international Cardiology
Audit and Registration Data Standards (CARDS) 202.
The SWEDEHEART (Swedish Web-system for Enhancement and Development of
Evidence-based care in Heart Disease Evaluated According to Recommended Therapies)
registry is the largest quality-of-care registry in Sweden and was started in 2009 by
merging RIKS-HIA with 3 other nationwide cardiac registries. The Swedish Coronary
Angiography & Angioplasty Registry (SCAAR) includes patients that undergo a
procedure in any of the 29 cardiac catheterization labs in Sweden. The Swedish National
Registry of Secondary Prevention (SEPHIA) includes patients under the age of 75 from
the specialized cardiac outpatient care post-MI. Lastly, the Swedish Heart Surgery
Registry includes patients undergoing any heart surgery procedure in one of the 8 thoracic
surgery centres in Sweden. Recently, the trans-aortic valve replacement registry and the
registry for cardiogenetics have also been added to SWEDEHEART.
The registry enrols approximately 80,000 cases each year: 30,000 with ACS, 40,000
undergoing coronary angiography or angioplasty, 7,000 undergoing heart surgery, and
6,000 who are followed for 12–14 months for secondary prevention after acute coronary
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syndromes (ACS). The registry is independent of commercial funding and is sponsored
by Swedish health authorities only.
The primary aim of the SWEDEHEART registry is to enhance the continuous
development of evidence-based cardiac care in Sweden, and to measure quality-of-care
outcome parameters across the country in order to improve the cardiac health of the
Swedish citizens. It has also increasingly become an important platform for conducting
valuable research on CAD 200.
According to the National Board of Health and welfare’s report from December 2015, the
registry captures close to 100% of patients undergoing angiography, angioplasty, or heart
surgery and 84% of all AMI patients. While there are some regional differences, most
regions have a regional coverage of 80-90%.
3.1.2 Validity of the register:
To ensure the validity of the data entered in the registry, monitoring visits are performed
once per year by specially trained monitors who visit different hospitals and compare
information in hospital charts and the data entries demonstrating a 95% overall
agreement.
3.1.3 Merging with other national registries
Additional data is gathered by merging data from other important quality of care national
registries. Mortality data were obtained by merging SWEDEHEART with the Swedish
population register to ascertain vital status and date of death or last date of follow-up. The
National Patient Registry (NPR) 203 was used to obtain data on comorbidities. The registry
is nationwide and connected to all hospitals in Sweden and collects ICD (International
Classification of Disease) diagnosis codes linked to all inpatient hospitalizations and
specialized outpatient visits from 1987 and subsequently. Reporting to the NPR is
mandatory and departmental reimbursements from the Swedish tax-financed healthcare
system are wholly based on flat rates from the ICD diagnosis codes. In addition to
comorbidities, the NPR was also used for cardiovascular endpoints. The National registry
for prescribed drugs (NRPD) 204 was also used to gather data on previously dispensed
prescriptions of secondary prevention medications for Paper IV.
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Data from the components of SWEDEHEART and other national registries were merged
into a single database with the use of the personal identification number unique to each
Swedish citizen.
3.2

DEFINITIONS

3.2.1 Acute myocardial infarction (AMI)
In the beginning of the study period (1996-2001), AMI was diagnosed according to
World Health Organization criteria from 1994

205, 206

combining symptoms, ECG

changes, or both with an increase in a biochemical marker (mainly creatine kinase [CK]MB) exceeding double the upper reference level. From late 2001, the European Society of
Cardiology/American College of Cardiology/American Heart Association consensus
document criteria for the diagnosis of AMI were adopted, using mainly troponin T or I
levels exceeding the 99th percentile in a healthy population together with either typical
symptoms or ECG-changes.
3.2.2 In-hospital HF
In papers I-IV, a clinical definition of HF was used to define in-hospital HF. In-hospital HF
was defined as the presence of pulmonary rales or administration of intravenous (iv) diuretics
or usage of iv inotropic drugs, as documented in the RIKS-HIA protocol. Cardiogenic shock
was defined as systolic blood pressure of ≤90 mmHg for >30 minutes while hypovolemia
is ruled out in the presence of signs of organ hypoperfusion or if cardiac index was <1,8
l/min/m2 or if iv inotropes or intra-aortic balloon pump (IABP) were used.
3.2.3 In-hospital HF and left ventricular systolic dysfunction (LVSD)
In paper II, we combined in-hospital HF as defined above and LVEF to categorize patients
based on presence or absence of HF and LVSD assessed by echocardiography and/or, in a
small minority of patients left ventriculography. Patients were categorized in four groups.
Those without HF and normal EF ≥50% (NEF), those with signs of HF and normal HF
(HFNEF), those without HF and reduced EF <50% (REF) and those with HF and reduced
EF (HFREF).
3.2.4 HF admissions
Paper III and IV assessed the risk of late-onset HF (LOHF) after discharge from the index
AMI. Late-onset HF was diagnosed if a patient was diagnosed as having HF when the record
for a new hospital admission obtained from the NPR included ICD 10 codes for HF (I50.031

I50.9) as principal or secondary diagnosis. The composite event of LOHF or death was
defined as readmission because of HF as principal or secondary diagnosis or death after
discharge from the index AMI. A hospital diagnosis of HF in Sweden has been validated
against ESC criteria for the definition of HF, with a validity of 95% for a principal diagnosis
and 82% irrespective of position 207.
3.2.5 Assessment of prescription and adherence
Paper IV aimed at examining the pattern and associations with long-term outcome of
adherence to long-term beta-blocker treatment in one-year survivors of AMI.
Prescription of beta-blocker drugs was determined from the RIKS-HIA protocol if the patient
was prescribed any beta-blocker drug or not at time of discharge from the index event.
Adherence was determined as Proportions of Covered days (PDC). PDC was defined as the
ratio between the numbers of days covered by the prescription claims of a certain drug,
divided by the total number of days in the period. As in most previous studies, a threshold
level for PDC ≥ 80 % was used to classify patients as adherent or non-adherent208, 209.

3.3

PATIENTS AND METHODS

3.3.1 PAPERS I & II
Paper I included an unselected cohort of 199,851 patients enrolled in the registry for the
first time between 1996-2008 who fulfilled the criteria for the definition of AMI.
Paper II included 90,320 consecutive AMI patients enrolled in the registry between 1998
and 2010 with known left ventricular ejection fraction (LVEF) assessed by
echocardiography (99.4%) or LV angiography (0,4%). Patients with unknown LVEF were
excluded from the analysis. Descriptive analysis of baseline characteristics of patients with
unknown LVEF was performed to account for differences in patient characteristics between
those with known and unknown LVEF.
3.3.2 PAPER III
In paper III, a total of 177,645 AMI patients who were entered in the SWEDEHEART
registry for the first time between 2004-2013 were eligible. Among these, 19,483 were
excluded from the study because of prior history of HF. An additional 7,416 patients were
excluded due to in-hospital mortality as the main goal of the study was to study LOHF after
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an index AMI assessed by hospitalization for HF (Figure 7). The final study population
comprised a total of 150,566 AMI patients. Data on hospitalization for HF after discharge
from the index AMI admission (up to 31-Dec-2013) were obtained from the national patient
register and defined as a new hospitalization for HF as outlined above.

Figure 7: Study flow-chart - Patients who were included for the first time in the SWEDEHEART registry
without prior history of HF and who were discharged alive after the index AMI. Shown are the remaining
patients after each step of the inclusion criteria.

3.3.3 PAPER IV
In paper IV, patients admitted to Swedish coronary care units for a first AMI between 20052010 were identified in the SWEDEHEART registry (N=81,023). Patients who died inhospital, with previous HF and those with unknown LVEF were excluded. A total of 40,697
patients comprised the study population for the final analysis. Adherence to prescribed betablockers was determined for one year by merging data from the National register for
prescribed drugs and its implications on all-cause mortality and the composite endpoint of
LOHF/death was studied.
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Table 2. Summary of the study population, sample sizes and study purposes.

Studies

Study population

Sample size

Study purpose

Paper I

MI patients enrolled 1996-

199,851

Describe incidence temporal trends,

2008, SWEDEHEART

determinants of post MI HF and effect on
prognosis

Paper II

Paper III

Paper IV

MI patients with known

90,320

Describe incidence of HF/LV-dysfunction,

LVEF enrolled 1998-2010,

determinants of HFNEF and differences in

SWEDEHEART

prognosis

MI survivors without prior

150,566

Study the risk of HF readmission after

HF enrolled 2004-2013,

discharge from index AMI and its

SWEDEHEART

determinants

First time MI with no prior

40,697

Study the pattern of adherence to

HF surviving hospital course

betablockers after discharge, determinants

enrolled 2005-2010,

and associations with HF readmission and/or

SWEDEHEART

mortality

3.4 END POINTS
The incidence of in-hospital post AMI HF was studied in paper I. Paper II included data on
LVEF in addition to HF. The variables that defined in-hospital HF were obtained directly
from the RIKS-HIA protocol and were available for nearly all patients. Outcome measures
used included in-hospital, thirty day, one year and long-term all-cause mortalities. In paper
III, the endpoints studied were late-onset HF and the composite of late-onset HF and/or allcause mortality. In paper IV the primary end-points were all-cause mortality and the
composite of late-onset HF and/or all-cause mortality which were obtained from the NPR and
the NDR and were available for all patients.
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3.5 VARIABLES IN REGRESSION MODELS
In all studies adjustment was made for several confounders in the logistic regression and cox
proportional hazard models. For the estimates in the multivariable models to be stable, based
on empirical data, there should be at least 10 events for each covariate included in the model.
As there were a large number of outcomes in all studies, this recommendation was never a
limitation in the number of variables included.
Adjustments were made for variables that were well-known risk factors, important in-hospital
clinical characteristics and complications or therapies that could alter the outcome. The ﬁnal
model included those covariates that remained signiﬁcant in predicting the outcome variable
(using a p-value <0.05 for assessment of significance). Odds ratios and Hazard ratios were
calculated with 95% conﬁdence intervals for variables in the models.
3.6 MISSING VARIABLES
In SWEDEHEART, variables can have missing data for different reasons, e.g., some
variables are compulsory 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 because 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 treated as missing data (see below).
Variables in SWEDEHEART have been introduced at different times, therefore data for
variables which were not a part of the registry at a certain time are missing. Hence, the
number of missing covariates in the analyses varied.
In paper I, which mainly is a descriptive study, we presented the number of patients for each
covariate in Table 1. In papers II-IV analysis was performed in complete cases. To address
differences in patient characteristics between the study population and patients that were
excluded from the analysis, a separate analysis that summarizes the characteristics of patients
who were not part of the analysis is presented in Paper II.
3.7 ETHICS
Anonymity was protected by replacing the personal identification number with a serial
number. In Sweden, quality-of-care registries are parts of the continuing development of
improved routine healthcare, written consent for patient inclusion in the registries is therefore
not needed. Patients are informed of quality-of-care registries and have the right not to
participate, although very few exercise this right. The merging with other registries was
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approved by the National Board of Health and Welfare. The regional Ethics Committee of
Uppsala University and the regional Ethics Committee in Stockholm approved the
studies.
3.8

STATISTICS

In baseline characteristics tables, data are presented as numbers and percentages for
categorical variables. Continuous parametric variables are expressed as means ( standard
deviation) and medians (IQR). Qualitative data were compared using Pearson’s Chi-square
test while quantitative data were compared using independent student t-test. In papers I and
II, the incidence of clinical HF and LVEF/HF categories and estimated proportions of
patients and their baseline characteristics, as well as mortality over time were evaluated
by comparing cohorts of patients admitted over 2-calendar year periods. In papers I-III,
trend tests were performed for the variables where we reported temporal trends using X2 test
for trend employing the linear-by-linear model.
In all papers adjustment was made for several confounders in the logistic regression and cox
proportional hazard models. Unadjusted odds ratios (ORs) with 95% CI were computed using
univariable logistic regression and adjusted ORs with 95% CI were computed using
multivariable logistic regression. Unadjusted hazard ratios (HRs) with 95% confidence
intervals (CIs) were computed using univariable Cox proportional hazard models and
adjusted HRs with 95% CI were computed using multivariable Cox proportional hazard
models. Adjustments were made for variables that were well-known risk factors, and inhospital clinical characteristics and complications or therapies that could alter the outcome.
The ﬁnal model included those covariates that remained signiﬁcant in predicting the outcome
variable (using a p-value <0.05). In paper IV, crude and multivariable adjusted OR with 95%
confidence intervals were reported. Multivariable adjustment was made using three models.
In Model 1, OR was adjusted for factors that should affect prescription/compliance to betablockers (potential contraindications). In Model 2, in addition we adjusted for factors that,
besides HF types, could affect prescription/adherence. In Model 3, we also adjusted for
gender and socioeconomic factors (country of birth, civil status, educational level and
income) in addition to factors in Model 1 & 2.
Endpoint rates were calculated with the Kaplan-Meier estimator and significance testing
between groups were assessed with the log-rank test. Long-term mortality was presented as a
Kaplan-Meier plots.
In paper III, models predictive of the composite of HF readmission/death and death are
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calculated and presented together with Kaplan-Meier curve for HF readmission as outcome
variables to handle the competing risk of death.
In paper IV, interaction tests were performed to calculate p-values for interactions and assess
differences between subgroups in the association between adherence to beta-blocker
treatment and long-term outcome.
Outcome analyses were restricted to complete cases only; no imputations were performed.
All analyses were performed using SPSS versions 19, 22 and 23 (IBM, Armonk, NY).
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4 RESULTS
4.1

PAPER I

The mean age of the patients increased slightly (70 to 70.9 years) over the study period.
The proportion of women increased modestly (35 to 37.1%). The burden of comorbidities
such as diabetes mellitus (21.1% vs. 22.3%) hypertension (32.5% vs. 47%) increased
across the study period (1996-1997 vs 2008) while the proportion of patients with history
of prior AMI and previously known HF decreased from 17.8% to 10.6% and 11.7% to
9.7% respectively. (Table 1, Paper I)
The incidence of in-hospital HF declined from 46% during 1996-1997 to 28% in 2008
(RRR of 39% and ARR 18% (p<0.001, X2 test for trend) (Figure 8). Among patients with
in-hospital HF, the proportion of women increased from 39% to 46% over the years.

