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                                  5          Summary 
 

 
 

1. BRIEF SUMMARY 

Background: Cardiac troponin and the electrocardiogram (ECG) are essential diagnostic tools in 

acute coronary syndrome. They are also important prognostic markers. Cardiac troponin reflects 

myocardial necrosis. Following reperfusion therapy for ST-elevation myocardial infarction 

(STEMI), ECG-derived measures of ST-segment recovery (STR) reflect tissue perfusion and are 

associated with clinical outcome. 

Aims: In a population of STEMI patients receiving primary percutaneous coronary intervention 

(pPCI), to study the association of cardiac troponin I (TnI) with infarct size (IS), left-ventricular 

(LV) function and volumes and microvascular obstruction (MVO); and to study the association 

of 3 measures of STR with IS and LV function. 

Methods: Post hoc analyses of the 227 patients enrolled in the overall negative FIRE (Efficacy 

of FX06 in the Prevention of Myocardial Reperfusion Injury) trial. cTnI sampled at 24 and 48 

hours. STR calculated immediately following pPCI and at 90 minutes. The outcome measures 

(IS, MVO and LV function and volumes) were obtained by (late gadolinium enhanced) cardiac 

magnetic resonance (CMR) at 5-7 days and 4 months following the index event.  

Results: cTnI was significantly correlated with IS, LV ejection fraction (LVEF) and LV volumes 

at both 5-7 days and 4 months. The associations between cTnI and these outcome measures at 4 

months remained after adjustment for the early CMR evaluation. cTnI was associated with MVO 

independent of IS. All 3 STR algorithms were significantly associated with IS and LVEF at 4 

months. The simple metric of worst-lead residual ST-segment deviation evaluated at 90 minutes 

post-intervention was comparable to the more complex STR algorithms. 

Interpretation and conclusion: Both measurement of cTnI and calculation of STR provide 

useful information on IS and LV function and remodeling in STEMI patients treated with pPCI, 

and may allow for early and simple risk stratification of this patient population. The clinical 

utility of these findings for prognostic assessment awaits further prospective studies.  
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CK- (MB) 
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Acute Coronary Syndrome 

Area Under the Curve 

Creatine Kinase – (Myocardial Band) 

Cardiac Magnetic Resonance 

cTnI Cardiac Troponin I 

cTnT 

ECG 

EDVI 

ESVI 

LDH 

LV 

LVEF 
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Cardiac Troponin T 

Electrocardiogram 

End Diastolic Volume Index 
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Left-Ventricular 

Left-Ventricular Ejection Fraction 

(Acute) Myocardial Infarction 

MVO 

pPCI 

SPECT 

Microvascular Obstruction 

Primary Percutaneous Coronary Intervention 

Single-Photon Emission Computed Tomography 

STEMI ST-segment Elevation Myocardial Infarction 
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5. INTRODUCTION 

5.1 A Short History of Acute Myocardial Infarction 

Coronary artery disease is the leading cause of death worldwide (1). The global burden of 

cardiovascular disease is expected to increase in the coming years, as falling mortality rates from 

coronary artery disease in the Western world (2, 3) are more than offset by the continuing 

epidemiological transition in developing countries away from nutritional deficiencies and 

infectious disease towards chronic and degenerative pathologies, cardiovascular disease being the 

most prominent (4-6).  

Acute MI is a serious and potentially lethal manifestation of coronary artery disease, 

afflicting more than 7 million people worldwide each year (7). James Herrick established MI as a 

distinct clinical entity in 1912 and also installed the mainstay management strategy - which 

prevailed for the next 50 years - in stressing the importance of “absolute bed rest” (8). Thanks to 

a remarkable scientific journey throughout the last 60 years – spanning epidemiology, basic 

science, and clinical trials – such long-held beliefs are now considered obsolete; and a 

comprehensive, continually evolving evidence base has been generated, from which 

contemporary preventive and therapeutic strategies have been developed.  

Beginning in the late 1940s, prospective studies were designed to define lifestyle, 

environmental and other factors contributing to the incidence of MI (9-12). In the 1960s, 

designated coronary care units were established in many hospitals to monitor AMI patients and 

ensure prompt resuscitation in the event of life-threatening arrhythmias (13); a development 

called the “single most important advance in the treatment of acute MI” (14). These significant 

progressions were then augmented by basic science studies elucidating many of the key 

underlying mechanisms of AMI, which paved the way for landmark clinical trials spanning from 

acute interventions such as reperfusion therapy to long-term pharmacological therapies that are 

now cornerstones in the management of AMI patients (15-22). The combined impact of these 
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preventive and therapeutic measures has resulted in large reductions in mortality following AMI 

in the developed world (23).  

In STEMI, the last innovation to provide clear-cut incremental benefit has been the 

introduction of pPCI. When delivered in a timely fashion pPCI reduces early death, re-infarction 

and stroke compared to pharmacological reperfusion by fibrinolysis (24). Further therapeutic 

innovations and effective preventive strategies are still being pursued (25, 26). Among these are 

efforts to protect the ischemic myocardium against reperfusion injury. Reperfusion injury refers 

to tissue damage occurring as a consequence of blood supply being reestablished after a period of 

ischemia (27). Mitigation of reperfusion injury has been demonstrated in animal models, but 

proved difficult to replicate in clinical studies (28). Several approaches have been tested, but 

none have yet demonstrated efficacy in pivotal clinical trials (29, 30). The FIRE (Efficacy of 

FX06 in the Prevention of Myocardial Reperfusion Injury) trial, from which database this thesis 

is based, also failed to replicate experimental findings in a clinical setting (31, 32). The concept 

of post-conditioning has emerged as one of the most promising strategies to confer 

cardioprotection in the setting of reperfusion (33, 34). It is currently being evaluated in multiple 

randomized trials. So far, results have been encouraging (35, 36), but benefits may be restricted 

to patients with large infarctions (37). 

Despite the significant improvements in prognosis, a gradient of risk still exist following 

AMI, and risk stratification remains crucial to allocate resources efficiently, optimize patient 

outcomes and limit adverse events. Particularly, early identification of high-risk patients with 

extensive myocardial injury is important to ensure appropriate administration of 

pharmacotherapies and prophylactic interventions (22, 38, 39).  
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5.2 Brief overview of the thesis 

The studies upon which this thesis is built aimed to gain specific insight into the prognostic 

applications of two well-established diagnostic and risk stratification tools for evaluation of 

STEMI patients: Cardiac troponin measurements and the ECG.  The methodological approach is 

simple: Essentially, measurements of cTnI levels and assessment of ST-segment recovery 

following pPCI are analyzed in relation to the extent and degree of myocardial necrosis and 

cardiac function and volumes, all determined by CMR. The analyses are based on investigations 

performed on a population of STEMI patients treated with pPCI within 6 hours from onset of 

symptoms. The study population participated in a randomized, placebo-controlled trial (FIRE) 

designed to characterize the safety and potential cardioprotective properties of a novel compound 

called FX06 in the setting of reperfusion therapy for STEMI. The FIRE trial was negative 

regarding the primary endpoint of CMR determined infarct size at 5-7 days.  

The first section will place the subject in context. An overview of the cardiac troponins and 

their contemporary applications in the management of AMI will be followed by an introduction 

to the concept and history of estimating myocardial necrosis by blood-borne biomarkers. Last, 

the use of ST-segment analysis for assessment of reperfusion status and prognosis will be 

summarized. To facilitate interpretation of the rationale of my own investigations, the 

“knowledge gap” that this project sought to fill will be highlighted in the relevant sections, before 

the specific aims of this thesis will be articulated in the next chapter.   

 The subsequent parts will cover the methods used and the findings of our investigations. A 

discussion of the main results of each study will be followed by a consideration of the 

methodological approach, before the findings of the project as a whole are interpreted in concert 

and a tentative, integrated understanding of the clinical implications is proposed.  
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5.3 Acute Coronary Syndromes 

ACS is a unifying term for a set of signs and symptoms reflecting reduced myocardial perfusion 

resulting in myocardial ischemia. If the myocardial ischemia is severe enough to cause 

myocardial cell death, the acute coronary event is classified as an AMI, while ACS without 

evidence of necrosis is called unstable angina. AMI is then further subdivided according to 

whether persistent electrocardiographic ST-segment elevations are present (ST-segment elevation 

MI and non-ST-segment elevation MI). Three variables are at the core of the operational 

definition of AMI: 1) symptoms of ischemia; 2) ECG changes indicative of new ischemia; and 3) 

the detection of a rise and/or fall in biochemical markers of myocardial necrosis (40). In response 

to the continuing diagnostic advances, especially with regard to the measurement of cardiac 

biomarkers, the European Society of Cardiology and the American College of Cardiology 

convened in 1999 to formulate joint recommendations for a Universal Definition of Myocardial 

Infarction (41). The consensus document was updated in 2007 (40).  

  

5.4 Cardiac Troponin in Acute Myocardial Infarction 

5.4.1 The biology of troponin 

Troponin is a protein complex of three subunits (I, C and T) that modulate the calcium-mediated 

interaction between actin and myosin in skeletal and cardiac muscle tissue (figure 1) (42, 43). 

Subunits I and T exist in 3 different isoforms: in fast and slow skeletal muscle and in myocardial 

cells. Each isoform is the product of a separate gene (44-46). The unique myocardial isoforms 

(cTnI and cTnT) can be detected by assays of monoclonal antibodies directed against cardiac-

specific epitopes (47). In the myocardial cells, the majority of the cardiac troponins are bound to 

the contractile apparatus, while a small fraction (3-8 %) is free in the cytoplasm (48-50). In the 

event of myonecrosis, cardiac troponins are released and can be detected in the bloodstream only 

a few hours afterwards, as the cytosolic form is released; and then for a prolonged period of up to 
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2 weeks, as the structural pool is slowly liberated (49, 51). The cardio-specificity coupled with 

the fact that cTnT and cTnI do not circulate in measureable levels among healthy individuals1 has 

given rise to their use in clinical cardiology replacing by and large older markers of myocardial 

injury. Whether cardiac troponin may also be released in response to pure myocyte ischemia 

without necrosis remains controversial (54). 

 

Figure 1. The cardiac troponin subunits and their role in muscle contraction. Adapted from 

Collinson et al (55). 

 

                                                 

1 With the new highly sensitive assays now being developed this is no longer true, as minute amounts of circulating 
troponin are detectable also in a substantial fraction of a healthy reference population (52). Cut-offs and 
consideration of the temporal dynamics of cardiac troponin values are required to differentiate acute events from 
chronic conditions (53). 
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5.4.2 Cardiac troponin assays 

Assays for both cTnI and cTnT have progressively improved since their introduction in the late 

1980s (56-59), and current assays are much more sensitive than previous generations of older 

assays. There are a number of different cTnI assays in clinical use which exhibit a large 

variability in their sensitivities (60, 61). These differences are caused by the extensive 

degradation of cTnI which results in various fragments of circulating cTnI and that antibodies 

used in the different assays detect these fragments differently (62-65). Although cTnT is also 

subject to extensive degradation before and after release from necrotic myocytes (66), 

standardization is not usually a problem as there is only one commercially available cTnT assay, 

although in 5 different generation of assays (52, 57, 67-69). cTnT and cTnI assays provide 

comparable diagnostic and prognostic information, except in patients with renal failure (63, 70).  

 

5.4.3 Current applications in AMI – diagnosis 

Measurement of cardiac troponin is the “gold standard” test for myocardial necrosis and was 

established as the standard serologic biomarker for diagnosis of AMI by the joint committee of 

the European Society of Cardiology/American College of Cardiology in 2000 and in the 2007 

update (40, 41). The cut-off value recommended was at the 99th percentile of a healthy 

population. Compared to the previous biomarker of choice CK-MB, measurement of cardiac 

troponin improves both the specificity and sensitivity for the detection of cardiac injury (71, 72). 

Cardiac troponin is not able to effectively exclude AMI at presentation. Serial measurements are 

necessary and current recommendations advocate a time-interval of at least 6 hours to rule out 

AMI (53). Further improvements of the analytical performance of cardiac troponin assays may 

allow for a slightly earlier diagnosis or rule-out of AMI (73, 74), and adoption of these newer 

assays has been strongly supported by clinical experts (75-77).  
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5.4.4 Current applications in AMI - prognosis 

The prognostic assets of cardiac troponins in non-STEMI were established soon after indications 

of their diagnostic properties emerged (72, 78). A meta-analysis from 2001 of 21 studies 

involving > 18,000 non-STEMI patients found that cardiac troponin elevations were associated 

with a 3.4-fold increase in risk of death and AMI at 30 days (79). The prognostic value of cardiac 

troponin in this setting reflects its correlation with myocardial necrosis. Accordingly, quantitative 

analyses of levels of cardiac troponin – as opposed to a dichotomized categorization of 

positive/negative enhances the predictive value (80). Cardiac troponin release my also be a 

marker of underlying severe coronary stenosis and complex lesions, culprit lesion thrombosis and 

downstream embolization with microinfarction (81-83), although these findings are also linked to 

the total burden of myocardial necrosis.   

In keeping with the mechanistic studies indicating that cardiac troponin elevations signal 

more severe disease, it has been found that cardiac troponin measurements help identify non-ST 

elevation ACS patients who will benefit from various therapeutic interventions. This was initially 

demonstrated for anti-thrombotic treatments such as low-molecular weight heparins and 

glycoprotein IIb/IIIa inhibitors (84-89). It was found that additional antithrombotic therapies 

reduced the risk of adverse events in the cardiac troponin-positive patients, in effect mitigating 

the increased hazard associated with troponin elevations; while no benefit of the drugs was 

observed in troponin-negative patients. Subsequent studies have extended this concept to include 

early coronary intervention (90, 91). 

In STEMI, the prognostic properties of cardiac troponins are influenced by the sampling 

time-point. A positive cardiac troponin on admission is probably reflective of longer ischemic 

time and more extensive myocardial necrosis, and consequently predictive of clinical outcomes 

(92-96). Cardiac troponin levels following reperfusion therapy reflect the extent of myocardial 

necrosis which is the subject of the next section.  
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5.5 Estimation of Infarct Size by Biochemical Markers 

5.5.1 Historical perspective – the initial rationale behind infarct size estimation 

As the establishment of coronary care units in the 1960s reduced mortality from ventricular 

arrhythmias, most deaths following AMI were related to cardiogenic shock and progressive heart 

failure due to extensive myocardial damage (97). At the same time emerging experimental 

evidence suggested that the evolution of AMI was a dynamic process susceptible to mitigation by 

therapeutic interventions (98, 99). Thus, the initial attempts at estimating infarct size by use of 

biochemical markers arose from the need to define surrogate parameters to evaluate experimental 

and clinical trials aimed at cardioprotection and infarct size reduction2.  

