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General introduction

Four million people die from cardiovascular causes in Europe every year. Almost 
half of these deaths are attributable to coronary heart disease (CHD), which makes 
CHD the single most common cause of death in European citizens.1 CHD was 
estimated to cost the European Union €45 billion in 2003, with approximately 90 
million working years lost due to CHD morbidity and 1 million working years lost 
due to CHD mortality.2 Nevertheless, prognosis of CHD patients has been improv-
ing over the last decades.3 As a consequence, the prevalence of CHD is increasing 
rapidly, which is amplified by the aging of Western populations and increases in the 
number of people with known risk factors such as obesity.4,5

The clinical syndrome responsible for most CHD morbidity and mortality is the 
acute coronary syndrome (ACS). Patients with suspected ACS are commonly divid-
ed into non ST-segment elevation myocardial infarction (NSTEMI) and ST-segment 
elevation myocardial infarction (STEMI) based on electrocardiographic (ECG) find-
ings. The presence of persistent ST-segment elevation in two contiguous leads with 
reciprocal ST-depression on the ECG reflects transmural ischemia, which will lead 
to myocardial necrosis unless immediate reperfusion therapy is initiated. The main 
focus of this thesis is the STEMI population.

 
Pathophysiology of coronary heart disease

Atherosclerosis is the underlying pathophysiological process of the majority of 
CHD cases. It involves the formation of atheromatous plaques in the coronary and 
other medium to large-sized arteries throughout the body. Plaque formation is most 
likely initiated by irritant stimuli such as dyslipidemia, leading to expression of 
adhesion molecules on the endothelial surface and retention of low-density lipo- 
proteins in the vessel wall.6,7 Circulating leukocytes (mainly monocytes and lympho-
cytes) adhere to the “activated” endothelium and migrate into the vessel wall. The 
monocytes mature into macrophages in the intimal layer of the artery. These macro-
phages internalize the modified lipoproteins (thereby becoming foam cells), which 
results in an accumulation of lipids in the intima. Furthermore, macrophages and  
other leukocytes initiate an inflammatory response and cause tissue damage through 
the release of inflammatory cytokines, chemokines, proteases and oxygen radicals. 
Secreted growth factors stimulate both the migration of smooth muscle cells into 
the intima and the heightened synthesis of extracellular matrix such as collagen 
and elastin, promoting the formation of a collagenous fibrous cap that covers the 
plaque.6,7 As the lesion progresses, a necrotic core filled with cell debris, lipids, 
proteases and procoagulant material is formed inside the plaque. In this advanced 
stage, the plaque becomes prone to rupture due to thinning of the fibrous cap un-
der influence of proteases. When plaque rupture occurs, the procoagulant material 
from the necrotic core and the extracellular matrix come into contact with blood, 
thereby triggering the formation of a luminal thrombus.6,7 Alternatively, thrombus 
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formation may be triggered by denudation or erosion of the endothelial layer with-
out plaque rupture.6 When a localized or embolized thrombus impedes the coro-
nary blood flow towards a segment of the myocardium, ischemia and eventually 
myocardial necrosis occur. This gives rise to the clinical spectrum of ACS (unstable 
angina pectoris with or without myocardial infarction (MI)). The healing of plaque 
ruptures plays a role in the progressive narrowing of the coronary lumen in CHD, 
a process that can occur asymptomatically if coronary blood flow is not imped-
ed.8 The arterial wall may initially compensate for plaque progression by way of 
enlargement toward the adventitia (coined positive remodeling), thereby delaying 
the formation of a functionally significant stenosis.9 However, the capacity for the 
coronary artery to increase the blood supply to the myocardium becomes increas-
ingly limited as the narrowing of the coronary lumen progresses. This may result in 
myocardial ischemia during moments of increased demand (e.g. exercise, stress), 
creating the clinical entity of stable angina pectoris.