The incidence of in-hospital HF during admission for
AMI over the study period
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Figure 8: The incidence of in-hospital HF per 2 calendar year intervals between 1996 to 2008

This decrease in clinical HF was more pronounced in STEMI (from 50% to 28%) patients
compared to N-STEMI patients (from 42% to 28%), p<0.001.
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Incidence of Heart failure by type of AMI over the years
(SWEDEHEART register)
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Figure 9: Trends in the incidence of in-hospital HF by type of MI (STEMI vs N-STEMI)

Among patients with in-hospital HF, STEMI patients constituted the majority between
1996-1997 (55.4% STEMI vs. 44.6% N-STEMI) while N-STEMI patients constituted the
majority in 2008 (35.7% STEMI vs. 64.3% N-STEMI), (Figure 9).
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Figure 10: Temporal trend in LV dysfunction(LVEF) over the years in the SWEDEHEART population
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The proportion of patients with signs of LV-dysfunction declined over the years while
more patients were discharged with normal LVEF after the index admission in the later
years (Figure 10). The proportion of HF patients with normal LVEF (EF ≥50%) increased
from 18% during 1998-1999 to 30% in 2008, whereas the proportion of patients with
LVEF < 40% decreased from 48% to 44%. Higher Killip class was associated with a
higher long-term mortality (Figure 11). With Killip I as a reference (HR 1,0): HR 2.5,
95% CI (2.5-2.6) for Killip II and HR 4.0, 95% CI (3.9-4.1) for Killip III. Patients with
Killip IV were excluded from the analysis because of their small number and already
known dismal prognosis.

Figure 11: Long-term
mortality by Killip
classification during an
index AMI. Log-rank p
<0.001.

Patients above 75 years of age constituted the majority of patients with in-hospital HF
during the index admission followed by patients 50-75 years of age and <50 years of age
respectively with a declining incidence of in-hospital HF in both sexes and all age groups.
Multivariable analysis showed that increasing age and female gender increased the odds
of in-hospital HF while calendar year decreased the odds. Risk factors for in-hospital HF
during hospitalization for an index AMI included history of previous MI, diabetes
mellitus, hypertension, chronic kidney disease (CKD) and history of known HF.
The use of PCI showed a progressive increase in both STEMI/LBBB and NSTEMI
patients while the proportion of patients who were revascularized by acute CABG
remained relatively unchanged (0.1% vs 0.2%). In STEMI/LBBB patients, the use of
reperfusion therapy increased progressively- the majority receiving PCI treatment and a
tiny proportion receiving thrombolysis in the later years of the study period. The use of
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evidence-based secondary prevention pharmacologic treatment showed a progressive
increase across the study period.
The estimated in-hospital, 30-day and 1-year mortality for patients with clinical HF and
AMI showed a decline across the study period, (P-value <0.001).
The 1- year risk of death in patients with in-hospital HF after AMI decreased by 7% per 2
calendar years between 1996 and 2008 (OR 0.93, CI 0.92-0.94), independent of age, gender
and co-morbidities. Women had a 10% lower mortality than men (OR 0.9, CI 0.8-0.91).
Long term survival analysis showed a higher mortality for patients with HF compared to
those without HF (adjusted HR 2.09, CI 2.06-2.13). (Figure 12)

Figure 12: Long-Term Mortality in Patients with and without post-MI HF, Am Coll Cardiol HF 2015;3:234–42.
Reprinted courtesy of Elsevier.

4.2 PAPER II
Among all AMI patients enrolled in the SWEDEHEART registry for the first time between
1998-2010, data on LVEF was available in 90,320 patients. Echocardiography (99.6%) or LV
angiography (0.4%) assessments generated these data. Utilization of echocardiography
increased progressively over time. Patients with known and unknown LVEF were compared
for differences in baseline characteristics. Patients with unknown LVEF had a higher median
age (74 years versus 70 years) and the proportion of females was higher (38.2% versus
34.1%) compared to patients with known LVEF. Comorbidities were more prevalent in the
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group with unknown LVEF. Patients with unknown EF had higher in-hospital (12.4% vs.
3.4%), 30-day (14.4% vs. 4.5%) and 1-year mortalities (24.6% vs.10.9%).
Patients with HF were older (73.3 for patients with HFNEF and 74.4 for patients with
HFREF) compared to patients without HF irrespective of EF (65.7 years for NEF, 69,1 years
for REF). The proportion of females was higher among HFNEF patients compared to HFREF
patients (47% versus 37.5%). Hypertension was more prevalent in HFNEF patients compared
to HFREF patients: 51.4% versus 43%. Newly diagnosed AF was present among 10.3% of
HFNEF and 12.9% of HFREF patients. NSTEMI was more common in HFNEF patients
compared to HFREF patients: 65.7% versus 50.5%. Co-morbidities such as prior MI,
previous HF, prior stroke, and renal failure were more prevalent in HFNEF and HFREF
patients, with slightly higher proportions in HFREF patients (except for COPD which was
more prevalent in HFNEF patients). The use of reperfusion treatment in patients with STEMI
or left bundle branch block was lower in HFNEF and HFREF patients, compared to patients
without clinical HF – irrespective of EF.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

HFREF
REF
HFNEF
NEF

1998- 2000- 2002- 2004- 2006- 2008- 2010
1999 2001 2003 2005 2007 2009

Figure 13: Changes in the proportion of AMI patients by LV function and presence or absence of HF over the
years, Adapted and used with permission from Eur J of Heart Failure (2016) 18,46–53210

42

Analysis of the study population by pattern of LV function coupled with presence or absence
of clinical HF for each 2-calendar year interval between 1998-2010 showed that HFREF
decreased from 34.8 % to 17% REF with no HF decreased from 32% to 25.5 %, HFNEF
remained unchanged (8 %), while NEF without HF increased from 25,5 % to 49,9 % between
1998-2010 (Figure 13). Among patients with in-hospital HF, incidence of HFNEF increased
from 18 % to 31 % while that of HFREF decreased from 82 % to 69 % (Figure 14).
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Figure 14: Temporal trends in incidence of clinical HF by LVEF category over the years.

Table 3: Independent predictors of HFNEF in a logistic regression multivariable
analysis model

Odds ratio

P-value

(95% CI)
0.88(0.85–0.9)

<0.001

Age (year)

1.05 (1.04–1.05)

<0.001

Gender (F/M)

1.3(1.2–1.4)

<0.001

Hypertension

1.16(1.1–1.2)

<0.001

Diabetes

1.6(1.5–1.7)

<0.001

Atrial fibrillation

3.2(2.8–3.6)

<0.001

COPD

2.1(1.9–2.2)

<0.001

CKD (eGFR <60 ml/min)

1.8(1.7–1.9)

<0.001

Calendar year (2-year
interval)

01
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Compared to patients with NEF without HF (reference) patients with HFNEF and HFREF
showed a worse long-term prognosis. HNEF was associated with a higher long-term
mortality compared to patients with LVSD (REF) without HF (Figure 15).

Figure 15: Long-term prognosis
by LVEF/HF status with their
respective hazard ratios: NEF
[1.0], REF no HF (2.2 [2.12.3]), HFNEF (3.6 [3.5-3.8]),
HFREF (6.9 [6.7-7.1]). Used
with permission from Eur J of
Heart Failure (2016) 18,46–53210

4.3 PAPER III
Out of 150,566 AMI survivors without prior HF, 19.4% (n=29,194) were readmitted with
HF as primary or secondary diagnosis during the study period. Baseline characteristics
differed significantly among patients who had HF readmission and those who did not.
Patients with LOHF/death were older, more often women and with higher burden of
comorbidities such as DM, hypertension and CKD compared to patients who did not
develop late-onset HF. In-hospital HF was more prevalent in patients with LOHF. The
utilization of statins, PCI and CABG was lower in those who developed LOHF during the
study period compared to those who did not develop LOHF (Table I, paper III).
Risk profile of patients changed across the study period comparing the cohorts of 2004-2005
and 2012-2013 with decreasing prevalence of CKD (31.9% vs. 24.1%), prior stroke (9.4% vs.
7.6%), prior AMI (16% vs. 8.5%), and in-hospital HF (31.3% vs.18.7%), while the
proportion of hypertension (40.5% vs. 49.5%), COPD (4.9% vs. 6.4%) and NSTEMI (59.4%
vs. 65.8%) increased and the prevalence of DM (21.1% vs. 21.5%) remained relatively
unchanged. The utilization of revascularization treatment and evidence based pharmacologic
treatments increased.
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Figure 16: The risk of late-onset
HF and the composite event of
late-onset HF/death over 10
year period

Increasing number of known co-morbidities was associated with a higher risk of LOHF.
Compared to patients who had no identified risk factors, the risk of LOHF after AMI
increased by increasing number of comorbidities: with one risk factor, HR 1.9 (CI 1.9-2.05),
with 2 risk factors, HR 3.3, (CI 3.1-3.4), with 3 or more risk factors, HR 5.5, CI (5.3-5.7), pvalue <0.001.
The cumulative risk of developing LOHF at 1-year, 2- year and 5-year were 11.4%, 14.6%
and 21.8% respectively. The corresponding figures for the composite event of LOHF/death
were 16.6%, 22.4% and 35.8% respectively (Figure 16). The risk of developing LOHF within
2 years after discharge decreased from 15.5% to 14.4% between the cohorts included in
2004-2005 and 2010-2011, p <0.001 (Figure 17).

Figure 17: The 2-year risk of
LOHF by 2 calendar-year
interval: Reference 2012-13; for
2004-05 HR 1.2 (95% CI 1.11.2) for 2006-07, HR 1.1 (95%
CI 1.04-1.1), for 2008-09 HR
1.09 (95%CI 1.01-1.2) and for
2010-11 HR 1.06, (95% CI
1.01-1.1)
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The risk of LOHF showed a declining trend over the study period (2004-2005 vs. 2012-2013)
after adjustment for baseline characteristics and clinical factors such as in-hospital HF, atrial
fibrillation and type of AMI (STEMI/NSTEMI).
Increasing age, male gender and STEMI were associated with an increased risk of LOHF. Inhospital HF increased risk of LOHF by 2-3-fold. Comorbidities increased the risk of LOHF
significantly. Calendar year was associated with a lower risk of LOHF/death.
Compared to patients with NEF without HF, the risk of HF readmission was much higher for
patients with HFNEF (by four to five-fold) and patients with HFREF (by almost ten-fold).
Patients with HFNEF showed a higher risk of HF readmission compared to patients with REF
without HF (p <0.001) (Figure 18).

Figure 18: The risk of late-onset HF
by LVEF/HF status HF: Reference
NEF without HF: HR 9.5, (CI 9.1-9.8)
for HFREF, HR 4.3 (CI 4.1-4.6) for
HFNEF, HR 3.3 (CI 3.2-3.4) for REF
without HF.

4.4

PAPER IV

Between October 2005 and December 2010, 71,638 patients with their first AMI were
enrolled in the registry. After excluding patients who died in-hospital, with previous history
of HF and with unknown LVEF a total of 40,697 patients remained for the final analysis. The
proportion of patients by status of in-hospital HF and LVEF categories were: NEF without
HF in 55.1% (n=22,405), REF without HF in 25.7 % (n=10,481), HFNEF in 7.6 % (n=3,082)
and HFREF in 11.6 % (n=4,729). Patients with HFNEF and HFREF were older. The highest
proportion of women was seen in patients with HFNEF. Comorbidities such as diabetes,
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hypertension, CKD were more prevalent in patients with HFNEF and HFREF compared to
REF and NEF. At time of admission, 25.6 % of all AMI patients were already on betablockers.
Beta-blockers were prescribed to 90.7% (n=36,869) of all AMI patients at discharge. Patients
with REF without HF and HFREF were more likely to receive beta-blockers during
discharge, while patients with HFNEF were less likely to receive treatment with betablockers compared to patients with NEF without HF. The likelihood of beta-blocker
prescription was higher in patients with REF compared to patients with HFREF. These
findings were consistent after adjustment for potential contraindications for beta-blockers
(Model 1).
Among one year survivor AMI patients, 68,9% (n=26,595) reached the threshold level for
adherence (PDC ≥ 80 %) for long-term beta-blocker treatment. Compared to patients with
NEF without HF, patients with REF without HF were more likely to reach the adherence
level. Patients with HFNEF were less likely to reach the threshold for adherence.
Multivariable analysis showed that socioeconomic factors such as being married/cohabiting,
higher educational level and clinical factors such as hypertension, STEMI and
revascularization treatments (PCI and CABG) were associated with better adherence to betablocker drugs while higher odds of non-adherence was seen in patients with increasing age,
low income level, non-married/non-cohabiting, COPD, prior stroke, prior cancer, bleeding,
dementia, peripheral arterial disease and being on dialysis treatment as well as known relative
contraindications such as heart rate <60/min and high grade AV-block during hospitalization.
The 2-year and 4-year cumulative risks for the composite of LOHF or death were lower for
patients who were adherent to beta-blocker treatment compared to patients who were nonadherent (5.4% vs. 8.5% and 13.8% vs. 20.3% respectively). Patients with both HF and
LVSD (HFREF) showed the highest cumulative risks in both groups followed by patients
with HFNEF, REF without HF and NEF without HF respectively.
Adherence to beta-blocker treatment was associated with a reduction in all-cause mortality
and the composite of LOHF/death in both the crude and adjusted analysis in all AMI patients.
These findings remained consistent even in the subgroup analysis with the exception of
patients with HFNEF where statistical significance was not reached in the adjusted analysis
though a trend towards favourable association was seen (Table 4). Interaction tests showed
significant p-values (<0.05) for all cause-mortality and non-significant p-values (>0.05) for
the composite end-point indicating that the association between adherence to beta-blocker
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treatment and all-cause mortality does differ between the LVEF subgroups (normal LVEF vs
reduced LVEF irrespective of status of HF).
Long-term survival analysis showed favourable prognostic associations between adherence to
beta-blocker treatment and the long-term risk of LOHF/death for all LVEF/HF as shown by
survival curves that continue to diverge after 3 years (Figure 19A-D).