 

5.5.2 Historical perspective – the basic principles of enzymatic indices of infarct size 

Elevations of transaminases in peripheral blood in patients with a very recent MI was described 

for the first time by Karmen and Wroblewski in 1954 (101), and the diagnostic utility of 

determination of serum enzyme levels in patients suspected of an acute coronary event was 

established in several studies published in the early 1960s (102, 103). Historically, the three 

enzymatic markers mainly used for infarct size estimation have been CK, its more cardiospecific 

isoenzyme CK-MB, and LDH (also known as alpha-hydroxybyturate dehydrogenase). CK and 

CK-MB are present in the cytoplasm of myocardial muscle cells and the release kinetics are 

characterized by an early peak (< 24 hours) and a rapid return to normal levels (< 72 hours) 

(104). LDH peaks later ( ~ 36 hours) and remains elevated for a much longer time ( > 100 hours) 

(104).  

                                                 

2 The spirit of those times has been vividly captured by one of the early pioneers of that era, Robert Roberts, in the following 
citation: Infarct size was central to the major thrust of cardiac research in the 1970s and as such occupied center stage as the 
culprit to be conquered by interventions designed to cardioprotect and limit myocardial damage (infarct size). Myocardial 
infarction, with its consequent necrosis, was the leading cause of death and came under intense attack with infarct size posing as 
the surrogate villain. Investigators were unified in their attack on infarct size, namely, that its course must be charted, the extent 
of damage quantified, and ultimately therapy designed for its elimination (100).  
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Quantitative models for the estimation of infarct size derived from measuring biochemical 

markers in the systemic circulation were introduced by two different research groups in the early 

1970s (Witteveen and Sobel/Shell) (105, 106). In short, these models aimed to account for the 

cumulative release of the biomarker in question and then relate this directly to the amount of 

necrotic myocardium3. The model by Sobel/Shell was designed on the basis of rigorously 

designed experimental studies of CK and then later for CK-MB (106-110). The Witteveen 

algorithm was a two-compartment model and could be applied for multiple enzymes, but has 

mostly been used with measurement of LDH (104, 105). In the absence of confirmation from 

pathologically determined infarct size, surrogate measures related to cardiac function, 

electrocardiographic findings or clinical outcomes were used to validate the enzyme 

measurements. Critics of both the Sobel and the Witteveen approach claimed that the models 

were sensitive to changes in the underlying assumptions and that the estimates were only useful 

for small infarctions (111-113). Nevertheless, a multicenter, randomized study in which enzyme 

release was correlated directly to quantitative histological measurements of infarct size in 

patients who died, seemed to confirm the accuracy of the enzymatic models (114). 

 

5.5.3  Historical perspective – the influence of reperfusion 

The emergence of reperfusion therapy introduced a new source of uncertainty for enzyme-based 

infarct size estimation as it was found that early recanalization of an infarct-related artery 

accelerated enzyme release. This was initially documented in experimental animal studies and 

then confirmed in clinical trials (115-117). The difference in the kinetics of enzyme liberation 

was not a problem per se, but it was uncertain whether the more rapid rise in enzyme levels also 
                                                 

3 The following parameters were needed: 1) The release ratio, which is the fraction of the marker depleted from the myocardium 
that is released into the circulation; 2) The clearance rate and distribution volume. This was needed to calculate the total amount 
of enzyme released into the blood; 3) The amount (activity or concentration) of the marker that represented a given weight of 
infarcted tissue, so that the size of the infarct could be calculated. This has conventionally been expressed as gram-equivalents. 4) 
Last, the sampling interval necessary to determine a time activity (or concentration) curve so that the total amount released could 
be calculated accurately. 
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signaled a larger total release of enzymes caused by an increased release ratio. If this was the 

case then possibly the cardioprotective potential of reperfusion therapy would not be captured by 

enzyme based infarct size estimation. Although no definite consensus was established, several 

studies found that myocardial LDH release was consistent regardless of whether thrombolytic 

therapy was administered or not (118, 119). Results of much later investigations have since 

supported the validity also of measuring CK AUC or CK-MB AUC for comparison of different 

reperfusion regimens (120). In the 1980s, enzymatic estimates of infarct size were used in several 

trials assessing new treatment regimens (118, 121-123). Some studies used the Witteveen model 

(118, 122) to calculate the total enzyme release and others used the integrated AUC as a 

surrogate for infarct size without calculating the total amount released (121, 123).  

 

5.6 Cardiac troponin for infarct size estimation 

5.6.1 Pathophysiological principles and methodological approach 

The release kinetics of the cardiac troponins in the context of myocardial necrosis are 

characterized by an initial cytosolic liberation with a peak in the case of reperfusion, and then a 

slowly abating plateau phase reflecting degradation of the structural pool (56-59). This makes the 

marker uniquely suited to both early diagnosis of infarction and also, at a later time point, for 

assessing the extent of the myocardial necrosis (49).  

In the absence of reperfusion the release pattern is characterized by a slow increase in plasma 

concentration which peaks at day 3 or 4 (49, 124). Reperfusion therapy induces an early peak of 

both markers as the cytosolic pool is rapidly washed out, but there is no evidence that cumulative 

troponin release is impacted by reperfusion therapy (49, 124, 125). Evidence suggests that 

plasma levels are independent of reperfusion status from the first day and forward, largely 

reflecting the slow degradation and liberation of the structural pool (49, 124). In reperfused 

patients it has been shown that while both cTnT and cTnI peak early (< 12 hours), the 
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disappearance of cTnI is somewhat accelerated compared to cTnT, although both are still 

significantly elevated at 72 hours (126, 127).  

 Most studies on cardiac troponin differ from previous investigations on LDH, CK and CK-

MB in that they do not employ mathematical models to account for the cumulative release of the 

biomarker from necrotic tissue. Several explanations for this simplification exist: First, the 

kinetics and release ratios of the troponins are not very well defined (128). Second, the fact that 

troponins can remain elevated for several weeks makes it impractical to account for the total 

amount released from the myocardium. Last, with the emergence of SPECT and CMR it is 

possible to directly relate cardiac troponin values at specific time points, or as derived variables 

such as peak or AUC, to infarct size determinations from cardiac imaging.  

 

5.6.2 The empirical evidence 

In assessing the subsequent studies on the association between cardiac troponin and infarct size 

and other measures such as LVEF, it is important to recognize the differences in design. The 

most important variables to consider are: 1) the population studied:  STEMI vs. non-STEMI, 

whether reperfusion was given, and the reperfusion modality; 2) which standard was used for 

comparison:  infarct size determined by SPECT, CMR, or other biomarkers, and at what time 

was this examination performed; 3) the cardiac troponin assay employed; 4) the time-points used 

for sampling; and 5), which variables were used in the correlation analyses: peak troponin, AUC 

troponin or at a specified time-point.  

The first report describing the correlation between cardiac troponin and infarct size was 

presented by Hugo Katus and colleagues at a congress in 19914, and the first articles detailing the 

relationship between cardiac troponin and infarct size was published in 1993 (129, 130). Table 1 

                                                 

4 Katus HA et al: Serum troponin T levels on day 4 after acute myocardial infarction are correlated with infarct size. 
9th European Congress of Clinical Chemistry, Cracow, Poland, September 8 – 14, 1991 
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summarizes the published articles reporting correlations between infarct size and cardiac 

troponin.
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5.6.3 Data on cardiac troponin for infarct size estimation and prognostic assessment – the 

situation in 2008 

In total, 18 studies had been performed until the middle of 2008 that investigated the relation of 

cardiac troponin and infarct size or cardiac function. As is evident from table 1 they differed 

widely in size and design. For many crucial questions, the empirical evidence was weak or non-

existent:  

Few studies had employed a cTnI assay, and of those, with a few exceptions from the 90s, 

only the Accu-cTnI assay (Beckman-Coulter, US) had been used. The performance of other 

widely used cTnI assays was not known. Only a handful of small investigations had employed 

CMR as the imaging endpoint. CMR has emerged as the preferred imaging assessment of 

infarcted tissue, because of its precision, high spatial resolution, and ability to delineate even 

small infarctions. The correlation between cTnI measured at early time points and infarct size 

was not well defined. Moreover, most studies had measured infarct size in the immediate 

aftermath of the acute event and the association between cardiac troponins and infarct size 

evaluated in the chronic phase was not well understood. 

Several studies had demonstrated the association of cardiac troponins with LV function and 

volumes following MI (134, 137, 138, 140, 144). However, both LV function and volumes 

evaluated in the sub-acute phase are poor indicators of chronic cardiac status because these 

parameters may change over time due to reversible factors like stunning and hibernation and as a 

result of chronic LV remodeling. No study had investigated whether cardiac troponin may 

complement pre-discharge assessment of LV function and volumes for prediction of LV 

remodeling and chronic cardiac status. Such data are of importance to better define the proper 

role of cardiac troponin measurements in risk stratification. 

A third area where more data were needed concerned the association of cardiac troponin with 

MVO. MVO following reperfusion therapy for STEMI reflects persistent compromised perfusion 
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at the tissue-level. In was initially described angiographically in experimental studies (151). In 

clinical settings it can be diagnosed by various angiographic measures (152, 153), contrast 

echocardiography (154), electrocardiography (155), or CMR (156).  MVO is the result of 

complex pathophysiological mechanisms related to ischemia-reperfusion injury and distal 

embolization of atherosclerotic debris (157). Presence of MVO post-MI is a marker of adverse 

LV remodeling and may be associated with poor prognosis independently of infarct size (158, 

159). Data also suggest that MVO diagnosed by CMR is a stronger predictor of LV remodeling 

than MVO identified by other modalities (156). In this perspective it would be of interest to 

understand whether cTnI release in MI also reflects MVO, independent of infarct size. Only one 

study has looked at the relation of MVO and cTnI (142). This study found that cTnI release at 72 

hours after admission was related to MVO, but did not address whether this relation was 

independent of infarct size. 

 This thesis’ papers I, II and III were designed to address these specific questions mentioned in 

the preceding paragraphs. 

 

5.7 ST-segment recovery for evaluation of reperfusion and prognosis 

5.7.1 ST-segment deviation as a marker of ischemia and reperfusion 

An electrocardiogram is the recording (gram) of the electrical activity (electro) generated by the 

cells of the heart (cardio) that reaches the body surface. A.D. Waller recorded the first 

electrocardiogram in 1887 (160) and in 1903 Einthoven invented the first practical 

electrocardiograph. Einthoven received the Nobel Prize for his “discovery of the mechanism of 

the electrocardiogram” in 1924. The ECG remains a pivotal investigational and diagnostic tool 

in cardiology today.  

ST-segment elevations in response to coronary ligation-induced myocardial ischemia were 

shown in dogs by Smith as early as in 1918 (161). Deviations in the ST-segments are the result of 
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an altered transmembrane potential in the ischemic myocardium compared with adjacent regions 

of non-ischemic myocardial cells. In dogs with occluded coronary arteries, the magnitude of ST-

segment elevation correlated with the extent of myocardial necrosis on histological examination 

(99, 162, 163), and myocardial reperfusion induced normalization of ST-segment elevation 

(164). Later, when fibrinolytic treatment was evaluated in clinical trials, the observation of ST-

segment recovery in response to reperfusion was extended to humans (165).  

Evaluation of ST-segment recovery (or resolution) entails quantifying the amount of ST-

segment deviations after reperfusion therapy in one or several leads. Conventionally, this is 

related to the ST-segment deviations at “baseline” that is recorded before intervention, with ST-

segment recovery being expressed in relative terms as percent of ST-segment recovery. 

Throughout the years, numerous measures of ST-segment recovery have been employed, such as 

relative ST-segment elevation (or deviation) resolution in all affected leads, in the worst affected 

leads, or residual ST-segment elevation (or deviation) in all or one leads (166).  

 

5.7.2 ST-segment recovery following reperfusion therapy by thrombolytics or pPCI 

For the last 20 years, assessment of ST-segment recovery after thrombolytic therapy has been 

used in multiple clinical trials and in patient management and has been shown to provide 

information on epicardial reperfusion status, microvascular function and tissue-level reperfusion 

and prognosis (155, 162, 167). Guidelines recommend evaluation of ST-segments after 

thrombolytic therapy to identify patients with failed coronary reperfusion who are candidates for 

rescue PCI (168).  

In STEMI patients treated with pPCI, where most patients are successfully recanalized, ST-

segment recovery is largely reflective of tissue perfusion and microvascular function. Many 

studies have demonstrated that ST-segment recovery remains a powerful prognostic marker in 

pPCI populations (169-172). These investigations, however, were all retrospective, lacked 
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standardized timing of post-PCI ECGs and preceded the routine use of stents, GP IIb/IIIa 

inhibitors and thienopyridines (173). Additionally, the published reports used very different 

methods for quantifying and categorizing ST-segment recovery. To address these shortcomings 

in the empirical evidence, the investigators of the APEX-AMI (Assessment of Pexelizumab in 

Acute Myocardial Infarction) trial, pre-specified an ECG substudy with core lab analysis of 

protocol-specified postprocedural ECGs, to evaluate the relationship between 6 different 

measures of ST-segment recovery and clinical outcomes in about 5000 STEMI patients (173). In 

this study published in 2008, the APEX-AMI investigators reported that a simple ST-segment 

recovery measure of residual elevation in the most affected lead on the post-PCI ECG performed 

at least as well as more complex methods that required comparison of pre- and post-procedural 

ECGs or calculation of summed ST-segment deviation (173). The results reported from the 

APEX-AMI trial replicated the findings of a post hoc study 4 years earlier by McLaughlin et al 

(172). Furthermore, De Luca et al reached essentially the same conclusions in a prospective 

observational study also published in 2008 (174).   

Several studies have investigated the relation between ST-segment recovery and infarct size 

(175-177). Only one study, however, extended from a pure pPCI population, and this article did 

not compare different algorithms of determining ST-segment recovery (177). In the FIRE trial, a 

core laboratory analysis of protocol-specified ECGs obtained before the intervention, 

immediately following and 90 minutes post-procedure had been performed. Thus, it was possible 

to explore the relation of different measures of ST-segment recovery and infarct size as 

determined by CMR in a contemporary STEMI population all receiving pPCI. This thesis’ paper 

IV investigates the relation of infarct size and ST-segment recovery in the FIRE trial.  

