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ABSTRACT 

Background 

ST elevation myocardial infarction (STEMI) caused by a ruptured atherosclerotic plaque with 

overlying thrombosis leads to ischemia and progressively to the death of the myocardial cells 

supplied by the affected coronary artery. Rapid reperfusion with primary Percutaneous Coronary 

Intervention (PCI) in an experienced centre is the preferred therapy for these patients. The aim of the 

research program on which this thesis is based was to study the effect of antiplatelet therapy with 

abciximab on coronary patency when administered early to an unselected cohort of patients with 

STEMI intended for primary PCI, to study the impact of health care delay time on infarct size 

measured with contrast enhanced Magnetic Resonance Imaging (ceMRI), and to evaluate if time 

delays could be reduced through reorganisation of logistics and personal feedback to staff involved in 

the care of STEMI patients. Finally measures of wall motion on cine MRI were evaluated to elucidate 

if functional measurements of the left ventricular wall could detect scar tissue visualised on ceMRI in 

a post-acute phase of primary PCI. 

 

Material and results 

In paper I we report on a study of all consecutive patients who sustained a STEMI in 2005 in the 

county of Östergötland and who were to be treated with primary PCI. Abciximab given as pre-

treatment before (n=133) or at the cath-lab after a diagnostic angiography (n=109) was associated 

with a patent Infarct Related Artery (IRA), i.e. Thrombolysis in Myocardial Infarction (TIMI) flow 2-3, 

in 45.9% of patients in the early group versus 20.2% in the cath-lab group, p=0.0001. There were no 

statistically significant differences in bleeding or mortality rate during the initial hospital stay, nor 

were there any significant differences between the groups during one-year follow up regarding a 

Major Adverse Cardiac Event (MACE).  

 

Paper II is based on an examination of 30 patients in a stable clinical condition with ceMRI 4-8 weeks 

after they had been treated with primary PCI because of STEMI. Patients were selected on the 

presence of extensive myocardial scar in the anteroseptal segments (n=17) or no scar visible at all in 

this area or in any other part of the myocardium (n=13). The purpose of the study was to evaluate 

the ability of a new feature tracking software to measure functional parameters of the heart. The left 

ventricular wall was divided into 18 segments and myocardial contraction was measured with 

velocity, displacement and strain in the longitudinal and radial direction. The software calculated a 
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mean value for the 18 segments for each parameter. Receiver-operator-characteristics curves (ROC) 

were constructed. The best area-under-curve (AUC) was for radial strain where a cut-off value of 

38.8% had 80% sensitivity and 86% specificity to detect segments with scar>50%.  

 

The impact of health care delay was examined in paper III based on a study in which 89 STEMI 

patients treated with primary PCI had their infarct size measured with ceMRI in the post-acute phase. 

Time from First Medical Contact (FMC) to a patent artery correlated weakly with infarct size, r=0.27, 

p=0.01. However, multivariable analysis showed the LAD as the Infarct Related Artery (IRA), active 

smoking and occlusion of the IRA at the time of the diagnostic angiogram were correlated with 

infarct size and that time from FMC to patent artery was not so correlated.  

 

Finally, in the study leading to paper IV, extensive measurements on time delays were performed on 

67 consecutive patients with STEMI treated with primary PCI. Through collaboration with different 

stakeholders in the treatment of STEMI in the catchment area the following types of targeted 

refining of logistics were done; 1. Ambulance staff prioritise ECG recording, 2. Central evaluation of 

ECG in all patients with suspected STEMI, and 3. PCI team is ready to accept the patient when two 

out of three members are on site. Moreover, personal feedback on time delays for each STEMI 

patient was given to all staff involved in the treatment of the patient. Thereafter, all the time delays 

for a similar group of consecutive STEMI patients (n=89) were analysed and compared with the 

delays for the former group. Improvements seen in the post-intervention group were a reduction in 

time from ECG to cath-lab arrival by 11 minutes, p=0.02 and a non-significant decrease of FMC to a 

patent artery by six minutes. The main part of this improvement could probably be ascribed to the 

decision to see to it that an attending cardiologist was present 24/7 and to central evaluation of ECG. 

 

Conclusion 

Abciximab given as pre-treatment to patients with STEMI intended for primary PCI was associated 

with a patent artery in 46% of patients. Moreover, we demonstrated a relationship between health 

care delay time and infarct size. This delay time could be reduced by a reorganisation of logistics and 

personal feedback on time delays. Finally, feature tracking analysis of cine MR images could detect 

segments with extensive myocardial scar in anterior infarction with 80% sensitivity and 86% 

specificity. 
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INTRODUCTION 

BACKGROUND 

Every year more than 5000 people in Sweden need rapid medical care because of a STEMI 1. Even 

though the incidence and case fatality rate have decreased during the past several decades 2,3 the 

consequences regarding mortality, morbidity and cost to the society are serious 4. The main focus of 

the research on which this thesis is based was to provide a foundation for discussing strategies used 

to improve outcome in patients with STEMI treated with primary PCI. One strategy is adjunctive early 

antiplatelet therapy with Gp IIb/IIIa inhibitors, i.e. facilitated PCI, with the goal of establishing a 

patent IRA before coronary intervention. Another strategy is to reduce ischemic time. If we assume a 

relationship between health care delay time and outcome in STEMI, a hypothesis explored in this 

thesis, strategies to reduce this delay could be of benefit to the patient.  

THE UNDERLYING PATHOLOGY OF STEMI 

In 1927, Benson was the first to describe coronary thrombosis due to fissuring of the intima as a 

cause of acute myocardial infarction 5. In 1983 the Danish pathologist Erling Falk demonstrated  the 

primary role of plaque rupture as a trigger of coronary thrombosis 6, Figure 1. The thrombus  

interrupts blood flow distal to the clot  consequently resulting in myocardial cell death due to 

prolonged ischemia 7. Fissuring and disruption of atherosclerotic plaques can take place even in non-

significant coronary stenosis, Figure 2.  
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Figure 1. Depicts a human coronary artery showing a ruptured atherosclerotic plaque. Thrombus is filling the plaque and 

part of the artery. Reprinted with permission from Elsevier (left) and BMJ Publishing group (right). 

 

 

 

 

 

 

 

 

 

Figure 2. Depicts Optical Coherence Tomography inside the Left Anterior Descending artery of a human being. The white 

arrow points to a thin capsule overlying an atherosclerotic plaque (yellow arrow). Due to the thin capsule of the plaque the 

risk of rupture and subsequent occlusive thrombosis is very high. The person succumbed from an anterior myocardial 

infarction some weeks after the study. Courtesy of Dr. Dario Hauer, Linköping. 

 

Animal 8 and clinical studies 9 have demonstrated that myocardial cell death occurring over time is 

spread like a wave front in the myocardium.  Myocardial cell death begins as early as 20 minutes 

after the occlusion of the artery and is said to be complete within six hours, Figure 3. This period can 

vary considerably due to several factors including the presence of intermittent periods of transient 

reperfusion, collateral circulation or the presence of ischemic preconditioning 10,11. The loss of 
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functional myocardium leads to a reduction in left ventricular function, a process that can affect the 

patients’ quality of life and cause premature death 12.  

 

Figure 3. Diagrammatic summary of the progression of ischemia with respect to the duration of the coronary occlusion. 

Necrosis (all shaded areas) occurs first in the subendocardial area and is spread ”like a wave” to involve more and more of 

the ischemic zone.  Microvascular injury (horizontal cross hatching) and the extent of the central necrotic core (dotted areas) 

also progress from subendocardial to subepicardial zones but the time scale is slower. Reprinted with permission from 

Wolters Kluwer Health. 

THROMBOLYSIS FOR REPERFUSION 

In the late 1980s the GISSI 1 and ISIS 2 13,14 studies found that a comparison of patients with STEMI 

thrombolytic therapy (Streptokinase) with those given a placebo established that the therapy 

reduced short term mortality by almost 3%. These results were improved in the GUSTO 1 study in 

which there was a further reduction of mortality  if front-loaded alteplase was used instead of 

streptokinase 15. Interestingly, a GUSTO 1 angiographic substudy revealed an association between 

the patency of the IRA and outcome 16. Studies have shown that time to reperfusion with 
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thrombolysis is a critical determinant of outcome 17. Thrombolytic therapy has its greatest effect on 

reperfusion when administered to patients within 2-3 h after symptom onset, the so called golden 

hour 18. Prehospital administration of thrombolytic therapy to STEMI patients has been effective and 

safe and is associated with substantial gain in time to treatment and efficacy 19,20. It seems that the 

ability of thrombolytic agents to reperfuse the occluded artery diminishes with time 21,22. 

PERCUTANEOUS CORONARY INTERVENTION 

On September 16, 1977, Dr. Andreas Grüntzig performed the first coronary angioplasty on a 38-year-

old businessman suffering from angina because of a stenosis on the LAD, Figure 4 23.  Later that year 

at the 50th Scientific Sessions of the AHA, Grüntzig presented four cases treated with coronary 

angioplasty 24. The method became widespread and in 1982 the first PCI in STEMI was performed 25.  

 

Figure 4. The angiogram of the first PCI showing a stenosis in the proximal LAD (Arrow). Reprinted with permission from 

Wolters Kluwer Health. 