Table 4: Adherence to beta-blockers among one year survivors of AMI and
associations with all-cause mortality and the composite of LOHF/all-cause mortality

All patients

NEF

REF

HFNEF

HFREF

Death

(N= 38,597)

(N= 21,777)

(N= 9.927)

(N= 2,795)

(N= 4,098)

Crude

0.55 (0.52-0.66)

0.62 (0.55-0.69)

0.49 (0.43-0.55)

0.59 (0.49-0.71)

0.50 (0.44-0.57)

Adjusted

0.79 (0.73-0.85)

0.84 (0.75-0.95)

0.70 (0.61-0.80)

0.90 (0.74-1.10)

0.73 (0.63-0.85)

Crude

0.65 (0.62-0.69)

0.66 (0.60-0.73)

0.59 (0.54-0.65)

0.63 (0.55-0.73)

0.66 (0.59-0.73)

Adjusted

0.86 (0.81-0.91)

0.88 (0.80-0.98)

0.77 (0.69-0.85)

0.86 (0.74-1.02)

0.87 (0.78-0.98)

Combined

Combined = LOHF or death; Adjustments were made for: age, sex, diabetes, hypertension, CKD, prior stroke and
drugs (ASA, ACE/ARB, Statins, B-blocker on admission), performed PCI or CABG during hospitalization,
other antiplatelet/anticoagulant at discharge, and adherence to other drugs during first year (ASA, ACE/ARB, statins).
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Figure 19A-D: Longterm risk of
LOHF/death for the
four LVEF/HF
categories by status of
adherence to betablocker treatment
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5 GENERAL DISCUSSION
5.1

MAJOR FINDINGS

The incidence of acute post MI HF decreased by 39% (an absolute risk reduction of 18%)
over the study period with more pronounced reduction among patients with STEMI (ARR
22%) than N-STEMI (ARR 14%).
Despite declines in the incidence of HF complicating acute MI with declining in-hospital,
30-day, and 1-year mortality, HF was associated with a 2-fold greater risk for death in the
long-term compared with patients without HF after AMI. Simply put, we learned that if and
when HF complicates acute MI, even if manifested only by basilar rales, prognosis worsens
markedly.
HF with normal EF is relatively less common in the setting of AMI. However, the proportion
of patients with HFNEF increased from 18% to 31% among patients with in-hospital HF
mainly due to a decline in the incidence of LVSD without HF and HFREF. Patients with
HFNEF were more likely to have more comorbidities compared to patients without HF
irrespective of EF.
The occurrence of HFNEF carries a poor short- and long-term prognosis with at least a threefold increase in long-term all-cause mortality compared to patients without HF irrespective of
LVEF. Among AMI patients with clinical HF, the ones with the highest risk of mortality are
those who exhibit evidence of both HF and LVSD, i.e. patients with HFREF.
LOHF is a common late complication after AMI occurring in almost one out of five AMI
patients within 5 years after discharge with certain risk for underestimation given the
methodology we used for case ascertainment. Patients with LOHF were older and with a
higher burden of comorbidities. Increasing burden of comorbidities was associated with
higher risk of LOHF. The crude overall risk of LOHF shows a small but clearly decreasing
trend after an index AMI over time which seems to be related to a decreasing burden of
comorbidities and an improved acute treatment.
The prescription of beta-blockers after AMI is high in Sweden with close to 91% of AMI
patients receiving prescription during discharge from the index admission. However, nearly
one out of three one year survivors were non-adherent to beta-blocker treatment one year
after the index AMI.
Patients with REF and no signs of HF and HFREF were more likely to receive beta-blockers
at discharge in our cohort which is encouraging and in line with guideline recommendations.
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Patients who did not develop HF and had normal LVEF during hospitalization were more
likely to discontinue beta-blockers at 1 year while patients with REF had the highest
likelihood to adhere to beta-blocker treatment.
Adherence to beta-blocker treatment was associated with improved long-term outcomes in
AMI patients except in patients with HFNEF. The favorable long-term prognostic effect in
patients with NEF without HF is of particular interest and challenges the lingering uncertainty
regarding the indication for long-term treatment beta-blocker treatment after AMI in low-risk
patients.
5.1.1 In-hospital post-infarction HF
Over the last several decades, important changes have taken place in the epidemiology of MI.
Population studies have shown declining burden of the coronary risk factors such as total
cholesterol, blood pressure and tobacco smoking, while diabetes and BMI increased
signiﬁcantly with a net reduction in risk factors which subsequently is reflected by a decline
in the incidence and case-fatality rate of AMI 136. Besides, a number of advances in
cardiovascular medicine have conferred reduced mortality for patients with AMI over the
past 50 years. The advent of the coronary care unit has afforded specialized care with
possibilities for lifesaving monitoring. Reperfusion therapy has led to reductions in infarct
size and mortality, and several medications have been shown to be lifesaving. All these
factors have likely influenced the already complex and multifaceted association between HF
after MI and mortality.
Changes have also occurred in the epidemiology of HF after MI, with a decline in its
incidence and a change in the case mix according to left ventricular dysfunction,
characterized by an increasing proportion of HF cases presenting with HFPEF, for which
treatment benefits are less established 193.
It is also highly likely that improvements in the treatment of AMI have led to a larger number
of survivors. In survivors of AMI, these treatments result in a reduction in the extent of
myocardial injury and greater myocardial salvage. To the contrary, others who could have
died previously may now survive, but with significant myocardial damage. The net
consequences of these effects on the risk of early and late-onset HF after AMI is uncertain 211.
The findings of Paper I reflect most probably the net effect of all the advances mentioned
above and changes in patient characteristics over the years and are consistent with those of
other recent studies 96, 212-214.
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Over the years, the diagnostic criteria for AMI has changed, with increasingly sensitive
biomarkers being used in the later years. Many patients diagnosed to have AMI to date were
previously diagnosed as unstable angina. Although the incidence rates of AMI and
subsequent post-MI HF has probably been altered by the use of sensitive biomarkers, the
decline in the incidence of HF in our study showed a rather smooth progressive decline,
suggesting other explanations, such as more frequent use of effective evidence-based
treatments and changes in the burden of risk factors. The larger decline of HF in STEMI
patients as compared to patients with NSTEMIs also speaks for a true overall temporal
decline in the incidence of HF after AMI. Thus, the decline in post MI HF observed in our
study could be a reflection of changes in ascertainment of AMI, decreased severity on
presentation, as well as advances in the management of AMI215. These evolutions in
determinants of the incidence and prognosis of HF after MI point to the need for the
continuous assessment of contemporary trends of post MI HF and its current prognostic role.
It appears that previous estimates are now outdated because they do not reflect the
aforementioned changes in the epidemiology of MI, and HF complicating MI, in the
population.
5.1.2 HF with normal EF in the setting of AMI
Heart failure and LVSD are not synonymous181. Some patients will remain asymptomatic
despite suffering major left ventricular damage. Previous studies reported that 30-50% of
patients who develop HF will do so without LVSD, mitral regurgitation, or arrhythmias 82, 148.
While LVSD is assessed objectively, the diagnosis of HF remains subjective with varying
threshold for diagnosis among physicians. Both LVSD and HF may occur early or develop
late and both may recover 186-188.
The findings of Paper II showed that evidence of HFNEF was present in a proportion of AMI
and when it occurred was associated with poor short-term, intermediate and long-term
prognosis though slightly better than patients with HFREF.
Several studies have shown that Killip class and reduced LVEF are predictors of poor longterm outcome153, 173, 177, 182-184 which is consistent with the findings of our study. The
pathogenesis of HFNEF after AMI is not well described. Activation of cardiac peptides 216
and the RAS has been suggested as contributors 217. Studies have shown doppler
echocardiographic signs of elevated filling pressures in these patients218.
Paper II also showed a higher burden of comorbidities such as hypertension, diabetes and
other atherosclerotic manifestations in patients with HFNEF compared to patients that did not
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develop in-hospital HF after AMI. As cardiovascular disease is suggested to be a continuum
of events 219, the increased burden of comorbidities might eventually progress to overt CAD
with increased susceptibility to an acute loss of even relatively small amounts of cardiac
muscle and subsequent development of HF.
As the optimal management of these patients is not known, mechanistic studies that shed
light on new insights in the pathophysiology and therapies of this distinct phenotype of HF
are warranted.
The coexistence of clinical signs of HF and LVSD (HFREF) is associated with the worst
long-term prognosis. Although with better long-term prognosis compared to patients with
patients with HFREF and HFNEF, our study confirmed also a substantially increased longterm mortality in patients with LVSD without signs of HF. This finding confirms the findings
of previous studies150, 181, 182. As evidence-based treatment is available for these group of
patients, early identification, triaging and initiation of pharmacologic and device therapies as
appropriate improves their long-term prognostic outlook.
5.1.3 Long-term risk of HF after AMI
Besides heightened risk of mortality, other major non-fatal cardiovascular events such as
recurrent MI, arrhythmia, stroke, and HF occur more frequently among survivors of the acute
event. However, the risk for cardiovascular events among MI survivors is not uniform.
Factors such as the patient's baseline characteristics, infarct extent and complications as well
as the use of medications and procedures, have been shown to influence prognosis 101, 102.
The occurrence of LVSD with or without HF after AMI depends on factors, such as recurrent
myocardial ischemia, infarct size, ventricular remodeling, stunned myocardium, mechanical
complications and hibernating myocardium 162, 185. While in-hospital HF is usually related to
infarct size, mechanical complications, or myocardial stunning, the development of late-onset
HF is mainly related to progressive myocyte loss, hibernating myocardium, and ventricular
remodeling 220.
Our study showed that LOHF was a common late complication after AMI. Patients with inhospital HFREF had the highest risk of LOHF/death followed by patients with HFNEF and
REF without HF respectively. Independent predictors of HF include in-hospital HF,
increasing age, history of hypertension, history of prior MI, and diabetes. Although the
utilization of revascularization treatment and pharmacologic treatments in AMI patients
improved over time, their use was lower among patients who developed LOHF during
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follow up. Similar findings have been reported by previous studies 175. This is particularly
of concern as these treatments have been shown to improve long-term outcomes
significantly 174, 221, 222. The explanations behind the underutilization of potentially lifesaving treatments in this group of patients are not well described and could be
multifactorial. Advanced age, concern for potential side effects such as hypotension and
worsening renal failure or unawareness of current standards of care, or non-clinical factors
such as patient gender or geographic limitations to timely access optimal treatment could be
among the reasons that may impact management decisions.
LOHF after MI is a serious complication because of a several-fold increase in the risk of
death 56, 101, 102. Hence, a better understanding of the predictors of LOHF in long-term MI
survivors would be helpful to identify high-risk patients more likely to benefit from
implementation of more aggressive preventive measures. The importance of optimizing the
availability and effective utilization of such strategies in high risk patients need to be
underscored.
The mainstay of HF therapy today remains reactive treatment for established and
symptomatic disease. However, the burden of HF on our societies will continue to grow until
effective primary and secondary prevention strategies are adopted and employed, along with
increased awareness of lifestyle choices that can modify risk factors for developing HF 223.
This is the basis of the staging concept of HF. Hence, our finding underscores the importance
of identifying at risk patients and treating them aggressively to prevent the development of
HF by preventing overt CAD and subsequent MI 224.
5.1.4 Adherence to beta-blockers post AMI and effect on prognosis
Clinical trials have demonstrated that selected pharmacotherapies reduce cardiovascular
mortality 225, 226. How their projected survival impact real-world patients is less known, in
part because of variations in drug adherence. Quality improvement initiatives have mainly
focused to improve inpatient administration of appropriate drugs during hospitalization for
the index AMI at hospital discharge.
Studies have demonstrated the association between better adherence and long-term clinical
outcomes among patients hospitalized with acute coronary syndromes 227, 228.
While in general pharmacologic non-adherence could be deemed as a risk for unfavourable
outcome, whether it applies to patients who receive beta-blocker drugs without strong
evidence supporting it is unknown. Patients with NEF without HF and patients with HFNEF

54

belong to such a category. It is unclear if non-adherence to beta-blocker treatment in those
patients implied increased risk for poor long-term outcomes making it difficult to make
proper judgment.
Our study showed that adherence to beta-blocker treatment was associated with improved
long-term outcomes in all AMI patients except in patients with HFNEF. Similar findings
have been reported by previous studies 227-230. The favorable long-term prognostic effect in
patients with NEF without HF is of particular interest and challenges the uncertainty
regarding the indication for long-term treatment in this subset of patients and calls for welldesigned randomized trials to address the ambiguity.
The role of adherence to drug specific effects on long-term survival benefits has been
questioned, in part because prognostic benefits may be the result of "healthy adherer"
behavioral factors more so than to specific pharmacological benefits 231. Yet, other
investigators have reported findings that demonstrated the importance of class-specific drug
effects as mediators of favorable long-term prognostic implications of better adherence
beyond the “healthy adherer” behavioral attributes 232.
Non-adherence is also related to increased risk of hospitalization and cost 233. Hence, given
the huge impact of HF readmissions both on patients as well as health care systems, working
on strategies that ensure better adherence to beta-blocker treatment and other secondary
prevention therapies could contribute towards better outcomes that includes HF related
events.
5.2 GENDER DIFFERENCES
Paper I showed that the incidence of in-hospital post MI HF is approximately one-third lower
for women than men. As in previous studies, women who suffer from a MI showed a higher
risk of developing HF than men 97. However, their long-term prognosis seems to be better
than their male counterparts. Post MI HF showed an increasing trend among women over the
years. Their relative proportion was also higher among patients with HFNEF. Female gender
was strong predictor of HFNEF together with comorbidities such as diabetes mellitus,
hypertension, AF, and chronic kidney disease. Women were less likely than men to undergo
measurement of left ventricular function as the group with unknown LVEF was
overrepresented by elderly patients who are more often women and with higher burden of
comorbidities. Previous studies have shown underutilization of appropriate diagnostics
particularly in women which in turn could lead to undertreatment as most studies on the
treatment of HF include only patients with REF 234.
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Patients with LOHF and those with LOHF or death were older, more often women and with
higher burden of comorbidities. However, female gender was associated with a lower risk of
LOHF and the composite event of LOHF/death after adjustment for background factors.
There was no statistically significant gender difference with regards to adherence to betablocker treatment.
Women have been hugely underrepresented in HF trials of left ventricular dysfunction with
the proportion of randomized patients in the major trials ranging from 0% to 32% 97. Nearly
half of the population hospitalized with HF constitute HF with preserved EF. With women
having more often HF with preserved EF than men, less CAD as the underlying cause of their
HF, being older and exhibiting hypertension, diabetes and AF 235, improvement in survival in
women with HF might be expected to be less marked than men. Most studies on the treatment
of HF include only patients with HFREF largely excluding patients with HFPEF 234.
Although women have a lower incidence of HF after AMI, their proportion is increasing
steadily warranting a special attention especially in future studies that elucidate
pathophysiologic insights and novel therapeutic strategies.
5.3 MONITORING OF TRENDS IN POST-MI HF
As cardiovascular disease is regarded as a continuum of events 219, AMI patients both with
and without in-hospital HF have a higher risk of developing chronic heart failure and death.
With improved MI management and medical therapy to combat neurohormonal activation,
HF now spans a wide spectrum of disease, ranging from acute decompensation to a chronic
asymptomatic state. Our findings highlight the fact that HF after AMI is still a common
occurrence and we will continue to see this complication despite the changes in the
epidemiology of acute coronary syndromes.
Given the magnitude of AMI and evolving approaches to manage it, continued monitoring of
these trends remains of considerable clinical and public health importance. Moreover,
readmissions because of HF are common and remain the main driving factor to the huge
economic burden related to HF. Thus, studying readmission rates related to HF after AMI and
predictors of late-onset HF after AMI is of crucial importance.
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5.4 LIMITATIONS
5.4.1 Overall limitations
In observational studies one cannot rule out the possibility of selection bias and residual
confounding. It is important to be aware that the register does not include the entire AMI
population 236. Elderly AMI patients with multiple comorbidities and mostly female are likely
to receive care outside of CCUs and hence not be included in the registry. This circumstance
decreases the external validity of our findings237.
A proportion of the patients in the studies have missing data on some of the variables.
Patients with missing data are known to have higher mortality and, therefore, their exclusion
from analyses might have produced biased results. All analyses are performed with complete
cases and imputations were not performed. However, imputations performed in other studies
based on the SWEDEHEART register has not showed a different result from the primary
analyses and therefore we don’t believe this would be a major limitation. In paper I, we
presented the number of patients included in the analysis for most of the variables. In paper
II, we summarized characteristics of patients with missing LVEF data and presented
differences compared to the study population. Lastly, in all papers, several statistical tests
were used, which increases the risk of associations occurring by chance.
5.4.2 Paper I
A clinical deﬁnition of HF was used to identify patients with in-hospital HF which has its
own limitation due to the non-specific nature of physical findings. However, pulmonary rales
in the setting of AMI are shown to have high sensitivity to predict an unfavourable
hemodynamic state and worse outcomes 176, 177. A similar definition was used by other studies
166, 173, 238

