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 General introduction • chApter 1

Acute myocArdiAl infArction

Ischemic heart disease results from acute or chronic inadequate supply of oxygen to the 
cardiac muscle. Generally, the underlying condition is coronary artery disease, referring 
to the pathological process of atherosclerosis in the coronary arteries. Coronary athero-
sclerosis initially develops without symptoms. It becomes clinically manifest as angina 
pectoris, acute coronary syndrome (ACS) or sudden cardiac death, when the patency of a 
coronary artery is impaired and consequently the flow of blood is jeopardized (Figure 1). 
ACS is a high-risk manifestation of coronary artery disease, ranging from unstable angina 
pectoris (UAP) and non-ST-elevation myocardial infarction (NSTEMI) to ST-elevation 
myocardial infarction (STEMI). Although rupture or erosion of a vulnerable atheroscle-
rotic plaque frequently leads solely to progression of plaque volume, due to an unfortunate 
turn of events it might give rise to a cascade of inflammation, thrombus formation and 
partial or complete occlusion of the coronary artery resulting in acute ischemia or necrosis 
of the myocardium1.

Ischemic heart disease represents a substantial part of the global burden of disease. Ac-
cording to recent data from the World Health Organization, the top 10 causes of death 
worldwide is led by ischemic heart disease and resulted in over 7 million deaths in 20123. 
Additionally, coronary artery disease is the most common reason for cardiac hospitaliza-
tion in the Western world and represents more than half of all cardiovascular events in 

figure 1. The development of an atherosclerotic lesion is depicted in time from normal artery to ath-
eroma that causes clinical manifestations by thrombosis or stenosis.
Reprinted from Libby et al 2 with permission of Wolters Kluwer Health, Inc.
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patients <75 years4. According to data from the National Health and Nutrition Examina-
tion Survey (NHANES) 2007-2010, the prevalence of coronary heart disease in the US 
alone is estimated at 15.4 million, including 7.6 million persons who suffered from an 
acute myocardial infarction (AMI)4. Future perspectives are that the prevalence in the US 
will increase by an estimated 18% in 20304. In Europe, coronary artery disease accounts 
for 1.8 million deaths each year and is herewith the leading cause of death. In addition 
to the morbidity and mortality, the expenditure on ischemic heart disease is striking. 
Coronary artery disease costs the European Union an estimated €60 billion annually, of 
which slightly less than €20 billion is spent on direct health care related costs. On top 
of the health care expenses are the high costs due to production losses from 1) death 
and sickness in the working age population and 2) the informal care for patients with 
coronary artery disease5. Despite these disturbing reports, considerable progress has been 
achieved in both prevention and treatment of coronary artery disease. As a result, mortal-
ity rates have declined substantially during the last four decades4;6-8. Fatality rates for AMI 
separately have fallen as well, which is suggested to be driven by a decreased incidence of 
STEMI and a decline in mortality after NSTEMI9. In the Netherlands, mortality rates 
attributable to AMI were highest in the late 70’s and early 80’s with over 20,000 deaths 
per year but declined markedly to 5690 deaths in 2013 (Figure 2)10.

Innovations in AMI care considered as important contributors to the reduction in early 
mortality included the introduction of the coronary care unit11;12, fibrinolytic therapy13, 
antiplatelet therapy14;15, angiotensin-converting-enzyme (ACE) inhibitors16;17 and me-

figure 2. Number of deaths in the period 1950-2014 (sum of all age categories) for cardiovascular 
disease and acute myocardial infarction separately.
Centraal Bureau voor de Statistiek, Den Haag/Heerlen, The Netherlands10
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chanical revascularization18;19. Moreover, international guidelines were developed with 
recommendations for optimal AMI care, including strategies for early diagnosis, timely 
reperfusion and measures for secondary prevention20-23. Standardized guideline-based 
care programs were designed for implementation in daily clinical practice, such as the 
large-scale Guidelines Applied in Practice and Get With the Guidelines initiatives, but 
also smaller programs such as the regional Dutch MISSION! care program. These projects 
were proven to be strong tools to enhance adherence to evidence-based medicine and are 
likely to have contributed to improved outcome after AMI as well24-27. However, despite 
the evolving treatment modalities and accomplishments so far, ischemic heart disease and 
AMI remain major healthcare problems requiring attention.

trends in reperfusion

The field of invasive cardiology was already emerging in the 18th century when Stephen 
Hales performed the earliest documented cardiac catheterization by inserting brass pipes 
into the ventricles of a living horse28. Although there had already been performed several 
undocumented human procedures in the early 20th century, cardiac catheterization con-
sidered as the first in man was performed by – and on – Werner Forssmann in 192929. 
From that time on, series of experiments by scientists such as Seldinger30, Sones31, Dotter 
and Judkins32-34 eventually led to the introduction of percutaneous transluminal coronary 
angioplasty in 1977; the dilatation of an atherosclerotic coronary obstruction by local 
inflation of a balloon using a balloon-tipped catheter system (Figure 3)35;36. Primary an-
gioplasty, currently most often referred to as primary percutaneous coronary intervention 
(PCI), is nowadays the preferred therapy to achieve restoration of coronary circulation in 
AMI patients19.