 

In 1993 two randomized studies comparing primary PCI with thrombolysis in STEMI showed a 

reduction in death or reinfarction 26 and a higher patency rate of the IRA and better left ventricular 

function 27 in favour of PCI. The debate about  which method of revascularization should be used in 

this setting became intense 28. However, in 2003 Keeley presented a Meta-analysis of 23 randomized 
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trials 29 that showed a 27 % reduction in short-term mortality in patients treated with  primary PCI 

compared to those receiving reperfusion therapy with thrombolysis. The analysis also provided 

evidence that PCI reduced reinfarction, intracranial bleeding, reocclusion of the IRA and recurrent 

ischemia. Primary PCI became more and more the preferred method of revascularization in STEMI 

and is used in more than 80% of patients under the age of 80 with STEMI in Sweden today 30, Figure 

5. A major drawback with primary PCI is the limited access to hospitals where primary PCI can be 

performed since primary PCI requires a highly coordinated organization, especially when transfer of 

patients from hospitals without these facilities is needed to provide PCI at one so equipped 31.  

 

 

Figure 5. Evolution of reperfusion therapy in patients with STEMI in Sweden. From SWEDEHEART annual report 2011 

(English). (http://www.ucr.uu.se/swedeheart/index.php/arsrapporter) 
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TIMELINESS OF REPERFUSION 

Given the urgency of reperfusion of the occluded artery, considerable attention has been given to 

the implementation of a reperfusion strategy that salvages as much myocardium as possible. A 

fundamental aspect of reperfusion is that time is essential since ischemia leading to myocardial cell 

death is a progressive process. In a meta-analysis by Nallamotho the PCI related delay beyond which 

the benefit of primary PCI over thrombolysis was outweighed by the harmful effect of postponing 

reperfusion therapy was 60 minutes. In other words if PCI was delayed more than 60 minutes in 

comparison to thrombolysis, the latter should become the preferred reperfusion therapy. 32. Other 

authors have questioned this relatively short PCI-related delay and have argued that the time frame 

is based on summary statistics rather than individual data 33. A meta-analysis based on individual 

patient data made by Boersma found a beneficial effect of primary PCI even at PCI-related delays of 

80-120 min 34. The acceptable delay for PCI in comparison with thrombolysis probably varies 

according to time from symptom onset, infarct location and the patient’s bleeding risk. In a subgroup 

analysis of the CAPTIM trial 35 there was a higher mortality in patients who presented within two 

hours of symptom onset and had been treated with primary PCI than those receiving pre-hospital 

thrombolysis. And in the PRAGUE2 trial, thrombolysis given within 3 hours of symptom onset was 

equal to primary PCI in terms of mortality at 30 days 36. The recent guidelines from the ESC 

recommend that thrombolysis be seen as an alternative to primary PCI when PCI cannot be 

performed within 120 minutes of the FMC and in patients showing symptoms of short duration, i.e.  

< 2h 37. 

DOES TIME MATTER IN PRIMARY PCI? 

It has been held that primary PCI may be relatively independent of the time interval between 

symptom onset, that is the presumed time of the occlusion of the IRA, and mechanical reperfusion 

16
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with primary PCI 38. Some studies have suggested that time delays in primary PCI are important only 

within the first 2-3 hours 39,40 or in high risk patients, such as those in cardiogenic shock 41. Other 

studies have shown a poorer outcome in STEMI patients with a delay of treatment with PCI 42-45. In 

contrast there has been more consistency regarding delays in door-to-balloon times and outcome, 

that is the time the health care system needs to establish reperfusion of the IRA 46-48. Door-to-balloon 

time has become an important issue to be studied and to then be improved 49-53. This time interval is 

also regarded as an indicator of the quality of the institution delivering primary PCI 54. Several 

strategies have been associated with reducing delay time; these include pre-hospital ECG to activate 

the cath- lab, an attending cardiologist on site 24/7, continuous feedback and interdisciplinary 

collaboration throughout the process 55-57. Multiple studies have evaluated these strategies 58-62. 

However, only a few of the studies have been done in a setting with a high frequency of direct 

admission by ambulance to the cath lab 63,64, a strategy common in Scandinavia and used frequently 

in our STEMI network. Many hospitals still fail to deliver reperfusion therapy with PCI within a 

satisfactory time interval; room for improvement exists 30,65,66. 

FACILITATED PRIMARY PCI 

The purpose of facilitated PCI in STEMI is to improve the patency of the IRA by administration of 

pharmacological substance(s) before the intervention 67,68. Gp IIb/IIIa inhibitor therapy has been 

shown to inhibit platelet aggregation 69,70 and thrombus formation on damaged endothelium 71 and 

can dissolve thrombi already formed 72. The effects of this process can be observed within 10 

minutes after initiation of therapy 73. Antiplatelet therapy with Gp IIb/IIIa inhibitors has been 

associated with improved outcome when given as adjunctive therapy to primary PCI 74-77 especially in 

high risk patients 78,79. Results from the ADMIRAL 80 trial indicated that early administration was 

associated with an amplification of the treatment effect 81. Furthermore, patients who had already 

received Gp IIb/IIIa inhibitor therapy in the Emergency Room had an enhancement of TIMI flow 

17
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before intervention, a finding corroborated by several trials 82-87. A strategy of giving  antiplatelet 

therapy with Gp IIb/IIIa inhibitors as early as possible has been examined in several studies and has 

been associated with smaller infarct size 88, improved left ventricular function 89, lower risk of heart 

failure 90, better ST-segment resolution after intervention 91,92, higher degree of myocardial salvage 

93,94, aborted myocardial infarction 95, and lower mortality 96-99, especially among high risk patients 100. 

However other studies have not been able to show these beneficial effects among STEMI patients 

treated with primary PCI 101-103. Moreover, studies of the clinical effects of early Gp  IIb/IIIa blockade 

on top of a high loading dose of clopidogrel (600 mg) have shown conflicting results 92,104-106.  

 

The randomised FINESSE study including almost 2500 patients could not show improved clinical 

outcome with a strategy that used facilitation with the Gp IIb/IIIa inhibitor abciximab 107. However, a 

substudy of that trial showed a benefit in the primary endpoint in high risk patients 108. Recently in 

the large scale HORIZON-AMI study it was reported that there was a significantly higher rate of major 

bleeding and a worse net clinical outcome in patients treated with Gp IIb/IIIa inhibitors in 

comparison with those treated with the direct thrombin inhibitor bivalirudin 109. Guidelines from the 

ACC/AHA state that the results of the studies with Gp IIb/IIIa inhibitors cited above are inconclusive 

now in an era where patients receive dual-antiplatelet therapy together with heparin or bivalirudin. 

The adjunctive use of Gp IIb/IIIa inhibitors can be useful in primary PCI but is not recommended as 

routine therapy 110. The recent guidelines from the ESC conclude that the desirability of using 

upstream Gp IIb/IIIa blockade is uncertain 37. 
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CONTRAST ENHANCED MAGNETIC RESONANCE IMAGING 

The basic principle of MRI is the excitation of the hydrogen nuclei by external RF to create tissue 

magnetization that decays (relaxation). Hydrogen is abundant in water and fat. In its resting state 

hydrogen nuclei spin randomly either parallel or anti-parallel (a few) to the magnetic field. The RF 

pulse excites the nuclei that now spin in a different plane, off angle to the magnetic main field. When 

the RF pulse is turned off the nuclei return to their basal state. This process releases energy that can 

be transformed into a radio signal and further transformed to an image. Relaxation is quantified as 

T1 signal (transverse axis) and T2 (return of the signal in the longitudinal axis). The properties of the 

signals are specific for different tissues allowing differentiation between blood, epicardial fat, cardiac 

muscle and myocardial scar 111. Gradient echo images and SSFP sequences are commonly used and 

have remarkable contrast. Protocols used today have a high signal to noise ratio and high spatial 

resolution 112. Cine MRI allows for assessment of regional wall motion which also can be done during 

stress with dobutamine.  Gadolinium is a chemical element that has paramagnetic properties. It has 

been used ubiquitously in MRI of the entire body and was pioneered in studies of myocardial 

infarction by Kim et al. 113. Gadolinium rapidly distributes into interstitial areas of the myocardium 

and accumulates in the scar tissue because of a delayed wash out. It shortens the T1 relaxation 

producing a bright, white signal that distinguishes scarred from normal myocardium, Figure 6 114. This 

technique, known as Late Gadolinium Enhancement or ceMRI, has become a powerful tool for 

measuring relative as well as absolute infarct size after myocardial infarction 115-117. Using this 

technique the region and size of the irreversibly damaged myocardium can be identified accurately 

and can be quantified 118-121. 
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Figure 6. ceMRI depicting large anterior myocardial infarction (Arrows). Gadolinium is enhanced in scarred tissue and 

shortens relaxation time more in the infarct than in normal tissue giving a bright, white signal clearly delineating the infarct 

from the normal tissue. Courtesy of Dr. Jan Engvall, Linköping. 