. Moreover, our criteria also included the use of IV diuretic agents or IV inotropes

which increases sensitivity but may also lower speciﬁcity. HF at admission could not be
distinguished from HF which develops during hospital stay restricting the possibility to
further explore differences in clinical characteristics and outcome.
5.4.3 Paper II
The diagnosis of HF based on any criteria is prone to misclassification. It is obvious that
dyspnea and pulmonary findings could be explained by other cardiovascular and noncardiovascular factors such as obesity and COPD. This may hold true for some patients in the
present study. COPD was seen more often among patients with HFNEF than patients without
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HF. However, more than 85% of patients with HFNEF did not have any history of COPD,
suggesting misclassification was not a major problem.
Although LVEF may be reduced in the acute setting, it recovers in a substantial proportion of
patients within a few months. As HFNEF and HFREF are traditionally used in the setting of
chronic HF, the use of the terms in the setting of acute HF associated with AMI could be a
point of discussion. Our findings may not be generalizable to other non- hospitalized
populations and hence one should be aware of differences in clinical settings. Other studies
which investigated the clinical and prognostic implications of acute HF with preserved EF
post AMI have also used similar approaches 148.
5.4.4 Paper III
Less severe HF not requiring hospitalization could have been missed as the development of
HF in this study required hospitalization, which may have contributed to a relatively lower
incidence of LOHF. A hospital diagnosis of HF in Sweden has been validated against ESC
criteria for the definition of HF, with 82% of the HF cases in the hospital discharge register
classified as having a definite HF according to the ESC definition 207. Other studies have
shown administrative codes to be highly specific for cardiovascular diagnoses and risk factors
239

. In any case, what we risk mainly is under diagnosing HF. Hence the findings of this study

remain valid with several implications in understanding the complex interaction between MI
and HF.
5.4.5 Paper IV
As is true for observational studies, we are restricted to explore fully the influence of
unmeasured confounders. Meanwhile, the observed effect of better adherence reinforces the
findings of randomized and observational studies regarding the effect of beta-blockers after
AMI on long-term outcomes.
We are also unable to account for brand, dosage administered, or continued use of drugs. As a
result, this will remain an inherent limitation. It is known that dosage of beta-blockers used
constitute an important aspect of beta-blocker treatment as under-dosage of beta-blockers is a
common problem 240, 241. Furthermore, we cannot be certain whether a patient actually took
the medication despite drug refill. As drug prescription in Sweden only covers 3 months at a
time, if patients do not refill, one can assume a higher possibility of discontinuation in the
majority of patients.
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6 CONCLUSIONS


A marked decrease was found in the incidence of HF complicating AMI between
1996 and 2008. However, HF continues to worsen the early-, intermediate-, and longterm adverse prognostic risk after AMI. The observed declining trend in the incidence
of HF and mortality indicates the potential for further decline with further
improvements in therapeutic strategies.



Killip classiﬁcation helps identify a high-risk group for whom speciﬁc therapies need
to be targeted. Patients with a higher Killip class after AMI (i.e., Killip class ≥II)
likely require triage to a higher level of care to prevent adverse outcomes.



Heart failure with NEF is a relatively less common form of HF in the setting of AMI.
Nonetheless, its relative proportion is increasing and its occurence carries a poor
short- and long-term prognosis.



Long-term survivors of MI without a previous history of HF remain at risk of lateonset HF. The risk of LOHF over time seems to show a declining trend mainly related
to a decreasing burden of comorbidities and an improved treatment of AMI over time.



The prescription of beta-blockers as secondary prevention medications after AMI is
high in Sweden. However, a significant proportion of MI survivors discontinue betablockers one year after the index event. Patients with LVSD without HF and HFREF
were more likely to receive beta-blockers at discharge. Adherence to beta-blocker
treatment was associated with improved long-term outcomes except in patients with
HFNEF where the effect is less obvious.
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7 CLINICAL IMPLICATIONS
Though progress has been made in AMI treatment, the lingering problem of HF underscores
the importance of prompt and effective revascularization and pharmacologic treatments to
salvage myocardium at risk and inhibit the development of in-hospital HF. Although we
notice encouraging trends, our findings highlight the important fact that HF after AMI is still
a common occurrence and we will continue to see this complication despite the changes in
the epidemiology of acute coronary syndromes.
Our findings emphasize also the benefits of LV function assessment and vigilance on clinical
signs of HF to risk stratify patients after AMI as they are at higher risk of late-onset HF and
death after discharge. Moreover, our findings give insight regarding the need for devising and
implementing strategies that improve adherence to guideline recommended secondary
prevention therapies.

8 FUTURE PERSPECTIVES
The epidemiology and treatment of AMI is evolving continuously. The burden of HF on
society is predicted to grow underscoring the need for effective primary and secondary
preventive strategies. AMI, which is the dominant precursor of HF can be prevented from
occurring in most patients138. To further improve the demonstrated encouraging trends by
our results, a continuous effort to identify potential areas of intervention to reduce the risk of
HF after AMI is needed. First, health systems need to intensify their effort in informing and
empowering citizens to adopt healthy life styles to mitigate the burden of risk factors.
Second, improving access to health care that facilitates the early detection as well as initiation
and optimization of effective treatment in patients with established risk factors to prevent
evolution to CAD is required. Third, more effort need to be made to diagnose and treat both
AMI and post MI HF earlier with existing interventions while undertaking further research to
find new interventions.
The understanding of pathophysiological mechanisms has introduced several paradigms
which transformed the treatment of HF over the last several decades109. However, there is still
a need for a continued effort in understanding undiscovered pathophysiologic mechanisms in
the different phenotypes of HF to open new doors for effective therapeutic approaches. This
is particularly true in patients with HF with preserved EF and acute HF. This should go hand
in hand with quality improvement initiatives for monitoring of evolving trends and the
evaluation of implemented interventions to enhance the continuous development of
evidence-based cardiac care.
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9 SVENSK SAMMANFATTNING
Hjärtsvikt är en allvarlig sjukdom med 5-års överlevnad på c:a 50%. Kranskärlsjukdom är en
huvudorsak till hjärtsvikt. Övergripande målet för denna avhandling är att beskriva förekomst
av hjärtsvikt efter hjärtinfarkt, både som akut komplikation vid hjärtinfarkten samt som sen
komplikation i form av återinläggning för hjärtsvikt eller död. Vidare analyserades
tidsmässiga trender i förekomst av hjärtsvikt, förändringar i patienternas bakgrund,
behandling och riskfaktorer och deras prognostiska betydelse. Dessutom, användning och
följsamhet till behandling med betablockerare som sekundärprevention studerades och om
bättre följsamhet gav förbättrad långtidsprognos. För avhandlingen analyserades data ur det
nationella kvalitetsregistret för akut kranskärlssjukdom, SWEDEHEART.
Arbete 1 studerade 199,851 hjärtinfarktpatienter inlagda för hjärtinfarkt mellan år 1996 och
2008. Arbete 2 ägnades att studera 90,320 patienter 1998 till 2010 avseende betydelsen av
klinisk svikt och systolisk vänsterkammardysfunktion med fokus på hjärtsvikt med normal
systolisk funktion (EF >50%). Tredje arbetet studerade 150,566 patienter utan tidigare
hjärtsvikt som överlevde sin hjärtinfarkt 2004 till 2013 avseende risken för framtida död eller
återinläggning för hjärtsvikt och dess riskfaktorer. Sista studien beskrev 40,697 patienter år
2005-2010 och ordinerad behandling av betablockerare och följsamhet till denna året efter
hjärtinfarkt i relation till förekomst av initial hjärtsvikt och hjärtfunktion samt fortsatt
prognos.
Förekomsten av hjärtsvikt i sambandmed infarkt minskade med 39% (ARR 18%) över 13 år.
Minskningen var stor både vid ST-höjnings- och icke-ST-höjnings-infarkt men var störst hos
patienter med ST-höjning. Användningen av revaskularisering (PCI) och evidens-baserad
farmakologisk behandling ökade under studietiden. Hos patienter som utvecklade hjärtsvikt
på sjukhuset sågs sjunkande mortalitet både på sjukhuset (19% vs 17%), samt inom 30 dagar
(23% vs 17%) och 1 år (35% vs 31%) mellan 1996 och 2008. De patienter som skrevs ut med
påvisad hjärtsvikt på sjukhuset hade en betydligt ökad risk för död över tid jämfört med
patienter utan hjärtsvikt (justerad HR: 2.09; 95% CI: 2.06 to 2.13).
Andra studien visar att hjärtsvikt med bevarad vänsterkammares EF (VKEF) är en relativt
ovanlig form av hjärtsvikt i det akuta infarktsammanhanget och förekommer i c:a 8% av alla
hjärtinfarktpatienter. Bland patienter som utvecklade hjärtsvikt vid infarkten ökade andelen
med bevarad EF från 18% 1998–99 till 31 % 2008, tillståndet är vanligare hos äldre patienter
och kvinnor. Vidare är hypertoni, diabetes, kronisk njursvikt, förmaksflimmer och KOL
starka prediktorer. Hjärtsvikt med bevarad EF ökar risken för långtidsmortalitet minst 3
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gånger jämfört med patienter med normal EF utan hjärtsvikt och var också associerad med
betydligt högre risk jämfört med patienter med nedsatt VKEF utan klinisk svikt. Patienter
med nedsatt VKEF och klinisk hjärtsvikt har sämst prognos jämfört med övriga
infarktgrupper uppdelade efter VKEF och klinisk hjärtsvikt.
Hjärtinfarktpatienter har ökad risk att utveckla hjärtsvikt senare. Utav 150,566 patienter som
inkluderades I SWEDEHEART registret mellan 2004 och 2013 blev 19,5% (n=29,194)
återinlagda p g a hjärtsvikt någon gång efter utskrivning. Den kumulativa risken för hjärtsvikt
1 år, 2 år och 5 år efter utskrivning var 11.4%, 14.6% and 21.8%. Patienter med klinisk
hjärtsvikt med nedsatt VKEF redan på sjukhuset har den största risken följd av patienter med
bevarad VKEF och klinisk svikt, nedsatt VKEF utan svikt och bevarad VKEF utan svikt.
Resultatet visar också sjunkande trend för återinläggning p g a hjärtsvikt över tid vilket
bedöms bero på minskat antal sam-sjukligheter och ökad användning av PCI och annan
evidensbaserad farmakologisk behandling.
I fjärde arbetet analyserades 40,697 patienter med förstagångs-hjärtinfarkt, utan tidigare
hjärtsvikt och med känd VKEF som överlevt akut hjärtinfarkt. Följsamhet till betablockad
studerades under första året efter utskrivning. Det visade sig att 90,7% (n=36,869) erhöll
beta-blockad vid utskrivning vilket är högt jmf med andra motsvarande länder. I följsamhetsanalysen inkluderades patienter som överlevde första året (n=38,597) efter utskrivning och
där visade det sig att 31,1% inte har varit följsamma till beta-blockad behandling. Patienter
med nedsatt VKEF med eller utan klinisk hjärtsvikt visade högst sannolikhet att vara
följsamma, medan patienter med bevarad VKEF med eller utan klinisk hjärtsvikt hade lägre
följsamhet. Vid 4 års uppföljning efter infarkten sågs en association med lägre risk för
återinläggning på grund av hjärtsvikt, och död hos de infarktpatienter som varit följsamma till
behandling.
Hjärtsvikt efter hjärtinfarkt är vanligt med minskande förekomst över tid, troligen som effekt
av bättre hjärtinfarktbehandling och förändringar i riskfaktorer. Hjärtsvikt har en fortsatt
allvarlig prognos även vid bevarad VKEF. Förskrivning av betablockad som
sekundärprevention är hög oavsett hjärtfunktion och hjärtsvikt men följsamheten är c:a 70%,
högst dock hos patienter med hög risk där det förefaller gå betydligt bättre om man är
följsam. Sammantaget är det fortsatt viktigt att uppmärksamma nedsatt hjärtfunktion och
kliniska tecken på hjärtsvikt vid hjärtinfarkt.

62

10 ACKNOWLEDGMENTS
This thesis wouldn’t have been completed without the invaluable help and support of many
colleagues, friends and families to whom I wish to express my sincere gratitude. I would like to
include a special note of thanks to:
My principal supervisor Hans Persson – I am deeply grateful for your skillful guidance,
encouragement and unwavering support during my tenure as a PhD candidate. You provided me
with intellectual freedom, stimulated me with new ideas while aiming at high quality of work in all
my endeavors. You not only taught me a great deal from your vast knowledge and passion about
heart failure and scientific work but also helped me contextualize the findings of my work to real
life clinical practice. I am also deeply grateful for your tender care and friendship to my family over
the years. You have been a true inspiration. Thank you!
My second main supervisor Tomas Jernberg – You skillfully and with stoic patience taught me
so much about scientific work including statistics and making sense of numbers and figures. The
long-hours of discussions, wise councils and hands-on assistances have been very helpful. You
always knew what I needed to break seemingly invincible dead-locks. They all helped me stay the
course and work towards the finish line. I will always remember your exemplary sincerity to
science. Thank you!
Jonas Spaak – my co-supervisor – your support, consistent encouragement and advice as well as
hands-on assistance in times of need have all been very useful. I am also deeply grateful for your
contribution with the complimentary data for the final paper. Thank you so much!
Claes Hofman-Bang – you were not only a co-supervisor, but also a mentor and a good friend with
whom I could share anything. Your vast clinical experience and insider knowledge about the
strengths and pitfalls of RIKS-HIA helped me develop a critical approach in what I was doing.
Thank you so much!
Karin Malmqvist – Head of department of Cardiology – My heartfelt gratitude for the opportunity
I was provided with, the generous support and consistent encouragement all the way. I want also to
thank you for providing an excellent and stimulating research environment at the department.
Håkan Wallén – Director of doctoral studies and my former clinical supervisor - I can’t thank you
enough for the often times brief but crystal clear and inspiring talks and councils over the years.
You have always been there in times of need.
Thomas Kahan – my mentor who has this special quality of invigorating a captivating interest in
science. Thank you for the generous support all the way.
Erik Näslund – Head, Department of Clinical Sciences - thank you for the kind and generous
support.