 
Risk factors

Well-established modifiable risk factors for cardiovascular disease include dys-
lipidemia, hypertension, diabetes mellitus and smoking, in addition to the strong 
unmodifiable risk factors age and gender.10 These traditional risk factors, along 
with abdominal obesity, lack of physical exercise, low consumption of fruit and 
vegetables, high consumption of alcohol and psychosocial factors account for an  
estimated 90% of the worldwide populations’ attributable risk of MI.11 Risk factor 
reductions explained half of the reduction in CHD mortality in the United States in 
the last 20 years, stressing the importance of identifying patients at risk for CHD.3 
European guidelines further acknowledge the value of primary prevention, and 
recommend screening of the general population for risk of cardiovascular disease  
using risk estimation systems such as ‘SCORE’.12,13 Recently, much research has 
been devoted to the role of biochemical markers in improving the early identifi-
cation of patients at risk for cardiovascular disease in the general population. In-
flammatory markers, cardiac troponins and natriuretic peptides have been stud-
ied extensively and contribute to risk stratification, although the added value over  
traditional risk factors remains uncertain.14-16

 
Diagnosis of myocardial infarction

The cornerstone of the diagnosis of MI is the detection of a rise and fall in bio-
markers of cardiac necrosis above the 99th percentile of the upper reference limit, 
in combination with other clinical signs and symptoms of myocardial ischemia or 
infarction (Table 1). However, the patient history and ECG findings remain the most 
important factors for determining the management strategy of patients with suspect-
ed MI, as biomarkers may still be undetectable in the early stages of MI. 
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Detection of a rise and/or fall of cardiac biomarker values (preferably cardiac troponin) 
with at least one value above the 99th percentile upper reference limit and with at least 
one of the following:

•      Symptoms of ischemia 
•      New or presumed new significant ST-segment changes or new left bundle 
        branch block 
•      Development of pathological Q waves in the ECG 
•      Imaging evidence of new loss of viable myocardium or new regional wall    
        motion abnormality 
•      Identification of an intracoronary thrombus by angiography or autopsy

Adapted from the third universal definition of myocardial infarction.17

STEMI is typically accompanied by prolonged chest pain in rest (>20 minutes in 
duration), located in the center of the chest and commonly described as a heavy, 
tight or burning sensation. Additional symptoms may include but are not limited to: 
radiation of the pain (to arm, neck, jaw, shoulder or abdomen), nausea/vomiting,  
diaphoresis, dyspnea, fatigue, fear of dying and collapse.18 Atypical symptomatol-
ogy is common, especially in women, diabetics and elderly patients, and may sig-
nificantly delay help-seeking behavior and timely diagnosis.19,20

The ECG is a vital tool for the rapid decision making in patients with suspected MI. 
In setting of STEMI, the ECG can be used to estimate the quantity of myocardium 
at risk and can in most cases identify the coronary culprit lesion.21,22 Furthermore, 
ECG monitoring is essential for the detection of potentially life-threatening ventric-
ular arrhythmias that may occur during the early stages of STEMI. In certain cases, 
interpretation of ST-segment changes may be limited due to the presence of bundle 
branch block or ventricular pacing, potentially delaying diagnosis of MI.23,24

Biomarkers

Currently, the most commonly used biomarkers for detection of myocardial necro-
sis are creatine kinase-MB (CK-MB) and cardiac troponins. Creatine kinase is an 
enzyme that catalyzes the transfer of high-energy phosphate from creatine phos-
phate to adenosine triphosphate, and is released rapidly during muscle damage. 
The creatine kinase system consists of different isoenzymes; CK-MM is present in 
large quantities in skeletal muscle and myocardium, while CK-MB is found pre-
dominantly in the myocardium, making it useful for the detection of myocardial 
necrosis.25 However, small amounts of CK-MB are also found in skeletal muscle, 
and the ratio of CK-MB to CK-MM in skeletal muscle is influenced by factors such 
as heavy exercise, reducing the specificity of CK-MB for myocardial damage.26 