 

Moreover, transmurality of the infarct in excess of 50% of the myocardial wall thickness has been 

associated with a negative predictive value of 90% of absence of functional recovery after 

revascularisation122. Concern has been raised regarding the rare but feared complication called 

nephrogenic systemic fibrosis that can be induced by the administration of gadolinium contrast to 

patients with renal insufficiency (GFR< 30 ml/min). Reduction in glomerular filtration rate carries a 

worse prognosis among patients with STEMI 123 especially in women124. Recent work has shown a 

worse prognosis in patients with STEMI even with mild impairment of renal function125. If possible, 

gadolinium contrast should not be given to patients with reduced kidney function 126. If other MRI 

methods could be used in STEMI to evaluate myocardial function and infarct size without the 

necessity of using gadolinium contrast this could possibly be of benefit for the patient. 

THE STEMI NETWORK IN ÖSTERGÖTLAND, SWEDEN 

On January 1, 2005, the Department of Cardiology at the University Hospital, Linköping, adopted a 

strategy of primary PCI for all patients in the county of Östergötland (420 000 inhabitants) if there 

was reason to suspect the presence of an acutely occluded coronary artery. Patients presenting with 

symptoms suggestive of acute coronary syndrome and ECG signs of transmural ischemia, i.e. ST 
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elevation, extensive anterior ST depression or presumed new bundle branch block, were sent directly 

to the cath-lab for planned primary PCI. Patients were pre-treated with aspirin 300 mg orally if there 

was no contraindication. Abciximab bolus (0.25 mg/kg), Heparin 50 E/kg, maximum 5000 E, and 

betablockers were all given at the discretion of the attending physician. Physicians were encouraged 

to pre-treat the patient with abciximab if the patient had clear symptoms of an ACS and distinct signs 

of ischemia on the ECG. On the other hand, patients with a high risk of bleeding, i.e. patients on 

warfarin, who were older, who had a history of bleeding or for whom the diagnosis was unclear were 

recommended to receive abciximab, if at all, first after a diagnostic angiogram had confirmed an 

occlusion/stenosis in the IRA and that the obstruction was suitable for PCI.  A clopidogrel loading 

dose of 375 mg was given to all patients without a contraindication in the CCU after angiography/PCI 

had been carried out unless the patient was scheduled for CABG in the following days. Based on the 

results of the FINESSE 107 and HORIZONS-AMI 109 trials, Gp IIb/IIIa inhibitors are at the moment not 

given as pre-treatment by the EMS in the county of Östergötland. However, in rare cases they are 

given in the Emergency Room of the admitting spoke hospitals in Motala and Norrköping while 

waiting for transfer of the patient to the cath-lab at the University Hospital in Linköping.  

21
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AIMS 

The aims of the research program on which this thesis is based were to 

 

• study the effect of the early administration of antiplatelet therapy on coronary patency and 

major adverse cardiovascular events in an unselected cohort of consecutive patients with ST 

elevation myocardial infarction planned for primary PCI. 

 

• study the impact of health-care delay in patients with STEMI on infarct size measured with 

cardiac MRI. 

 
• In the post-acute phase evaluate measures of wall motion on cine magnetic resonance 

images in patients with STEMI treated with primary PCI to elucidate if functional 

measurements of the left ventricular wall could detect scar defined with gadolinium contrast 

enhanced MRI thus avoiding the use of intravenous gadolinium contrast. 

 

• identify points of time delays in the STEMI network in Östergötland, Sweden, between first 

medical contact and establishment of a patent infarct related artery in order to 

 
• reduce time delays through reorganization of logistics and personal feedback to staff 

involved in the care of STEMI patients. 
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MATERIAL AND METHODS 

PAPER I 

In the study for paper I all patients with a STEMI intended for primary PCI at the University Hospital 

in Linköping were considered for the “STEMI 2005” study. Between 1 st January and 31 st December 

2005 all admitted patients were logged on a log sheet in the CCU at the University Hospital regarding 

key information on time of symptom onset, ECG findings, time of administration of abciximab bolus 

and time of arrival at the cath-lab. 

 

In addition patients were registered in the quality databases RIKS-HIA 127 and SCAAR 128 . RIKS-HIA 

contains information about patients admitted to CCU of the participating hospitals in Sweden while 

SCAAR holds information on coronary angiography/PCI procedures performed in cath-labs in Sweden 

including complications from the procedure. From RIKS-HIA information on demographic data, risk 

factors, ECG, Killip class on admission and type of medical treatment was obtained. The SCAAR 

registry was used to retrieve data on type of stent uses, lesion location, renal function and 

information on major and minor bleeding after PCI. The registries are repeatedly merged with 

information from the National Cause of Death Register. 

 

All angiograms were analysed by three experienced PCI operators to identify the IRA, the location of 

the culprit lesion, TIMI flow grade before and after PCI, type of PCI performed and if treatment had 

been successful (defined as obtained TIMI 3 flow and stenosis of the culprit lesion < 50%). 

Reinfarction during the initial hospital stay was defined as a new rise in in myocardial markers with at 

least 50 % accompanied by new ischaemic symptoms. After discharge reinfarction was defined as 

rehospitalisation with a diagnosis at discharge of myocardial infarction or myocardial infarction 
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verified by autopsy. Major bleeding was defined as intracranial bleeding (confirmed by CT scan), or 

other bleedings accompanied with a reduction in haemoglobin of > 50 g/l. Minor bleedings were 

defined as a fall in haemoglobin between 30 and 50 g/l or unobserved bleeding with a fall in 

haemoglobin between 40 and 50 g/l. A pseudoaneurysm requiring surgery, local injection of 

thrombin or ultrasound guided local compression was also considered a minor bleeding. RIKS-HIA 

was used to verify if the patient had a new myocardial infarction or had died after the index 

hospitalisation.  

  

The Swedish Registry Heart Surgery in Adults and Children and the local cardiac database at the 

Heart Centre, Östergötland, was used to identify patients with a CABG surgery after the index 

myocardial infarction. The SCAAR registry was used to examine if the patient underwent repeat 

angiography or PCI and all new angiograms and procedures performed at the cath-lab at the 

Department of Cardiology, Linköping, were scrutinized for the presence of a new lesion, restenosis or 

stent thrombosis after the index procedure, and any new procedure performed. In doubtful cases 

the patient’s medical records were used for clarification. 

 

A MACE was defined as death, non-fatal reinfarction or a revascularisation not planned at the index 

procedure. Patients were followed for one year regarding myocardial infarction and 

revascularisation. Mortality status was followed for two years. The cause of death was available only 

until December 2006. 
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PAPER II 

Between February 2006 and September 2007, 99 patients treated with primary PCI at the cath-lab at 

the University Hospital in Linköping were examined with ceMRI six weeks after their infarction in a 

study that evaluated the impact of health care delay time on infarct size. From this population we 

selected 30 patients to study a new feature tracking software (At the time called Diogenes MRI, now 

available as 2D-CPA, Tomtec GmbH, Unterschleissheim, Germany) on cine MRI to evaluate the 

capacity of the software to measure functional parameters of the left ventricular myocardium and 

thereby detect the segmental distribution of infarcted myocardium. If use of such software was 

successful, the administration of intravenous gadolinium contrast could possibly be avoided since it 

has been associated with nephrogenic systemic fibrosis, especially in patients with reduced kidney 

function. 

 

The 30 patients were selected on the presence or absence of extensive myocardial scar in the 

anterior or anteroseptal segments that were considered to belong to the LAD territory. Scar patients 

(n=17) were defined as having a scar area in excess of 75 % in at least one segment belonging to this 

area. Non-scar patients had no visible scar in this area, or in any other part of the myocardium. These 

patients did not display scar on ceMRI despite unequivocal signs of STEMI necessitating PCI of a clear 

culprit lesion and having been discharged with a diagnosis of myocardial infarction. The anteroseptal 

area was selected because it was the most frequent infarct location in the study population. The 

intention was to contrast the possible effects of a scar on the functional parameters that were to be 

determined with the feature tracking software.  

 

Cine short axis loops were used to determine left ventricular volumes, mass and ejection fraction. 

Contrast enhanced images were acquired at the same slice positions as the cine images about 20 
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minutes after administrating gadopentetatedimeglumine 0.2 mmol/kg bodyweight (Schering 

Nordiska AB, Järfälla, Sweden). The size of the scar was determined in ml and as percentage of left 

ventricular mass using “Segment”, a freely available software (http://www.medviso.com/segment). 

In this study, transmurality was defined as infarct area divided by segment area, Figure 7. 

 

Figure 7.Transmurality of scar calculated from Late Gadolinium Enhanced image (2 chamber view). Scar is 100 % transmural 

along the middle and apical part of the anterior wall. Calculation performed with the “Segment” software. Reprinted with 

permission from Cardiovascular Ultrasound. 

 

The feature tracking software utilizes principles of pattern recognition well known from other areas 

of image analysis. Briefly, the left ventricle is manually segmented along the endocardial border.  The 

software scans perpendicularly to the endocardial outline and starts with a distance of 1/16 of the 

endocardial perimeter, reducing the distance with successive iterations. Based on tracking particular 

features of the myocardium, velocity, displacement and strain can be calculated in the radial as well 

as in the longitudinal and circumferential direction, Figure 8. In this paper, feature tracking was 

performed on three longaxis cineloops.  The left ventricular wall was divided into 18 segments and 

the software calculated a mean value for each of the 18 segments for each parameter, Figure 9. 
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Figure 8. The feature tracking technique uses pattern recognition derived from image processing. Briefly, areas along the 

endocardial border are scanned for image features that can be followed over time. Successive scans are repeated and 

refined, starting with a radial distance 1/16 of the endocardial perimeter. The identified points are used for calculating 

distance, velocity and strain. Courtesy of Rolf Baumann, Tomtec, GmbHUnterschleissheim, Germany. 