63

Ann Samnegård – my immediate boss – thank you for the generous support, encouragement as
well as the uplifting Christmas compliments over the years. You always appreciated my effort and
helped me find a purpose in it.
Viveka Frykman – your support and insightful advice beginning from my years as a fellow have
been immensely helpful. Your skillful guidance in helping many of us find out ways of pursuing our
aspirations and translate them to meaningful and vital inputs is greatly appreciated. Thank you!
Rikard Linder – thank you for accommodating my enthusiasm and for providing me with the
opportunity to work at the cath-lab. I will always remain grateful for your kind and generous
support in my endeavor to follow my heart.
Pia Lundman – thank you for being kind and supportive friend. Your words of encouragement
over the years meant a lot.
Masih Khedri – my co-author for the last work, our collaboration during the last couple of months
has been instrumental for me to make it to the finish line. Thank you and wish you all the best
buddy!
Fredrik Johansson, statistician – thank you for teaching me time-saving tricks in SPSS and for
the reassurance and help all the way by controlling and polishing my statistical outputs. My visits to
you always made me feel productive, hopeful and better equipped for the next challenge.
Magnus Edner – you were the first to invite me to participate in a research work. Thank you for
awakening my scientific interest.
Hans Erntel – One of the wisest and always balanced colleagues I have ever known: I considered
you a life coach. Thank you for the wise advice, encouragement and for being a good friend.
Jonas Persson – you introduced me to the cath-lab and encouraged me to embark on exploring the
exciting science of hemodynamics. It has been a rewarding journey. You also invited me with open
arms to one of your research projects during a time of frustration. Thank you so much!
Emma Svennberg – my enthusiastic colleague who walked through a similar path a few months
ahead of me. You never hesitated to share your hands-on experience during preparations for my
half-time seminar and my thesis defence. They have been damn helpful. Thank you!
My colleagues Mattias Törnerud, Lars Eurenius, Mahbubul Alam and Bassem Samad for your
support and valuable advice.
All my colleagues at the Cardiology department who encouraged and supported me all the way,
especially Josephine Muhrbeck, Raffaele Scorza, Helena Rohman, Jenny Stenudd, Christina
Ekenbäck, Anna Sundin, Peter Doliwa, Johan Löfsjögård, Andreas Jekell, Fredrik Wallentin,
Magnus Lundbäck, Dmitri Matan, Emil Aman, Peter Giesecke, Fadi Jokhaji, Mathias
Bengtsson and Sara Aspberg.
64

Dawit Abate – thank you for being you, for all the talks, laughs and everything in between! your
charm, sense of humor, work ethics and huge presence as well as optimism in life have been a
source of immense energy and inspiration.
Nina Ringart and Åsa Misic – I am grateful for the kind assistance and generous support over the
years. Thank you!
Jenny Borninger & Jonas Holmström – thank you for being always positive, welcoming and
helpful.
Charlotte Åberg and Love Strandberg (Librarians at Danderyd Hospital) – thank you for the
top-notched professional help and the always welcoming friendly smiles. You made my life much
easier. You guys rock!
To Gizie: my best friend, my true challenger, and my safe harbor - I owe much of this
accomplishment to you. My effort wouldn’t have moved a single inch had it not been for your
unwavering support, understanding and unconditional love. Much love!
My kids Lukas, Hasset and Isaac – Thank you for putting up with me being absent minded for
long-periods of time, for providing me the time and space I needed and at times demanding my full
attention to take a much-needed break and go back to what is most important in life. Love you
forever!
My parents Etye and Gashie and my uncle Abey – Words can’t express my boundless gratitude
to you. Without the inspiration, drive and support you gave me, I might not be the person I am
today.
This work was supported by the Swedish Heart and Lung Foundation, the Stockholm County
Council (ALF project) and the Swedish Foundation for Strategic Research.

65

11 REFERENCES
1.

Ferrari R, Balla C, Fucili A. Heart failure: an historical perspective. European Heart Journal
Supplements. 2016;18(suppl_G):G3-G10.

2.

Bianucci R, Loynes RD, Sutherland ML, Lallo R, Kay GL, Froesch P, et al. Forensic
Analysis Reveals Acute Decompensation of Chronic Heart Failure in a 3500-Year-Old
Egyptian Dignitary. Journal of forensic sciences. 2016;61(5):1378-81.

3.

Katz AM. The "modern" view of heart failure: how did we get here? Circulation Heart failure.
2008;1(1):63-71.

4.

Riegger G. History of heart failure (including hypertension). Zeitschrift fur Kardiologie.
2002;91 Suppl 4:60-3.

5.

Boyle MOR. William Harvey's Anatomy Book and Literary Culture. Medical History.
2008;52(1):73-91.

6.

Fye WB. Ernest Henry Starling. Clinical Cardiology. 2006;29(4):181-2.

7.

POOLE WILSON PA, 1997: History, definition, and classification of heart failure. PooleWilson, P A, Colucci, W S, Massie, B M, Chatterjee, K, Coats, A J S, editors. Heart Failure,
Scientific Principles and Clinical Practice1997. 269-77 p.

8.

Cournand A. Cardiac catheterization; development of the technique, its contributions to
experimental medicine, and its initial applications in man. Acta medica Scandinavica
Supplementum. 1975;579:3-32.

9.

Sarnoff SJ. Myocardial contractility as described by ventricular function curves; observations
on Starling's law of the heart. Physiological reviews. 1955;35(1):107-22.

10.

Gault JH, Ross J, Jr., Braunwald E. Contractile state of the left ventricle in man: instantaneous
tension-velocity-length relations in patients with and without disease of the left ventricular
myocardium. Circulation research. 1968;22(4):451-63.

11.

Felker GM, O'Connor CM. Inotropic therapy for heart failure: an evidence-based approach.
American heart journal. 2001;142(3):393-401.

12.

Cleland JG. Beta-blockers for heart failure: why, which, when, and where. The Medical
clinics of North America. 2003;87(2):339-71.

13.

Dennis C, Hall DP, Moreno JR, Senning A. Left atrial cannulation without thoracotomy for
total left heart bypass. Acta chirurgica Scandinavica. 1962;123:267-79.

14.

Frazier OH, Macris MP. Current methods for circulatory support. Texas Heart Institute
journal. 1994;21(4):288-95.

15.

Cohn JN, Archibald DG, Ziesche S, Franciosa JA, Harston WE, Tristani FE, et al. Effect of
vasodilator therapy on mortality in chronic congestive heart failure. Results of a Veterans
Administration Cooperative Study. The New England journal of medicine.
1986;314(24):1547-52.

16.

Elkayam U, Amin J, Mehra A, Vasquez J, Weber L, Rahimtoola SH. A prospective,
randomized, double-blind, crossover study to compare the efficacy and safety of chronic
nifedipine therapy with that of isosorbide dinitrate and their combination in the treatment of
chronic congestive heart failure. Circulation. 1990;82(6):1954-61.

17.

Franciosa JA, Jordan RA, Wilen MM, Leddy CL. Minoxidil in patients with chronic left heart
failure: contrasting hemodynamic and clinical effects in a controlled trial. Circulation.
1984;70(1):63-8.

66

18.

Goldstein RE, Boccuzzi SJ, Cruess D, Nattel S. Diltiazem increases late-onset congestive
heart failure in postinfarction patients with early reduction in ejection fraction. The Adverse
Experience Committee; and the Multicenter Diltiazem Postinfarction Research Group.
Circulation. 1991;83(1):52-60.

19.

Anand IS, Ferrari R, Kalra GS, Wahi PL, Poole-Wilson PA, Harris PC. Edema of cardiac
origin. Studies of body water and sodium, renal function, hemodynamic indexes, and plasma
hormones in untreated congestive cardiac failure. Circulation. 1989;80(2):299-305.

20.

Anand IS, Ferrari R, Kalra GS, Wahi PL, Poole-Wilson PA, Harris PC. Pathogenesis of
edema in constrictive pericarditis. Studies of body water and sodium, renal function,
hemodynamics, and plasma hormones before and after pericardiectomy. Circulation.
1991;83(6):1880-7.

21.

Anand IS, Chandrashekhar Y, Ferrari R, Sarma R, Guleria R, Jindal SK, et al. Pathogenesis of
congestive state in chronic obstructive pulmonary disease. Studies of body water and sodium,
renal function, hemodynamics, and plasma hormones during edema and after recovery.
Circulation. 1992;86(1):12-21.

22.

Cargnoni A, Condorelli E, Boraso A, Comini L, De Giuli F, Pasini E, et al. Role of timing of
administration in the cardioprotective effect of fructose-1,6-bisphosphate. Cardiovascular
drugs and therapy. 1992;6(3):209-17.

23.

Harris P. Evolution and the cardiac patient. Cardiovascular research. 1983;17(8):437-45.

24.

The Cardiac Insufficiency Bisoprolol Study II (CIBIS-II): a randomised trial. Lancet
(London, England). 1999;353(9146):9-13.

25.

Effect of metoprolol CR/XL in chronic heart failure: Metoprolol CR/XL Randomised
Intervention Trial in Congestive Heart Failure (MERIT-HF). Lancet (London, England).
1999;353(9169):2001-7.

26.

Garg R, Yusuf S. Overview of randomized trials of angiotensin-converting enzyme inhibitors
on mortality and morbidity in patients with heart failure. Collaborative Group on ACE
Inhibitor Trials. Jama. 1995;273(18):1450-6.

27.

Brophy JM, Joseph L, Rouleau JL. Beta-blockers in congestive heart failure. A Bayesian
meta-analysis. Annals of internal medicine. 2001;134(7):550-60.

28.

Damman K, Tang WH, Felker GM, Lassus J, Zannad F, Krum H, et al. Current evidence on
treatment of patients with chronic systolic heart failure and renal insufficiency: practical
considerations from published data. Journal of the American College of Cardiology.
2014;63(9):853-71.

29.

Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, et al. The effect of
spironolactone on morbidity and mortality in patients with severe heart failure. Randomized
Aldactone Evaluation Study Investigators. The New England journal of medicine.
1999;341(10):709-17.

30.

Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, et al. Eplerenone, a selective
aldosterone blocker, in patients with left ventricular dysfunction after myocardial infarction.
The New England journal of medicine. 2003;348(14):1309-21.

31.

McMurray JJV, Östergren J, Swedberg K, Granger CB, Held P, Michelson EL, et al. Effects
of candesartan in patients with chronic heart failure and reduced left-ventricular systolic
function taking angiotensin-converting-enzyme inhibitors: the CHARM-Added trial. The
Lancet.362(9386):767-71.

32.

Granger CB, McMurray JJ, Yusuf S, Held P, Michelson EL, Olofsson B, et al. Effects of
candesartan in patients with chronic heart failure and reduced left-ventricular systolic function
intolerant to angiotensin-converting-enzyme inhibitors: the CHARM-Alternative trial. Lancet
(London, England). 2003;362(9386):772-6.

67

33.

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, et al. 2016 ESC
Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force
for the diagnosis and treatment of acute and chronic heart failure of the European Society of
Cardiology (ESC)Developed with the special contribution of the Heart Failure Association
(HFA) of the ESC. European heart journal. 2016;37(27):2129-200.

34.

Cleland JG, Abraham WT, Linde C, Gold MR, Young JB, Claude Daubert J, et al. An
individual patient meta-analysis of five randomized trials assessing the effects of cardiac
resynchronization therapy on morbidity and mortality in patients with symptomatic heart
failure. European heart journal. 2013;34(46):3547-56.

35.

Bertini M, Mele D, Malagu M, Fiorencis A, Toselli T, Casadei F, et al. Cardiac
resynchronization therapy guided by multimodality cardiac imaging. European journal of
heart failure. 2016;18(11):1375-82.

36.

Bertini M, Marcantoni L, Toselli T, Ferrari R. Remote monitoring of implantable devices:
Should we continue to ignore it? International journal of cardiology. 2016;202:368-77.

37.

Braunwald E. The war against heart failure: the Lancet lecture. Lancet (London, England).
2015;385(9970):812-24.

38.

McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, et al. Angiotensinneprilysin inhibition versus enalapril in heart failure. The New England journal of medicine.
2014;371(11):993-1004.

39.

Strömberg A, Mårtensson J, Fridlund B, Levin LÅ, Karlsson J-E, Dahlström U. Nurse-led
heart failure clinics improve survival and self-care behaviour in patients with heart
failureResults from a prospective, randomised trial. European heart journal.
2003;24(11):1014-23.

40.

Heberden W. Medical transactions published by the College of Physicians in London.
Londres, Barker S, Doodley J. 1772.

41.

Herrick JB. Thrombosis of the coronary arteries. Journal of the American Medical
Association. 1919;72(6):387-90.

42.

Nabel EG, Braunwald E. A tale of coronary artery disease and myocardial infarction. The
New England journal of medicine. 2012;366(1):54-63.

43.

Mueller RL, Sanborn TA. The history of interventional cardiology: cardiac catheterization,
angioplasty, and related interventions. American heart journal. 1995;129(1):146-72.

44.

Forssmann W. The catheterization of the right side of the heart. Klin Wochenschr.
1929;8(45):2085.

45.

Sones FM, Jr., Shirey EK. Cine coronary arteriography. Modern concepts of cardiovascular
disease. 1962;31:735-8.

46.

Head SJ, Kieser TM, Falk V, Huysmans HA, Kappetein AP. Coronary artery bypass grafting:
Part 1--the evolution over the first 50 years. European heart journal. 2013;34(37):2862-72.

47.

Olearchyk AS. Vasilii I. Kolesov. A pioneer of coronary revascularization by internal
mammary-coronary artery grafting. The Journal of thoracic and cardiovascular surgery.
1988;96(1):13-8.

48.

Day HW. AN INTENSIVE CORONARY CARE AREA. Diseases of the chest. 1963;44:4236.

49.

Brown KW, Macmillan RL, Forbath N, Melgrano F, Scott JW. CORONARY UNIT: AN
INTENSIVE-CARE CENTRE FOR ACUTE MYOCARDIAL INFARCTION. Lancet
(London, England). 1963;2(7303):349-52.

68

50.

Killip Iii 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(4):457-64.

51.

Chazov EI, Matveeva LS, Mazaev AV, Sargin KE, Sadovskaia GV, Ruda MI. [Intracoronary
administration of fibrinolysin in acute myocardial infarct]. Terapevticheskii arkhiv.
1976;48(4):8-19.

52.

Effectiveness of intravenous thrombolytic treatment in acute myocardial infarction. Gruppo
Italiano per lo Studio della Streptochinasi nell'Infarto Miocardico (GISSI). Lancet (London,
England). 1986;1(8478):397-402.

53.

Randomised trial of intravenous streptokinase, oral aspirin, both, or neither among 17,187
cases of suspected acute myocardial infarction: ISIS-2. ISIS-2 (Second International Study of
Infarct Survival) Collaborative Group. Lancet (London, England). 1988;2(8607):349-60.

54.

Grines CL, Browne KF, Marco J, Rothbaum D, Stone GW, O'Keefe J, et al. A comparison of
immediate angioplasty with thrombolytic therapy for acute myocardial infarction. The
Primary Angioplasty in Myocardial Infarction Study Group. The New England journal of
medicine. 1993;328(10):673-9.

55.

Sharpe N, Murphy J, Smith H, Hannan S. Treatment of patients with symptomless left
ventricular dysfunction after myocardial infarction. Lancet (London, England).
1988;1(8580):255-9.

56.

