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Chapter 1

Background on acute myocardial infarction 

Coronary heart disease, including acute myocardial infarction, remains a major cause of 
morbidity and mortality in Western society.1-3 In the Netherlands, the mortality rate of 
coronary heart disease is approximately 10.000 patients per year.3 Improved prevention and 
treatment in the last decades has led to decreased incidence and mortality of acute myocardial 
infarction.4 As a consequence, a large number of patients that survived and were successfully 
treated for their acute myocardial infarction remain with or gain further morbidity requiring 
rehospitalizations due to recurrent myocardial infarctions, revascularization procedures, 
and heart failure. Therefore, coronary heart disease is also a substantial economic burden 
costing more than 2% of all healthcare costs in The Netherlands.3 
 Acute myocardial infarction is a severe clinical event characterized by myocardial 
necrosis caused by insufficient coronary flow due to a rupture or erosion of an atherosclerotic 
plaque and subsequent platelet aggregation.5 Criteria for the diagnosis are symptoms of 
ischemic pain, specific electrocardiographic changes and rise of cardiac biomarker values. 
ST-segment elevation myocardial infarction (STEMI) is defined by typical elevation of the ST-
segment on the electrocardiogram as a result of the acute and mainly total occlusion of the 
infarct related coronary artery by the atherosclerotic plaque with thrombus. The insufficient 
epicardial blood flow limits the distal myocardial perfusion with consequently myocardial 
ischemia and eventually necrosis as a result. The myocardial necrosis and the adaptive 
changes in surviving myocytes surrounding the necrosis lead to dilatation and impaired 
contractility of the ventricle. This ventricular dysfunction may lead to symptomatic heart 
failure.6 Furthermore, it is likely that atherosclerotic plaques in other parts of the coronary 
arteries will cause coronary events.

General aim
In this thesis, we aimed to evaluate adjunctive treatment during primary percutaneous 
coronary intervention (PCI) to improve myocardial perfusion and to study prognosis to 
reduce the morbidity and mortality in patients with STEMI.

Part I Developments in primary percutaneous coronary intervention 
after acute myocardial infarction

The treatment of STEMI includes primary PCI and pharmacological therapy. Urgent 
restoration of epicardial blood flow to provide reperfusion into the affected part of the 
myocardium is the goal of primary PCI. During PCI, the plaque and thrombus are compressed 
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towards the vessel wall by balloon angioplasty and/or stenting. However, this intervention 
may also induce embolization of atherothrombotic particles that lead to obstruction 
of the microcirculation.7-9 This is thought to be the main cause of impaired myocardial 
perfusion despite restoration of epicardial blood flow and occurs in up to 50% of patients.8 
Impaired myocardial perfusion is associated with larger infarct size and increased long-term 
mortality.10-12 Therefore, adjunctive mechanical and pharmacological therapies are being 
developed to improve the myocardial reperfusion and clinical outcome. Recently, manual 
thrombus aspiration and glycoprotein (GP) IIb/IIIa inhibitors are implemented during 
primary PCI. They are both associated with improved myocardial perfusion and clinical 
outcome in patients with STEMI in several trials and meta-analyses.13-17 In part 1 of this 
thesis, we focus on manual thrombus aspiration as an adjunctive mechanical therapy and 
on GP IIb/IIIa inhibitors as an adjunctive pharmacological therapy, both during primary PCI. 

Thrombus burden
Large thrombus burden is associated with increased occurrence of distal embolization of 
atherothrombotic particles.18-20 Although distal embolization is not frequently observed 
during the coronary angiogram, undetectable microembolization is suspected to occur.9,18,20,21 
Meanwhile, limited data are available regarding the impact of angiographically observed 
thrombus burden on myocardial perfusion and outcome. Currently, manual thrombus 
aspiration is frequently the first intervention during primary PCI in patients with STEMI. 
With the catheter the atherothrombotic material is retrieved by manual suction in the 
infarct-related lesion. This adjunctive step is thought to improve the myocardial perfusion 
by reducing the amount of embolized atherothrombotic particles that lead to obstruction 
of the distal microcirculation.7-9 However, it is not known whether there is a difference in 
benefit of thrombus aspiration between patients with large and with small thrombus burden. 
Still, atherothrombotic material is retrieved in a considerable proportion of patients without 
angiographic evidence of thrombus.16,22 In chapter 2, we evaluated whether angiographically 
observed thrombus burden is associated with outcome and secondly whether the use of 
thrombus aspiration is beneficial irrespective of the amount of thrombus burden. 