 

 

 



                                                           31                                                          Aims/Methods 
 

6. AIMS 

This work was performed to develop more insight into the prognostic applications of cTnI 

measurements at 24 and 48 hours after admission and ST-segment recovery for early risk 

stratification of acute STEMI patients receiving pPCI. The specific objectives can be summarized 

as follows: 

1) to characterize the association between single-point measurements of cTnI and infarct 

size determined by CMR at both < 1 week and 4 months after the index event 

2) to determine the prognostic value of cTnI for prediction of LV dysfunction and changes 

in LV function and volumes from < 1 week after the index event to 4 months 

3) to describe the relation between cTnI and MVO determined by CMR 

4) to characterize the association of 3 measures of ST-segment recovery with infarct size 

and LV function 

 

7. METHODS 

7.1 Study design and population 

All the published articles of the present thesis extend from data gathered in the FIRE trial, which 

was designed to evaluate the cardioprotective efficacy of FX06 as an adjunct to pPCI in patients 

with acute STEMI (31, 32).  The study was conducted between October 2006 and March 2008, in 

a randomized, double blind, placebo-controlled fashion.  

Patients with a first STEMI from a single culprit lesion and no other serious comorbidities 

undergoing pPCI as indicated per standard of care were included. Additional inclusion criteria 

were presentation within 6 h of onset of symptoms, > 2 mm ST-segment elevation in at least 3 

ECG leads, and a single culprit lesion with TIMI flow grade 0/1 in the infarct-related artery. 

Patients with prolonged ischemic symptoms, cardiogenic shock, peripheral vascular disease, and 

history of kidney (serum creatinine > 250 mol/l) or liver dysfunction were excluded. Eligible 
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patients were randomly assigned to active drug or placebo. FX06 was administered in 2 

intravenous bolus injections of 200 mg each during PCI, the first immediately before the 

guidewire passed the occlusion and the second 10 min (± 5 min) later. Concomitant 

therapies were allowed except for thrombolytics and adenosine. Figure 2 outlines the selection of 

patients in the 4 substudies.  

Written informed consent was obtained from all patients and the study was approved by all 

local ethic committees. All patients were followed up clinically for 4 months.  

Figure 2. Flow charts illustrating selection of patients to each substudy. 
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7.2 Cardiac troponin I measurements 

cTnI was protocol-specified to be sampled in all patients at 24 and 48 hours after admission. All 

samples were analyzed in a blinded core laboratory (Spranger Laboratories, Ingolstadt, 

Germany). cTnI was measured on the Abbott AxSym System (Abbott Diagnostics, Abbott Park, 

Illinois, US) using the second-generation AxSYM Troponin-I ADV assay. The analytical 

sensitivity of the assay is 0.02 ng/ml with a 10% coefficient of variation at 0.16 ng/ml, and the 

99th percentile of a reference population is 0.04 ng/ml. 

 

7.3 Electrocardiographic methodologies 

A standard 12-lead ECG was recorded in all patients at randomization (baseline ECG). 

Additional ECGs were obtained immediately after the intervention as clinically feasible and at 90 

minutes after pPCI. The ECGs were analyzed blinded by the core laboratory at Rigshospitalet, 

Copenhagen University Hospital, Copenhagen, Denmark. ST-segment deviation was measured 

manually at the J-point to the nearest 0.5 mm in all leads. The sum ST-segment deviation was 

calculated as follows: for anterior infarction, the sum of the ST-segment elevation in V1 to V6, I, 

and aVL; for nonanterior infarction, the sum of ST-segment elevation in leads II, III, aVF, V5, 

and V6 and ST-segment depression in leads V1 to V4. 

Three methods for calculating and categorizing ST-segment recovery were used: (1) sum ST-

segment deviation resolution (percentage of resolution of sum ST-segment deviation from 

baseline to after pPCI) analyzed in 3 categories (≥70%, ≥30% to <70%, and <30%); (2) single-

lead ST-segment deviation resolution (percentage of resolution comparing the lead with the most 

prominent ST-segment deviation at baseline and after PCI, irrespective of the 

electrocardiographic lead in which ST-segment deviation was measured at baseline) analyzed in 

3 categories (≥70%, ≥30% to <70%, and <30%); and (3) worst-lead residual ST-segment 

deviation  (the absolute magnitude of residual deviation in the most affected lead on the post-PCI 
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ECG, without reference to the baseline ECG) analyzed in 3 categories (<1 mm, 1 to <2 mm, and 

≥2 mm). An illustration of the calculation of relative ST-segment recovery and residual ST-

segment deviation is shown in figure 3.  

 

Figure 3. The calculation of relative ST-segment recovery and residual ST-segment deviation. 

 

 

7.4 Cardiac magnetic resonance imaging 

The protocol specified for all patients to undergo CMR examination at 5 days (range 5 to 7 days) 

and at 4 months. The CMR examination involved an ECG-triggered acquisition of a stack of 

short-axis slices covering the entire left ventricle from the base to the apex using steady-state, 

free-precession pulse sequence. The imaging parameters were as follows: slice thickness of 8 

mm, no gap between slices, temporal resolution > 50 ms, matrix 224 to 256 x 224 to 256 using 

magnetic resonance scanners from all major vendors operating at 1.5 Tesla. In addition, long-axis 

2-, 3-, and 4-chamber views were acquired with the same parameter settings. Late gadolinium 

enhanced images were acquired in the same slice orientations 20 minutes after administration of 
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a gadolinium-based contrast agent (0.25 mmol/kg). Inversion time was adjusted in each patient to 

null the signal of normal myocardium. The gadolinium enhanced images were obtained in mid to 

late diastole to minimize motion by adjusting the trigger delay (~ 450 ms). Other imaging 

parameters were as follows: slice thickness of 8 mm without gap, matrix 192 to 256 x 192 to 256, 

and flip angle 20°.  

Using short-axis cine loops of the left ventricle from base to apex, endocardial and epicardial 

contours were traced manually in each slice at end systole and end diastole to measure areas. 

LVEF, ESVI and EDVI, and myocardial mass were calculated in a standard fashion. All short-

axis slices were assessed for areas of signal enhancement. Total volumes of signal enhancement 

were obtained by summing compartments of all slices covering the entire left ventricle and 

expressed as a percentage of LV myocardial mass. MVO was defined as any region of 

hypoenhancement within the hyperenhanced area and was included in the calculation of 

total infarct size. 

All images were analyzed at the central site by a single, blinded, experienced CMR reader 

followed by blinded review by a level III CMR expert (Peter Buser or Jens Bremerich, University 

Hospital, Basel, Switzerland). In the case of discordance between the primary and expert 

reviewer, consensus was reached. Intraobserver variability was assessed in a subset of 40 

randomly chosen studies and the intraclass correlation was 0.85 for 26 studies from day 5.  

 

7.5 Statistical methodologies 

The data were approached statistically by a limited set of analyses. Variables are presented as 

mean (standard deviation) or median (interquartile range) depending on the distribution. 

Associations between variables are reported as Pearson correlations or Spearman rank 

correlations. Differences between groups were assessed by Student’s t-test or Wilcoxon rank sum 

(Mann-Whitney U) test depending on the distribution of the variables. Linear regression and
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binary logistic regression models were used to explore relations between variables. For 

multivariable analyses, variables were either entered into the model in block or following 

univariable analysis (with a p-value of 0.2 as the criterion for inclusion). Receiver operator 

characteristics curves and c-statistics were generated to show the ability of cTnI alone or 

prognostic models to discriminate between binary outcomes (i.e. small vs. large infarct size or 

LVEF < 40 % vs. ≥ 40 %).  

8. RESULTS 

8.1 Paper I 

The association between infarct size and single-point sampling of cTnI was investigated. There 

was a highly significant correlation between late gadolinium enhanced CMR measured infarct 

size and cTnI sampled at 24 (r = 0.66 (5 days) and r = 0.63 (4 months)) and 48 hours (r = 0.67 (5 

days) and r = 0.65 (4 months)). In a multiple regression analysis for predicting infarct size at 4 

months (n = 141), cTnI and infarct location retained an independent association with late infarct 

size even taking into account early infarct size. 

 

8.2 Paper II 

The ability of cTnI to provide prognostic information on chronic LV dysfunction and LV 

remodeling following STEMI was explored. In linear regression models adjusted for early 

(5 days) assessment of LVEF, ESVI and EDVI, single-point cTnI at either 24 or 48 h were 

independent and strong predictors of changes in LVEF (p<0.01), EDVI (p<0.01) and ESVI 

(p<0.01) during the follow-up period. In a logistic regression analysis for prediction of an LVEF 

below 40% at 4 months, single-point cTnI significantly improved the prognostic strength of the 

model (AUC = 0.94, p<0.01) in comparison with the combination of clinical variables and LVEF 

at 5 days. 
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8.3 Paper III 

The paper explored the association of cTnI and MVO in STEMI patients receiving pPCI. The 

presence of MVO following STEMI was associated with larger infarct size and higher values of 

cTnI at 24 and 48 h. For any given infarct size or cTnI value, there was a greater risk of MVO 

development in non-anterior infarctions. cTnI was strongly associated with MVO in both anterior 

and non-anterior infarctions (p < 0.01) after adjustment for covariates including infarct size. 

 

8.4 Paper IV 

The paper aimed to define the association between infarct size and cardiac function as 

determined by CMR imaging and different metrics of ST-segment recovery. All 3 ST-segment 

recovery algorithms were associated with the final infarct size and cardiac function. Worst-lead 

residual ST-segment deviation performed the same as, or better than, the more complex methods 

and identified large subgroups at either end of the risk spectrum (median infarct size from the 

lowest to highest risk category (percentage of left ventricle: 7.7% [interquartile range 10.8], 

13.1% [interquartile range 13.6]; 24.6% [interquartile range 21.1]); with adjusted odds ratios for 

infarct size greater than the median (reference <1 mm): 1 to <2 mm, odds ratio 2.3 (95% 

confidence interval 0.8 to 5.9); ≥ 2 mm, odds ratio 6.3 (95% confidence interval 1.7 to 23.7; c-

index 0.781). 

 

9. DISCUSSION 

Our results suggest that both cTnI and the ECG convey significant prognostic information in the 

early phase following pPCI. Swift initial triage and timely reperfusion therapy have significantly 

improved survival for STEMI patients, and the advent of pPCI as compared to fibrinolytic 

therapy has further impacted clinical outcome. Even so, a wide spectrum of risk still exists for 

STEMI patients and effective risk stratification remains important, especially to identify high-
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risk patients. Thus, our findings are of clinical relevance as they suggest that simple and 

accessible markers are available that may facilitate identification of high- and low-risk patients.   

 

9.1 The association of cTnI with infarct size and measures of LV function and volumes 

In paper I we found that a single-point determination of cTnI at 24 or 48 hours after admission 

was associated with infarct size. These results confirm previous studies on the relation of infarct 

size and cTnI in STEMI patients, but also expand current knowledge along a number of 

dimensions:  

First, our report is the largest assessment to date of cTnI or cTnT and their association with 

CMR-determined infarct size. Previous studies were smaller and all measured infarct size < 1 

week after the index event (139, 141-143). In terms of infarct size measured < 1 week, our data 

confirmed the findings of these earlier investigations. Our second assessment of infarct size at 4 

months showed a marked involution of the infarcted area. This is in keeping with other studies 

that have assessed infarct size with CMR or SPECT in a serial fashion (178-180). However, we 

found that this involution did not reduce the strength of the association between cTnI and infarct 

size. Two recent articles also reported strong correlations between cTnT and infarct size at 4 

months in STEMI patients (146, 150). Interestingly, in regression analyses, we demonstrated that 

cTnI was associated with infarct size at 4 months even when adjustments were made for early 

infarct size. This suggests that cTnI early after STEMI captures unique information on the extent 

of irreversible myocardial injury that is complementary to that provided by imaging analysis. 

This finding is in keeping with cardiac troponin being a marker of cardiomyocyte necrosis. 

Second, the present study is only the second to report on cTnI measured with the Abott 

AxSym ADV assay. These data thus validate the assay for infarct size estimation following 

STEMI. After our study was conceived, Stanley Chia and co-workers published their analyses of 

the EVOLVE (The Evaluation of MCC-135 for Left Ventricular Salvage in Acute MI) trial, 
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where the same cTnI assay as we employed was correlated with SPECT determined infarct size 

(126). Their results are in line with our findings, but infarct size was evaluated at 5 and 30 days, 

and not at 4 months as in our study. 

A third novel aspect of our study is that cTnI was determined at 24 and 48 hours. Although 

some studies have performed sampling of cTnT or cTnI at these time-points previously, our 

study is the first to demonstrate the utility of this sampling strategy in a population of STEMI 

patients all receiving pPCI with infarct size estimated at > 3 months. A very recent article 

published in 2011 has replicated these results for cTnT (150). That a single-point value at 24 

hours is comparable to later sampling is consistent with the notion that cTnI values at 24 hours 

and beyond are reflective of the total infarct burden. However, nearly all patients in the FIRE 

trial were successfully reperfused, and extrapolation of these results to populations with a less 

uniform reperfusion status should be done cautiously.  

Paper II showed that cTnI determined at 24 or 48 hours after admission is independently 

associated with chronic LV function and the volumetric changes that take place in the 4 months 

following the index event. This association persisted when adjustments were made for LV 

function and volumes measured before discharge.  

Previous investigations have demonstrated that cTnT and cTnI are associated with LV 

function following MI (134, 137, 138, 140, 144). Only one of these analyses was based on a 

pPCI population and this investigation determined LVEF at 30 days by SPECT (144). Our study 

replicates these results with a second-generation cTnI assay and with LVEF measured at both < 1 

week of the index-event and at 4 months. With the same cTnI assay, Chia et al have recently 

published results in agreement with our data in a comparable population (126). Our data thus 

confirms previous findings. The novel aspect of the present study is the analysis of the 

association of cTnI with the time-dependent changes of LV function and volumes. 
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Our data confirm that in patients treated with pPCI substantial improvements in LVEF can 

occur throughout the first months after the acute event (179, 181-184). The principle mechanisms 

by which improvement in function occurs are thought to be myocardial salvage, stunning and 

hibernation (184-186). Given the 5-7 day delay in LVEF measurement following the acute event 

in our population, it is likely that recovery from myocardial stunning and possibly hibernation 

were the main underlying factors responsible for the marked improvement of LV function 

observed in a subset of patients. Our data are also consistent with clinical and experimental 

evidence showing that infarct size is the major determinant of LV remodeling and chronic LV 

function (179, 180, 182, 187-189). To our knowledge, our study is the first to demonstrate that 

cTnI, as a surrogate for infarct size, is associated with changes in LV function and volumes, and 

gives incremental prognostic information on chronic cardiac status to that provided by 

assessment of LVEF and LV volumes pre-discharge. The major determinants of long-term 

clinical outcome in both the pre- and post-reperfusion therapy era are chronic LVEF and end-

diastolic and end-systolic volumes (190, 191). Thus, our findings strongly suggest that a single-

point cardiac troponin value following STEMI may also be associated with clinical outcomes in 

the long-term. This hypothesis has been investigated in a small prospective study and the results 

appear to support this notion (192).  