Pfeffer MA, Braunwald E, Moye LA, Basta L, Brown EJ, Jr., Cuddy TE, et al. Effect of
captopril on mortality and morbidity in patients with left ventricular dysfunction after
myocardial infarction. Results of the survival and ventricular enlargement trial. The SAVE
Investigators. The New England journal of medicine. 1992;327(10):669-77.

57.

Effects of enalapril on mortality in severe congestive heart failure. Results of the Cooperative
North Scandinavian Enalapril Survival Study (CONSENSUS). The New England journal of
medicine. 1987;316(23):1429-35.

58.

Yusuf S, Pitt B, Davis CE, Hood WB, Cohn JN. Effect of enalapril on survival in patients
with reduced left ventricular ejection fractions and congestive heart failure. The New England
journal of medicine. 1991;325(5):293-302.

59.

A randomized trial of propranolol in patients with acute myocardial infarction. I. Mortality
results. Jama. 1982;247(12):1707-14.

60.

Pedersen TR. The Norwegian Multicenter Study of Timolol after Myocardial Infarction.
Circulation. 1983;67(6 Pt 2):I49-53.

61.

Metoprolol in acute myocardial infarction (MIAMI). A randomised placebo-controlled
international trial. The MIAMI Trial Research Group. European heart journal. 1985;6(3):199226.

62.

Madsen JK, Grande P, Saunamaki K, Thayssen P, Kassis E, Eriksen U, et al. Danish
multicenter randomized study of invasive versus conservative treatment in patients with
inducible ischemia after thrombolysis in acute myocardial infarction (DANAMI). DANish
trial in Acute Myocardial Infarction. Circulation. 1997;96(3):748-55.

63.

Stefanini GG, Holmes DRJ. Drug-Eluting Coronary-Artery Stents. New England Journal of
Medicine. 2013;368(3):254-65.

64.

Marantz PR, Alderman MH, Tobin JN. Diagnostic heterogeneity in clinical trials for
congestive heart failure. Annals of internal medicine. 1988;109(1):55-61.

65.

McKee PA, Castelli WP, McNamara PM, Kannel WB. The natural history of congestive heart
failure: the Framingham study. The New England journal of medicine. 1971;285(26):1441-6.

69

66.

Carlson KJ, Lee DC, Goroll AH, Leahy M, Johnson RA. An analysis of physicians' reasons
for prescribing long-term digitalis therapy in outpatients. Journal of chronic diseases.
1985;38(9):733-9.

67.

Eriksson H, Caidaul K, Larsson B, Ohlson LO, Welin L, Wilhelmsen L, et al. Cardiac and
pulmonary causes of dyspnoea—validation of a scoring test for clinical-epidemiological use:
The Study of Men Born in 1913. European heart journal. 1987;8(9):1007-14.

68.

Swedberg K, Cleland J, Dargie H, Drexler H, Follath F, Komajda M, et al. Guidelines for the
diagnosis and treatment of chronic heart failure: executive summary (update 2005)The Task
Force for the Diagnosis and Treatment of Chronic Heart Failure of the European Society of
Cardiology. European heart journal. 2005;26(11):1115-40.

69.

Krumholz HM, Vaccarino V, Ellerbeck EF, Kiefe C, Hennen J, Kresowik TF, et al.
Determinants of appropriate use of angiotensin-converting enzyme inhibitors after acute
myocardial infarction in persons > or = 65 years of age. Am J Cardiol. 1997;79(5):581-6.

70.

Krumholz HM, Chen J, Chen YT, Wang Y, Radford MJ. Predicting one-year mortality
among elderly survivors of hospitalization for an acute myocardial infarction: results from the
Cooperative Cardiovascular Project. Journal of the American College of Cardiology.
2001;38(2):453-9.

71.

Senni M, Rodeheffer RJ, Tribouilloy CM, Evans JM, Jacobsen SJ, Bailey KR, et al. Use of
echocardiography in the management of congestive heart failure in the community. Journal of
the American College of Cardiology. 1999;33(1):164-70.

72.

Mosterd A, Deckers JW, Hoes AW, Nederpel A, Smeets A, Linker DT, et al. Classification of
heart failure in population based research: an assessment of six heart failure scores. European
journal of epidemiology. 1997;13(5):491-502.

73.

Yusuf S, Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray JJ, et al. Effects of
candesartan in patients with chronic heart failure and preserved left-ventricular ejection
fraction: the CHARM-Preserved Trial. Lancet (London, England). 2003;362(9386):777-81.

74.

Lenzen MJ, Scholte op Reimer WJ, Boersma E, Vantrimpont PJ, Follath F, Swedberg K, et
al. Differences between patients with a preserved and a depressed left ventricular function: a
report from the EuroHeart Failure Survey. European heart journal. 2004;25(14):1214-20.

75.

Bhatia RS, Tu JV, Lee DS, Austin PC, Fang J, Haouzi A, et al. Outcome of heart failure with
preserved ejection fraction in a population-based study. The New England journal of
medicine. 2006;355(3):260-9.

76.

Zile MR, Baicu CF, Gaasch WH. Diastolic heart failure--abnormalities in active relaxation
and passive stiffness of the left ventricle. The New England journal of medicine.
2004;350(19):1953-9.

77.

Vasan RS, Levy D. Defining diastolic heart failure: a call for standardized diagnostic criteria.
Circulation. 2000;101(17):2118-21.

78.

Owan TE, Hodge DO, Herges RM, Jacobsen SJ, Roger VL, Redfield MM. Trends in
prevalence and outcome of heart failure with preserved ejection fraction. The New England
journal of medicine. 2006;355(3):251-9.

79.

Senni M, Tribouilloy CM, Rodeheffer RJ, Jacobsen SJ, Evans JM, Bailey KR, et al.
Congestive heart failure in the community: a study of all incident cases in Olmsted County,
Minnesota, in 1991. Circulation. 1998;98(21):2282-9.

80.

Redfield MM, Jacobsen SJ, Burnett JC, Jr., Mahoney DW, Bailey KR, Rodeheffer RJ.
Burden of systolic and diastolic ventricular dysfunction in the community: appreciating the
scope of the heart failure epidemic. Jama. 2003;289(2):194-202.

70

81.

Hellermann JP, Goraya TY, Jacobsen SJ, Weston SA, Reeder GS, Gersh BJ, et al. Incidence
of heart failure after myocardial infarction: is it changing over time? American journal of
epidemiology. 2003;157(12):1101-7.

82.

Hellermann JP, Jacobsen SJ, Reeder GS, Lopez-Jimenez F, Weston SA, Roger VL. Heart
failure after myocardial infarction: prevalence of preserved left ventricular systolic function in
the community. American heart journal. 2003;145(4):742-8.

83.

Devereux RB, Roman MJ, Liu JE, Welty TK, Lee ET, Rodeheffer R, et al. Congestive heart
failure despite normal left ventricular systolic function in a population-based sample: the
Strong Heart Study. Am J Cardiol. 2000;86(10):1090-6.

84.

Kitzman DW, Little WC, Brubaker PH, Anderson RT, Hundley WG, Marburger CT, et al.
Pathophysiological characterization of isolated diastolic heart failure in comparison to systolic
heart failure. Jama. 2002;288(17):2144-50.

85.

Bursi F, Weston SA, Redfield MM, Jacobsen SJ, Pakhomov S, Nkomo VT, et al. Systolic and
diastolic heart failure in the community. Jama. 2006;296(18):2209-16.

86.

Komajda M, Lam CS. Heart failure with preserved ejection fraction: a clinical dilemma.
European heart journal. 2014;35(16):1022-32.

87.

Shah AM, Pfeffer MA. Heart failure with preserved ejection fraction: a forest of a variety of
trees. European heart journal. 2014;35(48):3410-2.

88.

Roger VL. The heart failure epidemic. International journal of environmental research and
public health. 2010;7(4):1807-30.

89.

Roger VL. Epidemiology of heart failure. Circulation research. 2013;113(6):646-59.

90.

Levy D, Kenchaiah S, Larson MG, Benjamin EJ, Kupka MJ, Ho KK, et al. Long-term trends
in the incidence of and survival with heart failure. The New England journal of medicine.
2002;347(18):1397-402.

91.

Roger VL, Weston SA, Redfield MM, Hellermann-Homan JP, Killian J, Yawn BP, et al.
Trends in heart failure incidence and survival in a community-based population. Jama.
2004;292(3):344-50.

92.

Guidry UC, Evans JC, Larson MG, Wilson PW, Murabito JM, Levy D. Temporal trends in
event rates after Q-wave myocardial infarction: the Framingham Heart Study. Circulation.
1999;100(20):2054-9.

93.

Lloyd-Jones DM, Larson MG, Leip EP, Beiser A, D'Agostino RB, Kannel WB, et al.
Lifetime risk for developing congestive heart failure: the Framingham Heart Study.
Circulation. 2002;106(24):3068-72.

94.

Gill PS, Calvert M, Davis R, Davies MK, Freemantle N, Lip GY. Prevalence of heart failure
and atrial fibrillation in minority ethnic subjects: the Ethnic-Echocardiographic Heart of
England Screening Study (E-ECHOES). PloS one. 2011;6(11):e26710.

95.

Cowie MR, Wood DA, Coats AJ, Thompson SG, Poole-Wilson PA, Suresh V, et al.
Incidence and aetiology of heart failure; a population-based study. European heart journal.
1999;20(6):421-8.

96.

Zarrinkoub R, Wettermark B, Wandell P, Mejhert M, Szulkin R, Ljunggren G, et al. The
epidemiology of heart failure, based on data for 2.1 million inhabitants in Sweden. European
journal of heart failure. 2013;15(9):995-1002.

97.

Tofler GH, Stone PH, Muller JE, Willich SN, Davis VG, Poole WK, et al. Effects of gender
and race on prognosis after myocardial infarction: adverse prognosis for women, particularly
black women. Journal of the American College of Cardiology. 1987;9(3):473-82.

71

98.

Petrie MC, Dawson NF, Murdoch DR, Davie AP, McMurray JJ. Failure of women's hearts.
Circulation. 1999;99(17):2334-41.

99.

Correction. Circulation. 2015;131(24):e535.

100.

McMurray JJ, Petrie MC, Murdoch DR, Davie AP. Clinical epidemiology of heart failure:
public and private health burden. European heart journal. 1998;19 Suppl P:P9-16.

101.

Lewis EF, Moye LA, Rouleau JL, Sacks FM, Arnold JMO, Warnica JW, et al. Predictors of
late development of heart failure in stable survivors of myocardial infarction: The CARE
study. Journal of the American College of Cardiology. 2003;42(8):1446-53.

102.

O'Connor CM, Hathaway WR, Bates ER, Leimberger JD, Sigmon KN, Kereiakes DJ, et al.
Clinical characteristics and long-term outcome of patients in whom congestive heart failure
develops after thrombolytic therapy for acute myocardial infarction: Development of a
predictive model. American heart journal. 1997;133(6):663-73.

103.

Fonarow GC, Abraham WT, Albert NM, Stough WG, Gheorghiade M, Greenberg BH, et al.
Factors identified as precipitating hospital admissions for heart failure and clinical outcomes:
findings from OPTIMIZE-HF. Archives of internal medicine. 2008;168(8):847-54.

104.

Michalsen A, Konig G, Thimme W. Preventable causative factors leading to hospital
admission with decompensated heart failure. Heart (British Cardiac Society). 1998;80(5):43741.

105.

Swedberg K, Cleland J, Dargie H, Drexler H, Follath F, Komajda M, et al. Guidelines for the
diagnosis and treatment of chronic heart failure: executive summary (update 2005): The Task
Force for the Diagnosis and Treatment of Chronic Heart Failure of the European Society of
Cardiology. European heart journal. 2005;26(11):1115-40.

106.

Levy WC, Mozaffarian D, Linker DT, Sutradhar SC, Anker SD, Cropp AB, et al. The Seattle
Heart Failure Model: prediction of survival in heart failure. Circulation. 2006;113(11):142433.

107.

Packer M. How should physicians view heart failure? The philosophical and physiological
evolution of three conceptual models of the disease. Am J Cardiol. 1993;71(9):3c-11c.

108.

Kemp CD, Conte JV. The pathophysiology of heart failure. Cardiovascular Pathology.
2012;21(5):365-71.

109.

Katz AM. Heart failure: a hemodynamic disorder complicated by maladaptive proliferative
responses. Journal of cellular and molecular medicine. 2003;7(1):1-10.

110.

Schrier RW, Abraham WT. Hormones and hemodynamics in heart failure. The New England
journal of medicine. 1999;341(8):577-85.

111.

Bristow MR, Ginsburg R, Minobe W, Cubicciotti RS, Sageman WS, Lurie K, et al.
Decreased catecholamine sensitivity and beta-adrenergic-receptor density in failing human
hearts. The New England journal of medicine. 1982;307(4):205-11.

112.

Simpson P. Norepinephrine-stimulated hypertrophy of cultured rat myocardial cells is an
alpha 1 adrenergic response. The Journal of clinical investigation. 1983;72(2):732-8.

113.

Dorn GW, 2nd. Novel pharmacotherapies to abrogate postinfarction ventricular remodeling.
Nature reviews Cardiology. 2009;6(4):283-91.

114.

Adams KF, Jr. Pathophysiologic role of the renin-angiotensin-aldosterone and sympathetic
nervous systems in heart failure. American journal of health-system pharmacy : AJHP :
official journal of the American Society of Health-System Pharmacists. 2004;61 Suppl 2:S413.

115.

Rajagopalan S, Pitt B. Aldosterone as a target in congestive heart failure. The Medical clinics
of North America. 2003;87(2):441-57.

72

116.

Nishikimi T, Maeda N, Matsuoka H. The role of natriuretic peptides in cardioprotection.
Cardiovascular research. 2006;69(2):318-28.

117.

Chatterjee K. Neurohormonal activation in congestive heart failure and the role of
vasopressin. Am J Cardiol. 2005;95(9a):8b-13b.

118.

Saraiva RM, Hare JM. Nitric oxide signaling in the cardiovascular system: implications for
heart failure. Current opinion in cardiology. 2006;21(3):221-8.

119.

Taylor AL, Ziesche S, Yancy C, Carson P, D'Agostino R, Jr., Ferdinand K, et al. Combination
of isosorbide dinitrate and hydralazine in blacks with heart failure. The New England journal
of medicine. 2004;351(20):2049-57.

120.

Olivetti G, Abbi R, Quaini F, Kajstura J, Cheng W, Nitahara JA, et al. Apoptosis in the failing
human heart. The New England journal of medicine. 1997;336(16):1131-41.

121.

Beltrami CA, Finato N, Rocco M, Feruglio GA, Puricelli C, Cigola E, et al. The cellular basis
of dilated cardiomyopathy in humans. Journal of molecular and cellular cardiology.
1995;27(1):291-305.

122.

Weber KT, Pick R, Silver MA, Moe GW, Janicki JS, Zucker IH, et al. Fibrillar collagen and
remodeling of dilated canine left ventricle. Circulation. 1990;82(4):1387-401.

123.

