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General introduction and thesis outline

Ischemic heart disease contributes, with almost 10 million deaths worldwide, 
for a substantial part to the total deaths in CVD.(1) In Europe, approximately 
1.8 million died due to ischemic heart disease, which accounts for 20% of 
all deaths.(2) Ischemic heart disease is often caused by an acute coronary 
syndrome (ACS), which is the clinical manifestation of coronary artery disease. 
ACS can roughly be grouped in non‑ST‑segment elevation myocardial infarction 
(NSTEMI) and ST‑segment elevation myocardial infarction (STEMI). A STEMI is 
caused by an occlusion of a coronary artery, which occurs when the blood flow 
is abruptly obstructed by a plaque rupture, erosion or fissuring which results in 
an obstructing thrombus.(3) This is clinically expressed by ischemic symptoms, 
and with new ST‑segment elevation in 2 contiguous leads and often reciprocal 
ST‑segment depression on the electrocardiogram (ECG). Confirmation of 
myocardial ischemic injury with elevated cardiac biomarkers is required for the 
diagnosis STEMI whereas in NSTEMI patients the symptoms of ischaemia is 
often represented with new or presumed new significant ST‑T wave changes or 
left bundle branch block on 12‑lead ECG.(4)

Development of atherosclerosis 
Coronary artery disease is caused by the underlying pathological process of 
atherosclerosis illustrated in figure 1. Atherosclerosis starts early in life and 
often progresses silently for many years. Hypercholesterolemia is considered 
one of the main triggers of atherosclerosis. The increase is plasma cholesterol 
levels results in changes of the endothelial permeability that allow the migration 
of mainly low‑density‑lipoprotein‑cholesterol (LDL‑c) particles into the arterial 
wall.(3) This triggers an inflammatory reaction. Monocytes adhere to the 
endothelial cell and migrate in the sub endothelial space.(3) Here, monocytes 
require macrophage characteristics and incorporate oxidized LDL‑c resulting 
in the formation of plaque‑forming foam cells. Fatty streaks appear due to the 
local accumulation of serum lipoproteins in the vessel wall. Fatty streaks are 
the precursors of more advanced lesions characterized by the accumulation of 
lipid‑rich necrotic debris and smooth muscle cells (SMCs). Such ‘fibrous lesions’ 
typically have a ‘fibrous cap’.(5) Vulnerable plaques are characterized by the 
formation of a necrotic core and by thinning of the fibrous cap. This may result 
in a rupture of the cap exposing prothrombotic components to platelets and 
procoagulation factors leading to thrombus formation and clinical events such 
as N(STEMI).(6) The majority of coronary thrombi are caused by plaque rupture 
(55‑65%), followed by erosions (30‑35%), and last frequent from calcified 
nodules (2‑7%)(7) 

Treatment 
At the beginning of the 20th century, a myocardial infarction (MI) was regarded as 
a rare condition not compatible with survival. In the first half of the 20th century, 
early mortality rates were high, around 30%, and for patients surviving the 
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acute phase, ‘treatment’ of a MI consisted of 4 weeks of bedrest and pain relief. 
However, by elucidating the natural history of the MI, physicians set the stage 
for huge advances that followed. These advances can be summarized into four 
categories; birth of the Coronary Care Unit (CCU), developments in pre‑hospital 
care, myocardial reperfusion techniques and adjunctive pharmacotherapy.

The CCU is defined as probably the single most important advancement in the 
treatment of MI. The concept of the CCU was proposed in 1961 by Desmond 
Julian in The Lancet(8) and based on 4 principles. 1; the appreciation of the 
importance of arrhythmias as the principal cause of early death in MI, 2; the 
ability to monitor the ECG continuously, 3; the development of closed‑chest 
cardiac resuscitation and 4; the delegation of the treatment of life threatening 
arrhythmias, to trained nurses in the absence of physicians.(9) Due to the 
developments of the CCU, early mortality was cut in half to approximately 15%.   

ATHEROSCLEROSIS PROGRESSION HEART ATTACK

Figure 1. Cross-sectional view of atherosclerosis progression. The left figure 
shows a normal artery. Due to several stimuli, such as hypertension, smoking and 
hypercholesterolemia the endothelium begins to dysfunction, which results in an 
inflammation reaction with the formation of plaque‑forming foam cells. Fatty streaks 
appear due to the local accumulation of serum lipoproteins in the vessel wall. As the 
atherosclerotic lesions progresses a fibrous cap with a necrotic core develops. When this 
fibrous cap thinness the plaque becomes unstable and is prone to rupture resulting in an 
acute occlusion of the artery due to thrombus formation. 

Subsequently, it was early recognized that advances in prehospital care were 
necessary. Most deaths in patients with MI occur before the patient reached the 
hospital due to life threatening arrhythmias. In 1967, Pantridge designed the 
concept of a mobile CCU. These ambulances are equipped with ECG monitors, 
drugs and equipment for defibrillations and resuscitation(10) and have saved 
many lives. Furthermore, outcomes of patients suffering from MI are depending 
on the time taken to deliver definitive treatment. Evidence has shown that the 
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extent of myocardial salvage is greatest if patients are reperfused in the first 
3 hours from the onset of symptoms.(11) The biggest delays are seen in the 
prehospital setting due to patient delay or system delay. Patient delay is the time 
from the onset of symptoms to contact with the emergency services. System 
delay is the time between contact with the emergency services to diagnosis and 
reperfusion treatment. 