Cardiac troponins are the current standard for the measurement of myocardial in-
jury. The contractile apparatus of the myofibril consists of myosin, actin, tropo- 
myosin and the troponin complex. The troponin complex has three sub-units;  
troponin-C, troponin-I and troponin-T. Although troponins are found in both skele-
tal and cardiac muscle, distinct cardiac isotypes exist for troponin-I and troponin-T, 
making these isotypes highly specific markers of myocardial injury.25 Continuous 

Table 1. Criteria for acute myocardial infarction
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improvements in troponin assays have led to greatly increased sensitivity for the 
detection of cardiac troponins, resulting in the adoption of the term high-sensitive 
cardiac troponin measurements. For optimal precision, assays should have a co- 
efficient of variation ≤10% at the 99th percentile upper reference limit of a healthy 
population. A rise and fall of troponin values is needed to distinguish acute from 
cardiac troponin elevations that are associated with structural heart disease.27

 
Treatment

The progress made in the treatment of MI in the last century has been impres-
sive, and several important developments deserve mention. One of the first major 
improvements in management was the introduction of coronary care units in the 
1970s. Coronary care units opened the possibility towards monitoring patients for 
hemodynamics and the occurrence of life-threatening arrhythmias, allowing prompt 
treatment when necessary.28 The beneficial concept of the coronary care unit was 
extended outside the hospital walls through the introduction of ambulances with 
defibrillation equipment, as it was recognized that many MI patients died before 
hospital admission due to fatal arrhythmias.29 The decrease in arrhythmia-related 
mortality increased the recognition of infarct size as the major determinant of mor-
bidity and mortality in patients with MI.30 Apart from initial success of beta-blockers 
in limiting infarct size, the real breakthrough came with the introduction of reper-
fusion therapy.31 The growing realization that coronary thrombus was present in 
the majority of patients with STEMI and the first successful lysis of coronary throm-
bus through infusion of streptokinase paved the way for the use of thrombolysis in 
STEMI patients.32,33

Thrombolysis

The GISSI trial was the first large multicenter trial to randomize patients with acute 
MI to treatment with intravenous streptokinase compared to conventional treat-
ment.34 This landmark trial showed that streptokinase reduced early mortality and 
was safe in acute MI patients. The ISIS-2 study confirmed the strength of intra- 
venous streptokinase in acute MI, and showed the effectiveness of the combina-
tion of streptokinase with aspirin in reducing mortality and re-infarction.35 These 
and other large trials led to the widespread adoption of thrombolysis in setting of 
MI. Genetic engineering subsequently produced several additional thrombolytic 
agents, such as tissue-plasminogen activator, which was found to be superior to 
previous thrombolytic regimens in combination with intravenous heparin.36  A large 
meta-analysis confirmed the value of the class of thrombolytic agents in acute MI, 
and revealed a strong association between the delay to treatment and benefit of 
thrombolysis.37 This gave rise to the notion of the golden hour, the first hour after 
onset of symptoms, during which the patient should ideally receive reperfusion 
therapy.38



General introduction and outline

17

Despite the advantages and widespread availability of thrombolysis, several limita-
tions to this therapy were noted: thrombolysis failed to restore coronary artery pa-
tency in 20-45% of patients, and re-occlusion of the coronary artery occurred in up 
to 30% of patients after thrombolysis.39,40 Moreover, patients treated with thrombo- 
lysis showed a small but significant increase in intracranial hemorrhage.37

Primary angioplasty

Using a technique pioneered in peripheral arteries by Dotter and Judkins, Grüntzig 
et al. introduced the treatment of arteriosclerotic lesions in the coronary artery  
using catheter-mounted balloon dilatation (coronary angioplasty)41,42 (Figure 1). 
The potential of angioplasty in setting of MI was soon discovered, and multiple 
large trials were initiated to compare “primary” angioplasty with thrombolysis in 
MI patients.43 Several advantages of primary angioplasty were identified in these 
trials, among which higher rates of coronary patency, ability to reduce the residual 
coronary stenosis, lower rates of re-infarction and improvements in remaining left 
ventricular function compared to thrombolysis.44,45