 

 

Figure 9. Depicts feature tracking of patient with extensive anterior infarct. Upper right shows radial strain for the entire 

cardiac cycle. Blue represents the apex showing very low strain values. Red line  is the normal posterior wall. Lower right 

shows radial strain along the entire perimeter in a “colour M-mode” presentation with the posterior position located at the 

base of the image. 

 

PAPER III 

Between February 2006 and September 2007, 589 patients were treated with primary PCI because of 

ST elevation myocardial infarction at the Department of Cardiology, Linköping. Of these 589 patients, 

149 gave their written informed consent to be examined with contrast enhanced Magnetic 

Resonance Imaging (ceMRI) 4-8 weeks after their index myocardial infarction. Thus, the majority of 
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STEMI patients were not asked to participate mostly due to administrative reasons, long distance to 

the hospital, early transfer to the local hospital, or other factors preventing participation of the 

patient.  

 

After written informed consent had been obtained almost one third of patients (n=60) were excluded 

due to the following reasons; previous myocardial infarction (7), death (3), reinfarction (1), new 

revascularisation with PCI/CABG before ceMRI could be performed (15), a new contraindication to 

ceMRI (3), claustrophobia while in the magnet (4), inability to perform the whole ceMRI study (2), 

and unwillingness to return to the hospital to perform the ceMRI study (23). One patient was not 

examined with ceMRI because of malignancy and one patient was lost to follow up. Thus, 89 patients 

remained for further analysis. 

 

ceMRI was performed 4-8 weeks after the date of primary PCI. The patients were placed in the 

magnet (1.5 T Achieva, Philips Healthcare, Best, the Netherlands) in supine position. A circular 

polarized body-array surface coil was used in all measurements. ECG-triggered MR images were 

obtained during repeated breath-holds. Cine-loops were acquired with a b-SSFP TFE sequence, on 

average 18, (range 10-23) short axis slices and three long axis planes (apical 2-, 3- and 4-chamber 

views). Temporal resolution was between 26-41 ms (30 acquired phases). The IR-TFE sequence was a 

segmented 3D spoiled gradient echo sequence with TE = 1.3 ms, TR = 4.4 ms and TFE factor 43, 

leading to an acquisition phase time of 188 ms during diastole. Slice thickness was 10 mm, 

intersection gap -5 mm (i.e. slices were overcontiguous), field-of-view 350 mm and image matrix 128 

× 256. The contrast-enhanced images were acquired at the same slice positions as the cine-images, 

about 20 minutes after the administration of Gd-DTPA 0.2 mmol/kg bodyweight (Schering Nordiska 

AB, Järfälla, Sweden). Optimal contrast between hyper enhanced areas and normal myocardium was 

maintained by continually adjusting the inversion time to null the signal from healthy myocardium. 

Scar size was measured by two different observers on short-axis images using the freely available 
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software “Segment” http://segment.heiberg.se. Infarct volume and percentage was calculated from 

the short axis stack of slices. End diastolic myocardial and cavity volumes were measured from the 

short axis LGE images.  

 

All angiograms were reviewed by three experienced PCI operators who were blinded for all other 

parts of the study. The following items were entered into the database: Infarct related artery, TIMI 

flow before and after the procedure, type of procedure performed, success of treatment (defined as 

TIMI 3 flow at the end of the procedure and remaining stenosis < 50 %) and extent of coronary 

disease. Disagreement was solved by consensus. The different time points were retrieved from 

clinical records including the EMS report. A TIMI 2-3 flow was regarded as a patent artery. In patients 

with a TIMI 2-3 flow at the first angiogram this was documented as the time of a patent artery. In 

patients with an occluded artery at the diagnostic angiogram, i.e. TIMI 0-1 flow, the time of first 

balloon inflation or activation of a thrombectomy device was considered as the time for a patent 

artery.  

 

For patients admitted directly to the cath-lab from the ambulance, the time when the patient called 

the EMS was defined as FMC. For all other patients time of arrival at the Emergency Department was 

considered as FMC. Patients were followed prospectively for one year for the occurrence of 

rehospitalisation for angina, myocardial infarction, PCI, CABG and death. 

PAPER IV 

Between 25 November 2006 and 14 march 2007 we measured multiple time points for patients 

admitted to the cath-lab at the Department of Cardiology, Linköping for primary PCI because of 

STEMI. To be included in the study patients had to have: 
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• ST elevation, extensive anterior ST depression or bundle branch block on the ECG 

• Final diagnosis of myocardial infarction (i21 to i23, ICD 10) 

• Symptom onset outside of hospital 

• Treated with primary PCI at our cath-lab 

 

Patient delay was defined as time from onset of symptoms to FMC. FMC was defined as the time 

when the patient made contact with the EMS for those who were admitted directly to the cath-lab 

by ambulance and for all other patients as the time when the patient arrived at the Emergency 

Department at the respective hospital. Time to decision was defined as time from diagnostic ECG 

recording to the time when the cardiologist on call decided to proceed with emergency angiographic 

evaluation of the coronary arteries. Cath-lab time was the time spent from arrival at the cath-lab to 

balloon inflation, activation of a thrombectomy device or notification of a TIMI 2-3 flow of the IRA, 

i.e. a patent artery, whichever came first. 

 

Through collaboration with different stakeholders in the treatment of STEMI patients in the county of 

Östergötland, we made targeted refining of logistics; 

• EMS personnel prioritize ECG recording 

• Central evaluation of ECG at the CCU at the Department of Cardiology, Linköping, in all 

patients with suspected STEMI in the county of Östergötland 

• PCI team is ready to accept the patient and start the procedure when two out of three 

members are on site. 

After a “wash in period” we again measured relevant time points in a similar cohort of consecutive 

patients with STEMI to compare the time delays for this cohort with time delays for the initial patient 

cohort.  

. 
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ETHICAL CONSIDERATIONS 

All studies were approved by the Ethical review boards in Linköping and Uppsala and adhered to the 

Declaration of Helsinki. Written informed consent was obtained for patients in the studies for papers 

II and III. Written informed consent was not judged to be possible in the study of the 2005 STEMI 

population (Paper I), which was a retrospective study and was seen as not being necessary in the 

STOP WATCH study (Paper IV) where we only recorded time points most of which were in any case 

recorded in the clinical setting. Moreover, no intervention was done to individual patients, only 

refining the logistics of the STEMI network organization. The collection of data from RIKS-HIA, SCAAR 

and the Swedish Registry Heart Surgery in Adults and Children registry was approved by the Swedish 

Data Inspection Board. Likewise the process of merging RIKS-HIA with the National Cause of Death 

Register has been approved by the Data Inspection board. 
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STATISTICAL ANALYSIS 

Statistical analyses were performed with SPSS 16.0 - 20.0 (SPSS Inc., Chicago, Illinois, USA) as well as 

Statistica 8.0 (Statsoft Inc, Tulsa, Oklahoma, USA). Continuous variables were reported as mean +/- 

SD or median (25th – 75th percentile) as appropriate. For normally distributed variables two-tailed 

Student´s t-test was used to test whether differences between groups were statistically significant. 

Non-normally distributed variables were compared using the Mann-Whitney U test.  

 

Categorical variables were expressed as counts (percentage). Statistical significance was assessed 

with the Chi Square or the Fischer´s exact test. In paper II ANOVA followed by Duncan´s test in case 

of significance was used when appropriate. Pearson correlation coefficient was used for correlation 

between global functional measurements and MR- determined LVEF in Paper II. In paper III 

Spearman correlations were computed for health care related delay time and infarct size. 

 

Receiver -operator-characteristics (ROC) curve analyses were performed using the statistical program 

MedCalc® Version 6.10 (MedCalc Software, Mariakerke, Belgium). Intra-and interobserver variability 

of the functional measures was expressed as standard error of a single determination (Smethod) 

using the formula first proposed by Dahlberg. Smethod was also expressed as % over all means. 

Single measure intraclass correlation coefficient (ICC) was also used to express interobserver 

variability. ICC assesses rating reliability by comparing the variability of different ratings of the same 

subject with the total variation across all ratings and all subjects 129,130. 

 

In Paper III multiple linear regression analysis was used to determine independent correlates of 

infarct size. Variables included in the model were age, sex, active smoker, kidney function, diabetes, 
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LAD as the culprit artery, an occluded artery on the diagnostic angiogram and time from FMC to a 

patent artery. Variables were entered simultaneously into the model.  

 

All reported values are two sided. P – values < 0.05 were considered statistically significant.  
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RESULTS 

PAPER I 

In 2005 there were 274 patients who suffered an ST elevation myocardial infarction in Östergötland 

county and were treated with primary PCI at the cath-lab at the University Hospital of Linköping. Of 

this total, 242 received the Gp IIb/IIIa inhibitor abciximab either as pre-treatment on their way to the 

cath-lab (early group) or after a diagnostic angiography revealed a stenosis suitable for PCI (cath-lab 

group). The decision to give abciximab as pre-treatment or immediately before PCI in the cath-lab 

was left to the attending physician.   