The use of dilating catheters for the treatment of atherosclerotic vascular disease 
was first described in 1964 by Charles Dotter and Melvin Judkins.(12) Building 
on their work, Andreas Gruentzig performed the first successful percutaneous 
transluminal coronary angioplasty (PTCA) in 1977.(13) However, a common 
complication of the PTCA was (late) restenosis which occurred in up to 30% of 
the treated coronary arteries.(14) It was theorized that devices could be placed 
inside the arteries as scaffolds to keep them open after a successful balloon 
angioplasty.(13) The first intracoronary stents were successfully deployed in 
coronary arteries in 1986.(15) Nowadays, primary percutaneous coronary 
intervention (pPCI) is the golden standard in STEMI patients. 

Adjunctive pharmacotherapy after a MI consists of 5 medical therapies, defined 
as the ‘golden five’: Aspirin, a P₂Y₁₂ inhibitor (e.g. prasugrel or ticagrelor or 
clopidogrel), ACE‑inhibitor, betablocker and a statin. Platelet inhibition remains 
the core pharmacotherapy component in STEMI patients undergoing pPCI. 
Aspirin inhibits platelet dependent cyclooxygenase 1 (COX‑1) enzyme and 
consequently preventing synthesis of thromboxane A₂ (TXA₂) which is a powerful 
promotor of platelet aggregation.(16) Major studies have indicated a central role 
for aspirin in patients with STEMI.(17‑19) Clopidogrel, prasugrel and ticagrelor 
are P₂Y₁₂ inhibitors. P₂Y₁₂ receptor plays a key role in the platelet activation 
process. Adenosine diphosphate (ADP) interacts with the platelet P₂Y₁₂ receptor 
stimulating activation of the glycoprotein IIb/IIIa (GPIIb/IIIa) receptor. In turn, 
activation of the GPIIb/IIIa results in enhanced platelet degranulation and 
thromboxane production, driving platelet aggregation.(20) Several trials showed 
a significant reduction of death using clopidogrel, prasugrel or ticagrelor in ACS 
patients undergoing PCI.(21‑23) 

Pump failure secondary to extensive myocardial damages emerged as the 
principal cause of death in patients surviving the life threatening arrhythmias. 
Preservation of the left ventricular function is a major predictive factor of 
prognosis. ACE inhibitors, blocks angiotensin converting enzyme that converts 
angiotensin I to angiotensin II. Decreased production of angiotensin II enhances 
natriuresis, lowers blood pressure, and prevents remodelling of smooth muscle 
and cardiac myocytes. Lowered arterial and venous pressure reduces preload 
and afterload. Treatment with ACE inhibitors is recommended in patients with 
systolic LV dysfunction or heart failure, hypertension, or diabetes and should be 
considered in all STEMI patients.(24, 25) 
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Beta blocker use decreases oxygen demand due to reduction in heart rate, blood 
pressure and contractility and can reduce remodelling and can improve left 
ventricular hemodynamic function.(26‑28) The benefit of short‑term treatment 
with oral beta blockers after STEMI is well established, although most of the 
data come from trials performed in the pre-reperfusion era.(29, 30) 

3‑hydroxy‑3‑methyl–glutaryl‑coenzyme A (HMG‑CoA) reductase inhibitors 
(usually addressed as “statins”) induce an increased expression of LDL receptors 
(LDL‑R) on the surface of the hepatocytes, which determines an increase in 
the uptake of LDL‑C from the blood and a decreased plasma concentration of 
LDL‑C and other apoB‑containing lipoproteins, including TG‑rich particles.(31, 
32) The benefits of statins in secondary prevention have been unequivocally 
demonstrated.(33) Independent of baseline LDL-c level and baseline 
cardiovascular risk, a meta‑analysis of 26 statin CV outcome trials, showed a 
22% risk reduction in CV events per 1mmol/L reduction in LDL‑c.(33) Next to the 
lipid lowering function of statins, they are well‑known for their pleiotropic lipid 
lowering independent effect. Statins positively interfere with critical components 
of the atherosclerotic process, and have beneficial anti‑inflammatory effects 
on the vascular wall and improve endothelial function.(34, 35) An overview of 
described pleiotropic mechanisms is provided in figure 2.

The last three decades, mortality rates decreased significantly due to these 
very successful treatments.(29, 33, 36‑40) Current 1‑year mortality rates are 
approximately 10%.(41, 42) In the Netherlands mortality rates have declined 
progressively since the 70’s, with approximately 20.000 deaths to under the 
5000 in 2017 (Figure 3).

