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Background

Atherosclerosis is a chronic 
progressive condition that results in 
build-up of atherosclerotic plaque in 
medium and large sized arteries. It 
takes several decades to develop in 
an individual and is mainly driven by 
inflammation and lipid accumulation.1 
Ischemic heart disease is defined as 
symptoms and disease caused by 
atherosclerotic narrowing or occlusion 
of the coronary arteries, thus impeding 
myocardial perfusion. Advances 
in prevention and treatment have 
resulted in a reduction of ischemic 
heart disease related morbidity and 
mortality over the past 2 decades 
in Western Europe and other high-
income regions.2,3 Nonetheless, with an 
estimated mortality of approximately 7 
million in 2010, ischemic heart disease 
remains the number one cause of 
mortality both in Western Europe and 
worldwide.4 Moreover, due to ageing 
and population growth, the global 
burden of ischemic heart disease has 
steadily increased since 1990 and this 
trend is expected to continue well into 
the 21st century.3

Intermittent myocardial ischemia due 
to a flow limiting coronary stenosis 
results in the clinical syndrome of stable 
angina pectoris. Acute myocardial 
infarction is a more severe condition 
that is characterized by myocardial 

necrosis.5 Its usual pathophysiological 
mechanism is sudden rupture or erosion 
of a vulnerable atherosclerotic plaque 
and exposure of its thrombogenic core 
with subsequent thrombus formation 
in a coronary artery.6 At the extreme 
end of the spectrum, this may result 
in sudden cardiac death. If nonfatal, 
occlusive coronary thrombosis typically 
results in ST-elevation myocardial 
infarction (STEMI), while unstable 
angina pectoris and non-ST-elevation 
myocardial infarction (NSTEMI) are 
most commonly the result of a non-
occlusive thrombus.
Patients with STEMI require rapid 
reperfusion therapy aimed at opening 
the occluded coronary artery and 
limiting myocardial necrosis. Primary 
percutaneous coronary intervention 
(PCI) has shown to be superior to 
pharmacological reperfusion therapy 
with thrombolytic agents.7 PCI involves 
catheter-based techniques to open the 
occluded artery by means of thrombus 
aspiration, balloon dilatation, and/
or stent implantation. It is currently 
considered to be the gold standard for 
the treatment of STEMI, provided that 
it can be performed expeditiously by 
an experienced operator.8 In clinically 
stable patients with NSTEMI, time is 
less critical. Some of these patients 
can be managed “conservatively” with 
an anticoagulant and dual antiplatelet 
therapy. In NSTEMI patients deemed to 
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be at higher risk, an “invasive” approach 
is usually pursued, consisting of initial 
angiography to visualize the coronary 
arteries. Depending on patient profile 
and the presence, localization, 
and severity of coronary artery 
disease, subsequent percutaneous 
revascularization by means of PCI or 
surgical revascularization by means 
of coronary artery bypass grafting 
(CABG) may then be performed.9

Symptom onset

Patterns with a period of 24-hours – so-
called circadian patterns – have been 
recognized in biology for centuries.10 
Also in humans, circadian variation 
has been found in physiological 
parameters such as blood pressure 
and heart rate.11 These circadian 
patterns are considered useful, as 
they help to adapt the organism to the 
different requirements during the day- 
and nighttime. However, circadian 
patterns have also been implicated 
in disease over the past century. As 
early as 1937 a morning peak in the 
onset of acute myocardial infarction 
was reported.12 Further confirmation 
of this pattern with creatine kinase 
levels in 1985 firmly established 
circadian variation in acute myocardial 
infarction with a peak in symptom 
onset between 6:00 and 12:00 in the 

morning.13 This phenomenon has also 
been found in other manifestations of 
atherosclerotic cardiovascular disease 
such as stroke,14 unstable angina 
pectoris,15 and sudden cardiac death.16 
These cardiovascular events are 
thought to be “triggered” by a morning 
increase in blood pressure,11 heart 
rate,11 catecholamine and cortisol 
levels,17 platelet aggregability,18 and 
vascular tone.19 In chapter 1, the 
current literature on the epidemiology, 
circadian variation, and triggering of 
sudden cardiac death is summarized 
with a focus on coronary artery 
disease.
A feared complication of PCI with 
stent implantation for coronary 
artery disease is sudden thrombotic 
occlusion of the stent, referred to as 
“stent thrombosis”. With a cumulative 
incidence of approximately 1.0-1.5% 
in the first year and 0.3 to 0.4% per 
year thereafter, stent thrombosis 
is an uncommon complication.20,21 
Nonetheless, it usually results in acute 
myocardial infarction and 30-day 
mortality rates are higher than in STEMI 
(12% in a recent meta-analysis).22 It 
is unknown if stent thrombosis also 
follows a circadian pattern with a 
morning peak in symptom onset. This 
is investigated in chapter 2.
Circadian patterns may also be found 
in measures of outcome. Recent 
studies have suggested that there may 
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be circadian variation in infarct size in 
patients with STEMI with largest infarct 
size mostly occurring in patients with 
symptom onset at night.23-25 This may 
imply that there is circadian variation 
in myocardial tolerance to ischemia/
reperfusion injury; a concept that is 
supported by preclinical studies.26 
Alternatively, it may simply be 
explained by variations in baseline 
characteristics27 and symptom onset 
to treatment time (ischemic time).23 
Chapter 3 reports on the largest 
observational study to date to assess 
the association between symptom 
onset time and infarct size in patients 
with STEMI undergoing primary PCI.