Figure 1. Coronary angioplasty. A catheter with mounted balloon is introduced into the coronary artery 
and passed through the coronary stenotic segment. Pressure inflation of the balloon subsequently 
expands the stenotic lesion, restoring the patency of the coronary vessel. Source: National Heart, Lung, 
and Blood Institute, National Institutes of Health; U.S. Department of Health and Human Services.
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A large meta-analysis finally showed that also mortality was reduced with the use 
of primary angioplasty, in addition to reductions in stroke and re-infarction.46  How-
ever, management of MI using primary angioplasty is considerably more complex 
than thrombolysis, meaning that it can only be performed in specialized centers. 
As a consequence, approximately 30 minutes of additional delay until initiation of 
reperfusion therapy was added due to patient transfer times.47 Sophisticated net-
works of care were introduced to reduce the delay between onset of STEMI and 
reperfusion therapy.  Over the years, the optimization of MI care has led to gradual 
improvements in delay to treatment.48,49 Several important strategies contribute to 
minimizing this delay, including the following:

- Standardization of pre- and in-hospital care  and clear agreements 
 between regional health care providers regarding the referral of STEMI  
 patients (Figure 2).50 
- The use of pre-hospital ECG faxed from the ambulance to the operator on  
 call, to allow pre-hospital triage of STEMI patients.51 
- Transport of STEMI patients straight to PCI centers.52 
- Delivery of patients to the catheterization laboratory, bypassing the emer- 
 gency room.50,52  
- Around the clock service of intervention centers.51 
- Monitoring of pre- and in-hospital delays to quantify the delay and  
 identify bottlenecks.53,54 

Figure 2. Influence of MISSION! implementation on door-to-balloon times.  
The MISSION! protocol, implemented in the Leiden University Medical Center 
between 2004 and 2005, is an all-phases integrated STEMI care program aimed 
at maximizing the use of evidence based medicine to improve the care of 
STEMI patients. MISSION! focuses on rapid diagnosis, minimization of treat-
ment delay and aggressive reperfusion strategies, followed by active lifestyle 
improvement and structured medical therapy. Source: unpublished numbers.
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In quantifying delay, the time between symptom onset and reperfusion therapy 
(symptom-to-balloon time) is commonly referred to as the total ischemic time, as 
this is theoretically the time that the myocardium is deprived from coronary blood 
flow. Patient delay is the time between symptom onset and seeking of health care 
assistance, an interval that is potentially influenced by increased awareness of 
symptoms of MI through public campaigns.55 System delay starts at the moment 
of first medical contact, and can be divided into the overlapping time intervals of 
first ECG to reperfusion therapy (diagnosis-to-balloon time), and time from hospital  
arrival to reperfusion therapy (door-to-balloon time). Current guidelines recom-
mend a maximum delay of 90 minutes between first medical contact and PCI. If es-
timated delay to PCI is longer than 120 minutes, thrombolysis is recommended with 
subsequent transfer to a PCI center with angiographic follow-up within 24 hours.56

While primary angioplasty increasingly replaced thrombolysis as the standard 
therapy for MI, there were some remaining disadvantages associated with balloon 
angioplasty: acute vessel closure occurred in 5-8% of patients, causing ischemic 
complications frequently requiring management with emergency coronary artery 
bypass grafting.57 Also, restenosis of the treated coronary lesion occurred in up to 
40% of patients.58 Therefore, further optimization of primary angioplasty required 
an additional technological development. Mechanical scaffolding of the coronary 
artery using metallic stents proved effective in treating acute vessel closure, which 
led to widespread adoption of the coronary stent in clinical practice.59