Figure 2. Pleiotropic effects of statins. The reduce hypercholesterolemia and directly 
attenuate the cellular precesses leading to atherosclerosis. The also break the positive 
feedback loop operative in the atherosclerotic process. SMC; smooth muscle cell, MMP; 
matrix metalloproteinase, LDL; low density lipoprotein. Source: Babelova et al. Anti-
atherosclerotic mechanisms of statin therapy.(35) 
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Risk stratification and novel biomarkers
Although mortality rates have decreased significantly still a substantial amount 
of death occur with a wide variability between patients. Therefore it is essential 
to make an early assessment of short term risk. Readily available parameters in 
the acute phase before reperfusion have been identified for risk assessment and 
adjustment. (30) These parameters include older age, hypotension, Kilip class >1, 
anterior MI, peripheral vascular disease, initial serum creatinine level, elevated 
cardiac markers, cardiac arrest on admission and ST‑segment deviation. All these 
risk factors are implemented in the GRACE risk score to assess the 6 months risk 
for death and can guide patient triage and management.(43)

The combination of clinical characteristic in combination with traditional cardiac 
biomarkers such as cardiac Troponin (cTn) and N‑terminal pro‑B‑type natriuretic 
peptide (NTproBNP) have shown to improve risk prediction.(44, 45) However 
current risk prediction models provide only a rough estimate of individual risk. A 
multimarker strategy that captures a broader spectrum of disease may have added 
value since it can reveal novel relaease mechanisms and therefore potentioal 
therepeutic targets. Several biomarkers, such as growth differentiation factor‑15 
(GDF‑15), galectin‑3 (GAL‑3) and suppression of tumorigenicity 2 (ST‑2) have 
been studied in the recent years.(46) This thesis focusses on GDF‑15 which is a 
systemic stress‑responsive member of the transforming growth factor (TGF‑β).
(47) It is a relatively novel biomarker which is induced in the myocardium after 
ischemia and reperfusion and released due to heamodynamic stress.(48, 49)

Figure 3. Number of deaths in the period 1950-2017 for cardiovascular disease and 
acute myocardial infarction separately. Centraal Bureau voor de Statistiek, Den Haag/
Heerlen, The Netherlands(50)
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Objective and outline of this thesis
The first objective of this thesis is to optimize the treatment in patients with 
STEMI or cardiovascular disease. Secondly, this thesis aims to improve risk 
stratification and identify high risk populations in STEMI patients. At last, a 
manuscript about a pre-hospital triage protocol was developed to manage the 
capacity in the cardiac emergency department.

Recent years have brought a significant amount of new results in the field of 
atherosclerosis. Chapter 2 provides a background consisting of the current 
under‑standing of the pathophysiology and treatment of atherosclerotic disease, 
followed by future perspectives on several novel classes of drugs that target 
atherosclerosis. 

STEMI patients in the LUMC are treated according to the MISSION! MI protocol. 
Low risk patients are referred to the general practitioner (GP) after one year 
treatment according to the MISSION! MI protocol. In chapter 3 the prognosis of 
STEMI patients referred to the GP after one year is assessed. 

The current way to assess the risk of cardiovascular disease (CVD) is to measure 
conventional lipid and lipoprotein cholesterol fractions. Despite the success of 
statin treatment residual cardiovascular risk remains high. Therefore chapter 4 
studied the value of extensive serum apolipoprotein (apo) profiling and the risk 
of adverse events in patients with STEMI.

Identification of high‑risk patients is essential for optimal monitoring and 
initiation of appropriate treatment to reduce risk of events. GDF‑15 is a novel 
biomarker which can on top of other biomarkers improve risk stratification. 
Chapter 5 investigated the additive prognostic value of GDF‑15 levels at 
admission in STEMI patients on top of clinical characteristics and known cardiac 
biomarkers such as cTn and NTproBNP.

The introduction of high sensitivity assays (hs‑cTn), which are up to 100 times 
more sensitive compared to the first‑generation assays,  permits the accurate 
determination of very low levels of circulating cardiac troponin. Elevated serum 
hs-cTn levels, even those within the normal range, are an emerging independent 
predictor of cardiovascular (CV) mortality in patients with and without CVD. 
Chapter 6 sought to characterize the effect (magnitude and time of onset) of 
atorvastatin (ATOR) or rosuvastatin (ROSU) on hs‑cTnI levels within the normal 
range in patients with stable CVD.

Hypercholesterolemia is a well-known risk factor for developing atherosclerosis 
and subsequently for the risk of a MI. Moreover, it might also be related to the 
extent of damaged myocardium in the event of a MI. Chapter 7 aims to evaluate 
the association of baseline LDL‑c level with infarct size in patients with STEMI 
after pPCI.    
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Chapter 8 is about the feasibility and efficacy of a novel pre‑hospital triage 
protocol for use in the cardiac emergency department. Overcrowding in 
emergency department is a major public health problem and pre-hospital triage 
can help to allocate patients to the appropriate emergency department and 
thereby increase quality and efficacy of acute care in hospitals.

The final chapter includes a general summary, conclusions and future perspectives 
in English and in Dutch.
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