Some tentative clinical implications are suggested by these data with the caveat that this is a 

post hoc analysis. The findings indicate that a single cTnI determination after STEMI is 

instructive for early assessment of risk despite echocardiographic assessment of function and 

volumes before discharge. In particular, in patients with an initial LVEF < 40 %, it is likely that 

cTnI sampling would facilitate identification of a high-risk population with poor prospects for 

recovery of function, that could be targeted with aggressive and comprehensive anti-remodeling 

strategies. Likewise, for design of clinical trials aimed at improving post-MI outcomes, cTnI may 



                                                           41                                                                 Discussion 
 

be an attractive candidate for logistically simple and reasonably accurate identification of high-

risk populations that will benefit the most from novel interventions.  

 

9.2 Microvascular obstruction and cTnI 

We found cTnI at 24 or 48 hours following pPCI to be associated with the presence of MVO 

determined by CMR, independent of early infarct size.  

More data has recently been published on the importance of MVO for development of 

adverse LV remodeling and dysfunction following STEMI (180, 193, 194). In agreement with 

our results, Neizel et al recently found that cTnT 24 hours after admission was independently 

associated with presence of MVO adjusted for infarct size (195).  

 Several interesting results emerged from our analyses. First, the independent association 

between MVO and cardiac troponins suggested by other investigations is confirmed (180, 195). 

This is important as it indicates that levels of cardiac troponin in the context of MI are not only 

reflective of the extent of the initial infarction, but also with presence of MVO. As such, these 

results help explain and are entirely consistent with the ability of cTnI to predict adverse LV 

remodeling and dysfunction as demonstrated in paper II.  

Second, we observed that the propensity for MVO development, in terms of infarct size or 

cTnI, is dependent on infarct location. This finding argues that the strong association between 

larger infarct size and presence of MVO reported in multiple studies is not causal, but rather a 

result of confounding. In fact, other investigations have also found that the likelihood of MVO 

development is similar between infarct locations (195, 196).  Taken together, the results of paper 

III reinforce the concept of cTnI as an important risk stratification tool after STEMI, although the 

direct clinical relevance of these specific findings has yet to be defined. 
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9.3 ST-segment recovery and infarct size and cardiac function 

Our study demonstrated that ST-segment recovery following pPCI for STEMI is associated with 

chronic infarct size and cardiac function. Furthermore, we found that among the three different 

metrics of ST-segment recovery we tested, the simple measure of absolute ST-segment deviation 

in the worst lead at 90 minutes compares favorably with the more complex algorithms of relative 

ST-segment recovery. The worst-lead residual measure of ST-segment recovery defined a wide 

spectrum of risk and identified both a high-risk population (infarct size > 24 % of LV) and a 

large low-risk group (infarct size < 8 % of LV). These results are completely consistent with data 

on clinical endpoints from the comparable population enrolled in the APEX-AMI trial. 

Interestingly, the proportion of patients allocated to each risk category closely mirrored that 

found in APEX-AMI (173).  Our study highlights the probable link (i.e. infarct size) between ST-

segment recovery and clinical outcome observed in APEX-AMI.  

 The present data were the first to link chronic infarct size estimated by CMR with the simple 

measure of worst-lead residual ST-segment deviation. Since our results were published, several 

studies have emerged that correlate ST-segment recovery with infarct size determined by CMR 

(197-199). Two of these studies confirm the association of ST-segment recovery with infarct 

size, but did not include analysis of the worst lead residual ST-segment deviation (197, 198). The 

third recent study also included residual ST-segment elevation, but applied the more complex 

method of summing all ST-segment elevations together (199). They found an association 

between summed residual ST-segment elevation and LVEF but not infarct size, when controlling 

for infarct location and number of Q-waves. These findings have yet to be replicated in other 

populations and methodological concerns with this study have also been expressed regarding 

selection of the patient population and estimation of infarct size (200).  

More data have recently emerged on ST-segment recovery and clinical outcome at 1 and 5 

years (201, 202). These studies did not extend from randomized trials but looked at all-comer 
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STEMI patients receiving pPCI at one center in Holland. The findings suggest that the prognostic 

power of ST-segment recovery is not restricted to patients enrolled in clinical trials. 

The reason why the simple measure of post-PCI residual ST-segment deviation performs 

equal to, or better than, the more elaborate assessment strategies is not entirely clear; however, 

the relative measures may be prone to some imprecision owing to their heavy dependence on the 

preprocedural level of ST-segment deviation. The timing of the post-PCI ECG may also 

influence results. Across all 3 ST-segment recovery metrics studied, we found that the 

correlations with infarct size and LVEF were stronger at 90 minutes than immediately following 

the procedure. Other reports have observed the opposite trend (203, 204). The methodological 

approach of one of these studies has recently been questioned, however (204, 205). A recent 

analysis found no difference between early assessment and at 90 minutes (206). In APEX-AMI 

ECGs were analyzed at 30 minutes and these results appeared very similar to ours. Therefore, 

analysis of ST-segment recovery in a time-window of 30 and 90 minutes post-PCI seems 

appropriate.  

Considered in the context of the cumulative evidence that our findings support, it is 

reasonable to draw some tentative clinical inferences from them, although confirmation from 

prospective studies are needed. It seems clear that analysis of worst-lead residual ST-segment 

deviation between 30 and 90 minutes following pPCI represents an extremely simple way of 

identifying high-risk patients. No randomized trials have been conducted to study whether 

specific interventions are of benefit in the acute phase to mitigate myocardial damage or 

complications in this high-risk population. Notwithstanding, close monitoring and early initiation 

and quick up-titration of therapies with well-established cardioprotective properties like renin-

angiotensin system inhibitors and beta-blockers seem appropriate. 
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9.4 Discussion of the methodological approaches 

9.4.1 Substudies of randomized trials - strengths and limitations 

The present thesis is based on a database from a randomized trial. Randomized trials often 

provide researchers with unique opportunities to develop further insight into the study population 

beyond addressing the primary research hypothesis. Indeed, it has recently been argued that 

investigators have an ethical and financial responsibility to design and conduct trials in a fashion 

that maximizes the scientific knowledge (207). Contemporary, international and carefully 

monitored randomized trials generate a well-validated database. All of the studies included in this 

thesis are robust in the sense that the data points were prospectively defined and registered by an 

independent clinical research organization.  

However, it is also important to recognize the potential pitfalls of performing substudies 

based on clinical trials. Often randomized trials have strict inclusion criteria which may limit the 

external validity of the results, thus restricting the ability of such investigations to inform clinical 

practice. The FIRE population obviously represented a select cohort of patients. Patients in 

cardiogenic shock, with serious comorbidities, or prior MI were excluded. Moreover, inclusion 

criteria for ST-segment elevations were more stringent than defined in the guidelines, requiring 

ST-segment elevation > 2 mm in at least 3 leads. Thus, extrapolation of the results to different or 

more complex clinical scenarios should only be performed with caution. 

The present thesis considered the trial population in FIRE combined. Although the trial 

overall was negative and adjustments were made for randomization in several of the analyses, we 

cannot totally rule out the possibility that some of the variables we studied were affected by the 

study drug intervention. 

Another point to consider is the “fooled by randomness” effect (208), where spurious, 

random relationships mistakenly are interpreted as being real. Post hoc analyses increase the 

probability of such false “discoveries”. Certainly, this possibility cannot be excluded, but the 
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results of this thesis, while novel, fit very well with previous analyses. Moreover, the findings are 

biologically plausible and consistent with mechanistic insights. Nevertheless, it is clear that our 

findings have to be validated in prospective trials, preferably designed to also account for clinical 

endpoints.  

 

9.4.2 Sampling of cTnI 

Several issues should be considered. Clearly, it would have been preferable with more sampling 

time points for comparative purposes. Yet, evidence suggest that there are no large differences 

between sampling at 24, 48, 72 or 96 hours (145), and our findings are in line with correlation 

coefficients reported at 72 hours with the same assay (126). In any case, our results demonstrate 

the clinical utility of an early sample and how it may be integrated with other prognostic 

variables like LVEF. 

Given the multicenter design of the trial and the decentralized collection of samples, some 

variability in the cTnI measurements would be expected, both in terms of the timing of blood 

drawing and in pre-analytical conditions (the specimen integrity). Such variability, by increasing 

the background “noise” level in the data, would weaken the associations with the various 

outcome measures as reported here. On the other hand, our findings extend from a population 

where nearly all patients presented within 6 hours from onset of symptoms and had successful 

pPCI which probably resulted into a more uniform cTnI release pattern than what can reasonably 

be expected in a real-world setting.   

For application of these results in clinical practice, a major drawback is the lack of 

standardization across cTnI assays (61). Even for the specific assay reported on here, clinical 

application of the findings would be contingent on knowing roughly what any given cTnI value 

corresponds to with respect to infarct size or cardiac function, and specific values reported here 

should be validated in a prospectively designed study. 
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9.4.3 Electrocardiogram 

ECG analyses were performed by an independent core laboratory blinded to patient data and 

study outcomes. ST-segment deviation was measured at the J-point. There is no consensus 

regarding the exact position along the ST-segment that should be selected for measurement and 

various studies have employed different positions. In STEMI, the deviated ST-segment may be 

horizontal, downsloping, or upsloping. Thus, the precise impact of different measuring points 

would be dependent on ST-segment configuration in each individual patient. However, for 

internal validity, consistency in selection of the measurement point is paramount. As already 

mentioned, the timing of the post-PCI ST-segment analysis should also be considered when 

comparing different studies. In relation to this point, and given the dynamic evolution of ST-

segment deviations, it is unquestionable that continuous ST-segment monitoring following 

reperfusion therapy would have provided additional and more sophisticated information than a 

snapshot at 90 minutes.  

 For calculation of ST-segment recovery we also included ST-segment depression in order to 

account for reciprocal ST-segment elevations. This may potentially complicate comparison with 

studies only measuring ST-segment elevation, although this impact is likely to be minor.  

 

9.4.4 Cardiac magnetic resonance 

In the setting of an AMI, CMR can provide a wide range of information, such as infarct size, 

MVO detection, myocardial edema (area at risk) and also allows for a highly reproducible 

assessment of cardiac function and volumes (209). It represents a powerful tool for a global 

evaluation of post-infarction remodeling. However, there are still significant challenges in terms 

of reproducibility among different laboratories particularly concerning the use of contrast-

enhanced CMR for estimation of infarct size (200, 210). Thus, interpretation of our results should 
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be considered in the context of these remaining challenges and the infarct size measurements 

found in the FIRE trial may not be directly compared with other reports. 

CMR images were analyzed by an experienced imaging core laboratory blinded to patient 

data and study outcomes. The multicenter and international design of the trial entailed that 

images were obtained in multiple sites with varying experience with CMR. The quality of image 

acquisition in each site was evaluated before the study was initiated and found to be acceptable at 

all participating sites. Despite this, not all images were of optimal quality. On the other hand, 

thorough and careful analyses by the core laboratory ensured a common standard for 

interpretation and a low intersubject variability. Because of the multiple sites involved, the CMR 

protocol specified a somewhat larger dose of gadolinium (0.25 mmol/kg) than is conventionally 

used for the late-enhanced images, as it has been shown that increasing doses (up to 0.3 

mmol/kg) improve sensitivity for detection of myocardial injury (211). Late-enhanced images 

were protocol-specified to be obtained at 20 minutes after contrast-injection. Estimation of 

infarct size between 10 to 30 minutes after contrast is highly reproducible (212).  The area of the 

infarction was delineated manually. There is presently no accepted standardized quantitative 

method for measurement of infarct size (213), although automated or semi-automated approaches 

have been proposed (214, 215).  

 Visualization of MVO is highly dependent upon the mode and timing of CMR assessment 

(216). In the FIRE trial, CMR examination were performed during an interval (5 to 7 days) where 

earlier studies have suggested that presence and extent of MVO is fairly constant (217). Both 

first-pass perfusion and late-enhanced imaging can be used to characterize MVO by CMR (216). 

First-pass perfusion is the most sensitive technique, while late-enhanced imaging detects fewer 

patients with a worse functional outcome (156). It is not known which modality is the strongest 

prognosticator, as recent studies have reached opposite conclusions (156, 180, 194). In our study, 

due to the timing of image acquisition, some areas of MVO may have disappeared because of 



                                                           48                                                                 Discussion 
 

contrast wash-in from surrounding regions. If so, this would further have exacerbated a selection 

bias in favor of more severe MVO. Thus, characterization of MVO by first-pass perfusion would 

have identified more MVO patients and results may have been different.  

 

9.4.5 Statistical methodologies 

The statistics applied in these analyses were based on conventional methods. Associations 

between variables were mostly assessed by Pearson correlations. For continuous data, Pearson 

correlations are appropriate as long as the relation between the variables is linear, irrespective of 

whether they are normally distributed or not (218). For the linear regression analyses, the 

assumption of normally distributed residuals (i.e. difference/distance between observed and 

predicted values) was met. Another assumption of linear regression is that the variance of the 

error terms is constant, or in other words that the imprecision of the predicted values of Y is 

constant for all observed X-values (homoscedasticity). In the linear regression analysis with cTnI 

(independent variable) and infarct size (dependent variable) the model indicated that the 

prediction of infarct size is more imprecise for larger infarctions compared to smaller infarction 

(in other words evidence of heteroscedasticity). Not unexpectedly, a casual inspection of the 

scatter plots of other reports on cardiac troponins and infarct size suggests that this is not 

restricted to our data (143, 146, 149).  Heteroscedasticity will not bias the relationship between 

the dependent and independent variables, but may impact the standard errors. We found no 

evidence of other assumptions not being met in the regression analyses. It should be commented 

that for estimation of infarct size, since we did not apply forced fits through (x,y) = (0,0), there 

will be some overestimation of small infarctions at low cTnI levels.  