Glycoprotein IIb/IIIa inhibitor - CICERO trial
Today, several antiplatelet and anticoagulant agents are administered during STEMI, including 
aspirin, a P2Y12 inhibitors, heparin and a GP IIb/IIIa inhibitor.23,24 Abciximab is a monoclonal 
antibody which binds to the GP IIb/IIIa receptor that is expressed on the surface of activated 
human platelets, hereby inhibiting platelet aggregation and thrombus formation. The 
GP IIb/IIIa inhibitor therefore prevents not only thrombus formation, but also promotes 
(dose-dependent) lysis of fresh thrombus.25 In large randomized trials, GP IIb/IIIa inhibitors 
administered intravenously improved myocardial perfusion and clinical outcome.14,15 The 
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dose-dependent properties of GP IIb/IIIa inhibitors suggest that higher local concentration 
of abciximab by intracoronary administration may reduce the occurrence and disperse 
embolization of thrombotic material.25,26 The first small clinical studies, also show beneficial 
effects when the GP IIb/IIIa inhibitor is administered intracoronary.27,28 In chapter 3 and 4, 
we studied the effect of intracoronary versus intravenous administered GP IIb/IIIa inhibitor 
during primary PCI on myocardial reperfusion in a randomized trial called Comparison of 
intracoronary versus intravenous abciximab administration during emergency reperfusion 
of ST-segment elevation myocardial infarction (CICERO).

Part II Prognosis after acute myocardial infarction in routine clinical 
practice

To further improve the outcome of patients with STEMI, we should evaluate which patients 
have high risk of adverse clinical events. To achieve clinically applicable risk stratification, 
the risk factors should by easily available or assessed during routine clinical practice. The risk 
factors may include clinical factors, procedural factors and/or biomarkers. Early identification 
of high-risk groups may optimize the use of different treatment strategies that may improve 
their prognosis. Also, low-risk patients may benefit from earlier discharge, which can reduce 
healthcare costs. In part 2 of this thesis, we focus on the ability to classify the risk of patients 
with STEMI in routine clinical practice.

Myocardial blush grade scored by the operator
Depending on the duration of coronary occlusion, myocardial infarction leads to destruction 
of the microvascular bed and necrosis of myocytes.29 A substantial percentage of patients 
have signs of impaired myocardial perfusion despite treatment. Myocardial blush grade 
(MBG) is a simple visual angiographic assessment of myocardial perfusion, and therefore a 
measure of the extent of damage of the microvascular bed in the infarct area.12 In several 
studies, the MBG scored by corelab is associated with ST-segment elevation resolution, 
enzymatic infarct size, left ventricular function, and long-term mortality.10,12,30,31 However, no 
study has reported whether MBG scored by the operator has prognostic value. The objective 
in chapter 5 was the prognostic value of MBG scored by the interventional cardiologist 
during primary PCI in routine clinical practice.

Risk stratification by biomarkers
Several clinical risk scores have been developed to provide risk assessment in patients 
with STEMI. The number of variables used in most risk-scores make them difficult to 
apply in clinical practice. The prognostic value of a combination of three biomarkers that 
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is frequently and early assessed during routine clinical practice has been demonstrated.32 
This finding may be explained by the fact that the biomarkers glucose, N-terminal pro-
brain natriuretic peptide (NT-proBNP), and estimated glomerular filtration rate all reflect 
a different pathophysiological mechanism associated with acute myocardial infarction.33 To 
verify the prognostic value of the three biomarkers, we externally validated the study in our 
STEMI cohort in chapter 6 and determined whether the prognostic value is only driven by 
short-term mortality in a patient-pooled cohort in chapter 7.

Repeated measurements of NT-proBNP
The impaired myocardial perfusion causes a larger infarct size and decreased left ventricular 
ejection fraction (LVEF). These parameters of left ventricular dysfunction are the strongest 
predictors of morbidity and mortality after STEMI. NT-proBNP is synthesized and released by 
the myocardium in response to cardiac stretch and overload due to ventricular dysfunction.34-37 
In many studies this association is determined with only one NT-proBNP value assessed 
during hospitalization. However, during STEMI the NT-proBNP level is also increased due to 
the acute ischemia, which may influence the association with left ventricular function. In 
chapter 8 we described which time point of NT-proBNP measurements after STEMI has the 
strongest association with infarct size and LVEF.
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Abstract 

Objectives
We aimed to determine whether the burden of angiographically observed thrombus is 
associated with impaired myocardial reperfusion and all-cause mortality in patients with 
ST-segment Elevation Myocardial Infarction (STEMI). In a sub-analysis, we investigated the 
effect of thrombus aspiration in patients with large and with small thrombus burden.

Background
Limited data is available regarding the impact of thrombus burden on myocardial reperfusion  
and mortality in STEMI patients. 

Methods
Of all consecutive STEMI patients treated with primary percutaneous coronary intervention 
between January 2004 and April 2010 we analyzed the coronary angiograms and collected 
mortality up to June 2014. 

Results 
Of the 2969 patients included, 68% had large (Thrombolysis In Myocardial Infarction 
thrombus score 4 or 5) and 32% small thrombus burden. Myocardial Blush Grade (MBG) 
0/1 and 1-year mortality were higher in patients with large compared to patients with small 
thrombus burden (34% vs. 21% p<0.001 and 9.2% vs. 6.7% p=0.017). The presence of MBG 
0/1 was lower when thrombus aspiration was performed, irrespective of whether the visible 
thrombus burden was large (31% vs. 38%, p=0.001) or small (18% vs. 25%, p=0.017). 