Coronary stents

In landmark trials covering treatment of stable coronary artery disease, coronary 
stenting was shown to be superior to balloon angioplasty, resulting in higher rates 
of procedural success and less restenosis.60,61 However, the introduction of foreign 
material into the body was associated with a new complication; thrombotic occlu-
sion of the stent, or stent thrombosis (ST). This potentially catastrophic complication 
was found to occur in up to 1 in 5 patients.62 Nonetheless, it was soon discovered 
that improved stenting technique (avoiding stent underexpansion) and use of dual 
antiplatelet therapy (in the form of aspirin and a thienopyridin-derivate) could dras-
tically reduce the occurrence of ST, making coronary stenting safe for clinical prac-
tice.63,64 Concerns about the safety of stenting in the pro-thrombotic environment 
of MI remained, which prompted the initiation of dedicated trials in MI patients. 
Suryapranata et al. were the first to randomize patients with MI to routine coronary 
stenting or balloon angioplasty, and were quickly followed by larger trials, most no-
tably the CADILLAC and PAMI trials.65-67 These trials showed that coronary stenting 
in setting of MI was both safe and associated with improved angiographic outcomes 
compared to angioplasty alone, reducing the need for revascularization procedures 
due to reduced restenosis rates. Subsequently, a meta-analysis of 9 trials confirmed 
the benefit of primary coronary stenting over primary angioplasty in reducing target 
vessel revascularization as well as re-infarction in setting of MI.68
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Despite these improvements in outcome, a considerable proportion of patients 
still required re-intervention due to restenosis of the treated lesion. The mecha-
nism of restenosis after stenting differed from the restenosis occurring after angio- 
plasty, which was predominantly due to vessel recoil and negative remodeling.69 
The process involved in the re-narrowing of the in-stent lumen was coined neo- 
intimal hyperplasia. Commonly described as an excessive growth of scar tissue 
within the stent, this process is caused by the damaging effect of stent implantation 
to the vessel wall, leading to endothelial denudation, medial dissection, penetra-
tion of the lipid core and an inflammatory response to the stent struts, which results 
in the proliferation of smooth muscle cells on the luminal side of the stent.70-72 To 
battle this iatrogenic complication of stent implantation, drug-eluting stents (DES) 
were developed. 

Drug-eluting stents

DES are metallic stents which include a surface coating of polymer that gradually 
releases an antirestenotic drug which inhibits neo-intimal hyperplasia. The first DES 
that gained approval were the sirolimus-eluting stent (SES) (Cypher, Cordis, Bridge-
water, New Jersey, United States) and the paclitaxel-eluting stent (PES) (Taxus Ex-
press/Liberté, Boston Scientific, Natick, Massachusetts). SES are based on a 140μm 
stainless steel stent which releases sirolimus from a layer of polyethelyne co-vinyl 
acetate and poly-n-butyl methacrylate polymer. The antirestenotic drug sirolimus 
(rapamycin) is a macrolide antibiotic with immunosuppressant properties which 
was found to reduce neointimal proliferation through inhibition of lymphocyte and 
smooth muscle cell proliferation.73 Approximately 80 percent of the sirolimus is 
released within 28 days.74

PES are based on a 132 μm (Taxus Express) or 97 μm (Taxus Liberté) stainless steel 
stent which releases paclitaxel from a layer of poly(styrene-b-isobutylene-b-styrene) 
polymer. Paclitaxel is an antineoplastic agent that was initially isolated from bark of 
the Taxus tree and was found to inhibit smooth muscle cell migration and prolifera-
tion.75 Approximately 10% of the paclitaxel is released in the first 28 days.74

The pivotal trials that compared SES and PES with conventional bare-metal stents 
(BMS) found a considerable reduction in restenosis with the use of DES in patients 
with stable coronary artery disease.76-78 Importantly, no effect on mortality and re- 
infarction was observed.79 However, early trials excluded patients with acute MI, 
and therefore several dedicated trials were initiated to investigate the use of DES in 
this patient category. 

In setting of STEMI, use of SES was found to reduce medium term (1 to 2 year) rates 
of restenosis compared to BMS, while no differences in mortality, re-infarction and 
ST were observed.80-86 Similarly, PES were also found to reduce restenosis rates 
compared to BMS at medium term follow-up.85,87,88 In the larger trials, these results 
were sustained at long-term follow-up for both stent types.89-91 



General introduction and outline

21

Although the beneficial effect of DES on restenosis became well established and 
no safety concerns were identified in individual trials, one meta-analysis did indi-
cate a heightened rate of very late ST and re-infarction after DES implantation in 
setting of STEMI.92 Furthermore, reports from real world data raised concerns on the 
long term safety of DES.93 This gave rise to extensive research on the safety of DES. 
The standardization of the definition of ST by the Academic Research Consortium  
greatly facilitated the comparison of ST rates (table 2).