 

The patients in the early group (n=133) compared to late arrivals were more likely to have recorded  

a pre-hospital ECG, to have been admitted to a spoke hospital and seemed to have more frequent ST 

elevation on their qualifying ECG. Patients in the cath-lab group more often were given treatment 

with diuretics on admission and were more frequently discharged with warfarin. The patients’ mean 

age was 65.1 (SD 12) years. Among the 242 patients, 83 (34%) were women, 76 (32%) current 

smokers, 99 (41%) treated for hypertension, and 43 (18%) had diabetes with no differences between 

the early and the cath-lab group regarding these markers of cardiovascular risks. Admission directly 

from ambulance to the cath-lab, by-passing the emergency department, was noted for 111 (46%) 

patients. The majority of patients presented during off-hours, n=147 ( 61%). 

 

The median time from symptom onset to a diagnostic ECG was 119 (58-234 IQR) minutes and from 

ECG to PCI 109 (80-135 IQR) minutes. Patients in the early group received abciximab 75 (61-94 IQR) 

minutes before PCI, the corresponding time for the cath-lab group was 7 (4-12 IQR) minutes, 

p=0.0001, Table 1. Patients in the early group had a significantly higher TIMI flow in the IRA at the 
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first angiogram, Figure 10. There was no difference between the early group and the cath-lab group 

regarding extent of coronary disease, IRA, complexity of the culprit lesion, frequency of stenting, 

success of PCI or TIMI flow after PCI.  

Table 1. 

Data are presented as counts (percentage) if not otherwise indicated. SD, Standard Deviation. PCI, Percutaneous Coronary 

Intervention. IQR,  Inter Quartile Range. 

 
After primary PCI and during the initial hospital phase nine (3.7%) patients had died, all due to 

cardiogenic shock/multiorgan failure. There was no excessive bleeding among patients in the early 

group. One year after the index myocardial infarction a Major Adverse Cardiac Event (MACE) had 

occurred in 23% of the patients, most commonly an unplanned revascularization with PCI. The 1-year 

mortality rate in the patients under study was 7.8% with no significant difference between the 

groups. 

  

Early group 

(n=133) 

 

Cath lab group 

(n=109) 

 

P value 

 

Age, years (SD) 65.4 (11.2) 64.8 (12.6) 0.72 

Women 42 (31.6) 41 (37.6) 0.32 

Diabetes Mellitus 22 (16.5) 21(19.3) 0.58 

Hypertension 55 (41.4) 44 (41.1) 0.97 

Current smoker 42 (31.8) 34 (31.5) 0.96 

Previous myocardial infarction 20 (15.0) 19 (17.4) 0.61 

Previous PCI 17 (12.8) 19 (17.4) 0.31 

Diuretics on admission 18 (13.5) 26 (23.9) 0.04 

Direct admission to PCI lab 66 (49.6) 45 (41.3) 0.20 

Admission to spoke hospital 49 (36.8) 24 (22.0) 0.01 

Presentation off hours 81 (60.9) 66 (60.6) 0.96 

Prehospital ECG 85 (63.9) 49 (45.0) 0.003 

ST elevation on diagnostic ECG 127 (95.5) 98(89.9) 0.09 

Symptom to ECG, minutes as medians (IQR) 140 (70-230) 111 (46-249) 0.25 

ECG to PCI,  minutes as medians (IQR) 110 (92-133) 103 (61-144) 0.24 
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Figure 10. TIMI flow in infarct related artery at first (left) and final (right) angiogram. Numbers are percent of patients with 

TIMI 0-3 flow. Statistical significance between early and cath-lab group in TIMI 0* and TIMI 3** flow at first angiogram. 

Reprinted with permission from Informa Health Care. 

PAPER II 

Patients were selected because they had extensive scar in anteroseptal segments (“scar patients”) or 

no scar at all (“no scar patients”). In scar patients the average scar size was 31 +/- 12 ml which 

corresponded to  17 +/- 8 % of the left ventricular myocardium .According to literature, patients with 

a relative scar size larger than 12 % have an unfavourable prognosis 131. In the scar group the scar 

area was 52 +/- 39% in the anteroseptal segments while no significant gadolinium uptake was seen in 

patients in the non-scar group. Measures of velocity, displacement and strain were compared 

between groups. Segments with a scar area exceeding 50 % had significantly lower radial measures 

on the basis of feature tracking analysis in comparison with segments from patients without scar, 

Figure 11. Longitudinal velocity and displacement showed less difference possibly due to difficulties 

in having the software successfully track longitudinal motion. ROC curves were constructed for all 

measurements for the detection of segments with scar area >50 % since those segments rarely 
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regain normal function after revascularisation. Radial strain had the highest AUC which means that 

this measure was best in accurately identifying segments with a large scar. A cut off value of < 38.8% 

could detect a segment with scar area > 50 % in anteroseptal segments with a sensitivity of 80 % and 

a specificity of 86 %, Figure 12.  

 

Figure 11. Shown are functional measures vs. transmurality in all patients. Ctrl = non-scar group. Radial strain in segments is 

plotted versus segments with various transmurality. o = statistically significant difference (p<0.05) compared to controls. x = 

statistically significant difference (p<0.05) compared to nearest left value. Reprinted with permission from Cardiovascular 

Ultrasound. 

 

 

Figure 12. ROC curves for the functional measures vs > 50 % transmurality on ceMRI. 1=Composite, 2=Radial strain, 3=Radial 

displacement, 4=Radial velocity, 5= Longitudinal strain, 6=Longitudinal velocity, 7=Longitudinal displacement. Reprinted 

with permission from Cardiovascular Ultrasound.
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PAPER III 

The mean age of the 89 patients with STEMI was 62 years (SD 9.7). Only 16% were women and all but 

one received adjunctive abciximab, 79 % as pre-treatment before diagnostic angiography. Regarding 

cardiovascular risk factors, almost half of the patients were active smokers, one third received 

treatment for hypertension on admission but few had been treated for hyperlipidaemia or had been 

diagnosed with diabetes. A majority of patients (88%) were admitted directly from the ambulance to 

the cath-lab. The median time from FMC to a patent artery was 89 minutes. The LAD was most 

frequently the IRA (46%), then the RCA (42%) and lastly the Cx (12%). A patent artery, defined as TIMI 

2-3 flow on the initial angiogram of the IRA, was found in 37% of patients. ceMRI was performed 

within 42 days (range 27-65) after the index infarction.  

 

There was a weak correlation between time from FMC to a patent IRA and infarct size, Figure 13.  

Patients with shorter health care delay time, that is FMC to a patent IRA less than 90 minutes, tended 

to have smaller infarct size 6 ml (1-18 IQR) than those with health care delay times longer than 90 

minutes, 12 ml (6-19 IQR), p=0.07.  

 

Figure 13. Relationship between time (minutes) from First Medical Contact (FMC) to a patent Infarct Related Artery (IRA) 

and absolute infarct size (ml). r=0.27, p=0.01. Reprinted with permission from BMC Cardiovascular Disorders.
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Ten patients with no detectable scar on ceMRI but with a clear clinical syndrome of STEMI that was 

treated with primary PCI had a median delay time of 68 min (52-77 IQR). Using multiple regression 

analyses LAD as the IRA, active smoking and an IRA with TIMI 0-1 flow at presentation, but not time 

from FMC to a patent artery, correlated with infarct size.  

PAPER IV 

During almost five months we did extensive measurements on the time delays affecting consecutive 

STEMI patients (n=67) treated with primary PCI at the cath-lab at the University Hospital, Linköping. 

After refining of logistics and continuous feedback on time delays to staff involved in the care of the 

patients with STEMI another group of consecutive STEMI patients (n=89) was analysed between 1 

October 2010 and 17 February 2011 in a similar manner. The former group constituted the pre-

intervention group, the latter the post-intervention group. Regardless of the ongoing study the board 

of the Heart Centre, Linköping, decided to finance an attending cardiologist on site 24/7 from 13 

January 2007, which facilitated quick processing of patients with suspected STEMI. The mean age of 

the patients in the study was 67 years. One third were women. Two thirds of patients were admitted 

directly by ambulance to the cath-lab. There were no statistical significant differences in baseline 

characteristics or in IRA between the pre- and post-intervention groups. In the pre-intervention 

phase more patients were pre-treated with abciximab than during the post-intervention phase, 75% 

vs 50 %, p=0.001. This was probably a consequence of the results published in the FINESSE study 109. 

There was a trend towards a more frequent presence of patent arteries in the group with a higher 

frequency of treatment with abciximab before arrival at the cath-lab. No patient was treated with PCI 

by the radial route in the first phase while 60 % of patients were handled this way in the second 

phase of the study, p=0.0005. The health care delay time decreased from 110 to 104 minutes and 

time from FMC to cath-lab arrival from 84 to 72 minutes. Furthermore there was a six minute 

significant reduction from diagnosis of STEMI to decision to proceed with primary PCI (p=0.004) and 
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11 minute reduction from diagnosis to arrival at the cath-lab, p=0.02. On the other hand there was a 

lengthening of time from arrival at the cath-lab to a patent artery by two minutes, p=0.06. Figure 14 

and Table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Delays from symptom onset to primary Percutaneous Coronary Intervention in patients with ST-segment elevation 

myocardial infarction. Numbers indicate median time (minutes). FMC, First Medical Contact. PPCI, Primary Percutaneous 

Coronary Intervention. TIMI3, Thrombolysis In Myocardial Infarction grade 3 coronary flow, i.e normal flow. 
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Table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Key time measurements. Data are presented as median time in minutes. IQR, Interquartile range. FMC, First Medical 

Contact. Pt., patient. PCI, Percutaneous coronary intervention. TIMI, Thrombolysis In Myocardial Infarction. TIMI 2-3 flow is 

defined as a patent coronary artery. 