Conclusions
Large thrombus burden is associated with impaired myocardial perfusion and 1-year 
mortality in STEMI patients. Irrespective of thrombus burden visible on angiography, 
thrombus aspiration is related to improved MBG.
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Thrombus burden 

Introducti on

A large proportion of patients with ST-segment Elevation Myocardial Infarction (STEMI) have 
impaired myocardial perfusion despite a patent epicardial vessel after primary Percutaneous 
Coronary Intervention (PCI).1,2 Distal embolization visible at angiography leads to worse 
outcomes and is associated with larger thrombus burden.3,4 However, the high incidence 
of impaired myocardial perfusion cannot be explained by the relatively low incidence of 
angiographically visible distal embolization.4,5 Impaired myocardial perfusion is assumed 
to be caused by, angiographically undetectable, microembolization and microvascular 
occlusion.6,7 Nevertheless, whether myocardial perfusion caused by microembolization is 
also related to angiographically visible thrombus burden remains to be established.8 Also 
whether the potential beneficial effects of thrombus aspiration on myocardial perfusion 
might be associated with angiographically visible thrombus burden remains unclear.9-14 In 
this study, we sought to determine whether angiographically visible thrombus burden is 
associated with impaired myocardial perfusion and mortality in patients presenting with 
STEMI. Furthermore, we evaluated whether the beneficial effects of thrombus aspiration 
are depending on thrombus burden.

Methods

Study population and design
All consecutive STEMI patients treated with primary PCI at the University Medical Center 
Groningen in the Netherlands were included in our database. For this retrospective 
study, we analyzed data of STEMI patients admitted from January 2004 to April 2010. The 
criteria for STEMI were the following; ST-segment elevation of >0.1mV in ≥2 leads on the 
electrocardiogram, and onset of symptoms less than 12 hours or less than 24 hours with 
persisting symptoms due to ongoing ischemia. The criterion for primary PCI was successful 
crossing of the culprit lesion with a guidewire. From January 2004 until December 2004, 
STEMI patients were treated with conventional PCI (mainly balloon angioplasty followed 
by stent implantation). From January 2005 until December 2006, conventional PCI and 
thrombus aspiration followed by stent implantation were randomly performed in the 
context of TAPAS (Thrombus Aspiration during Percutaneous coronary intervention in 
Acute myocardial infarction Study).10,15 Manual thrombus aspiration became the preferred 
treatment since December 2006, but the choice of procedure was left to the discretion 
of the operator. Acute pharmacotherapy was according to current international guidelines, 
including heparin, aspirin, clopidogrel and the glycoprotein IIb/IIa inhibitor abciximab.16,17 
All coronary angiograms were analyzed by either an independent core laboratory or by two 
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experienced observers blinded to all clinical data.

Thrombus burden
Patients were included when thrombus burden was assessable on the angiogram before 
PCI. Thrombus burden was graded from 0 to 5 according to the Thrombolysis In Myocardial 
Infarction (TIMI) thrombus grade.18 The definitions are as follows; TIMI thrombus grade 
0, no angiographic characteristics of thrombus; grade 1, possible thrombus with reduced 
contrast density, haziness, irregular lesion contour or smooth convex ‘meniscus’ at the site 
of total occlusion suggestive but not diagnostic of thrombus; grade 2, definitive thrombus 
with greatest dimension ≤1/2 vessel diameter; grade 3, definitive thrombus with greatest 
dimension >1/2 but <2 vessel diameters; grade 4, definitive thrombus with greatest 
dimension ≥2 vessel diameters and grade 5, total occlusion. In this study, small thrombus 
burden was defined as TIMI thrombus grade ≤3 and large thrombus burden as TIMI thrombus 
grade ≥4. When assessable, thrombus burden was also graded after the first intervention: 
thrombus aspiration or balloon angioplasty. 

Definitions
Myocardial Blush Grade (MBG) was determined by the contrast density of the myocardial 
region of the infarct-related artery compared to the myocardial regions of non-infarct-
related arteries. MBG was classified as MBG 0, no myocardial blush or persisting blush 
(staining); MBG 1, minimal myocardial blush; MBG 2, moderate myocardial blush or MBG 
3, normal myocardial blush.19  Impaired myocardial perfusion is defined as a MBG of 0 or 1. 
TIMI flow grade was classified as previously described.20 Distal embolization was defined as 
angiographically visible filling defect and/or abrupt cut-off of the vessel distal to the culprit 
lesion.6 ST-segment resolution was defined as more than 70% resolution of the ST-segment 
deviation on the electrocardiogram at presentation compared to the electrocardiogram at 
30 to 60 minutes after primary PCI.21 Thrombus aspiration was classified as effective when 
macroscopic atherothrombotic material was identified in the retrieved aspirate. In May 2014 
mortality data was collected using the municipal civil registry, which contains completeness 
of vital status of all residents registered in The Netherlands.