 Inclusion in each individual substudy was based on whether the variables under investigations 

had been collected or not. Thus, in paper I, II and IV patients who did not return for a repeat 

CMR examiniation at 4 months were exlcuded (also if cTnI samples were missing). As reported 
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in paper I and IV, baseline characteristics of the study populations were representative of the 

whole FIRE population. Bias may have been introduced, though, if there was a systematic 

difference between those patients who completed follow-up and those who did not. Even if a 

significant, systematic bias was present, it is not clear how that would impact the assocations 

between cTnI or ST-segment recovery and infarct size/LV function, but this possibility cannot be 

discounted. There was some inconsistency in selection of patients for each substudy with regards 

to the criterion for cTnI samples. In paper I, patients with missing cTnI at 48 hours were 

excluded, while in paper II patients with missing values at either cTnI at 24 or 48 hours were 

excluded, and finally in paper III, patients with missing cTnI at 24 hours were excluded. This 

lack of uniformity is unfortunate. 

 

9.5 The relation of our findings with clinical risk scores and other prognostic tools 

Our results should also be considered in the context of the many existing risk scores that have 

been proposed for AMI patients. In a comprehensive review of post-MI risk stratification in the 

reperfusion era, Michaels and Goldschlager identified no less than 42 variables independently 

associated with clinical outcomes (219). Various constellations of these variables have been 

combined in many different risk indexes over the years. A recent review evaluated the ability of 

5 scoring systems based on information available at first medical contact to define high-risk 

patients for an endpoint of 30 day mortality in STEMI patients treated with pPCI (220). They 

found a large heterogeneity in the prognostic properties of the various models. Excluded in this 

analysis were studies also incorporating angiographic variables as evaluated by Halkin et al (221) 

and De Luca et al (222) in two large datasets of pPCI populations, as well as a recent study 

extending from the APEX-AMI trial (223). Expectedly, many of the variables found to be 

predictive of mortality are common among many of the studies like age, Kilip class, anterior MI 

and renal insufficiency.  
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The usefulness of prognostic information is a product of the time at which the information is 

available and the precision. Clinical risk scores based on information at admission or during 

acute intervention are imprecise but nonetheless extremely valuable because the early time-point 

allows for a broad range of therapeutic responses. As indicated by our analyses, both single-point 

cardiac troponin measurements and indexes of ST-segment recovery add incremental prognostic 

information to clinical and procedural variables. However, the therapeutic options in response to 

this information are more limited due to the delayed time at which it is available. Nevertheless, 

information at 90 minutes post-PCI and then at 24 hours, may still be highly instructive for 

clinical decision-making regarding monitoring, adjunctive medical therapy and decisions on 

discharge and follow-up. As such, clinical and procedural risk scores, ST-segment recovery, 

measurement of cardiac troponin and evaluation of LV function before discharge may all play 

complementary roles in prognostic assessment of STEMI patients. 

 

9.6 An integrated view of our findings 

The concerted application of measures of ST-segment recovery and cTnI for risk stratification in 

a clinically plausible scenario could look like this (figure 4): Following pPCI, an ECG is obtained 

at 30 – 90 minutes after the intervention. In this assessment, patients with a residual ST-segment 

elevation ≥ 2 mm in the worst lead constitute a high-risk population who are likely to develop 

large infarctions with substantial chronic LV dysfunction.  Thus, one could speculate that these 

patients may benefit from careful monitoring and more aggressive pharmacological strategies 

already at this early stage. At 24 hours, sampling of cTnI should be performed for further risk 

stratification. A low value (reference values would need to be defined) would indicate successful 

reperfusion therapy and little irreversible myocardial injury with a favorable short- and long-term 

prognosis. A subsequent echocardiographic assessment should be interpreted in light of the cTnI 

value. For example: A low cTnI value in the context of a severely impaired LVEF suggests a 
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large potential for recovery of function in the subsequent weeks following discharge. On the 

other hand, a low LVEF concomitant with a high cTnI value signals a poor prognosis and 

increased risk of adverse events. These patients in particular may benefit from an aggressive anti-

remodeling strategy with renin-angiotensin inhibitors and possibly aldosterone antagonists and 

close follow-up (22, 39). 

Figure 4. Diagrammatic, tentative illustration of different stages in risk stratification of STEMI 

patients 

 

 

10. CONCLUSION 

The aim of the present thesis was to generate further insight into the prognostic role of the cTnI – 

a marker of myocardial necrosis – and the ECG in patients with STEMI receiving pPCI.  

1) In paper I we showed that cTnI measured at a single time-point following pPCI (24 or 48 

hours) is associated with early and late infarct size.  

2) In paper II we found that cTnI complements other conventional risk stratification tools before 

discharge in prediction of LV remodeling and chronic LV function.  
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3) In paper III we demonstrated that cTnI is associated with MVO determined by CMR and that 

this association is independent of initial infarct size.  

4) In paper IV, our analyses showed that ST-segment recovery is associated with final infarct 

size and LV function and that a very simple algorithm requiring only the post-pPCI ECG is at 

least comparable to more complex methods for risk stratification.  

The clinical utility of these results for prognostic assessment of AMI patients awaits further 

prospective studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                           53                                                                    References 
 

11. REFERENCES 

 1.  Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ. Global and regional burden of 

disease and risk factors, 2001: systematic analysis of population health data. Lancet 2006; 

367:1747-57. 

 2.  Lloyd-Jones D, Adams RJ, Brown TM, et al. Heart disease and stroke statistics--2010 update: 

a report from the American Heart Association. Circulation 2010; 121:e46-e215. 

 3.  Fox KA, Steg PG, Eagle KA, et al. Decline in rates of death and heart failure in acute 

coronary syndromes, 1999-2006. JAMA 2007; 297:1892-900. 

 4.  Omran AR. The epidemiologic transition. A theory of the epidemiology of population 

change. Milbank Mem Fund Q 1971; 49:509-38. 

 5.  Murray CJ, Lopez AD. Alternative projections of mortality and disability by cause 1990-

2020: Global Burden of Disease Study. Lancet 1997; 349:1498-504. 

 6.  Yusuf S, Reddy S, Ounpuu S, Anand S. Global burden of cardiovascular diseases: part I: 

general considerations, the epidemiologic transition, risk factors, and impact of urbanization. 

Circulation 2001; 104:2746-53. 

 7.  White HD, Chew DP. Acute myocardial infarction. Lancet 2008; 372:570-84. 

 8.  Herrick JB. Landmark article (JAMA 1912). Clinical features of sudden obstruction of the 

coronary arteries. By James B. Herrick. JAMA 1983; 250:1757-65. 

 9.  Gofman JW, Hanig M, Jones BB, Lauffer MA, Lawry E.Y., Lewis LA. Evaluation of serum 

lipoprotein and cholesterol measurements as predictors of clinical complications of 

atherosclerosis; report of a cooperative study of lipoproteins and atherosclerosis. Circulation 

1956; 14:691-742. 

 10.  Dawber TR, Moore FE, Mann GV. Coronary heart disease in the Framingham study. Am J 

Public Health Nations Health 1957; 47:4-24. 

 11.  Marmot MG, Rose G, Shipley M, Hamilton PJ. Employment grade and coronary heart 

disease in British civil servants. J Epidemiol Community Health 1978; 32:244-9. 

 12.  Smith GD, Shipley MJ, Marmot MG, Rose G. Plasma cholesterol concentration and 

mortality. The Whitehall Study. JAMA 1992; 267:70-6. 

 13.  Julian DG. The evolution of the coronary care unit. Cardiovasc Res 2001; 51:621-4. 

 14.  Braunwald E. Evolution of the management of acute myocardial infarction: a 20th century 

saga. Lancet 1998; 352:1771-4. 

 15.  Gruppo Italiano per lo Studio della Streptochinasi nell'Infarto Miocardico (GISSI). 

Effectiveness of intravenous thrombolytic treatment in acute myocardial infarction. Lancet 

1986; 1:397-402. 



                                                           54                                                                    References 
 

 16.  Fibrinolytic Therapy Trialists' (FTT) Collaborative Group. Indications for fibrinolytic therapy 

in suspected acute myocardial infarction: collaborative overview of early mortality and major 

morbidity results from all randomised trials of more than 1000 patients. Lancet 1994; 

343:311-22. 

 17.  ISIS-2 (Second International Study of Infarct Survival) Collaborative Group Randomised 

trial of intravenous streptokinase, oral aspirin, both, or neither among 17,187 cases of 

suspected acute myocardial infarction: ISIS-2. Lancet 1988; 2:349-60. 

 18.  Fragmin during Instability in Coronary Artery Disease (FRISC) study group. Low-molecular-

weight heparin during instability in coronary artery disease. Lancet 1996; 347:561-8. 

 19.  Sabatine MS, Cannon CP, Gibson CM, et al. Addition of clopidogrel to aspirin and 

fibrinolytic therapy for myocardial infarction with ST-segment elevation. N Engl J Med 

2005; 352:1179-89. 

 20.  Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, Fox KK. Effects of clopidogrel in 

addition to aspirin in patients with acute coronary syndromes without ST-segment elevation. 

N Engl J Med 2001; 345:494-502. 

 21.  Olsson G, Rehnqvist N, Sjogren A, Erhardt L, Lundman T. Long-term treatment with 

metoprolol after myocardial infarction: effect on 3 year mortality and morbidity. J Am Coll 

Cardiol 1985; 5:1428-37. 

 22.  Pfeffer MA, Braunwald E, Moye LA, et al. Effect of captopril on mortality and morbidity in 

patients with left ventricular dysfunction after myocardial infarction. Results of the survival 

and ventricular enlargement trial. The SAVE Investigators. N Engl J Med 1992; 327:669-77. 

 23.  Braunwald E. Shattuck lecture--cardiovascular medicine at the turn of the millennium: 

triumphs, concerns, and opportunities. N Engl J Med 1997; 337:1360-9. 

 24.  Keeley EC, Boura JA, Grines CL. Primary angioplasty versus intravenous thrombolytic 

therapy for acute myocardial infarction: a quantitative review of 23 randomised trials. Lancet 

2003; 361:13-20. 

 25.  Kotseva K, Wood D, De BG, et al. EUROASPIRE III. Management of cardiovascular risk 

factors in asymptomatic high-risk patients in general practice: cross-sectional survey in 12 

European countries. Eur J Cardiovasc Prev Rehabil 2010; 17:530-40. 

 26.  Herrmann HC, Lu J, Brodie BR, et al. Benefit of facilitated percutaneous coronary 

intervention in high-risk ST-segment elevation myocardial infarction patients presenting to 

nonpercutaneous coronary intervention hospitals. JACC Cardiovasc Interv 2009; 2:917-24. 

 27.  Hausenloy DJ, Yellon DM. Time to take myocardial reperfusion injury seriously. N Engl J 

Med 2008; 359:518-20. 



                                                           55                                                                    References 
 

 28.  Bolli R, Becker L, Gross G, Mentzer R, Jr., Balshaw D, Lathrop DA. Myocardial protection 

at a crossroads: the need for translation into clinical therapy. Circ Res 2004; 95:125-34. 

 29.  Armstrong PW, Granger CB, Adams PX, et al. Pexelizumab for acute ST-elevation 

myocardial infarction in patients undergoing primary percutaneous coronary intervention: a 

randomized controlled trial. JAMA 2007; 297:43-51. 

 30.  Ross AM, Gibbons RJ, Stone GW, Kloner RA, Alexander RW. A randomized, double-

blinded, placebo-controlled multicenter trial of adenosine as an adjunct to reperfusion in the 

treatment of acute myocardial infarction (AMISTAD-II). J Am Coll Cardiol 2005; 45:1775-

80. 

 31.  Atar D, Petzelbauer P, Schwitter J, et al. Effect of intravenous FX06 as an adjunct to primary 

percutaneous coronary intervention for acute ST-segment elevation myocardial infarction 

results of the F.I.R.E. (Efficacy of FX06 in the Prevention of Myocardial Reperfusion Injury) 

trial. J Am Coll Cardiol 2009; 53:720-9. 

 32.  Atar D, Huber K, Rupprecht HJ, et al. Rationale and design of the 'F.I.R.E.' study. A 

multicenter, double-blind, randomized, placebo-controlled study to measure the effect of 

FX06 (a fibrin-derived peptide Bbeta(15-42)) on ischemia-reperfusion injury in patients with 

acute myocardial infarction undergoing primary percutaneous coronary intervention. 

Cardiology 2007; 108:117-23. 

 33.  Ovize M, Baxter GF, Di LF, et al. Postconditioning and protection from reperfusion injury: 

where do we stand? Position paper from the Working Group of Cellular Biology of the Heart 

of the European Society of Cardiology. Cardiovasc Res 2010; 87:406-23. 

 34.  Staat P, Rioufol G, Piot C, et al. Postconditioning the human heart. Circulation 2005; 

112:2143-8. 

 35.  Rentoukas I, Giannopoulos G, Kaoukis A, et al. Cardioprotective role of remote ischemic 

periconditioning in primary percutaneous coronary intervention: enhancement by opioid 

action. JACC Cardiovasc Interv 2010; 3:49-55. 

 36.  Lonborg J, Kelbaek H, Vejlstrup N, et al. Cardioprotective effects of ischemic 

postconditioning in patients treated with primary percutaneous coronary intervention, 

evaluated by magnetic resonance. Circ Cardiovasc Interv 2010; 3:34-41. 

 37.  Sorensson P, Saleh N, Bouvier F, et al. Effect of postconditioning on infarct size in patients 

with ST elevation myocardial infarction. Heart 2010; 96:1710-5. 

 38.  Moss AJ, Zareba W, Hall WJ, et al. Prophylactic implantation of a defibrillator in patients 

with myocardial infarction and reduced ejection fraction. N Engl J Med 2002; 346:877-83. 



                                                           56                                                                    References 
 

 39.  Pitt B, Remme W, Zannad F, et al. Eplerenone, a selective aldosterone blocker, in patients 

with left ventricular dysfunction after myocardial infarction. N Engl J Med 2003; 348:1309-

21. 

 40.  Thygesen K, Alpert JS, White HD, et al. Universal definition of myocardial infarction. 

Circulation 2007; 116:2634-53. 

 41.  Alpert JS, Thygesen K, Antman E, Bassand JP. Myocardial infarction redefined--a consensus 

document of The Joint European Society of Cardiology/American College of Cardiology 

Committee for the redefinition of myocardial infarction. J Am Coll Cardiol 2000; 36:959-69. 

 42.  Takeda S, Yamashita A, Maeda K, Maeda Y. Structure of the core domain of human cardiac 

troponin in the Ca(2+)-saturated form. Nature 2003; 424:35-41. 

 43.  Filatov VL, Katrukha AG, Bulargina TV, Gusev NB. Troponin: structure, properties, and 

mechanism of functioning. Biochemistry (Mosc ) 1999; 64:969-85. 