The inception of balloon dilatation angioplasty for coronary artery disease was soon 
followed by the implantation of coronary stents in order to maintain lumen patency37. 
Although the implantation of a balloon-expandable coronary stent prevented acute vessel 
closure due to injury of the arterial wall, e.g. dissections, and substantially reduced the 
occurrence of restenosis, in-stent neointima hyperplasia and restenosis remained a major 
drawback of PCI38;39. Therefore, research focused on inventing a stent with the ability to 
inhibit or halt this process. The solution appeared – at least in part – to be found in a 
coated stent with local release of an antiproliferative agent; a drug-eluting stent (DES). 
DES were shown to significantly reduce the rate of angiographic restenosis and repeat 
PCI compared to a standard uncoated bare metal stent (BMS)40-42. Therefore, applications 
of DES were soon expanded to more complex lesions or conditions, such as STEMI. 
However, the use of DES has drawn attention with regard to the potential higher risk 
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of (very) late stent thrombosis (ST), particularly in the setting of STEMI43-45. Although 
stent thrombosis, universally defined according to the Academic Research Consortium 
(Table 1)46, is a rare complication, it is associated with a poor prognosis47-49.

Despite numerous randomized and observational studies, general agreement about the risk 
of stent thrombosis has not been made yet50. Suggested mechanisms for an increased risk 
for (very) late ST after DES implantation include stent mediated arterial injury, delayed 
arterial healing, poor endothelial strut coverage and an inflammatory environment, in 
particular in STEMI patients51. Additionally, late stent malapposition has been associated 
with very late ST and is much more commonly observed after the implantation of DES 
compared with BMS52;53. Second-generation DES, both durable- and biodegradable-
polymer DES, were developed to overcome these presumptive problems, of which some 
appear successful so far54-58. However, given the concerns about very late events, research 
in the setting of STEMI with long-term follow-up is crucial and should be awaited for 
definite conclusions.

In addition to advances in mechanical revascularization, also achievements have been 
made in the field of antithrombotic therapy in order to prevent thrombotic events after 
AMI, such as novel P2Y12 antagonists, direct thrombin inhibitors and factor Xa inhibitors.

figure 3. Percutaneous Transluminal Coronary Angioplasty.
a. Stenosis of the coronary artery; b. Introduction of a double lumen catheter with deflated balloon through a guid-
ing catheter; c. Inflation of the balloon across the stenosis for enlargement of the lumen.
Reproduced with permission from Gruntzig et al 36, Copyright Massachusetts Medical Society.
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objective And outline of this thesis

The purpose of this thesis was both to evaluate contemporary reperfusion strategies in the 
treatment of STEMI and the prognosis thereafter, including mechanical revascularization 
and antithrombotic therapy, as well as to address potential pitfalls associated with current 
STEMI treatment.

In the first part of this thesis, Chapter 2 describes the long-term outcomes of the MIS-
SION! Intervention Study, a prospective randomized controlled trial evaluating the clini-
cal, angiographic and intravascular ultrasound (IVUS) results of a first-generation DES, 
i.e. sirolimus-eluting, compared with a BMS implantation in patients with STEMI.

Chapter 3 concerns long-term outcomes in mechanical revascularization as well. This 
chapter investigates the course of late stent malapposition, a well-known phenomenon 
after stent implantation, however particularly observed after DES, and likely involved in 
the multifactorial mechanism behind stent thrombosis.

table 1. Criteria for definite, probable and possible stent thrombosis according to the Academic Re-
search Consortium46.
Definite
stent thrombosis

Probable
stent thrombosis

Possible
stent thrombosis

Pathological confirmation:
Evidence of recent thrombus within the stent 
determined at autopsy or via examination of tissue 
retrieved following thrombectomy

Any unexplained 
death ≤ 30 days after 
stent implantation.

Any unexplained 
death > 30 days after 
stent implantation until 
end of trial follow-up.

Angiographic confirmation*:
The presence of an intracoronary thrombus that 
originates in the stent or 5 mm proximally or distally 
and one of the following criteria ≤ 48 hours:
-  Acute onset of ischemic symptoms at rest
-  New ischemic ECG changes that suggest acute 

ischemia
-  Typical rise and fall in cardiac biomarkers (refer 

to definition of spontaneous MI)
-  Non-occlusive thrombus† or occlusive thrombus‡

Irrespective of the time 
after the index procedure, 
any MI that is related 
to documented acute 
ischemia in the territory 
of the implanted stent 
without angiographic 
confirmation of ST and 
in the absence of any 
other obvious cause.

* The incidental angiographic documentation of stent occlusion in the absence of clinical signs or symptoms is not 
considered a confirmed stent thrombosis (silent occlusion).
† Non-occlusive thrombus is defined as a (spheric, ovoid, or irregular) noncalcified filling defect or lucency sur-
rounded by contrast material (on 3 sides or within a coronary stenosis) seen in multiple projections, or persistence 
of contrast material within the lumen, or a visible embolization of intraluminal material downstream.
‡ TIMI 0 or 1 intrastent or proximal to a stent up to the most adjacent proximal side branch or main branch (if 
originating from the side branch).
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Chapter 4 evaluates the clinical use of cardiac troponin, a specific indicator of myocardial 
necrosis, as a surrogate measure for infarct size and prognosis in patients after a first 
STEMI.

Although previous literature indicates a poorer prognosis for women after ACS when 
compared to men, conflicting results have been published on the influence of gender on 
survival after STEMI in particular. Chapter 5 outlines the prognostic impact of gender on 
ischemic times and clinical outcomes after primary PCI.

To achieve improvement of the prognosis after ACS, management of these patients should 
involve multiple aspects of treatment. Chapter 6 provides a comprehensive review about 
the integration of different approaches, novel tools for early recognition and diagnosis, 
a closely regulated AMI care system facilitating early reperfusion, and developments in 
antithrombotic agents.

Along with the increasingly aggressive antithrombotic therapy for prevention of throm-
botic events after AMI, the risk of bleeding becomes a significant complication of therapy. 
Chapter 7 studies the incidence, determinants and prognostic impact of major bleeding 
after treatment for STEMI.

Finally, a summery, conclusions and future perspectives are outlined in Chapter 8.
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