Statistical analysis
Normally distributed continuous variables are presented as mean with standard deviation 
(SD) and were compared using a two-tailed Student’s t-test. Skewed distributed continuous 
variables are presented as median with interquartile range (IQR) and were compared using 
a Mann Whitney U test. Categorical variables are presented as number and percentage 
and were compared using the χ2 test or Fisher’s exact test. Kaplan Meier curves were used 
to determine survival and differences were analyzed using the log-rank test. Statistical 
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significance was defined as a two-sided p-value of less than 0.05. Statistical analysis was 
performed using SPSS software version 22.0 (Chicago, USA). 

Results

Large versus small thrombus burden
A total of 2991 patients presenting with STEMI were treated in our hospital with primary PCI. 
Of 2969 (99%) patients in whom the thrombus burden could be assessed on the coronary 
angiogram, 2023 (68%) patients had large thrombus burden and 946 (32%) patients had 
small thrombus burden (Figure 1). At baseline, patients with large thrombus burden had less 
diabetes mellitus, longer median ischemic time, more frequent the right coronary artery as 
culprit and more frequent an impaired TIMI flow (Table 1). 
 The impact of thrombus burden on angiographic, electrocardiographic and clinical 
outcomes is shown in Table 2. Angiographically visible distal embolization after PCI was seen 
more often in patients with large versus patients with small thrombus burden (15% versus 
5%, p<0.001). MBG could be assessed in 2775 (93%) patients. Impaired myocardial perfusion 
was significantly higher in patients with large versus patients with small thrombus burden 
(34% versus 21%, p<0.001) (Table 2 and Figure 2). TIMI flow grade 3 after PCI was also lower 
in patients with large thrombus burden. Even in patients with TIMI flow grade 3 after PCI, 
the incidence of impaired myocardial perfusion was higher in patients with large compared 

2991 consecuti ve STEMI pati ents treated with 
primary PCI between January 2004 and April 2010

2969 pati ents with assessable 
angiograms for thrombus burden

2023 pati ents with 
large thrombus burden

1179 fi rst interventi on 
thrombus aspirati on

529 fi rst interventi on 
thrombus aspirati on

946 pati ents with 
small thrombus burden

STEMI pati ents were classifi ed based on their thrombus burden observed angiographically and whether they 
were treated with thrombus aspirati on as fi rst interventi on.
STEMI: ST-segment Elevati on Myocardial Infarcti on.

Figure 1 | Flow chart
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to patients with small thrombus burden (22% vs. 16%, p<0.001). Finally, the incidence of ST-
segment resolution was lower in patients with large thrombus burden. 
During the median follow-up time of 6.6 years (IQR 4.9-8.4), 21.7% of the 2969 patients 
died. All-cause 1-year mortality was higher in patients with large versus patients with small 
thrombus burden (9.2% versus 6.7%, logrank p=0.017). This difference disappeared during 

Large thrombus burden
n=2023

Small thrombus burden
n=946

p-value

General 

Age, years 64±13 64±13 0.942

Male sex 1467 (73) 660 (70) 0.122

History

    Hypertension 723 (40) 333 (38) 0.358

    Diabetes mellitus 219 (11) 129 (14) 0.032

    Hypercholesterolemia 499 (30) 232 (28) 0.478

    Myocardial infarction 181 (9) 97 (11) 0.308

    PCI 161 (8) 71 (8) 0.650

    CABG 56 (3) 28 (3) 0.779

Current smoking 883 (50) 430 (51) 0.472

Body mass index, kg/m2 27.0±4 26.7±4 0.071

Cardiovascular disease in family 811 (46) 391 (45) 0.795

Ischemic time, minutes 190 (135-300) 180 (130-270) 0.010

Angiographic

Infarct-related artery <0.001

    Left anterior descending 807 (40) 468 (50)

    Circumflex 303 (15) 163 (17)

    Right coronary artery 875 (43) 284 (30)

    Other 38 (2) 31 (3)

TIMI flow grade <0.001

    0 or 1 1781 (88) 85 (9)

    2 or 3 241 (12) 857 (91)

Multivessel disease 1266 (63) 566 (60) 0.173

Procedural

Administration of glycoprotein IIb/
IIIa inhibitor 1735 (86) 807 (85) 0.741

Thrombus aspiration 1179 (58) 529 (56) 0.225

Data are presented as mean±SD, median (IQR) or as number (%).
PCI: percutaneous coronary intervention, CABG: coronary artery bypass grafting, TIMI: Thrombolysis In 
Myocardial Infarction.

Table 1 | Baseline characteristics of patients with large versus with small thrombus burden in STEMI cohort
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Data are presented as number (%). 
* Data were available in 1205 pati ents with large and 641 pati ents with small thrombus burden.
MBG: Myocardial Blush Grade, TIMI: Thrombolysis In Myocardial Infarcti on.

Large thrombus burden
n=2023

Small thrombus burden
n=946

p-value

Post procedural 

MBG <0.001

    0 or 1 646 (34) 181 (21)

    2 or 3 1252 (66) 696 (79)

TIMI fl ow grade <0.001

  <3 414 (21) 81 (9)

    3 1602 (79) 856 (91)

Visible thrombus 117 (6) 17 (2) <0.001

Distal embolizati on 276 (15) 41 (5) <0.001

Side branch occlusion 42 (2) 14 (1) 0.261

Electrocardiographic

Complete ST-segment resoluti on* 623 (52) 434 (68) <0.001

Follow-up

30 days mortality 137 (6.8) 36 (3.8) 0.001

1-year mortality 187 (9.2) 63 (6.7) 0.018

MBG 0 or 1 was signifi cantly higher in pati ents with large thrombus burden versus pati ents with small thrombus 
burden (p<0.001). MBG: Myocardial Blush Grade.