 Pre Intervention 

N=(67) 

Post Intervention 

N=(89) 

P value 

    

Time delays,  median, minutes (IQR)    

Symptom to FMC 70 (32-173) 76 (34-154) 0.77 

FMC to ECG 18 (10-28) 18 (11-30) 0.85 

Ambulance arrival to departure from pt. 20(12-30) 17 (13-22) 0.18 

FMC  to cath lab 84 (68-115) 72 (62-102) 0.07 

FMC  to balloon 112 (98-148) 108 (91-150) 0.41 

FMC to balloon or TIMI 2-3 110 (95-141) 104 (86-138) 0.30 

ECG to decision for primary PCI 9 (2-16) 3 (1-8) 0.004 

ECG to cath lab  66 (53-85) 55 (43-70) 0.02 

ECG to balloon 96 (82-118) 90 (76-116) 0.28 

ECG to balloon or TIMI 2- 3 95 (76-114) 84 (68-110) 0.19 

Arrival at cath lab to balloon 28 (22-35) 32 (24-42) 0.03 

Arrival at cath lab to balloon or TIMI 2-3 22 (17-30) 24 (19-34) 0.06 
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DISCUSSION 

There is mounting evidence from clinical trials that primary PCI is the preferred reperfusion strategy 

in patients with STEMI. The organisation of STEMI networks to facilitate the access of rapid 

mechanical reperfusion in experienced centres with a high volume of primary PCI has been 

associated with increased rates of reperfusion 132, increased rates of pre-hospital diagnosis and triage 

133, reduction in time delays 134 and reduced mortality 135. Since 1 January 2005 all patients with 

suspected acute coronary occlusion in the catchment area of the STEMI network in the region of 

Östergötland, Sweden, are considered for primary PCI. In the early years, before the results of the 

HORIZON-AMI 109 and FINESSE 107 studies were available, a majority of patients were treated with 

pre-hospital abciximab. We demonstrated in paper I that this strategy was feasible in consecutive 

STEMI patients admitted to our cath-lab and was associated with a high rate of patency of the IRA. 

Also in paper III and IV a high frequency of pre-treatment with abciximab seemed to be related to a 

high grade of TIMI 2-3 in the IRA. In comparison with abciximab given at the cath-lab after a 

diagnostic angiography, the pre-hospital administration was not associated with an excess in 

bleeding rates. There were no differences between the early (pre-hospital) and late group regarding 

mortality. However, this was a small study, unlikely to reveal statistical differences in death or MACE.  

THE BENEFITS OF A PATENT IRA  

Pre-procedural normal flow has been shown to be an independent determinant of survival in 

patients with STEMI treated with primary PCI 26, especially in high risk patients 136. Since the dawn of 

reperfusion for STEMI, studies have shown a benefit from early reperfusion of occluded arteries to 

reduce left ventricular function and improve survival. The capability of pharmacological treatment to 

establish antegrade flow in the IRA has been documented in numerous trials and with different 

agents. In the GUSTO 1 trial 15 reperfusion with the more effective thrombolytic agent
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t-pa achieved higher rates of TIMI 3 flow at 90 minutes compared to Streptokinase. After 180 

minutes the rates were similar and the benefit of reduced mortality with t-pa was attributed the 

earlier patency of the IRA with this agent 137. Moreover, trials with pre-hospital thrombolysis have 

consistently shown a survival benefit 138,139. This strategy has been associated with an earlier time of 

reperfusion by  more than two hours compared to in-hospital treatment 140. In a study investigating 

the influence of pre-hospital administration of aspirin and heparin early treatment was associated 

with a patent IRA in 31 % vs. 20 % in the hospital-treated group 141. Antiplatelet therapy with 

clopidogrel given as pre-treatment is associated with a higher rate of initial patency of the IRA 142. A 

more pronounced effect on ischemic adverse events is seen with the higher loading dose of 600 mg 

vs. 300 mg 143. Upstream treatment with clopidogrel has been associated with reduced mortality in 

observational studies 144,145.   

PRE-TREATMENT WITH GLYCOPROTEIN IIB/IIIA INHIBITORS  

Several trials, most of them performed without pre-treatment with clopidogrel, have shown a higher 

rate of IRA patency with early administration of Gp IIb/IIIa inhibitors 82,85,87,89,94,146,147. However, it has 

been difficult to verify a significant reduction in mortality 148,149. In a study from Leiden all patients 

were given 600 mg clopidogrel in the cath-lab. In comparison with historical controls who received 

abciximab at the start of PCI, abciximab in the ambulance improved early reperfusion and was 

associated with smaller infarct size and lower risk of heart failure 90. Data published from the APEX-

MI trial suggest that pre-treatment with Glycoprotein inhibitors, in particular abciximab, is associated 

with significant reduction of mortality at three months. In that study one fourth of patients were on 

treatment with a thienopyridine before arriving at the cath-lab 150. However, the FINESSE study did 

not show a benefit of pre-treatment with abciximab 107 even though pre-treatment with abciximab 

was associated with an initial patency of the IRA in 43.7% of patients vs. 32.7% for abciximab given in 

the cath-lab 151.  
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In the BRAVE 3 study, patients were randomized to pre-treatment with abciximab or placebo on top 

of a 600 mg loading dose of clopidogrel given in average 75 minutes before PCI. The study could not 

demonstrate any reduction of infarct size, the primary endpoint, with early given abciximab 106. In 

the On-TIME 2 trial patients were treated with high dose tirofiban (or placebo) in the ambulance and 

at the same time received 600 mg clopidogrel, 500 mg ASA and 5000 U heparin. The study found 

significantly better resolution of ST segment elevation 60 minutes after PCI in patients pre-treated 

with tirofiban. Moreover, in a pooled analysis with addition of 414 patients from an open label study 

to the On-TIME 2 study population, there was a strong trend (p=0.051) for reduced mortality with 

tirofiban given in the ambulance92. However, these results could not be confirmed in a similar patient 

population in the multicentre AGIR-2 study which showed no difference in IRA patency or ST 

resolution between patients given tirofiban in the ambulance vs. at the cath-lab 104. 

 

In a small randomized study abciximab given 90 minutes before primary PCI in addition to 600 mg 

clopidogrel was found to result in more frequent IRA patency (45.8 vs. 18.5 %) in patients in the early 

group vs. the cath-lab group105. Finally, the EGYPT meta-analysis showed that early administration of 

Gp IIb/IIIa inhibitors was associated with significantly better patency of the IRA before PCI, better ST-

segment resolution96 and a benefit in mortality for abciximab152. Based on these results the recently 

published guidelines on STEMI from the European Society of Cardiology have given upstream 

treatment with Gp IIb/IIIa inhibitors a Class II B, Level B recommendation37. 

IMPLICATIONS OF STUDIES WITH GLYCOPROTEIN INHIBITORS 

How should these studies be interpreted? Firstly there seems to be a relationship between the 

benefit of treatment with Glycoprotein IIb/IIIa inhibitor and the patient’s risk profile 79. Analysis of 

the FINESSE trial indicated that patients with anterior myocardial infarction 153 and patients with 
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presumed occlusion < 4 h and in need of interhospital transfer 108 could benefit from facilitation with 

a reduced dose reteplase + abciximab. Secondly, it is probable that the effect of Gp IIb/IIIa inhibitor 

treatment is most pronounced in the early phase of coronary occlusion when the thrombus is fresh. 

In vitro studies have shown that abciximab can disperse formed platelet aggregates 154 and that this 

effect could be time dependent 155. Thrombus extracted during primary PCI has shown white, friable 

thrombus 90 minutes after symptom onset while thrombus extracted after 6.5 hours appeared red 

and compact. Scanning electron microscopy of these thrombi showed a platelet rich thrombus with 

small amounts of fibrin in the former case and highly, organized fibrin rich thrombus with 

erythrocytes in the latter 156. In the BRAVE 3 trial with no effect on infarct size of abciximab given at 

an early stage in addition to clopidogrel the median ischemic time was 4.5 hours 106. This time 

interval may be too long for adjunctive therapy with Gp IIb/IIIa inhibitors to be able to provide 

additive benefits regarding infarct size. In the trial, as for the HORIZON-AMI trial 109 a relatively low-

risk population was involved. The intricate balance of weighing bleeding risk against effective anti-

ischemic therapy could have privileged complications of bleeding in these trials.  