Table 2. Definition of stent thrombosis

Adapted from the Academic Research Consortium on clinical endpoints in coronary stent trials.94

Several predictors of ST have been identified, among which patient factors (dia-
betes mellitus, renal insufficiency, peripheral artery disease, malignancy, reduced 
ejection fraction), lesion factors (bifurcation lesions, complex lesions, presence of 
dissection, sub-optimal reperfusion, late stent malapposition), stenting technique 
(undersizing of stent, long stented segments, small stent diameter), medication 
(premature discontinuation of dual antiplatelet therapy, periprocedural bivalirudin 
compared to glycoprotein IIb IIIa inhibitors), setting (acute MI) and other less com-
mon factors.95-98 

The predictors of ST show large overlap between BMS and DES. However, intra-
vascular ultrasound and pathological studies identified specific histological cor-
relates associated with late ST after DES implantation. Late stent malapposition 
was observed more frequently after SES implantation in setting of STEMI compared 

Classification

•      Definite ST: 

        Angiographic or pathological confirmation of thrombus in-stented area ± 5 mm  
        margin and presence of one of the following criteria within a 48-hour window: acute    
        onset of ischemic symptoms at rest, new ischemic ECG changes, typical rise and fall   
        in cardiac biomarkers.

•      Probable ST:

        Any unexplained death within 30 days after PCI or any MI that is related to 
        documented acute ischemia in the territory of the implanted stent without  
        angiographic confirmation of stent thrombosis and in the absence of any other 
        obvious cause.

•      Possible ST:

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

Timing of stent thrombosis

•      Acute ST: 0 to 24 hours after stent implantation

•      Sub-acute ST: >24 hours to 30 days after stent implantation

•      Early ST: 0 to 30 days after stent implantation

•      Late ST: >30 days to 1 year after stent implantation

•      Very late ST: >1 year after stent implantation
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to BMS.82 Additionally, late ST was found to be strongly associated with delayed 
stent healing, which is more common after DES implantation due to inhibition of 
normal endothelial growth by the antirestenotic drug. Delayed healing is charac-
terized by reduced endothelial strut coverage and increased fibrin deposits.99,100 

Underlying plaque morphology influences this process: vessel healing after PCI for 
STEMI is more delayed compared to PCI in stable coronary lesions.101 Other local 
factors associated with late ST are strut penetration into the necrotic core and local 
hypersensitivity.100 Besides a reaction to the stent struts, the local hypersensitivity 
was shown to be due to the stent polymer, causing marked local inflammation. The 
tissue reaction to stent struts and polymer prompted the investigations of novel DES 
in attempt to improve the safety and efficacy of these first generation DES.102 

Second generation DES

The second generation DES included changes in platform, polymer and anti- 
restenotic drug. The stainless steel stent platforms were changed to cobalt- 
chromium, an alloy exhibiting superior radial strength.103 This allows thinner stent 
struts that may reduce thrombogenicity and improve vascular healing.104 The  
Endeavor zotarolimus-eluting stent (E-ZES) (Endeavor, Medtronic Vascular, Santa 
Rosa, California, United States) was the first second generation DES accepted for 
clinical appliance. The E-ZES is based on a 91 μm cobalt-chromium stent platform 
eluting zotarolimus, a sirolimus-analogue. The E-ZES applies a thin layer of bio- 
compatible phosphorylcholine polymer which has a fast elution pattern, releasing 
95% of its antirestenotic drug within 14 days.74

The everolimus-eluting stent (EES) (Xience V, Abbott Vascular, Santa Clara, Cali-
fornia, United States; Promus, Boston Scientific, Natick, Massachusetts, United 
States) is based on a thin 81 μm cobalt-chromium platform, eluting the sirolimus- 
analogue everolimus. The EES applies a layer of polyvinylidene fluoride co-hexafluoro- 
propylene and poly-n-butyl methacrylate polymer which releases 80% of the  
everolimus within 14 days.74