Large thrombus burden
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Figure 2 | MBG related to large and small thrombus burden

Table 2 | Outcome characteristi cs in STEMI cohort
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long term follow-up; mortality of 21.6% in patients with large versus 21.7% in patients with 
small thrombus burden (logrank p=0.779) (Figure 3). 

Impact of thrombus aspiration
Thrombus aspiration as first intervention was performed in 1708 patients; 1179 (58%) 
patients with large and 529 (56%) with small thrombus burden, respectively (Table 1). Overall, 
the incidence of impaired myocardial perfusion was significantly lower when thrombus 
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All-cause mortality rate was significantly higher in patients with large thrombus burden versus patients with small 
thrombus burden at 30-days and 1-year, but this disappeared during long term follow-up.

Figure 3 | Survival related to large and small thrombus burden
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aspiration was performed compared to when no thrombus aspiration was performed. 
When the effect of thrombus aspiration on myocardial perfusion was evaluated separately 
in patients with large and small thrombus burden this finding remained unchanged. In 
patients with large thrombus burden, impaired myocardial perfusion was seen in 31% of 
patients after thrombus aspiration and in 38% after conventional PCI (p=0.002). In patients 
with small thrombus burden this was seen in 18% of patients after thrombus aspiration and 
in 25% after conventional PCI (p=0.018) (Figure 4). 

TIMI flow grade 3 after PCI was also more often seen when thrombus aspiration was 
performed compared to when no thrombus aspiration was performed in patients with 
large thrombus burden (85% versus 72%, p<0.001). However, in patients with small 
thrombus burden we did not observe a difference (93% versus 90%, p=0.130). There was 
no impact of thrombus aspiration on angiographically visible distal embolization compared 
to no thrombus aspiration as first intervention (in large thrombus burden 14% versus 
16%, p=0.142, in small thrombus burden 6% versus 3% p=0.100). In 1535 (90%) patients, 
thrombus burden was prospectively scored before and after the first intervention. In 1408 
(92%) of these patients with thrombus observed before PCI, reduction of thrombus burden 
with ≥1 TIMI thrombus grade was observed in 911 (87%) patients after thrombus aspiration 
and in 329 (90%) patients after balloon angioplasty as first intervention (p=0.211).

Retrieval of atherothrombotic burden
Retrieval of macroscopic aspirate was observed in 1241 of 1501 (83%) patients in who this 
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MBG 0 or 1 was signifi cantly lower when thrombus aspirati on was performed, irrespecti ve of whether pati ents 
had large or low thrombus burden (p<0.05). 
MBG: Myocardial Blush Grade.

Figure 4 | Impact of thrombus aspirati on on MBG related to large and small thrombus burden
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was documented, after thrombus aspiration as first intervention. Thrombus aspiration was 
effective in 880 (86%) patients with large thrombus burden. In patients with small thrombus 
burden, thrombus aspiration was effective in 361 (75%) patients, of which 150 (71%) patients 
with no angiographically observed thrombus. Histopathological analysis was performed in 
369 patients. Patients with large thrombus burden had larger retrieved aspirate and more 
erythrocyte components in the aspirate than patients with small thrombus burden (Table 3).

Discussion

Our observational study suggests that an angiographically visible large thrombus burden 
is associated with impaired myocardial perfusion, worse TIMI flow after PCI, more distal 
embolization, less complete ST-segment resolution and higher 1-year, but not long-term 
mortality. Reducing thrombus burden by thrombus aspiration is associated with improved 
myocardial perfusion, irrespective of thrombus burden. 

Large versus small thrombus burden
We assume that the association between large thrombus burden and impaired myocardial 
perfusion can be explained by distal embolization. Impaired myocardial perfusion is thought 
to be mainly caused by embolization of particles of the atherothrombotic burden or vessel 
wall into the microvasculature.7,22 This embolization can occur spontaneously or by iatrogenic 
mobilization as part of the thrombolysis or PCI.7,22 Previous studies have suggested that large 
atherothrombotic burden before PCI increases the risk for embolization of atherothrombotic 
particles.4,5 In this observational study, we indeed observed a higher incidence of distal 
embolization in patients with large thrombus burden. Since impaired myocardial perfusion 
is also observed in patients without distal embolization, angiographically undetectable 

Large thrombus burden
n=2023

Small thrombus burden
n=946

p-value

Retrieved aspirate* 880 (86) 361 (75) <0.001

Histopathological analysis 244 125

    Size <0.5mm 110 (45) 90 (72) <0.001

    0.5-2.0mm 72 (30) 25 (20)

    >2.0mm 62 (25) 10 (8)

Erythrocyte component 75 (31) 4 (3) <0.001

Data are presented as number (%). 
* Data were available in 1021 patients with large and 480 patients with small thrombus burden.