THE FUTURE OF FACILITATED PCI  

Future research is needed to elucidate the best pre-hospital pharmacological strategy in patients 

with STEMI, especially in patients with high risk and short duration of symptoms. The role of 

thrombolysis in this setting is under investigation 157. How new platelet inhibitors should be used in 

the pre-treatment of patients with STEMI needs to be clarified 158-161. Moreover, the role of pre-

hospital administration of bivalirudin is not clear 162, and  it is not yet clear if it is superior to pre-

treatment with Glycoprotein IIb/IIIa inhibitors 163. The INFUSE-AMI trial showed a reduction of infarct 

size in patients who were treated with abciximab in addition to bivalirudin 164. However, this result 

may have been due to the very local delivery of the drug by a microporous “weeping” 
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catheter (ClearWay RX Local Therapeutic Infusion Catheter) 165. Other studies have shown no 

difference between intracoronary and intravenous administration of abciximab 166.  

 

In conclusion, it seems that the benefit of pre-treatment with glycoprotein inhibitors is most 

pronounced early in the evolution of acute coronary occlusion and in this stage the risk-benefit ratio 

may be in favour of the treatment in patients with a high ischemic risk and at the same time a low 

bleeding risk. Risk scores to evaluate these risks are available and clinically easy to use 167,168. 

Furthermore, bleeding risk can be reduced by using the radial artery for vascular access in primary 

PCI 169,170.  

STRAIN ANALYSIS ON CINE MRI (PAPER II)  

In paper II we showed that new feature-tracking software applied on cine MRI images could 

differentiate scarred segments in anterior myocardial infarction from corresponding non-scar 

segments. The intra- and interobserver variability was low. Most of the information was derived from 

radial strain. A cut-off value 38.8 % could identify segments with > 50% scar area within the LAD 

distribution with 80% sensitivity and 86% specificity. The radial measures correlated well with left 

ventricular function indicating that important and relevant functional information can be collected 

and used in evaluating treatment effects in patients with STEMI. The functional measures could 

reflect the impact of scarring on left ventricular function. 

 

Left ventricular ejection fraction 171,172 and infarct size 173 measured with ceMRI are established 

prognostic factors after STEMI. Whether this also holds true for the studied functional measures 

requires further investigation. Moreover, the study was done on isolated anterior 
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infarction. Larger studies need to be performed to investigate if the results apply to patients with 

more extensive coronary disease and infarctions with subendocardial distribution. In view of 

declining mortality in patients with STEMI treated with primary PCI larger cohorts are needed to 

demonstrate survival benefits of new treatments/strategies. In a situation of limited resources the 

demonstration of the effect of a given therapy may be important in guiding the selection of proper 

therapy in future studies. The feature-tracking software could become a tool to investigate effects of 

a given therapy on regional and global myocardial function. The value of its potential for giving 

information on the motion of infarcted segments is being investigated in on-going studies. Finally, it 

might be possible to avoid the use of gadolinium contrast thereby reducing patient time in the MR 

scanner, reducing costs and also allowing the use of cardiac MRI in patients with renal insufficiency. 

 

THE IMPACT OF HEALTH CARE DELAY ON INFARCT SIZE (PAPER III)  

We demonstrated in paper III a relationship between time from FMC to a patent artery and infarct 

size. The relationship was weak (r=0.27) and in multivariable analysis other factors such as LAD as the 

IRA, active smoking and an occluded artery at the first angiogram seemed to have greater influence 

on infarct size than time per se. There are several possible explanations for the weak relationship 

between health care delay and infarct size. Firstly, 37% of patients had a patent IRA at the first 

angiogram. Most probably the IRA was patent before insertion of the diagnostic catheter and the 

exact time of patency is not possible to decide in our study, and as a result, this may dilute the 

relationship between time delay and scar size. The median symptom onset to PCI was in excess of 3 

hours. As indicated by clinical studies 174,175 the effect of primary PCI on reduction of infarct size is 

greatest during the first 2 hours of coronary occlusion. Finally, the relative infarct size in our study 

was only 7% which reduces the possibility of demonstrating a significant relationship based on time 

delay to opening of the IRA.  
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Many studies have shown a relationship between mortality and various delay times 

34,35,40,42,44,45,47,48,176-180. The main problem with the interpretation of these studies is that the 

relationship between delay time to treatment with PCI and outcome is evaluated from observational 

data. For obvious reason it is not ethical to perform a randomised study where one group of patients 

in the study would be randomized so that intervention with primary PCI was postponed for the 

group. In fact, the only data we have on randomized delay in reperfusion have been obtained from 

studies that compare pre-hospital with in-hospital thrombolysis. It is not possible to do such a study 

in primary PCI. One could compare patients admitted to a spoke hospital and in need of interhospital 

transfer with patients admitted directly to the hospital performing PCI. However, this would not 

include patients admitted directly to the cath-lab by the EMS, patients who are the majority of 

patients at least in our STEMI network. 

 

As shown in the study by Löwel, who reported a mortality of 30% during the first hour of myocardial 

infarction 181, and indicated in the study by Aquaro 182, early presenters have a high risk of dying 

whereas late presenters probably are “survivors”. This is true by analogy with the high risk of dying in 

the early phase of dissection of the ascending aorta 183.  

 

Recently Gersh and Stone presented a hypothetical relationship between duration of ischemia before 

reperfusion and mortality, Figure 15 184. According to this hypothesis there would be no significant 

benefit of reducing total ischemic time from 12 to 6 hours, and the effect of reducing total delay time 

from 6 to 3 hours would also have only a modest effect on mortality. Another hypothetical 

association proposed by Terkelsen et.al is shown in Figure 16 33. This hypothesis states that early 

presenters have the highest risk but also the greatest benefit of early perfusion with an outcome 

comparable to patients presenting late. The limited importance of reducing treatment delay in 

patient presenting late as proposed by Gersh (Figure 15) overlooks the confounding role of patient 

delay according to Terkelsen. It is probably not correct to estimate the beneficial effects of reduction 
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of time delays for individuals based on observational data. Therefore the often cited statement by de 

Luca that every 30 minute increase in time delay increases mortality by 7.5% 44 may be an 

underestimation of the true effect of improving delay times. From a pragmatic viewpoint and from 

the patient’s perspective every effort should be done to keep time delays to a minimum. This view is 

also in keeping with the spirit of the recently published guidelines from the ESC 37. 

 

 

Figure 15. Relationship between duration of ischemia and mortality. Reprinted with permission from Elsevier. 
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Figure 161. Hypothetical association between treatment delay and mortality in patients with ST elevation myocardial 

infarction.  Dashed arrows represent  the beneficial effect achieved by primary PCI at a PCI related delay of 120 min. B, solid 

black arrows represent the additional beneficial effect achieved by primary PCI at the individual level when reducing PCI-

related delay from 120 to 30 min. C, red arrows indicate confounding when a beneficial effect of reducing time to treatment 

at the individual level is estimated from aggregated data. From Terkelsen et al. Reprinted with permission from BMJ 

publishing group. 
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CAN HEALTH CARE DELAY TIME BE IMPROVED (PAPER IV)?  

Our STEMI network is characterized by a high frequency of field triage and direct admission from 

ambulance to the cath-lab. Interestingly, the percentage of patients admitted directly from 

ambulance in our network was 46% in the STEMI 2005 study (Paper I), and this increased to 66% 

among patients studied during late 2010 (Paper IV). This could be an effect of implementation of the 

STEMI network itself 133. We identified areas of time delays and through reorganisation of logistics 

and continuous feedback on time delays we were able to reduce time from FMC to a patent artery 

with six minutes and time from diagnosis to arrival at the cath-lab with 12 minutes. For patients 

admitted by ambulance we chose to define FMC as the time when the patient called the EMS. The 

updated ESC guidelines have defined this time as the time when the patient is assessed by the EMS in 

the field 37. The time between the time at which the patient called the EMS to the time of arrival of 

the ambulance at the scene was eight minutes (6-15 IQR) in our study. If we use the definition as 

proposed by the ESC guidelines, the time from FMC to a patent artery was reduced from 106 to 96 

minutes and a significant reduction from FMC to arrival at the cath lab from 78 to 66 minutes, 

p=0.04.  

CAN WE ACHIEVE THE TIME GOALS SET BY THE ESC?  

The ESC recommends that FMC to primary PCI (in the guidelines the time when the IRA is wired) be 

no more than 90 minutes. In early presenters with a large area at risk the time frame is even 

narrower, < 60 minutes. In our network the median time from FMC (ESC definition) to 

balloon/thrombectomy was 100 minutes in the postintervention group. That is 10 minutes longer 

than the time proposed by the ESC. Please note that this is the median time and that a substantial 

proportion of patients were treated outside the time goal of the ESC. In patients admitted from the 

ambulance directly to the cath-lab FMC (ESC definition) to a patent artery was 91 minutes, still above 

the time goal.  
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Our delay times are almost identical to time delays reported by Terkelsen et.al for patients admitted 

directly by the EMS to the cath-lab 185. The transport time in our study though was 20 minutes longer, 

which was also reflected in a 20 minute longer time from FMC to balloon inflation in our patients. 

Randomized studies have reported similar time delays for symptom to balloon 92,100,103,164,176,185-188 

and it seems that our time delays are in line with top performing hospitals in Sweden 30. 