Thomas CV, Coker ML, Zellner JL, Handy JR, Crumbley AJ, 3rd, Spinale FG. Increased
matrix metalloproteinase activity and selective upregulation in LV myocardium from patients
with end-stage dilated cardiomyopathy. Circulation. 1998;97(17):1708-15.

124.

Bryant D, Becker L, Richardson J, Shelton J, Franco F, Peshock R, et al. Cardiac failure in
transgenic mice with myocardial expression of tumor necrosis factor-alpha. Circulation.
1998;97(14):1375-81.

125.

Hellermann JP, Reeder GS, Jacobsen SJ, Weston SA, Killian JM, Roger VL. Longitudinal
trends in the severity of acute myocardial infarction: a population study in Olmsted County,
Minnesota. American journal of epidemiology. 2002;156(3):246-53.

126.

Owan TE, Redfield MM. Epidemiology of diastolic heart failure. Progress in cardiovascular
diseases. 2005;47(5):320-32.

127.

Fox KF, Cowie MR, Wood DA, Coats AJ, Gibbs JS, Underwood SR, et al. Coronary artery
disease as the cause of incident heart failure in the population. European heart journal.
2001;22(3):228-36.

128.

Gheorghiade M, Bonow RO. Chronic heart failure in the United States: a manifestation of
coronary artery disease. Circulation. 1998;97(3):282-9.

129.

McMurray JJ, Stewart S. Epidemiology, aetiology, and prognosis of heart failure. Heart
(British Cardiac Society). 2000;83(5):596-602.

130.

Lindenfeld J, Krause-Steinrauf H, Salerno J. Where are all the women with heart failure?
Journal of the American College of Cardiology. 1997;30(6):1417-9.

131.

Teerlink JR, Goldhaber SZ, Pfeffer MA. An overview of contemporary etiologies of
congestive heart failure. American heart journal. 1991;121(6 Pt 1):1852-3.

132.

Stewart S, MacIntyre K, MacLeod MM, Bailey AE, Capewell S, McMurray JJ. Trends in
hospitalization for heart failure in Scotland, 1990-1996. An epidemic that has reached its
peak? European heart journal. 2001;22(3):209-17.

133.

Macchia A, Levantesi G, Marfisi RM, Franzosi MG, Maggioni AP, Nicolosi GL, et al.
[Determinants of late-onset heart failure in myocardial infarction survivors: GISSI
Prevenzione trial results]. Revista espanola de cardiologia. 2005;58(11):1266-72.

73

134.

Bjorck L, Rosengren A, Bennett K, Lappas G, Capewell S. Modelling the decreasing
coronary heart disease mortality in Sweden between 1986 and 2002. European heart journal.
2009;30(9):1046-56.

135.

Yeh RW, Sidney S, Chandra M, Sorel M, Selby JV, Go AS. Population trends in the
incidence and outcomes of acute myocardial infarction. The New England journal of
medicine. 2010;362(23):2155-65.

136.

Wilhelmsen L, Welin L, Svardsudd K, Wedel H, Eriksson H, Hansson PO, et al. Secular
changes in cardiovascular risk factors and attack rate of myocardial infarction among men
aged 50 in Gothenburg, Sweden. Accurate prediction using risk models. Journal of internal
medicine. 2008;263(6):636-43.

137.

Dargie H. Heart failure post-myocardial infarction: a review of the issues. Heart (British
Cardiac Society). 2005;91 Suppl 2:ii3-6; discussion ii31, ii43-8.

138.

Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, 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(9438):93752.

139.

Goldberg RJ, Spencer FA, Yarzebski J, Lessard D, Gore JM, Alpert JS, et al. A 25-year
perspective into the changing landscape of patients hospitalized with acute myocardial
infarction (the Worcester Heart Attack Study). Am J Cardiol. 2004;94(11):1373-8.

140.

Hellermann JP, Jacobsen SJ, Redfield MM, Reeder GS, Weston SA, Roger VL. Heart failure
after myocardial infarction: clinical presentation and survival. European journal of heart
failure. 2005;7(1):119-25.

141.

Spencer FA, Meyer TE, Gore JM, Goldberg RJ. Heterogeneity in the management and
outcomes of patients with acute myocardial infarction complicated by heart failure: the
National Registry of Myocardial Infarction. Circulation. 2002;105(22):2605-10.

142.

Every NR, Frederick PD, Robinson M, Sugarman J, Bowlby L, Barron HV. A comparison of
the national registry of myocardial infarction 2 with the cooperative cardiovascular project.
Journal of the American College of Cardiology. 1999;33(7):1886-94.

143.

Danchin N, Vaur L, Genes N, Renault M, Ferrieres J, Etienne S, et al. Management of acute
myocardial infarction in intensive care units in 1995: a nationwide French survey of practice
and early hospital results. Journal of the American College of Cardiology. 1997;30(7):1598605.

144.

Hanania G, Cambou JP, Gueret P, Vaur L, Blanchard D, Lablanche JM, et al. Management
and in-hospital outcome of patients with acute myocardial infarction admitted to intensive
care units at the turn of the century: results from the French nationwide USIC 2000 registry.
Heart (British Cardiac Society). 2004;90(12):1404-10.

145.

Tu JV, Austin PC, Walld R, Roos L, Agras J, McDonald KM. Development and validation of
the Ontario acute myocardial infarction mortality prediction rules. Journal of the American
College of Cardiology. 2001;37(4):992-7.

146.

Yan AT, Tan M, Fitchett D, Chow CM, Fowlis RA, McAvinue TG, et al. One-year outcome
of patients after acute coronary syndromes (from the Canadian Acute Coronary Syndromes
Registry). Am J Cardiol. 2004;94(1):25-9.

147.

Hasdai D, Behar S, Wallentin L, Danchin N, Gitt AK, Boersma E, et al. A prospective survey
of the characteristics, treatments and outcomes of patients with acute coronary syndromes in
Europe and the Mediterranean basin; the Euro Heart Survey of Acute Coronary Syndromes
(Euro Heart Survey ACS). European heart journal. 2002;23(15):1190-201.

74

148.

Moller JE, Brendorp B, Ottesen M, Kober L, Egstrup K, Poulsen SH, et al. Congestive heart
failure with preserved left ventricular systolic function after acute myocardial infarction:
clinical and prognostic implications. European journal of heart failure. 2003;5(6):811-9.

149.

Kashani A, Giugliano RP, Antman EM, Morrow DA, Gibson CM, Murphy SA, et al. Severity
of heart failure, treatments, and outcomes after fibrinolysis in patients with ST-elevation
myocardial infarction. European heart journal. 2004;25(19):1702-10.

150.

Velazquez EJ, Francis GS, Armstrong PW, Aylward PE, Diaz R, O'Connor CM, et al. An
international perspective on heart failure and left ventricular systolic dysfunction
complicating myocardial infarction: the VALIANT registry. European heart journal.
2004;25(21):1911-9.

151.

Hasdai D, Topol EJ, Kilaru R, Battler A, Harrington RA, Vahanian A, et al. Frequency,
patient characteristics, and outcomes of mild-to-moderate heart failure complicating STsegment elevation acute myocardial infarction: lessons from 4 international fibrinolytic
therapy trials. American heart journal. 2003;145(1):73-9.

152.

Early administration of intravenous magnesium to high-risk patients with acute myocardial
infarction in the Magnesium in Coronaries (MAGIC) Trial: a randomised controlled trial.
Lancet (London, England). 2002;360(9341):1189-96.

153.

Weir RA, McMurray JJ, Velazquez EJ. Epidemiology of heart failure and left ventricular
systolic dysfunction after acute myocardial infarction: prevalence, clinical characteristics, and
prognostic importance. Am J Cardiol. 2006;97(10A):13F-25F.

154.

Krumholz HM, Gross CP, Peterson ED, Barron HV, Radford MJ, Parsons LS, et al. Is there
evidence of implicit exclusion criteria for elderly subjects in randomized trials? Evidence
from the GUSTO-1 study. American heart journal. 2003;146(5):839-47.

155.

Persson H, Linder-Klingsell E, Eriksson SV, Erhardt L. Heart failure after myocardial
infarction: the importance of diastolic dysfunction. A prospective clinical and
echocardiographic study. European heart journal. 1995;16(4):496-505.

156.

Shlipak MG, Browner WS, Noguchi H, Massie B, Frances CD, McClellan M. Comparison of
the effects of angiotensin converting-enzyme inhibitors and beta blockers on survival in
elderly patients with reduced left ventricular function after myocardial infarction. The
American journal of medicine. 2001;110(6):425-33.

157.

Julian DG, Camm AJ, Frangin G, Janse MJ, Munoz A, Schwartz PJ, et al. Randomised trial
of effect of amiodarone on mortality in patients with left-ventricular dysfunction after recent
myocardial infarction: EMIAT. European Myocardial Infarct Amiodarone Trial Investigators.
Lancet (London, England). 1997;349(9053):667-74.

158.

Kober L, Bloch Thomsen PE, Moller M, Torp-Pedersen C, Carlsen J, Sandoe E, et al. Effect
of dofetilide in patients with recent myocardial infarction and left-ventricular dysfunction: a
randomised trial. Lancet (London, England). 2000;356(9247):2052-8.

159.

Rott D, Behar S, Hod H, Feinberg MS, Boyko V, Mandelzweig L, et al. Improved survival of
patients with acute myocardial infarction with significant left ventricular dysfunction
undergoing invasive coronary procedures. American heart journal. 2001;141(2):267-76.

160.

Torp-Pedersen C, Kober L, Ball S, Hall A, Brendorp B, Ottesen M, et al. The incomplete
bucindolol evaluation in acute myocardial infarction Trial (BEAT). European journal of heart
failure. 2002;4(4):495-9.

161.

McDonagh TA, Morrison CE, Lawrence A, Ford I, Tunstall-Pedoe H, McMurray JJ, et al.
Symptomatic and asymptomatic left-ventricular systolic dysfunction in an urban population.
Lancet (London, England). 1997;350(9081):829-33.

162.

Pfeffer MA, Braunwald E. Ventricular remodeling after myocardial infarction. Experimental
observations and clinical implications. Circulation. 1990;81(4):1161-72.

75

163.

Cleland JG, McGowan J. Heart failure due to ischaemic heart disease: epidemiology,
pathophysiology and progression. Journal of cardiovascular pharmacology. 1999;33 Suppl
3:S17-29.

164.

Cowie MR, Lacey L, Tabberer M. Heart failure after myocardial infarction: a neglected
problem. Br J Cardiol. 2005;12(3):205-8.

165.

Pfeffer JM, Pfeffer MA, Braunwald E. Influence of chronic captopril therapy on the infarcted
left ventricle of the rat. Circulation research. 1985;57(1):84-95.

166.

Steg PG, Dabbous OH, Feldman LJ, Cohen-Solal A, Aumont MC, Lopez-Sendon J, et al.
Determinants and prognostic impact of heart failure complicating acute coronary syndromes:
observations from the Global Registry of Acute Coronary Events (GRACE). Circulation.
2004;109(4):494-9.

167.

Spencer FA, Meyer TE, Goldberg RJ, Yarzebski J, Hatton M, Lessard D, et al. Twenty year
trends (1975-1995) in the incidence, in-hospital and long-term death rates associated with
heart failure complicating acute myocardial infarction: a community-wide perspective.
Journal of the American College of Cardiology. 1999;34(5):1378-87.

168.

Velagaleti RS, Pencina MJ, Murabito JM, Wang TJ, Parikh NI, D'Agostino RB, et al. Longterm trends in the incidence of heart failure after myocardial infarction. Circulation.
2008;118(20):2057-62.

169.

Ezekowitz JA, Kaul P, Bakal JA, Armstrong PW, Welsh RC, McAlister FA. Declining inhospital mortality and increasing heart failure incidence in elderly patients with first
myocardial infarction. Journal of the American College of Cardiology. 2009;53(1):13-20.

170.

Shafazand M, Rosengren A, Lappas G, Swedberg K, Schaufelberger M. Decreasing trends in
the incidence of heart failure after acute myocardial infarction from 1993-2004: a study of
175,216 patients with a first acute myocardial infarction in Sweden. European journal of heart
failure. 2011;13(2):135-41.

171.

Najafi F, Dobson AJ, Hobbs M, Jamrozik K. Temporal trends in the frequency and longerterm outcome of heart failure complicating myocardial infarction. European journal of heart
failure. 2007;9(9):879-85.

172.

Torp-Pedersen C, Kober L. Effect of ACE inhibitor trandolapril on life expectancy of patients
with reduced left-ventricular function after acute myocardial infarction. TRACE Study Group.
Trandolapril Cardiac Evaluation. Lancet (London, England). 1999;354(9172):9-12.

173.

Effect of ramipril on mortality and morbidity of survivors of acute myocardial infarction with
clinical evidence of heart failure. The Acute Infarction Ramipril Efficacy (AIRE) Study
Investigators. Lancet (London, England). 1993;342(8875):821-8.

174.

Dargie HJ. Effect of carvedilol on outcome after myocardial infarction in patients with leftventricular dysfunction: the CAPRICORN randomised trial. Lancet (London, England).
2001;357(9266):1385-90.

175.

Wu AH, Parsons L, Every NR, Bates ER. Hospital outcomes in patients presenting with
congestive heart failure complicating acute myocardial infarction: a report from the Second
National Registry of Myocardial Infarction (NRMI-2). Journal of the American College of
Cardiology. 2002;40(8):1389-94.

176.

Sjogren A. Left heart failure in acute myocardial infarction. A clinical, haemodynamic and
therapeutic study. Acta medica Scandinavica Supplementum. 1970;510:1-87.

177.

Vaur L, Danchin N, Genes N, Dubroca I, Etienne S, Ferrieres J, et al. Epidemiology of
myocardial infarction in France: therapeutic and prognostic implications of heart failure
during the acute phase. American heart journal. 1999;137(1):49-58.

76

178.

Greenberg H, McMaster P, Dwyer EM, Jr. Left ventricular dysfunction after acute myocardial
infarction: results of a prospective multicenter study. Journal of the American College of
Cardiology. 1984;4(5):867-74.

179.

The effect of diltiazem on mortality and reinfarction after myocardial infarction. The
Multicenter Diltiazem Postinfarction Trial Research Group. The New England journal of
medicine. 1988;319(7):385-92.

180.

Nicod P, Gilpin E, Dittrich H, Chappuis F, Ahnve S, Engler R, et al. Influence on prognosis
and morbidity of left ventricular ejection fraction with and without signs of left ventricular
failure after acute myocardial infarction. Am J Cardiol. 1988;61(15):1165-71.

181.

Kober L, Torp-Pedersen C, Jorgensen S, Eliasen P, Camm AJ. Changes in absolute and
relative importance in the prognostic value of left ventricular systolic function and congestive
heart failure after acute myocardial infarction. TRACE Study Group. Trandolapril Cardiac
Evaluation. Am J Cardiol. 1998;81(11):1292-7.

182.