Table 3 | Retrieval of atherothrombotic burden



2

Chapter

31

Thrombus burden

microembolization is suspected to occur. The resulting microvascular obstruction cause 
micro occlusions of capillaries and consequently impair myocardial perfusion.3,7,22 
 Our data shows a higher 30-days and one year all-cause mortality in patients with 
large thrombus burden. Both impaired myocardial perfusion and large thrombus burden 
have been associated to worse outcomes.19,23 Microvascular obstruction may play a role 
in this observation. Residual thrombus burden at the site of the lesion, present in more 
patients with large than in small thrombus burden, has been associated with restenosis 
and stent thrombosis as a response to its thrombogenic contents.24,25 Restenosis and stent 
thrombosis may increase the rate of reinfarction and target-vessel revascularization, which 
may also explain the higher mortality rate. In our study the higher mortality rate can also 
be partly explained by the worse baseline characteristics in patients with large thrombus 
burden, including more often worse TIMI flow. The mortality difference diminished after 
long term follow up.

Impact of thrombus aspiration
In our data we observed that, irrespective of the thrombus burden visible on angiography, 
thrombus aspiration significantly improves myocardial perfusion in STEMI patients. By 
reducing the thrombus burden exposed to the lumen, thrombus aspiration is thought to 
decrease embolization of atherothrombotic material that might obstruct the distal (micro)
vasculature. 
 The Thrombus Aspiration during Percutaneous Coronary Intervention in Acute 
Myocardial Infarction Study (TAPAS) trial demonstrated improved myocardial reperfusion 
after thrombus aspiration, irrespectively of angiographically observed thrombus using 
the definition of Mabin et al.10,26 Other small randomised trials and early meta-analyses 
also showed positive findings of manual thrombus aspiration.27,28 The more recent and 
largest trials to date observed no benefit on hard endpoints. The Thrombus Aspiration 
in ST-Elevation Myocardial Infarction in Scandinavia (TASTE) trial revealed that manual 
thrombus aspiration did not reduce 30-days or 1-year mortality, also not in the subgroup 
of patients with large thrombus burden.11,12 The trial of routine aspiration Thrombectomy 
with PCI versus PCI alone in patients with ST-elevation myocardial infarction undergoing 
primary PCI (TOTAL) confirmed these neutral findings on combined endpoint consisting 
of cardiovascular death, recurrent myocardial infarction, cardiogenic shock or severe 
heart failure at 6 months.13,14 However, ST-segment resolution and distal embolization as 
reflectors of myocardial reperfusion were improved after using thrombus aspiration. No 
difference in outcome was found in subgroup analysis based on the thrombus burden. Still 
bailout thrombus aspiration was performed in 7% of patients after predilatation or after 
stent deployment. Furthermore, the lower rate of GP IIa/IIIb inhibitor administration in the 
thrombus aspiration group may have influenced the thrombus burden. In conclusion, these 
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trials including almost 19,000 patients do not support routine use of manual thrombus 
aspiration. However, it is still unknown whether a strategy of selective thrombus aspiration 
in patients with large thrombus burden might be superior to no thrombus aspiration.

Limitations
The observations of our retrospective analysis should be interpreted with caution and only 
be considered as hypothesis-generating. A large randomized clinical trial could evaluate 
our observations whether a strategy of decreasing thrombus burden is beneficial in both 
small and large thrombus burden in STEMI patients. Results obtained in studies thus far are 
inconclusive. Secondly, our follow-up data is limited to all-cause mortality; no other hard 
endpoints were available. 

Conclusion

This large observational study supports the assumption that large thrombus burden visible 
during angiography is associated with worse angiographic, electrocardiographic and clinical 
outcomes in patients with STEMI. Reducing the thrombus burden by thrombus aspiration 
might have a beneficial effect on myocardial perfusion irrespective of the amount of 
angiographically visible thrombus.
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Abstract

Background
Administration of abciximab during primary percutaneous coronary intervention is an 
effective adjunctive therapy in the treatment of patients with ST-segment elevation 
myocardial infarction. Recent small-scaled studies have suggested that intracoronary 
administration of abciximab during primary percutaneous coronary intervention is superior 
to conventional intravenous administration. This study has been designed to investigate 
whether intracoronary bolus administration of abciximab is more effective than intravenous 
bolus administration in improving myocardial perfusion in patients with ST-segment 
elevation myocardial infarction undergoing primary percutaneous coronary intervention 
with thrombus aspiration.

Methods/Design 
The Comparison of IntraCoronary versus intravenous abciximab administration during 
Emergency Reperfusion Of ST-segment elevation myocardial infarction (CICERO) trial is a 
single-center, prospective, randomized open-label trial with blinded evaluation of endpoints. 
A total of 530 patients with STEMI undergoing primary percutaneous coronary intervention 
are randomly assigned to either an intracoronary or intravenous bolus of weight-adjusted 
abciximab. The primary end point is the incidence of >70% ST-segment elevation resolution. 
Secondary end points consist of post-procedural residual ST-segment deviation, myocardial 
blush grade, distal embolization, enzymatic infarct size, in-hospital bleeding, and clinical 
outcome at 30 days and 1 year.