 

The main part of reduction in health care time in our study was attributed to shortening of the time 

to decision by the cardiologist on call. The probable cause of this reduction was the central 

evaluation of ECG and the decision to have an attending cardiologist on site 24/7. Work is in progress 

to examine if regular training of personnel in the cath-lab in analogy with simulated advanced CPR 

can reduce delay times in the cath-lab.  
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SUMMARY  

The main focus of this thesis was to examine the idea of facilitated primary PCI with glycoprotein 

IIb/IIIa inhibitors (abciximab) and the impact of health care delay time on infarct size and the 

feasibility of reducing the health care delay time. We also investigated if new feature-tracking 

software was able to identify the myocardial scar on cardiac MRI. We have shown that abciximab 

given as pre-treatment is associated with a patent artery in 46% of patients. We have demonstrated 

a relationship (weak) between health care delay time and infarct size and have shown that health 

care delay time probably can be reduced by having an attending cardiologist on site 24/7 and by 

making a central evaluation of ECG in patients with suspected STEMI. Finally, the capability of the 

new software to identify myocardial segments with scar holds promise for its use in future studies 

evaluating myocardial function. 
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FUTURE RESEARCH 

The concept of facilitated primary PCI in patients presenting early and with high risk needs to be 

further elucidated, especially with the new platelet inhibitors that have come on the market in the 

past several years.  Possible studies could investigate if there is a difference between infarct size and 

myocardial function if these agents are given at FMC instead of at the cath-lab. The question is if 

there will be an additional effect of glycoprotein IIb/IIIa inhibitors or bivalirudin in this setting. One 

could also study if the effect of glycoprotein IIb/IIIa inhibitor therapy is greater if given very locally by 

a special balloon delivery device than if it is given intravenously in a pre-hospital setting. Moreover, it 

is possible that the radial route for vascular access could tip the risk – benefit ratio between 

bivalirudin and glycoprotein inhibitors in favour of the latter. Given the potential effect of new oral 

platelet inhibitors it is possible that bivalirudin is no better than Heparin or Enoxaparin in reducing 

ischemic events and keeping bleeding complications at a low level in patients with STEMI. 

 

Finally, another interesting line to investigate is if pre-hospital cooling with cold saline and use of an 

intravascular cooling device at the cath-lab can reduce infarct size 189,190. 
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CONCLUSION 

• When abciximab was given early as pre-treatment to consecutive patients with STEMI and 

planned primary PCI a patent IRA at the first angiogram was obtained in 46% of cases. This 

was accomplished without increase in bleeding rates in comparison to abciximab given at the 

cath-lab. 

• A weak relationship was found between time from FMC to a patent artery and infarct size 

measured with ceMRI. In multivariate analysis factors like an occluded artery on the 

diagnostic angiogram, anterior infarction and smoking seemed to have a greater influence on 

infarct size than time per se. 

• Specific areas of time delays were identified in our STEMI network resulting in our making 

the following modifications in our protocol: prioritize ECG recording by EMS personnel at the 

scene, evaluate ECG on patients with suspected STEMI centrally and start the PCI procedure 

when two out of three PCI team members are on site. 

• We could reduce time from FMC to a patent artery by six minutes and time from diagnosis of 

STEMI to arrival at the cath-lab by 11 minutes. In patients admitted directly to the cath-lab 

from the EMS the time from FMC to a patent artery was 91 minutes, which is in line with the 

recommendations of the heart societies in Europe and US. 

• Feature tracking analysis of cine MR images was shown to be able to detect myocardial scar 

in anterior infarction with good sensitivity and specificity without the need to give 

gadolinium contrast. 
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POPULÄRVETENSKAPLIG SAMMANFATTNING 
(SUMMARY IN SWEDISH) 

Hjärtinfarkt orsakas i de flesta fall av en bristning av ett förkalkat plack i något av hjärtats kranskärl. 

På så sätt kommer blodet i kontakt med innehåll i själva kärlväggen vilket uppfattas som ett inre sår 

som kroppen vill läka. Under dessa omständigheter kan det bildas en trombos (”blodpropp”) inne i 

kranskärlet som leder till att de celler i hjärtmuskeln som försörjs av kärlet inte får sin nödvändiga 

blodförsörjning och med tiden dör.  Att återställa och säkra blodflödet snabbt och effektivt är målet 

med modern hjärtinfarkt behandling och uppbyggandet av hjärtinfarktcentra med möjlighet till akut 

ballongvidgning har skett i Sverige och de flesta länder i västvärlden.  

 

Ett av syftena med avhandlingen var att studera effekten av läkemedlet abciximab (minskar 

blodplättarnas förmåga att klumpa ihop sig) givet som förbehandling till patienter med hjärtinfarkt 

och där man planerade akut ballongvidgning (Delarbete I). Det visade sig att de patienter som fick 

läkemedlet på väg till infarktcentret hade ett öppet kärl i nästan hälften av fallen jämfört med de som 

inte hade fått sådan förbehandling. Någon skillnad i frekvensen av allvarliga blödningar, ny 

hjärtinfarkt eller död upp till ett år efter hjärtinfarkten kunde inte ses.  

 

Undersökning med magnetkamera är sannolikt den bästa metoden idag för att se och kvantifiera 

storleken på en hjärtinfarkt. I delarbete II undersöktes patienter med magnetkamera sex veckor efter 

att de drabbats av akut hjärninfarkt och behandlats med akut ballongvidgning. Syftet var att utreda 

om en ny mjukvara kunde identifiera områden i hjärtat som drabbats av en stor skada i samband 

med infarkten utan att använda speciell kontrast som normalt används vid denna typ av 

undersökning. För att kunna se infarkten med magnetröntgen så behöver man ge s.k. gadolinium 

kontrast som gör att infarkten lyser vit på magnetröntgen bilderna. Kontrasten innebär en viss 

kostnadsökning och tidsförlängning av proceduren och kan vara skadlig för patienter med nedsatt 

njurfunktion. Studien visade att den nya mjukvaran kunde identifiera 80% av skadade områden med 

86% säkerhet utan att behöva ovan nämnda kontrast. 

 

I den tredje studien (delarbete III) undersökte vi relationen mellan tiden från att patienten tar 

kontakt med sjukvården tills det att man kan konstatera ett normalt blodflöde i det drabbade 

kranskärlet och hjärtinfarktens storlek. Vi undersökte 89 patienter som drabbats av hjärtinfarkt och 

behandlats med akut ballongvidgning. Dessa fick genomgå undersökning med magnetkamera drygt 
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en månad efter infarkten och infarktens storlek mättes. Vi kunde konstatera ett samband mellan den 

tid som sjukvården behövde för att få patienten till hjärtinfarktcentrat och öppna upp kranskärlet 

och hjärtinfarktens storlek. Även andra faktorer som vilket kärl som var drabbat, om patienten var 

rökare och om kärlet var helt tilltäppt vid ingreppets början hade betydelse för skadans storlek. 

 

Att ta hand om en patient med hjärtinfarkt, från det att patienten ringer 112 till att ambulansen är på 

plats, EKG har analyserats av hjärtläkare, beslut har tagits om akut ballongvidgning och patienten 

transporterats och omhändertagits på ett infarktcenter är en komplicerad process, speciellt under 

jourtid, d.v.s. helger och nätter. I det sista arbetet (delarbete IV) gjorde vi en detaljerad analys på hur 

mycket tid varje del i denna process tar. Efter diskussion med personer engagerade i denna process 

(ledande personer på lokala sjukhus, ambulansvården och hjärtinfarktcentret) beslöt vi att förändra 

tre nyckelprocesser i denna kedja; 1. Ambulansen prioriterar att ta och sända elektroniskt EKG, 2. 

Alla EKG på misstänkt hjärtinfarkt analyseras på hjärtinfarkt centret och 3. Ballongvidgning påbörjas 

redan när två av tre medlemmar i ”Ballong teamet” är på plats på infarktcentret. Samtidigt infördes 

oberoende av studien en hjärtjour på hjärtinfarktcentret 24 timmar om dygnet 7 dagar i veckan. 

Tidsåtgången på 69 infarkt patienter analyserades före ovanstående förändringar. Efter att 

förändringarna genomförts analyserades tidsåtgången på en motsvarande grupp på 89 patienter. Vi 

fann att tiden från den första kontakten med sjukvården till ett öppet kärl minskade med sex minuter 

och tiden från diagnos av hjärtinfarkt till ankomst på infarkt centret minskade med 11 minuter efter 

ovanstående förändringar. Den största anledningen till denna förbättring verkade vara en snabbare 

beslutsprocess efter det att ett EKG som visade tecken på hjärtinfarkt skickats till infarkt centret. 

 

Sammanfattning 

Förbehandling med blodproppsförebyggande läkemedel abciximab bidrog till ett öppet infarktkärl 

innan behandling med ballong vidgning hos nästan hälften av patienterna. Vidare fann vi att ett 

snabbare omhändertagande av patienter med hjärtinfarkt var relaterat till mindre infarktstorlek mätt 

med magnetkamera. Detta omhändertagande kunde förbättras ytterligare med riktade förändringar 

av organisationen som tog hand om och behandlade patienter med hjärtinfarkt. Slutligen så kunde 

en ny mjukvara som användes på rörliga bilder tagna med magnetkamera upptäcka stora infarkter 

med rimlig känslighet och säkerhet utan att behöva speciell röntgen kontrast som normalt behövs för 

att upptäcka infarktskador med magnetkamera. 
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