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In the last decades of the twentieth century, treatment of patients with coronary 

artery disease has changed dramatically. After the introduction in 1977 by 

Andreas Gruentzig [1], the importance of percutaneous coronary interventions 

(PCI) in the treatment of patients with coronary artery disease is still rising, with 

beneficial effects on both morbidity and mortality. Balloon angioplasty was the 

principal mode of performing PCI in the first years. Nowadays (drug-eluting) stent 

implantation is mostly performed. Stent implantation is effective in the 

management of (iatrogenic) coronary dissection during PCI and reduces 

restenosis [2-4]. Other techniques of PCI such as cutting balloon or atherectomy 

devices are only indicated in specific cases [5,6]. 
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 Figure 1. Number of PCI in the Netherlands throughout the years (7). 

 

As in many other countries, in the Netherlands the number of PCIs has increased 

rapidly (figure 1) [7]. In 2007, nearly 35,000 PCIs were performed, whereas a 

number of more than 40,000 interventions has been postulated for 2010 [8]. Only 

a part of this rise can be explained by the use of PCI instead of coronary artery 

bypass grafting (CABG). Another important explanation is the more invasive 

approach of patients with acute coronary syndromes (ACS), especially ST-

elevation myocardial infarction (STEMI). 

As the number of PCIs is growing, quality control and the monitoring of efficacy as 

well as safety is of growing importance. Markers of complications of PCI can be 

helpful to identify patients needing more aggressive or different additional 

therapy. Furthermore, these markers can be helpful in improving PCI success, by 

validating new techniques and medications around PCI directly, instead of 
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awaiting long-term clinical effects for every new therapy. One manner of 

monitoring complications of PCI is by measuring cardiac biomarker elevations 

after PCI. 

 

 

Myocardial injury 

Cardiac enzymes have been shown to be strongly related with myocardial injury, 

infarct size and prognosis in patients with acute myocardial infarction (MI) [9,10]. 

Especially tests for creatine kinase (CK) and tests for the muscle-brain dimer CK-

MB are used throughout the world to diagnose MI for many years [11,12]. 

However, cardiac troponins have been shown to be superior in establishing 

diagnosis and prognosis in patients with suspected ACS [13-15]. Therefore, 

nowadays, the troponins are the preferred biomarkers to diagnose MI, according 

to the most recent definition of MI [16]. The time course of elevations of the 

different serum biomarkers after MI are shown in figure 2 (adapted from 

Braunwald [17]). 
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Figure 2. Time course of serum markers in myocardial infarction
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PCI for stable angina 

Elevations of cardiac enzymes can be observed frequently after (elective) PCI, 

with reported rates between 6 and 48%, and have been associated with cardiac 

events during follow-up. This has been demonstrated in particular for elevations 

of CK and CK-MB [18-21]. As the diagnostic value of troponin is superior 

compared to CK(-MB) in patients with (suspected) ACS, the prognostic value of 

troponin elevation after PCI, compared to CK(-MB), may be superior as well. 

However, conflicting results are reported about the association between troponin 

elevation and cardiac events and/or mortality during follow-up [21-23]. 

 

PCI for ST-elevation myocardial infarction 

The association between cardiac enzymes, infarct size and mortality during 

follow-up was demonstrated in patients undergoing no reperfusion therapy or 

thrombolysis for STEMI. However, primary PCI has become the preferred therapy 

of patients with STEMI, provided the procedure is performed in a timely manner 

by experienced operators [5,6,24,25]. As reperfused hearts might release cardiac 

enzymes in the systemic circulation in different levels and time courses, the 

predictive values of the enzymes might differ in these patients compared to those 

undergoing no or less effective reperfusion therapy [26]. 

 

PCI for other acute coronary syndromes 

The number of PCI performed in patients with non-STEMI and/or unstable angina 

forms a substantial part of the total number of PCI, and it is expected to be the 

most frequent indication for PCI in the near future in the Netherlands [8]. Patients 

with non-ST-elevation ACS have an adverse prognosis, even when treated with 

early PCI, possibly because of both delayed time-to-hospital arrival and increased 

door-to-balloon time [27,28]. Although a lot of studies on patients undergoing PCI 

for non-ST-elevation ACS have been published [29-32], only few studies report on 

enzyme release after PCI in these patients. Moreover, these studies have 

enrolled heterogenous patient populations [21,33]. 

 

 

This thesis 

The main objective of the studies presented in this thesis is to investigate the 

clinical value of cardiac biomarkers after PCI, especially troponin T (TnT), CK and 

CK-MB. The importance of these biomarkers is evaluated in patients undergoing 

elective PCI as well as in patients undergoing primary PCI for STEMI. 
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Part I of this thesis is focused on myocardial injury after elective PCI. 

The second chapter describes the results of a prospective study on 713 

unselected patients undergoing elective PCI, investigating the prognostic 

importance of postprocedural elevation of either TnT or CK. 

The influence of pre-treatment with clopidogrel on myocardial necrosis after 

elective PCI, defined by small postprocedural TnT elevation, is assessed in the 

prospective observational study including 656 patients described in the third 

chapter. 

In the fourth chapter, differences in TnT elevation between multivessel and 

single-vessel PCI are studied in the same cohort as described in chapter 2. 

Furthermore, differences in cardiac events during follow-up are investigated, 

according to the type of index-PCI. 

The fifth chapter is a review of the currently available data with regard to the 

prognostic value of troponin elevation after elective PCI. The association between 

postprocedural troponin elevation and mortality and/or myocardial infarction 

during follow-up is investigated in this meta-analysis, involving 15,581 patients. 

 

Part II of this thesis is focused on myocardial injury around primary PCI. 

In the sixth chapter, the value of TnT on admission in patients with STEMI is 

investigated. The predictors of elevated TnT on admission and its prognostic 

value are evaluated in this study in 444 patients undergoing primary PCI. 

In chapter 7 and 8, the findings of 14 years of primary PCI experience in Zwolle 

are presented. All 4,990 patients are studied in chapter 8, whereas patients who 

died within 2 days after PCI were excluded in chapter 7. 

The prognostic values of CK and CK-MB are investigated in 4,670 patients 

undergoing primary PCI for STEMI in the seventh chapter. The association 

between peak-CK and peak-CK-MB levels, left ventricular function and one-year 

follow-up is assessed. 

The predictive values of long-term mortality of infarct location, enzymatic infarct 

size and LV ejection fraction are compared in the eighth chapter. Whether infarct 

location is an independent predictor of prognosis, even after correction for 

enzymatic infarct size, is also evaluated in that study. 
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