Discussion 
The CICERO trial is the first clinical trial to date to verify the effect of intracoronary versus 
intravenous administration of abciximab on myocardial perfusion in patients with ST-
segment elevation myocardial infarction undergoing primary percutaneous coronary 
intervention with thrombus aspiration.
Clinical Trial Registration CinicalTrials.gov NCT00927615
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CICERO Trial: design

Background

ST-segment elevation myocardial infarction (STEMI) is generally caused by rupture or 
erosion of atherosclerotic plaque and subsequent platelet aggregation and thrombosis, 
resulting in acute occlusion of a coronary artery.1,2 The preferred treatment strategy consists 
of prompt reperfusion therapy by means of primary percutaneous coronary intervention 
(PCI).3-5 However, despite optimal reperfusion of the infarct-related coronary artery, 
impaired myocardial perfusion is still present in a significant proportion of patients following 
successful PCI, which is associated with larger infarct size and increased long-term cardiac 
mortality.6,7

 One of the major causes of impaired myocardial reperfusion is embolization of 
atherothrombotic material including platelet aggregates into the distal microcirculation.8 In 
recent years, the implementation of adjunctive mechanical and pharmacological therapies 
during primary PCI, including manual thrombus aspiration and glycoprotein (GP) IIb/IIIa 
inhibitors, has significantly reduced the occurrence of distal embolization and improved 
clinical outcome in STEMI patients.9-15 Several trials and meta-analyses have demonstrated 
that manual thrombus aspiration improved myocardial reperfusion in patients presenting 
with STEMI and was associated with improved survival compared to conventional PCI at 
clinical follow-up up to 1 year.11,12,16-20 However, a major limitation of thrombus aspiration is its 
inability to prevent microvascular obstruction that has occurred prior to PCI or that has been 
induced by primary PCI including thrombus aspiration itself. Adjunctive pharmacological 
therapies are therefore needed to target these sources of microvascular obstruction.
 Anti-platelet therapy is an important cornerstone of modern STEMI management. 
During PCI, the use of GP IIb/IIIa inhibitors improves microvascular reperfusion.13,14 In large 
randomized trials, intravenous (IV) administration of the GPIIb/IIIa inhibitor abciximab 
during PCI was associated with a significant reduction in short- and long-term mortality 
and reinfarction rates in patients with STEMI.9,10,15 An alternative approach with the use of 
bivalirudin instead of the combination of unfractionated heparin and a GPIIb/IIIa inhibitor 
has been advocated and investigated.21 Although this may result in a lower rate of bleeding 
complications, a major drawback seems to be the higher incidence of stent thrombosis.
 Abciximab is the Fab fragment of the chimeric monoclonal antibody 7E3, which acts 
as a potent platelet aggregation inhibitor mainly by binding to the GP IIb/IIIa receptor on the 
surface of activated human platelets. Hereby, abciximab inhibits the final common pathway 
for platelet aggregation by preventing the binding of fibrinogen and von Willebrand factor 
to activated platelets.22 A receptor occupancy study reported that the absolute number of 
free GP IIb/IIIa receptors was decreased in patients with successful restoration of myocardial 
perfusion who were treated with GP IIb/IIIa inhibitors.23 Experimental studies have reported 
additional dose-dependent anti-platelet and anti-thrombotic effects of abciximab, which is 
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not only able to prevent thrombus formation, but also to facilitate the dispersal of newly 
formed platelet aggregates by displacement of platelet bound fibrinogen with higher local 
drug concentration, and to inhibit platelet-induced thrombin generation.22,24,25 In contrast to 
other GP IIb/IIIa inhibitors, abciximab has also distinct non-GP IIb/IIIa-related properties that 
may reduce inflammatory pathways and reperfusion injury.26 These dose-dependent anti-
platelet, anti-thrombotic and anti-inflammatory features of abciximab suggest that a higher 
local platelet inhibitor concentration may translate into further clinical improvements. 
Higher local concentrations can be obtained by the direct administration of abciximab into 
the infarct-related artery.
 Intracoronary (IC) administration of abciximab has been investigated in several case 
reports and clinical studies (Table 1).27-35 A retrospective study suggested a significant clinical 
benefit of IC administration, showing a 50% reduction of major adverse cardiac events 
(MACE) in patients with acute coronary syndromes treated with IC abciximab compared to 
IV abciximab.34 A small prospective randomized trial showed a greater degree of myocardial 
salvage, better recovery of left ventricular function, and improved myocardial perfusion in 
patients with STEMI treated with IC abciximab.27 Thiele et al33 reported a reduced infarct size 
and extent of microvascular obstruction, and improved perfusion in patients treated with an 
IC bolus of abciximab. In addition, there was a trend towards a clinically relevant reduction 
in the incidence of MACE in patients treated with IC abciximab (5.2% vs. 15.6%, p = 0.06).
 Given the limited number of patients included in these trials, a larger randomized 
clinical trial is required to verify the effect of IC abciximab administration in STEMI patients 
undergoing primary PCI. Furthermore, there is at the present time no information with 
regard to the combined strategy of thrombus aspiration and IC use of abciximab. Therefore, 
we intend to determine the effect of IC bolus administration of abciximab on post-procedural 
myocardial perfusion compared to IV bolus administration in STEMI patients undergoing 
primary PCI with thrombus aspiration.