 44.  Dhoot GK, Frearson N, Perry SV. Polymorphic forms of troponin T and troponin C and their 

localization in striated muscle cell types. Exp Cell Res 1979; 122:339-50. 

 45.  Dhoot GK, Gell PG, Perry SV. The localization of the different forms of troponin I in skeletal 

and cardiac muscle cells. Exp Cell Res 1978; 117:357-70. 

 46.  Barton PJ, Bhavsar PK, Brand NJ, et al. Gene expression during cardiac development. Symp 

Soc Exp Biol 1992; 46:251-64. 

 47.  Bodor GS, Porter S, Landt Y, Ladenson JH. Development of monoclonal antibodies for an 

assay of cardiac troponin-I and preliminary results in suspected cases of myocardial 

infarction. Clin Chem 1992; 38:2203-14. 

 48.  Adams JE, III, Schechtman KB, Landt Y, Ladenson JH, Jaffe AS. Comparable detection of 

acute myocardial infarction by creatine kinase MB isoenzyme and cardiac troponin I. Clin 

Chem 1994; 40:1291-5. 

 49.  Katus HA, Remppis A, Scheffold T, Diederich KW, Kuebler W. Intracellular 

compartmentation of cardiac troponin T and its release kinetics in patients with reperfused 

and nonreperfused myocardial infarction. Am J Cardiol 1991; 67:1360-7. 

 50.  Bleier J, Vorderwinkler KP, Falkensammer J, et al. Different intracellular compartmentations 

of cardiac troponins and myosin heavy chains: a causal connection to their different early 

release after myocardial damage. Clin Chem 1998; 44:1912-8. 

 51.  Katus HA, Remppis A, Neumann FJ, et al. Diagnostic efficiency of troponin T measurements 

in acute myocardial infarction. Circulation 1991; 83:902-12. 

 52.  Giannitsis E, Kurz K, Hallermayer K, Jarausch J, Jaffe AS, Katus HA. Analytical validation 

of a high-sensitivity cardiac troponin T assay. Clin Chem 2010; 56:254-61. 



                                                           57                                                                    References 
 

 53.  Jaffe AS, Apple FS. High-sensitivity cardiac troponin: hype, help, and reality. Clin Chem 

2010; 56:342-4. 

 54.  White HD. Pathobiology of troponin elevations do elevations occur with myocardial ischemia 

as well as necrosis? J Am Coll Cardiol 2011; 57:2406-8. 

 55.  Collinson PO, Boa FG, Gaze DC. Measurement of cardiac troponins. Ann Clin Biochem 

2001; 38:423-49. 

 56.  Cummins B, Auckland ML, Cummins P. Cardiac-specific troponin-I radioimmunoassay in 

the diagnosis of acute myocardial infarction. Am Heart J 1987; 113:1333-44. 

 57.  Katus HA, Looser S, Hallermayer K, et al. Development and in vitro characterization of a 

new immunoassay of cardiac troponin T. Clin Chem 1992; 38:386-93. 

 58.  Katus HA, Remppis A, Looser S, Hallermeier K, Scheffold T, Kubler W. Enzyme linked 

immuno assay of cardiac troponin T for the detection of acute myocardial infarction in 

patients. J Mol Cell Cardiol 1989; 21:1349-53. 

 59.  Larue C, Calzolari C, Bertinchant JP, Leclercq F, Grolleau R, Pau B. Cardiac-specific 

immunoenzymometric assay of troponin I in the early phase of acute myocardial infarction. 

Clin Chem 1993; 39:972-9. 

 60.  Apple FS. Clinical and analytical standardization issues confronting cardiac troponin I. Clin 

Chem 1999; 45:18-20. 

 61.  Tate JR, Bunk DM, Christenson RH, et al. Standardisation of cardiac troponin I 

measurement: past and present. Pathology 2010; 42:402-8. 

 62.  Panteghini M, Gerhardt W, Apple FS, Dati F, Ravkilde J, Wu AH. Quality specifications for 

cardiac troponin assays. Clin Chem Lab Med 2001; 39:175-9. 

 63.  Babuin L, Jaffe AS. Troponin: the biomarker of choice for the detection of cardiac injury. 

CMAJ 2005; 173:1191-202. 

 64.  Madsen LH, Christensen G, Lund T, et al. Time course of degradation of cardiac troponin I in 

patients with acute ST-elevation myocardial infarction: the ASSENT-2 troponin substudy. 

Circ Res 2006; 99:1141-7. 

 65.  Katrukha AG, Bereznikova AV, Filatov VL, et al. Degradation of cardiac troponin I: 

implication for reliable immunodetection. Clin Chem 1998; 44:2433-40. 

 66.  Michielsen EC, Diris JH, Kleijnen VW, Wodzig WK, van Dieijen-Visser MP. Investigation 

of release and degradation of cardiac troponin T in patients with acute myocardial infarction. 

Clin Biochem 2007; 40:851-5. 



                                                           58                                                                    References 
 

 67.  Muller-Bardorff M, Hallermayer K, Schroder A, et al. Improved troponin T ELISA specific 

for cardiac troponin T isoform: assay development and analytical and clinical validation. Clin 

Chem 1997; 43:458-66. 

 68.  Hallermayer K, Klenner D, Vogel R. Use of recombinant human cardiac Troponin T for 

standardization of third generation Troponin T methods. Scand J Clin Lab Invest Suppl 1999; 

230:128-31. 

 69.  Hermsen D, Apple F, Garcia-Beltran L, et al. Results from a multicenter evaluation of the 4th 

generation Elecsys Troponin T assay. Clin Lab 2007; 53:1-9. 

 70.  Helleskov ML, Ladefoged S, Hildebrandt P, Atar D. Comparison of four different cardiac 

troponin assays in patients with end-stage renal disease on chronic haemodialysis. Acute 

Card Care 2008; 10:173-80. 

 71.  Adams JE, III, Bodor GS, vila-Roman VG, et al. Cardiac troponin I. A marker with high 

specificity for cardiac injury. Circulation 1993; 88:101-6. 

 72.  Hamm CW, Ravkilde J, Gerhardt W, et al. The prognostic value of serum troponin T in 

unstable angina. N Engl J Med 1992; 327:146-50. 

 73.  Keller T, Zeller T, Peetz D, et al. Sensitive troponin I assay in early diagnosis of acute 

myocardial infarction. N Engl J Med 2009; 361:868-77. 

 74.  Reichlin T, Hochholzer W, Bassetti S, et al. Early diagnosis of myocardial infarction with 

sensitive cardiac troponin assays. N Engl J Med 2009; 361:858-67. 

 75.  Jaffe AS. Chasing troponin: how low can you go if you can see the rise? J Am Coll Cardiol 

2006; 48:1763-4. 

 76.  Wu AH, Jaffe AS. The clinical need for high-sensitivity cardiac troponin assays for acute 

coronary syndromes and the role for serial testing. Am Heart J 2008; 155:208-14. 

 77.  Twerenbold R, Reichlin T, Mueller C. Clinical application of sensitive cardiac troponin 

assays: potential and limitations. Biomark Med 2010; 4:395-401. 

 78.  Lindahl B, Venge P, Wallentin L. Relation between troponin T and the risk of subsequent 

cardiac events in unstable coronary artery disease. The FRISC study group. Circulation 1996; 

93:1651-7. 

 79.  Heidenreich PA, Alloggiamento T, Melsop K, McDonald KM, Go AS, Hlatky MA. The 

prognostic value of troponin in patients with non-ST elevation acute coronary syndromes: a 

meta-analysis. J Am Coll Cardiol 2001; 38:478-85. 

 80.  Jolly SS, Shenkman H, Brieger D, et al. Quantitative troponin and death, cardiogenic shock, 

cardiac arrest and new heart failure in patients with non-ST-segment elevation acute coronary 



                                                           59                                                                    References 
 

syndromes (NSTE ACS): insights from the Global Registry of Acute Coronary Events. Heart 

2011; 97:197-202. 

 81.  Lindahl B, Diderholm E, Lagerqvist B, Venge P, Wallentin L. Mechanisms behind the 

prognostic value of troponin T in unstable coronary artery disease: a FRISC II substudy. J 

Am Coll Cardiol 2001; 38:979-86. 

 82.  Wong GC, Morrow DA, Murphy S, et al. Elevations in troponin T and I are associated with 

abnormal tissue level perfusion: a TACTICS-TIMI 18 substudy. Treat Angina with Aggrastat 

and Determine Cost of Therapy with an Invasive or Conservative Strategy-Thrombolysis in 

Myocardial Infarction. Circulation 2002; 106:202-7. 

 83.  Okamatsu K, Takano M, Sakai S, et al. Elevated troponin T levels and lesion characteristics 

in non-ST-elevation acute coronary syndromes. Circulation 2004; 109:465-70. 

 84.  Heeschen C, Hamm CW, Goldmann B, Deu A, Langenbrink L, White HD. Troponin 

concentrations for stratification of patients with acute coronary syndromes in relation to 

therapeutic efficacy of tirofiban. PRISM Study Investigators. Platelet Receptor Inhibition in 

Ischemic Syndrome Management. Lancet 1999; 354:1757-62. 

 85.  Kastrati A, Mehilli J, Neumann FJ, et al. Abciximab in patients with acute coronary 

syndromes undergoing percutaneous coronary intervention after clopidogrel pretreatment: the 

ISAR-REACT 2 randomized trial. JAMA 2006; 295:1531-8. 

 86.  Morrow DA, Antman EM, Tanasijevic M, et al. Cardiac troponin I for stratification of early 

outcomes and the efficacy of enoxaparin in unstable angina: a TIMI-11B substudy. J Am Coll 

Cardiol 2000; 36:1812-7. 

 87.  Lindahl B, Venge P, Wallentin L. Troponin T identifies patients with unstable coronary 

artery disease who benefit from long-term antithrombotic protection. Fragmin in Unstable 

Coronary Artery Disease (FRISC) Study Group. J Am Coll Cardiol 1997; 29:43-8. 

 88.  Hamm CW, Heeschen C, Goldmann B, et al. Benefit of abciximab in patients with refractory 

unstable angina in relation to serum troponin T levels. c7E3 Fab Antiplatelet Therapy in 

Unstable Refractory Angina (CAPTURE) Study Investigators. N Engl J Med 1999; 

340:1623-9. 

 89.  Newby LK, Ohman EM, Christenson RH, et al. Benefit of glycoprotein IIb/IIIa inhibition in 

patients with acute coronary syndromes and troponin t-positive status: the paragon-B 

troponin T substudy. Circulation 2001; 103:2891-6. 

 90.  Morrow DA, Cannon CP, Rifai N, et al. Ability of minor elevations of troponins I and T to 

predict benefit from an early invasive strategy in patients with unstable angina and non-ST 

elevation myocardial infarction: results from a randomized trial. JAMA 2001; 286:2405-12. 



                                                           60                                                                    References 
 

 91.  Diderholm E, Andren B, Frostfeldt G, et al. The prognostic and therapeutic implications of 

increased troponin T levels and ST depression in unstable coronary artery disease: the FRISC 

II invasive troponin T electrocardiogram substudy. Am Heart J 2002; 143:760-7. 

 92.  Ohman EM, Armstrong PW, White HD, et al. Risk stratification with a point-of-care cardiac 

troponin T test in acute myocardial infarction. GUSTOIII Investigators. Global Use of 

Strategies To Open Occluded Coronary Arteries. Am J Cardiol 1999; 84:1281-6. 

 93.  Kurowski V, Hartmann F, Killermann DP, et al. Prognostic significance of admission cardiac 

troponin T in patients treated successfully with direct percutaneous interventions for acute 

ST-segment elevation myocardial infarction. Crit Care Med 2002; 30:2229-35. 

 94.  Matetzky S, Sharir T, Domingo M, et al. Elevated troponin I level on admission is associated 

with adverse outcome of primary angioplasty in acute myocardial infarction. Circulation 

2000; 102:1611-6. 

 95.  Bjorklund E, Lindahl B, Johanson P, et al. Admission Troponin T and measurement of ST-

segment resolution at 60 min improve early risk stratification in ST-elevation myocardial 

infarction. Eur Heart J 2004; 25:113-20. 

 96.  Giannitsis E, Muller-Bardorff M, Lehrke S, et al. Admission troponin T level predicts clinical 

outcomes, TIMI flow, and myocardial tissue perfusion after primary percutaneous 

intervention for acute ST-segment elevation myocardial infarction. Circulation 2001; 

104:630-5. 

 97.  Harnarayan C, Bennett MA, Pentecost BL, Brewer DB. Quantitative study of infarcted 

myocardium in cardiogenic shock. Br Heart J 1970; 32:728-32. 

 98.  Ahumada G, Roberts R, Sobel BE. Evaluation of myocardial infarction with enzymatic 

indices. Progress in Cardiovascular Diseases 2003; 18:405-20. 

 99.  Maroko PR, Kjekshus JK, Sobel BE, et al. Factors influencing infarct size following 

experimental coronary artery occlusions. Circulation 1971; 43:67-82. 

 100.  Roberts R. Enzymatic estimation of infarct size. Thrombolysis induced its demise: will it now 

rekindle its renaissance? Circulation 1990; 81:707-10. 

 101.  Karmen A, Wroblewski F, Ladue JS. Transaminase activity in human blood. J Clin Invest 

1955; 34:126-31. 

 102.  Konttinen A, Halonen PI. Serum alpha-hydroxybutyric dehydrogenase (HBD) in myocardial 

infarction. Comparison with glutamic oxalacetic transminase (GOT) and lactic 

dehydrogenase (LDH). Am J Cardiol 1962; 10:525-31. 

 103.  Elliot BA, Wilkinson JH. Serum "alpha-hydroxybutyric dehydrogenase" in myocardial 

infarction and in liver disease. Lancet 1961; 1:698-9. 



                                                           61                                                                    References 
 

 104.  Witteveen SA, Hemker HC, Hollaar L, Hermens WT. Quantitation of infarct size in man by 

means of plasma enzyme levels. Br Heart J 1975; 37:795-803. 

 105.  Witteveen SA, Hermens WT, Hollaar L, Hemker HC. Quantitation of enzyme release from 

infarcted heart muscle. Br Heart J 1971; 33:151. 

 106.  Sobel BE, Bresnahan GF, Shell WE, Yoder RD. Estimation of Infarct Size in Man and its 

Relation to Prognosis. Circulation 1972; 46:640-8. 

 107.  Roberts R, Henry PD, Sobel BE. An improved basis for enzymatic estimation of infarct size. 

Circulation 1975; 52:743-54. 