In animal studies, EES and BMS were associated with more complete endothelial-
ization at 14 days compared to PES, SES and E-ZES. At 28 days, this was also the 
case for E-ZES compared to the first generation DES.105 In clinical studies, E-ZES was 
associated with reduced restenosis rates compared to BMS, reduced re-infarction 
and very late ST rates compared to PES and long term reductions in mortality and 
MI with similar clinical efficacy compared to SES.106-109 EES were found to result in 
improved angiographic outcomes compared to BMS, reductions in repeat revascu-
larization procedures, MI and ST compared to PES and reduced rates of repeat re-
vascularization procedures and ST compared to SES.110-115 A large meta-analysis by 
Palmerini et al confirmed the excellent safety of EES, reducing rates of ST compared 
to BMS, PES, SES and E-ZES.116

So far, no dedicated trials for the use of E-ZES in STEMI have been performed. EES 
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have been compared with BMS in 1 dedicated STEMI trial. In this trial, EES re-
duced the need for repeat revascularization and the rates of ST compared to BMS 
at 1-year.117 Randomized comparisons of first and second generation DES in setting 
of STEMI have not been performed. Also, data are lacking on the optimal second 
generation DES in STEMI patients.

 
Adjunctive antithrombotic therapy

Current STEMI guidelines recommend that all STEMI patients should receive 
dual antiplatelet therapy in the form of acetylsalicylic acid (aspirin) and a P2Y12- 
receptor antagonist.118 Aspirin inhibits platelet aggregation through cyclo-oxy-
genase inhibition, and was shown to reduce the risk of mortality after MI with 
10 to 15% and the risk of re-infarction with 30%.119 P2Y12-receptor antagonists 
inhibit platelet aggregation through direct or indirect inhibition of the ADP- 
activated P2Y12-receptor expressed by thrombocytes. Clopidogrel has been the most 
commonly used drug for this purpose, and was found to reduce mortality and re- 
infarction without raising bleeding risk in MI patients.120 Recently, the more potent 
P2Y12-receptor antagonists prasugrel and ticagrelor were also approved for this 
purpose, following the large TRITON TIMI 38 and PLATO trials.121,122 In the STEMI 
arms of these trials, prasugrel was shown to reduce rates of cardiovascular death, 
re-infarction and ST compared to clopidogrel, while TIMI major bleeding after cor-
onary artery bypass grafting was increased.123 Ticagrelor reduced rates of all-cause 
mortality, re-infarction and ST, while a slight increase in stroke was observed com-
pared to clopidogrel.124 European guidelines currently recommend 9-12 months of 
dual antiplatelet therapy after STEMI, with a strict minimum duration of 6 months 
after DES implantation and 1 month after BMS implantation.118

The third group of platelet aggregation inhibitors that may be considered as an 
addition to the previously described dual antiplatelet therapy consists of the glyco- 
protein IIb/IIIa inhibitors. These drugs are antagonists of the glycoprotein IIb/IIIa 
receptor which is activated by fibrinogen and von Willebrand factor. Most evi-
dence exists for the use of acbiximab, which was shown to reduce mortality and  
reinfarction after primary PCI without increasing the risk of bleeding.125  

Additional mortality benefit may be achieved through the up-front administration of  
abciximab, a strategy performed routinely in the MISSION! protocol.126

In addition to antiplatelet therapy, STEMI patients should receive anticoagulation 
therapy around primary PCI. Traditionally, this purpose has been served by heparin, 
which indirectly inactivates thrombin and factor Xa through release of antithrom-
bin. The newer direct trombin inhibitor bivalirudin may be preferable to heparine, 
as bivalirudin monotherapy was found to be superior to the combination of heparin 
and a glycoprotein IIb/IIIa inhibitor. Bivalirudin therapy resulted in a reduction in 
mortality and major bleeding although an increase in early ST was observed.127 