Parakh K, Thombs BD, Bhat U, Fauerbach JA, Bush DE, Ziegelstein RC. Long-term
significance of Killip class and left ventricular systolic dysfunction. The American journal of
medicine. 2008;121(11):1015-8.

183.

Singh M, White J, Hasdai D, Hodgson PK, Berger PB, Topol EJ, et al. Long-Term Outcome
and its Predictors Among Patients With ST-Segment Elevation Myocardial Infarction
Complicated by Shock: Insights From the GUSTO-I Trial. Journal of the American College
of Cardiology. 2007;50(18):1752-8.

184.

Dickens C, McGowan L, Percival C, Tomenson B, Cotter L, Heagerty A, et al. Depression Is
a Risk Factor for Mortality After Myocardial Infarction: Fact or Artifact? Journal of the
American College of Cardiology. 2007;49(18):1834-40.

185.

Cleland JGF, Torabi A, Khan NK. Epidemiology and management of heart failure and left
ventricular systolic dysfunction in the aftermath of a myocardial infarction. Heart (British
Cardiac Society). 2005;91(suppl 2):ii7-ii13.

186.

Kober L, Torp-Pedersen C, Pedersen OD, Hoiberg S, Camm AJ. Importance of congestive
heart failure and interaction of congestive heart failure and left ventricular systolic function on
prognosis in patients with acute myocardial infarction. Am J Cardiol. 1996;78(10):1124-8.

187.

Oh PC, Choi IS, Ahn T, Moon J, Park Y, Seo JG, et al. Predictors of recovery of left
ventricular systolic dysfunction after acute myocardial infarction: from the korean acute
myocardial infarction registry and korean myocardial infarction registry. Korean circulation
journal. 2013;43(8):527-33.

188.

Sjoblom J, Muhrbeck J, Witt N, Alam M, Frykman-Kull V. Evolution of left ventricular
ejection fraction after acute myocardial infarction: implications for implantable cardioverterdefibrillator eligibility. Circulation. 2014;130(9):743-8.

189.

Emanuelsson H, Karlson BW, Herlitz J. Characteristics and prognosis of patients with acute
myocardial infarction in relation to occurrence of congestive heart failure. European heart
journal. 1994;15(6):761-8.

190.

Najafi F, Dobson AJ, Hobbs M, Jamrozik K. Late-onset heart failure after myocardial
infarction: trends in incidence and survival. European journal of heart failure. 2008;10(8):76571.

191.

Guidry UC, Evans JC, Larson MG, Wilson PWF, Murabito JM, Levy D. Temporal Trends in
Event Rates After Q-Wave Myocardial Infarction. The Framingham Heart Study.
1999;100(20):2054-9.

192.

Velagaleti RS, Pencina MJ, Murabito JM, Wang TJ, Parikh NI, D'Agostino RB, et al. LongTerm Trends in the Incidence of Heart Failure After Myocardial Infarction. Circulation.
2008;118(20):2057-62.

77

193.

Gerber Y, Weston SA, Enriquez-Sarano M, Berardi C, Chamberlain AM, Manemann SM, et
al. Mortality Associated With Heart Failure After Myocardial Infarction: A Contemporary
Community Perspective. Circulation Heart failure. 2016;9(1):e002460.

194.

Hjalmarson A, Elmfeldt D, Herlitz J, Holmberg S, Malek I, Nyberg G, et al. Effect on
mortality of metoprolol in acute myocardial infarction. A double-blind randomised trial.
Lancet (London, England). 1981;2(8251):823-7.

195.

Gottlieb SS, McCarter RJ, Vogel RA. Effect of beta-blockade on mortality among high-risk
and low-risk patients after myocardial infarction. The New England journal of medicine.
1998;339(8):489-97.

196.

Bangalore S, Bhatt DL, Steg PG, Weber MA, Boden WE, Hamm CW, et al. beta-blockers
and cardiovascular events in patients with and without myocardial infarction: post hoc
analysis from the CHARISMA trial. Circulation Cardiovascular quality and outcomes.
2014;7(6):872-81.

197.

Bangalore S, Steg G, Deedwania P, Crowley K, Eagle KA, Goto S, et al. beta-Blocker use
and clinical outcomes in stable outpatients with and without coronary artery disease. Jama.
2012;308(13):1340-9.

198.

James S, Rao SV, Granger CB. Registry-based randomized clinical trials--a new clinical trial
paradigm. Nature reviews Cardiology. 2015;12(5):312-6.

199.

Thygesen LC, Ersboll AK. When the entire population is the sample: strengths and limitations
in register-based epidemiology. European journal of epidemiology. 2014;29(8):551-8.

200.

Jernberg T, Attebring MF, Hambraeus K, Ivert T, James S, Jeppsson A, 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(20):1617-21.

201.

Stenestrand U, Wallentin L. Early statin treatment following acute myocardial infarction and
1-year survival. Jama. 2001;285(4):430-6.

202.

Flynn MR, Barrett C, Cosio FG, Gitt AK, Wallentin L, Kearney P, et al. The Cardiology
Audit and Registration Data Standards (CARDS), European data standards for clinical
cardiology practice. European heart journal. 2005;26(3):308-13.

203.

Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall C, et al. External
review and validation of the Swedish national inpatient register. BMC public health.
2011;11:450.

204.

Wettermark B, Hammar N, Fored CM, Leimanis A, Otterblad Olausson P, Bergman U, et al.
The new Swedish Prescribed Drug Register--opportunities for pharmacoepidemiological
research and experience from the first six months. Pharmacoepidemiology and drug safety.
2007;16(7):726-35.

205.

Kuulasmaa K, Tunstall-Pedoe H, Dobson A, Fortmann S, Sans S, Tolonen H, et al.
Estimation of contribution of changes in classic risk factors to trends in coronary-event rates
across the WHO MONICA Project populations. Lancet (London, England).
2000;355(9205):675-87.

206.

Tunstall-Pedoe H, Kuulasmaa K, Amouyel P, Arveiler D, Rajakangas AM, Pajak A.
Myocardial infarction and coronary deaths in the World Health Organization MONICA
Project. Registration procedures, event rates, and case-fatality rates in 38 populations from 21
countries in four continents. Circulation. 1994;90(1):583-612.

207.

Ingelsson E, Ärnlöv J, Sundström J, Lind L. The validity of a diagnosis of heart failure in a
hospital discharge register. European journal of heart failure. 2005;7(5):787-91.

208.

Ho PM, Bryson CL, Rumsfeld JS. Medication adherence: its importance in cardiovascular
outcomes. Circulation. 2009;119(23):3028-35.

78

209.

Khedri M, Szummer K, Carrero JJ, Jernberg T, Evans M, Jacobson SH, et al. Systematic
underutilisation of secondary preventive drugs in patients with acute coronary syndrome and
reduced renal function. European journal of preventive cardiology. 2017:2047487317693950.

210.

Desta L, Jernberg T, Spaak J, Hofman-Bang C, Persson H. Heart failure with normal ejection
fraction is uncommon in acute myocardial infarction settings but associated with poor
outcomes: a study of 91,360 patients admitted with index myocardial infarction between 1998
and 2010. European journal of heart failure. 2016;18(1):46-53.

211.

Jhund PS, McMurray JJ. Heart failure after acute myocardial infarction: a lost battle in the
war on heart failure? Circulation. 2008;118(20):2019-21.

212.

Parikh NI, Gona P, Larson MG, Fox CS, Benjamin EJ, Murabito JM, et al. Long-term trends
in myocardial infarction incidence and case fatality in the National Heart, Lung, and Blood
Institute's Framingham Heart study. Circulation. 2009;119(9):1203-10.

213.

Myerson M, Coady S, Taylor H, Rosamond WD, Goff DC, Jr. Declining severity of
myocardial infarction from 1987 to 2002: the Atherosclerosis Risk in Communities (ARIC)
Study. Circulation. 2009;119(4):503-14.

214.

Gjesing A, Gislason GH, Kober L, Gustav Smith J, Christensen SB, Gustafsson F, et al.
Nationwide trends in development of heart failure and mortality after first-time myocardial
infarction 1997-2010: A Danish cohort study. European journal of internal medicine.
2014;25(8):731-8.

215.

Krumholz HM, Wang Y, Chen J, Drye EE, Spertus JA, Ross JS, et al. Reduction in acute
myocardial infarction mortality in the United States: risk-standardized mortality rates from
1995-2006. Jama. 2009;302(7):767-73.

216.

Lubien E, DeMaria A, Krishnaswamy P, Clopton P, Koon J, Kazanegra R, et al. Utility of Bnatriuretic peptide in detecting diastolic dysfunction: comparison with Doppler velocity
recordings. Circulation. 2002;105(5):595-601.

217.

Yamamoto K, Masuyama T, Sakata Y, Mano T, Nishikawa N, Kondo H, et al. Roles of reninangiotensin and endothelin systems in development of diastolic heart failure in hypertensive
hearts. Cardiovascular research. 2000;47(2):274-83.

218.

Zile MR, Gaasch WH, Carroll JD, Feldman MD, Aurigemma GP, Schaer GL, et al. Heart
failure with a normal ejection fraction: is measurement of diastolic function necessary to
make the diagnosis of diastolic heart failure? Circulation. 2001;104(7):779-82.

219.

Dzau V, Braunwald E. Resolved and unresolved issues in the prevention and treatment of
coronary artery disease: a workshop consensus statement. American heart journal. 1991;121(4
Pt 1):1244-63.

220.

Lewis EF, Moye LA, Rouleau JL, Sacks FM, Arnold JM, Warnica JW, et al. Predictors of
late development of heart failure in stable survivors of myocardial infarction: the CARE
study. Journal of the American College of Cardiology. 2003;42(8):1446-53.

221.

Petrie MC, Jhund PS, She L, Adlbrecht C, Doenst T, Panza JA, et al. Ten-Year Outcomes
After Coronary Artery Bypass Grafting According to Age in Patients With Heart Failure and
Left Ventricular Systolic Dysfunction: An Analysis of the Extended Follow-Up of the STICH
Trial (Surgical Treatment for Ischemic Heart Failure). Circulation. 2016.

222.

Morrow DA, Antman EM, Charlesworth A, Cairns R, Murphy SA, de Lemos JA, et al. TIMI
risk score for ST-elevation myocardial infarction: A convenient, bedside, clinical score for
risk assessment at presentation: An intravenous nPA for treatment of infarcting myocardium
early II trial substudy. Circulation. 2000;102(17):2031-7.

223.

Hunt SA, Abraham WT, Chin MH, Feldman AM, Francis GS, Ganiats TG, et al. 2009
Focused update incorporated into the ACC/AHA 2005 Guidelines for the Diagnosis and
Management of Heart Failure in Adults A Report of the American College of Cardiology

79

Foundation/American Heart Association Task Force on Practice Guidelines Developed in
Collaboration With the International Society for Heart and Lung Transplantation. Journal of
the American College of Cardiology. 2009;53(15):e1-e90.
224.

Jackevicius CA, Li P, Tu JV. Prevalence, predictors, and outcomes of primary nonadherence
after acute myocardial infarction. Circulation. 2008;117(8):1028-36.

225.

Freemantle N, Cleland J, Young P, Mason J, Harrison J. beta Blockade after myocardial
infarction: systematic review and meta regression analysis. BMJ (Clinical research ed).
1999;318(7200):1730-7.

226.

LaRosa JC, He J, Vupputuri S. Effect of statins on risk of coronary disease: a meta-analysis of
randomized controlled trials. Jama. 1999;282(24):2340-6.

227.

Mukherjee D, Fang J, Chetcuti S, Moscucci M, Kline-Rogers E, Eagle KA. Impact of
combination evidence-based medical therapy on mortality in patients with acute coronary
syndromes. Circulation. 2004;109(6):745-9.

228.

Krumholz HM, Radford MJ, Wang Y, Chen J, Heiat A, Marciniak TA. National use and
effectiveness of beta-blockers for the treatment of elderly patients after acute myocardial
infarction: National Cooperative Cardiovascular Project. Jama. 1998;280(7):623-9.

229.

Ho PM, Spertus JA, Masoudi FA, Reid KJ, Peterson ED, Magid DJ, et al. Impact of
medication therapy discontinuation on mortality after myocardial infarction. Archives of
internal medicine. 2006;166(17):1842-7.

230.

Spertus JA, Kettelkamp R, Vance C, Decker C, Jones PG, Rumsfeld JS, et al. Prevalence,
predictors, and outcomes of premature discontinuation of thienopyridine therapy after drugeluting stent placement: results from the PREMIER registry. Circulation. 2006;113(24):28039.

231.

Simpson SH, Eurich DT, Majumdar SR, Padwal RS, Tsuyuki RT, Varney J, et al. A metaanalysis of the association between adherence to drug therapy and mortality. BMJ (Clinical
research ed). 2006;333(7557):15.

232.

Rasmussen JN, Chong A, Alter DA. Relationship between adherence to evidence-based
pharmacotherapy and long-term mortality after acute myocardial infarction. Jama.
2007;297(2):177-86.

233.

Sokol MC, McGuigan KA, Verbrugge RR, Epstein RS. Impact of medication adherence on
hospitalization risk and healthcare cost. Medical care. 2005;43(6):521-30.

234.

Cleland JG, Swedberg K, Follath F, Komajda M, Cohen-Solal A, Aguilar JC, et al. The
EuroHeart Failure survey programme-- a survey on the quality of care among patients with
heart failure in Europe. Part 1: patient characteristics and diagnosis. European heart journal.
2003;24(5):442-63.

235.

Hogg K, Swedberg K, McMurray J. Heart failure with preserved left ventricular systolic
function; epidemiology, clinical characteristics, and prognosis. Journal of the American
College of Cardiology. 2004;43(3):317-27.

236.

Rosvall M, Ohlsson H, Hansen O, Chaix B, Merlo J. Auditing patient registration in the
Swedish quality register for acute coronary syndrome. Scandinavian journal of public health.
2010;38(5):533-40.

237.

Rosengren A. Better treatment and improved prognosis in elderly patients with AMI: but do
registers tell the whole truth? European heart journal. 2012;33(5):562-3.

238.

Ali AS, Rybicki BA, Alam M, Wulbrecht N, Richer-Cornish K, Khaja F, et al. Clinical
predictors of heart failure in patients with first acute myocardial infarction. American heart
journal. 1999;138(6 Pt 1):1133-9.

80

239.

Birman-Deych E, Waterman AD, Yan Y, Nilasena DS, Radford MJ, Gage BF. Accuracy of
ICD-9-CM codes for identifying cardiovascular and stroke risk factors. Medical care.
2005;43(5):480-5.

240.

Goldberger JJ, Bonow RO, Cuffe M, Dyer A, Rosenberg Y, O'Rourke R, et al. beta-Blocker
use following myocardial infarction: low prevalence of evidence-based dosing. American
heart journal. 2010;160(3):435-42.e1.

241.

Barron HV, Viskin S, Lundstrom RJ, Swain BE, Truman AF, Wong CC, et al. Beta-blocker
dosages and mortality after myocardial infarction: data from a large health maintenance
organization. Archives of internal medicine. 1998;158(5):449-53.

81