 108.  Norris RM, Whitlock RM, Barratt-Boyes C, Small CW. Clinical measurement of myocardial 

infarct size. Modification of a method for the estimation of total creatine phosphokinase 

release after myocardial infarction. Circulation 1975; 51:614-20. 

 109.  Shell WE, Kjekshus JK, Sobel BE. Quantitative assessment of the extent of myocardial 

infarction in the conscious dog by means of analysis of serial changes in serum creatine 

phosphokinase activity. J Clin Invest 1971; 50:2614-25. 

 110.  Kjekshus JK, Sobel BE. Depressed myocardial creatine phosphokinase activity following 

experimental myocardial infarction in rabbit. Circ Res 1970; 27:403-14. 

 111.  Roe CR, Cobb FR, Starmer CF. The relationship between enzymatic and histologic estimates 

of the extent of myocardial infarction in conscious dogs with permanent coronary occlusion. 

Circulation 1977; 55:438-49. 

 112.  Roe CR, Starmer CF. A sensitivity analysis of enzymatic estimation of infarct size. 

Circulation 1975; 52:1-5. 

 113.  Roe CR. Validity of estimating myocardial infarct size from serial measurements of enzyme 

activity in the serum. Clin Chem 1977; 23:1807-12. 

 114.  Hackel DB, Reimer KA, Ideker RE, et al. Comparison of enzymatic and anatomic estimates 

of myocardial infarct size in man. Circulation 1984; 70:824-35. 

 115.  Vatner SF, Baig H, Manders WT, Maroko PR. Effects of coronary artery reperfusion on 

myocardial infarct size calculated from creatine kinase. J Clin Invest 1978; 61:1048-56. 

 116.  Blanke H, von HD, Cohen M, et al. Patterns of creatine kinase release during acute 

myocardial infarction after nonsurgical reperfusion: comparison with conventional treatment 

and correlation with infarct size. J Am Coll Cardiol 1984; 3:675-80. 

 117.  Schroder R, Biamino G, von Leitner ER, et al. Intravenous short-term infusion of 

streptokinase in acute myocardial infarction. Circulation 1983; 67:536-48. 

 118.  van der Laarse A, Vermeer F, Hermens WT, et al. Effects of early intracoronary streptokinase 

on infarct size estimated from cumulative enzyme release and on enzyme release rate: a 



                                                           62                                                                    References 
 

randomized trial of 533 patients with acute myocardial infarction. Am Heart J 1986; 112:672-

81. 

 119.  van der Laarse A, Kerkhof PL, Vermeer F, et al. Relation between infarct size and left 

ventricular performance assessed in patients with first acute myocardial infarction 

randomized to intracoronary thrombolytic therapy or to conventional treatment. Am J Cardiol 

1988; 61:1-7. 

 120.  Dissmann R, Linderer T, Schroder R. Estimation of enzymatic infarct size: direct comparison 

of the marker enzymes creatine kinase and alpha-hydroxybutyrate dehydrogenase. Am Heart 

J 1998; 135:1-9. 

 121.  The I.S.A.M. Study Group. A prospective trial of intravenous streptokinase in acute 

myocardial infarction (I.S.A.M.). Mortality, morbidity, and infarct size at 21 days. N Engl J 

Med 1986; 314:1465-71. 

 122.  Van de Werf F, Arnold AE. Intravenous tissue plasminogen activator and size of infarct, left 

ventricular function, and survival in acute myocardial infarction. BMJ 1988; 297:1374-9. 

 123.  Hackworthy RA, Sorensen SG, Fitzpatrick PG, et al. Effect of reperfusion on 

electrocardiographic and enzymatic infarct size: results of a randomized multicenter study of 

intravenous anisoylated plasminogen streptokinase activator complex (APSAC) versus 

intracoronary streptokinase in acute myocardial infarction. Am Heart J 1988; 116:903-14. 

 124.  Bertinchant JP, Larue C, Pernel I, et al. Release kinetics of serum cardiac troponin i in 

ischemic myocardial injury. Clinical Biochemistry 1996; 29:587-94. 

 125.  Kragten JA, Hermens WT, van Dieijen-Visser MP. Cumulative Troponin T Release after 

Acute Myocardial Infarction. Influence of Reperfusion. Clinical Chemistry and Laboratory 

Medicine 1997; 35:459-68. 

 126.  Chia S, Senatore F, Raffel OC, Lee H, Wackers FJ, Jang IK. Utility of cardiac biomarkers in 

predicting infarct size, left ventricular function, and clinical outcome after primary 

percutaneous coronary intervention for ST-segment elevation myocardial infarction. JACC 

Cardiovasc Interv 2008; 1:415-23. 

 127.  Ohlmann P, Monassier JP, Michotey MO, et al. Troponin I concentrations following primary 

percutaneous coronary intervention predict large infarct size and left ventricular dysfunction 

in patients with ST-segment elevation acute myocardial infarction. Atherosclerosis 2003; 

168:181-9. 

 128.  Kragten JA, Hermens WT, van Dieijen-Visser MP. Cardiac troponin T release into plasma 

after acute myocardial infarction: only fractional recovery compared with enzymes. Ann Clin 

Biochem 1996; 33 ( Pt 4):314-23. 



                                                           63                                                                    References 
 

 129.  Omura T, Teragaki M, Tani T, et al. Estimation of infarct size using serum troponin T 

concentration in patients with acute myocardial infarction. Jpn Circ J 1993; 57:1062-70. 

 130.  Wagner I, Mair J, Fridrich L, et al. Cardiac troponin T release in acute myocardial infarction 

is associated with scintigraphic estimates of myocardial scar. Coron Artery Dis 1993; 4:537-

44. 

 131.  Mair J, Wagner I, Morass B, et al. Cardiac troponin I release correlates with myocardial 

infarction size. Eur J Clin Chem Clin Biochem 1995; 33:869-72. 

 132.  Tanaka H, Abe S, Yamashita T, et al. Serum levels of cardiac troponin I and troponin T in 

estimating myocardial infarct size soon after reperfusion. Coron Artery Dis 1997; 8:433-9. 

 133.  Apple FS, Sharkey SW, Falahati A, Murakami M, Mitha N, Christensen D. Assessment of 

left ventricular function using serum cardiac troponin I measurements following myocardial 

infarction. Clin Chim Acta 1998; 272:59-67. 

 134.  Rao AC, Collinson PO, Canepa-Anson R, Joseph SP. Troponin T measurement after 

myocardial infarction can identify left ventricular ejection of less than 40%. Heart 1998; 

80:223-5. 

 135.  Kanna M, Nonogi H, Sumida H, et al. Usefulness of serum troponin T levels on day three or 

four in predicting survival after acute myocardial infarction. The American Journal of 

Cardiology 2001; 87:294-7. 

 136.  Licka M, Zimmermann R, Zehelein J, Dengler TJ, Katus HA, Kubler W. Troponin T 

concentrations 72 hours after myocardial infarction as a serological estimate of infarct size. 

Heart 2002; 87:520-4. 

 137.  Panteghini M, Cuccia C, Bonetti G, Giubbini R, Pagani F, Bonini E. Single-point cardiac 

troponin T at coronary care unit discharge after myocardial infarction correlates with infarct 

size and ejection fraction. Clin Chem 2002; 48:1432-6. 

 138.  Rao AC, Collinson PO, Rose AJ, John C, Canepa-Anson R, Joseph SP. Prospective 

evaluation of the role of routine cardiac troponin T measurement to identify left ventricular 

ejection fraction < 40% after first myocardial infarction. Heart 2003; 89:559-60. 

 139.  Ingkanisorn WP, Rhoads KL, Aletras AH, Kellman P, Arai AE. Gadolinium delayed 

enhancement cardiovascular magnetic resonance correlates with clinical measures of 

myocardial infarction. J Am Coll Cardiol 2004; 43:2253-9. 

 140.  Panteghini M, Bonetti G, Pagani F, Stefini F, Giubbini R, Cuccia C. Measurement of 

troponin I 48 h after admission as a tool to rule out impaired left ventricular function in 

patients with a first myocardial infarction. Clin Chem Lab Med 2005; 43:848-54. 



                                                           64                                                                    References 
 

 141.  Steen H, Giannitsis E, Futterer S, Merten C, Juenger C, Katus HA. Cardiac Troponin T at 96 

Hours After Acute Myocardial Infarction Correlates With Infarct Size and Cardiac Function. 

J Am Coll Cardiol 2006; 48:2192-4. 

 142.  Younger JF, Plein S, Barth J, Ridgway JP, Ball SG, Greenwood JP. Troponin-I concentration 

72 h after myocardial infarction correlates with infarct size and presence of microvascular 

obstruction. Heart 2007; 93:1547-51. 

 143.  Giannitsis E, Steen H, Kurz K, et al. Cardiac magnetic resonance imaging study for 

quantification of infarct size comparing directly serial versus single time-point measurements 

of cardiac troponin T. J Am Coll Cardiol 2008; 51:307-14. 

 144.  Tzivoni D, Koukoui D, Guetta V, Novack L, Cowing G. Comparison of Troponin T to 

creatine kinase and to radionuclide cardiac imaging infarct size in patients with ST-elevation 

myocardial infarction undergoing primary angioplasty. Am J Cardiol 2008; 101:753-7. 

 145.  Vasile VC, Babuin L, Giannitsis E, Katus HA, Jaffe AS. Relationship of MRI-determined 

infarct size and cTnI measurements in patients with ST-elevation myocardial infarction. Clin 

Chem 2008; 54:617-9. 

 146.  Bohmer E, Hoffmann P, Abdelnoor M, Seljeflot I, Halvorsen S. Troponin T Concentration 3 

Days after Acute ST-Elevation Myocardial Infarction Predicts Infarct Size and Cardiac 

Function at 3 Months. Cardiology 2009; 113:207-12. 

 147.  Hassan AK, Bergheanu SC, Hasan-Ali H, et al. Usefulness of peak troponin-T to predict 

infarct size and long-term outcome in patients with first acute myocardial infarction after 

primary percutaneous coronary intervention. Am J Cardiol 2009; 103:779-84. 

 148.  Byrne RA, Ndrepepa G, Braun S, et al. Peak cardiac troponin-T level, scintigraphic 

myocardial infarct size and one-year prognosis in patients undergoing primary percutaneous 

coronary intervention for acute myocardial infarction. Am J Cardiol 2010; 106:1212-7. 

 149.  Klug G, Mayr A, Mair J, et al. Role of biomarkers in assessment of early infarct size after 

successful p-PCI for STEMI. Clin Res Cardiol 2011. 

 150.  Mayr A, Mair J, Klug G, et al. Cardiac troponin T and creatine kinase predict mid-term 

infarct size and left ventricular function after acute myocardial infarction: A cardiac MR 

study. J Magn Reson Imaging 2011; 33:847-54. 

 151.  Kloner RA, Ganote CE, Jennings RB. The "no-reflow" phenomenon after temporary 

coronary occlusion in the dog. J Clin Invest 1974; 54:1496-508. 

 152.  van 't Hof AW, Liem A, Suryapranata H, Hoorntje JC, de Boer MJ, Zijlstra F. Angiographic 

assessment of myocardial reperfusion in patients treated with primary angioplasty for acute 



                                                           65                                                                    References 
 

myocardial infarction: myocardial blush grade. Zwolle Myocardial Infarction Study Group. 

Circulation 1998; 97:2302-6. 

 153.  Resnic FS, Wainstein M, Lee MK, et al. No-reflow is an independent predictor of death and 

myocardial infarction after percutaneous coronary intervention. Am Heart J 2003; 145:42-6. 

 154.  Ito H, Tomooka T, Sakai N, et al. Lack of myocardial perfusion immediately after successful 

thrombolysis. A predictor of poor recovery of left ventricular function in anterior myocardial 

infarction. Circulation 1992; 85:1699-705. 

 155.  Schroder R, Dissmann R, Bruggemann T, et al. Extent of early ST segment elevation 

resolution: a simple but strong predictor of outcome in patients with acute myocardial 

infarction. J Am Coll Cardiol 1994; 24:384-91. 

 156.  Nijveldt R, Beek AM, Hirsch A, et al. Functional recovery after acute myocardial infarction: 

comparison between angiography, electrocardiography, and cardiovascular magnetic 

resonance measures of microvascular injury. J Am Coll Cardiol 2008; 52:181-9. 

 157.  Reffelmann T, Kloner RA. The no-reflow phenomenon: A basic mechanism of myocardial 

ischemia and reperfusion. Basic Res Cardiol 2006; 101:359-72. 

 158.  Wu KC, Zerhouni EA, Judd RM, et al. Prognostic significance of microvascular obstruction 

by magnetic resonance imaging in patients with acute myocardial infarction. Circulation 

1998; 97:765-72. 

 159.  Hombach V, Grebe O, Merkle N, et al. Sequelae of acute myocardial infarction regarding 

cardiac structure and function and their prognostic significance as assessed by magnetic 

resonance imaging. Eur Heart J 2005; 26:549-57. 

 160.  Waller AD. A Demonstration on Man of Electromotive Changes accompanying the Heart's 

Beat. J Physiol 1887; 8:229-34. 

 161.  Smith FM. The ligation of coronary arteries with electrocardiographic study. 1918. Ann 

Noninvasive Electrocardiol 2004; 9:80-93. 

 162.  de Lemos JA, Braunwald E. ST segment resolution as a tool for assessing the efficacy of 

reperfusion therapy. J Am Coll Cardiol 2001; 38:1283-94. 

 163.  Maroko PR, Libby P, Covell JW, Sobel BE, Ross J, Jr., Braunwald E. Precordial S-T 

segment elevation mapping: an atraumatic method for assessing alterations in the extent of 

myocardial ischemic injury. The effects of pharmacologic and hemodynamic interventions. 

Am J Cardiol 1972; 29:223-30. 

 164.  Maroko PR, Libby P, Ginks WR, et al. Coronary artery reperfusion. I. Early effects on local 

myocardial function and the extent of myocardial necrosis. J Clin Invest 1972; 51:2710-6. 



                                                           66                                                                    References 
 

 165.  Ganz W, Buchbinder N, Marcus H, et al. Intracoronary thrombolysis in evolving myocardial 

infarction. Am Heart J 1981; 101:4-13. 

 166.  Terkelsen CJ, Andersen HR. Value of ST-resolution analysis in the era of primary 

percutaneous coronary intervention. Heart 2008; 94:13-5. 

 167.  Schroder R, Wegscheider K, Schroder K, Dissmann R, Meyer-Sabellek W. Extent of early 

ST segment elevation resolution: a strong predictor of outcome in patients with acute 

myocardial infarction and a sensitive measure to compare thrombolytic regimens. A substudy 

of the International Joint Efficacy Comparison of Thrombolytics (INJECT) trial. J Am Coll 

Cardiol 1995; 26:1657-64. 