Alternatively, the ‘low molecular weight heparin’ enoxaparin may be preferable to 
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heparin due to a beneficial effect on ischemic outcomes.128

 
Risk stratification

While guidelines recommend the routine use of risk scores such as GRACE in 
NSTEMI patients, there remains uncertainty regarding the role of risk scores in set-
ting of STEMI.118 The GRACE score uses age, heart rate, systolic blood pressure, 
serum creatinin, Killip class and presence or absence of cardiac arrest, ST-segment 
deviation and cardiac enzymes to estimate the in-hospital mortality of ACS pa-
tients.129 The TIMI risk score for STEMI differs slightly from GRACE by incorporating 
location of MI, history of diabetes/hypertension/angina, patient weight and time to 
treatment, although the strongest weighing physiological factors are similar.130 The 
CADILLAC and Zwolle risk scores focus specifically on the STEMI patient treated 
with primary PCI, and have the advantage that angiographic characteristics are tak-
en into account.131,132 

An alternative approach toward improving care and stratification of STEMI pa-
tients is through the identification of high-risk sub-populations. Ideally, this allows 
tailoring of care to suit the specific needs of these sub-populations. For instance, 
more potent antiplatelet therapy with prasugrel can reduce the heightened risk of  
ischemic events after ACS in diabetic patients.133 Also, newly identified or less 
common high-risk patient characteristics are often not included in conventional 
risk scores, thereby potentially underestimating the risk of adverse events in these  
patients. 
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Objective and outline of the thesis

This thesis can be divided into two distinct parts: the first part of this thesis aims to 
improve the risk stratification and care of STEMI patients, through the identification 
of high-risk sub-populations. The second part focuses on the optimization of treat-
ment of CHD through the use of second generation drug-eluting stents. 

Part 1: High-risk sub-populations

Previous studies have shown that women suffer higher mortality after ACS, due  
to higher age and comorbidity. However, conflicting results have been reported  
on the association between gender and prognosis in the STEMI population. Chapter 2 
investigates the influence of gender on ischemic times and outcomes after primary 
PCI for STEMI.

Out-of-hospital cardiac arrest is a common complication of STEMI which is asso-
ciated with a poor prognosis. Chapter 3 covers the angiographic determinants of 
out-of-hospital cardiac arrest and their association with prognosis after STEMI.

Simultaneous occurrence of cancer and CHD is increasingly frequent, and cancer 
patients are at a higher risk for cardiac complications due to side effects of cancer 
treatment and commonly present hypercoagulability. Chapter 4 investigates the in-
fluence of cancer on the prognosis after STEMI. 

As a result of aging populations in western countries, elderly patients form an 
increasingly large proportion of the STEMI population. However, the effects  
of primary PCI on the prognosis of the elderly remain poorly investigated.  
Chapter 5 studies the changes in care and prognosis of elderly patients suffering 
STEMI during a 10-year inclusion period.

Part 2: Treatment optimization

The potentially improved safety and efficacy of second generation DES may be 
especially useful in the high-risk setting of STEMI. However, limited studies 
have focused on the comparison of second generation DES in STEMI patients.  
Chapter 6 compares the long term outcome of EES and E-ZES in a real world obser-
vational cohort of STEMI patients. 

No previous trials have compared first and second generation DES in setting of 
STEMI. Therefore, a dedicated trial was initiated to compare the second generation 
EES with the first generation SES in patients with acute MI. Chapter 7 describes the 
results of the XAMI trial. 

The routine implantation of EES has potential advantages over first generation DES 
in clinical practice. Chapter 8 describes the APPENDIX-AMI trial, a randomized 
open label trial comparing EES and SES in all-comer patients.
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The clinical response to DES implantation may differ according to clinical presenta-
tion. Chapter 9 describes a pooled analysis of data from the XAMI and APPENDIX 
-AMI trials to investigate the performance of DES in patients presenting with and 
without STEMI during two-year follow-up. 

The final chapters describe a general summary, conclusions and future perspectives 
in English and in Dutch. 
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