Symptom onset to treatment

In clinical practice, symptom onset 
time is used in conjunction with 
treatment time (i.e. time of reperfusion 
therapy) to calculate ischemic time. 
Ischemic time is an important quality of 
care and prognostic metric in STEMI 
patients, as longer ischemic time 
has been associated with decreased 
myocardial reperfusion, larger infarct 
size, and higher mortality.28,29 Recently, 
some have suggested that time from 
symptom onset to presentation may 
also be used to select a reperfusion 
strategy.30 Despite its importance, 
patient-reported symptom onset time 

has never been formally validated. 
In chapter 4, symptom onset time is 
biochemically validated with serial 
measurements of cardiac troponin T.
The use of regional networks with 
12-lead electrocardiogram based 
prehospital diagnosis and direct 
referral to a PCI-capable center is now 
recommended to shorten ischemic 
time in patients with STEMI.8 Although 
numerous studies have reported 
on successful implementation of 
STEMI networks,31,32 little is known 
about “false-negative” activation of 
the prehospital triage systems. The 
incidence, predictors, and outcome of 
initial referral of a STEMI patient to a 
non-PCI-capable center is investigated 
in chapter 5.
In patients with NSTEMI, physicians 
can either pursue an initial conservative 
or initial invasive reperfusion strategy.9 
In the initial conservative strategy, the 
patient is managed pharmacologically 
and invasive treatment (coronary 
angiography and possible PCI or 
CABG) is only pursued if there is 
evidence of failure of the conservative 
treatment. In the initial invasive 
strategy, patients routinely undergo 
angiography after pharmacological 
pre-treatment. Principal questions in 
this field pertain to risk assessment, 
reperfusion strategy selection, and 
the timing of angiography in patients 
selected for an invasive strategy. 
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Current evidence is summarized in 
chapter 6. By pooling of the results of 
randomized clinical trials, the optimal 
timing of angiography in patients 
with unstable angina and NSTEMI 
selected for the initial invasive strategy 
is assessed on a continuous scale in 
chapter 7.

Treatment

In the largest trial to date, routine manual 
thrombus aspiration before primary 
PCI did not improve short-term survival 
in patients with STEMI.33 However, 
it may reduce thrombus burden by 
retrieval of atherothrombotic material 
and may simplify subsequent PCI by 
minimizing pre- and postdilatations 
and facilitating direct stenting.34 
Considering these assets, thrombus 
aspiration may particularly be suitable 
in patients with stent thrombosis. The 
usefulness of thrombus aspiration for 
the treatment of stent thrombosis is 
studied in chapter 8.
In patients with STEMI, it is not 
uncommon to find significant coronary 
artery disease in non-culprit vessels. 
Multivessel disease is present in 
approximately 40-65% of STEMI 
patients and is a strong predictor of 
adverse outcome after primary PCI.35,36 
If CABG is not preferred, non-culprit 
vessels may be treated during the 

initial PCI procedure (multivessel PCI), 
during subsequent procedures (staged 
PCI), or only if clinically indicated in the 
future (culprit only PCI). In chapter 9, a 
meta-analysis of randomized trials and 
observational studies is conducted to 
determine which strategy results in the 
lowest short-term mortality.
Finally, in chapter 10, event rates 
in a sample of randomized clinical 
trials in the field of cardiovascular 
interventions and devices are 
assessed. When designing a clinical 
trial, investigators commonly perform 
a sample size calculation to determine 
the number of patients required to 
demonstrate a clinically relevant 
benefit of an experimental therapy 
over routine treatment.37,38 As a part 
of this sample size calculation, the 
event rate of the primary outcome 
needs to be estimated. In this chapter, 
it is hypothesized that event rates 
are commonly overestimated thereby 
possibly jeopardizing the statistical 
power of the trial to detect clinically 
meaningful treatment effects.
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