 168.  Van de Werf F, Bax J, Betriu A, et al. Management of acute myocardial infarction in patients 

presenting with persistent ST-segment elevation: the Task Force on the Management of ST-

Segment Elevation Acute Myocardial Infarction of the European Society of Cardiology. Eur 

Heart J 2008; 29:2909-45. 

 169.  Matetzky S, Novikov M, Gruberg L, et al. The significance of persistent ST elevation versus 

early resolution of ST segment elevation after primary PTCA. J Am Coll Cardiol 1999; 

34:1932-8. 

 170.  Claeys MJ, Bosmans J, Veenstra L, Jorens P, De R, Vrints CJ. Determinants and prognostic 

implications of persistent ST-segment elevation after primary angioplasty for acute 

myocardial infarction: importance of microvascular reperfusion injury on clinical outcome. 

Circulation 1999; 99:1972-7. 

 171.  van 't Hof AW, Liem A, de Boer MJ, Zijlstra F. Clinical value of 12-lead electrocardiogram 

after successful reperfusion therapy for acute myocardial infarction. Zwolle Myocardial 

infarction Study Group. Lancet 1997; 350:615-9. 

 172.  McLaughlin MG, Stone GW, Aymong E, et al. Prognostic utility of comparative methods for 

assessment of ST-segment resolution after primary angioplasty for acute myocardial 

infarction: the Controlled Abciximab and Device Investigation to Lower Late Angioplasty 

Complications (CADILLAC) trial. J Am Coll Cardiol 2004; 44:1215-23. 

 173.  Buller CE, Fu Y, Mahaffey KW, et al. ST-segment recovery and outcome after primary 

percutaneous coronary intervention for ST-elevation myocardial infarction: insights from the 

Assessment of Pexelizumab in Acute Myocardial Infarction (APEX-AMI) trial. Circulation 

2008; 118:1335-46. 

 174.  De Luca G, Suryapranata H, Ottervanger JP, et al. Postprocedural single-lead ST-segment 

deviation and long-term mortality in patients with ST-segment elevation myocardial 

infarction treated by primary angioplasty. Heart 2008; 94:44-7. 



                                                           67                                                                    References 
 

 175.  Angeja BG, Gunda M, Murphy SA, et al. TIMI myocardial perfusion grade and ST segment 

resolution: association with infarct size as assessed by single photon emission computed 

tomography imaging. Circulation 2002; 105:282-5. 

 176.  Desmet WJ, Mesotten LV, Maes AF, Heidbuchel HP, Mortelmans LA, Van de Werf FJ. 

Relation between different methods for analysing ST segment deviation and infarct size as 

assessed by positron emission tomography. Heart 2004; 90:887-92. 

 177.  Sciagra R, Parodi G, Migliorini A, et al. ST-segment analysis to predict infarct size and 

functional outcome in acute myocardial infarction treated with primary coronary intervention 

and adjunctive abciximab therapy. Am J Cardiol 2006; 97:48-54. 

 178.  Nijveldt R, Beek AM, Hofman MB, et al. Late gadolinium-enhanced cardiovascular magnetic 

resonance evaluation of infarct size and microvascular obstruction in optimally treated 

patients after acute myocardial infarction. J Cardiovasc Magn Reson 2007; 9:765-70. 

 179.  Ndrepepa G, Mehilli J, Martinoff S, Schwaiger M, Schomig A, Kastrati A. Evolution of left 

ventricular ejection fraction and its relationship to infarct size after acute myocardial 

infarction. J Am Coll Cardiol 2007; 50:149-56. 

 180.  Orn S, Manhenke C, Greve OJ, et al. Microvascular obstruction is a major determinant of 

infarct healing and subsequent left ventricular remodelling following primary percutaneous 

coronary intervention. Eur Heart J 2009; 30:1978-85. 

 181.  Baks T, van Geuns RJ, Biagini E, et al. Recovery of left ventricular function after primary 

angioplasty for acute myocardial infarction. Eur Heart J 2005; 26:1070-7. 

 182.  Rubenstein JC, Ortiz JT, Wu E, et al. The use of periinfarct contrast-enhanced cardiac 

magnetic resonance imaging for the prediction of late postmyocardial infarction ventricular 

dysfunction. Am Heart J 2008; 156:498-505. 

 183.  Wu E, Ortiz JT, Tejedor P, et al. Infarct size by contrast enhanced cardiac magnetic 

resonance is a stronger predictor of outcomes than left ventricular ejection fraction or end-

systolic volume index: prospective cohort study. Heart 2008; 94:730-6. 

 184.  Galli M, Marcassa C, Bolli R, et al. Spontaneous delayed recovery of perfusion and 

contraction after the first 5 weeks after anterior infarction. Evidence for the presence of 

hibernating myocardium in the infarcted area. Circulation 1994; 90:1386-97. 

 185.  Uren NG, Crake T, Lefroy DC, de SR, Davies GJ, Maseri A. Delayed recovery of coronary 

resistive vessel function after coronary angioplasty. J Am Coll Cardiol 1993; 21:612-21. 

 186.  Braunwald E, Kloner RA. The stunned myocardium: prolonged, postischemic ventricular 

dysfunction. Circulation 1982; 66:1146-9. 



                                                           68                                                                    References 
 

 187.  Orn S, Manhenke C, Anand IS, et al. Effect of left ventricular scar size, location, and 

transmurality on left ventricular remodeling with healed myocardial infarction. Am J Cardiol 

2007; 99:1109-14. 

 188.  Christian TF, Gitter MJ, Miller TD, Gibbons RJ. Prospective identification of myocardial 

stunning using technetium-99m sestamibi-based measurements of infarct size. J Am Coll 

Cardiol 1997; 30:1633-40. 

 189.  Pfeffer MA, Pfeffer JM, Fishbein MC, et al. Myocardial infarct size and ventricular function 

in rats. Circ Res 1979; 44:503-12. 

 190.  White HD, Norris RM, Brown MA, Brandt PW, Whitlock RM, Wild CJ. Left ventricular 

end-systolic volume as the major determinant of survival after recovery from myocardial 

infarction. Circulation 1987; 76:44-51. 

 191.  Burns RJ, Gibbons RJ, Yi Q, et al. The relationships of left ventricular ejection fraction, end-

systolic volume index and infarct size to six-month mortality after hospital discharge 

following myocardial infarction treated by thrombolysis. J Am Coll Cardiol 2002; 39:30-6. 

 192.  Kurz K, Schild C, Isfort P, Katus HA, Giannitsis E. Serial and single time-point 

measurements of cardiac troponin T for prediction of clinical outcomes in patients with acute 

ST-segment elevation myocardial infarction. Clin Res Cardiol 2009; 98:94-100. 

 193.  Bekkers SC, Smulders MW, Passos VL, et al. Clinical implications of microvascular 

obstruction and intramyocardial haemorrhage in acute myocardial infarction using 

cardiovascular magnetic resonance imaging. Eur Radiol 2010; 20:2572-8. 

 194.  Weir RA, Murphy CA, Petrie CJ, et al. Microvascular obstruction remains a portent of 

adverse remodeling in optimally treated patients with left ventricular systolic dysfunction 

after acute myocardial infarction. Circ Cardiovasc Imaging 2010; 3:360-7. 

 195.  Neizel M, Futterer S, Steen H, et al. Predicting microvascular obstruction with cardiac 

troponin T after acute myocardial infarction: a correlative study with contrast-enhanced 

magnetic resonance imaging. Clin Res Cardiol 2009; 98:555-62. 

 196.  Bogaert J, Kalantzi M, Rademakers FE, Dymarkowski S, Janssens S. Determinants and 

impact of microvascular obstruction in successfully reperfused ST-segment elevation 

myocardial infarction. Assessment by magnetic resonance imaging. Eur Radiol 2007; 

17:2572-80. 

 197.  Lonborg J, Holmvang L, Kelbaek H, et al. ST-Segment resolution and clinical outcome with 

ischemic postconditioning and comparison to magnetic resonance. Am Heart J 2010; 

160:1085-91. 



                                                           69                                                                    References 
 

 198.  Haeck JD, Verouden NJ, Kuijt WJ, et al. Impact of early, late, and no ST-segment resolution 

measured by continuous ST Holter monitoring on left ventricular ejection fraction and infarct 

size as determined by cardiovascular magnetic resonance imaging. J Electrocardiol 2011; 

44:36-41. 

 199.  Nijveldt R, van d, V, Hirsch A, et al. Early electrocardiographic findings and MR imaging-

verified microvascular injury and myocardial infarct size. JACC Cardiovasc Imaging 2009; 

2:1187-94. 

 200.  Wagner GS, Hakacova N. Electrocardiographic measures of myocardial function and 

necrosis. JACC Cardiovasc Imaging 2009; 2:1195-7. 

 201.  Verouden NJ, Haeck JD, Kuijt WJ, et al. Prediction of 1-year mortality with different 

measures of ST-segment recovery in all-comers after primary percutaneous coronary 

intervention for acute myocardial infarction. Circ Cardiovasc Qual Outcomes 2010; 3:522-9. 

 202.  Verouden NJ, Haeck JD, Kuijt WJ, et al. Early ST-segment recovery after primary 

percutaneous coronary intervention accurately predicts long-term prognosis after acute 

myocardial infarction. Am Heart J 2010; 159:1005-11. 

 203.  Terkelsen CJ, Norgaard BL, Lassen JF, et al. Potential significance of spontaneous and 

interventional ST-changes in patients transferred for primary percutaneous coronary 

intervention: observations from the ST-MONitoring in Acute Myocardial Infarction study 

(The MONAMI study). Eur Heart J 2006; 27:267-75. 

 204.  Kumar S, Sivagangabalan G, Hsieh C, et al. Predictive value of ST resolution analysis 

performed immediately versus at ninety minutes after primary percutaneous coronary 

intervention. Am J Cardiol 2010; 105:467-74. 

 205.  Hallen J, Atar D, Sejersten M, Clemmensen P, Johanson P. Optimal time-point of ST-

segment assessment for risk-stratification following primary percutaneous coronary 

intervention. Am J Cardiol 2010; 105:1648-9. 

 206.  van der Zwaan HB, Stoel MG, Roos-Hesselink JW, Veen G, Boersma E, von BC. Early 

versus late ST-segment resolution and clinical outcomes after percutaneous coronary 

intervention for acute myocardial infarction. Neth Heart J 2010; 18:416-22. 

 207.  Gustafsson F, Atar D, Pitt B, Zannad F, Pfeffer MA. Maximizing scientific knowledge from 

randomized clinical trials. Am Heart J 2010; 159:937-43. 

 208.  Taleb NN. Fooled By Randomness. 1 ed. W.W. Norton, 2001. 

 209.  Grothues F, Moon JC, Bellenger NG, Smith GS, Klein HU, Pennell DJ. Interstudy 

reproducibility of right ventricular volumes, function, and mass with cardiovascular magnetic 

resonance. Am Heart J 2004; 147:218-23. 



                                                           70                                                                    References 
 

 210.  Engblom H, Arheden H, Foster JE, Martin TN. Myocardial infarct quantification: is magnetic 

resonance imaging ready to serve as a gold standard for electrocardiography? J Electrocardiol 

2007; 40:243-5. 

 211.  Kim RJ, Albert TS, Wible JH, et al. Performance of delayed-enhancement magnetic 

resonance imaging with gadoversetamide contrast for the detection and assessment of 

myocardial infarction: an international, multicenter, double-blinded, randomized trial. 

Circulation 2008; 117:629-37. 

 212.  Mahrholdt H, Wagner A, Holly TA, et al. Reproducibility of chronic infarct size 

measurement by contrast-enhanced magnetic resonance imaging. Circulation 2002; 

106:2322-7. 

 213.  Gibbons RJ, Valeti US, Araoz PA, Jaffe AS. The quantification of infarct size. J Am Coll 

Cardiol 2004; 44:1533-42. 

 214.  Heiberg E, Engblom H, Engvall J, Hedstrom E, Ugander M, Arheden H. Semi-automatic 

quantification of myocardial infarction from delayed contrast enhanced magnetic resonance 

imaging. Scand Cardiovasc J 2005; 39:267-75. 

 215.  Heiberg E, Ugander M, Engblom H, et al. Automated quantification of myocardial infarction 

from MR images by accounting for partial volume effects: animal, phantom, and human 

study. Radiology 2008; 246:581-8. 

 216.  Yan AT, Gibson CM, Larose E, et al. Characterization of microvascular dysfunction after 

acute myocardial infarction by cardiovascular magnetic resonance first-pass perfusion and 

late gadolinium enhancement imaging. J Cardiovasc Magn Reson 2006; 8:831-7. 

 217.  Wu KC, Kim RJ, Bluemke DA, et al. Quantification and time course of microvascular 

obstruction by contrast-enhanced echocardiography and magnetic resonance imaging 

following acute myocardial infarction and reperfusion. J Am Coll Cardiol 1998; 32:1756-64. 

 218.  Nefzger MD, Drasgow J. The needless assumption of normality in Pearson's r. American 

Psychologist 1957; 12:623-5. 

 219.  Michaels AD, Goldschlager N. Risk stratification after acute myocardial infarction in the 

reperfusion era. Prog Cardiovasc Dis 2000; 42:273-309. 

 220.  Martinoni A, De SS, Politi A, et al. Defining high-risk patients with ST-segment elevation 

acute myocardial infarction undergoing primary percutaneous coronary intervention: A 

comparison among different scoring systems and clinical definitions. Int J Cardiol 2011. 

 221.  Halkin A, Singh M, Nikolsky E, et al. Prediction of mortality after primary percutaneous 

coronary intervention for acute myocardial infarction: the CADILLAC risk score. J Am Coll 

Cardiol 2005; 45:1397-405. 



                                                           71                                                                    References 
 

 222.  De Luca G, Suryapranata H, van 't Hof AW, et al. Prognostic assessment of patients with 

acute myocardial infarction treated with primary angioplasty: implications for early 

discharge. Circulation 2004; 109:2737-43. 

 223.  Stebbins A, Mehta RH, Armstrong PW, et al. A model for predicting mortality in acute ST-

segment elevation myocardial infarction treated with primary percutaneous coronary 

intervention: results from the Assessment of Pexelizumab in Acute Myocardial Infarction 

Trial. Circ Cardiovasc Interv 2010; 3:414-22. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



72                                                                               
   

 



73                                                   Papers                           
    

 
12. PAPERS 

 



 
 

 

 

  



I





II





III





IV





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