Methods/Design

The CICERO trial is a single-center, prospective, randomized trial with blinded evaluation 
of endpoints (Figure 1). A total of 530 patients with STEMI undergoing primary PCI are 
randomly assigned to either an IC or IV bolus of weight-adjusted abciximab (0.25 mg/kg 
body weight, ReoPro 2 mg/ml, Centocor B.V., Leiden, the Netherlands). Randomization is 
performed by means of sealed envelopes at the catheterization laboratory when a decision 
to perform PCI is taken. The study takes place at a high-volume university hospital center 
providing 24-hours emergency cardiac care with 7 referral hospitals in a region with 750,000 
inhabitants. The study was approved by the institutional committee on human research of 
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the University Medical Center of Groningen and is in compliance with the declaration of 
Helsinki. The protocol of this trial has been registered at ClinicalTrials.gov (NCT00927615).

Study population
All consecutive STEMI patients who are candidates for primary PCI are considered eligible 
for participation. The inclusion criterion is a diagnosis of STEMI as defined by chest pain 
suggestive for myocardial ischemia for at least 30 minutes before hospital admission, time 
from onset of symptoms of less than 12 hours, and an ECG with new ST-segment elevation 
in 2 or more contiguous leads of ≥0.2 mV in leads V2-V3 and/or ≥0.1 mV in other leads or 
a new-onset left bundle branch block. Exclusion criteria are rescue PCI after thrombolytic 
therapy, need for emergency coronary artery bypass grafting, presence of cardiogenic 
shock, known existence of a life-threatening disease with a life expectancy of less than 6 
months, inability to provide informed consent, age below 18 years, and contra-indications 
for the use of abciximab, which include active internal bleeding, history of stroke within 2 
years, recent major surgery or intracranial or intraspinal trauma or surgery within 2 months, 
intracranial neoplasm, arteriovenous malformation or aneurysm, bleeding diathesis, 
severe uncontrolled hypertension, thrombocytopenia, vasculitis, hypertensive or diabetic 
retinopathy, severe liver or kidney failure, and hypersensitivity to murine proteins.

Author Year* Design Pati ents No In favor 
of Main results

Wohrle et al34 2003 retrospecti ve STEMI/
NSTEACS 403 IC reduced incidence of MACE 

at 30 days

Bellandi et al27 2004 prospecti ve, 
randomized STEMI 45 IC

higher salvage index and LV 
functi onal recovery (serial 

gated SPECT)

Romagnoli et al32 2005 prospecti ve, 
matched

STEMI/
NSTEACS 74 IC increased coronary fl ow 

(cTFC)

Galache et al29 2006 prospecti ve, 
randomized

STEMI/
NSTEACS 137 neutral no diff erence in the 

incidence of MACE at 1 year

Thiele et al33 2008 prospecti ve, 
randomized STEMI 154 IC reduced infarct size and 

extent of MO (MRI at 2 days)

Dominguez-Rodriguez 
et al28 2009 prospecti ve, 

randomized STEMI 50 IC larger reducti on in soluble 
CD40 ligand

Table 1 | Studies comparing IC and IV administrati on of abciximab in pati ents with STEMI

* Year of publicati on
cTFC: corrected TIMI frame count, IC: intracoronary, IV: intravenous, MACE: major adverse cardiac event, MO: 
microvascular obstructi on, MRI: magneti c resonance imaging, No: number of pati ents, NSTEACS: non-ST-elevati on 
acute coronary syndrome, SPECT: single photon emission computed tomography, STEMI: ST-segment elevati on 
myocardial infarcti on.
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Treatment
During PCI, the initial treatment step consists of manual thrombus aspiration whenever 
possible. Thrombus aspiration is performed with the Export aspiration catheter (Medtronic 
Inc., Santa Rosa, USA) as previously described.11 Continuous manual suction is performed 
using a proximal-to-distal approach, which is defined as active aspiration during initial 
passage of the lesion. In patients assigned to IC administration, a bolus of abciximab is 
administered through the guiding catheter proximal to the lesion in the infarct-related 
artery over a period of 1 minute after restoration of anterograde flow. As final step a stent 
is implanted. Additional pre- or postdilatation with a balloon may be required in certain 
patients.
 Patients are pre-treated with aspirin (500 mg), heparin (5000 IU IV), and high-
dose clopidogrel (600 mg orally) after electrocardiographic confirmation of STEMI, usually 
in the ambulance. IC administration of nitroglycerine (400 μg) is administered during the 
procedure at the operator’s discretion. During PCI, additional low-dose weight-adjusted 
heparin is administered as guided by the activated clotting time (target: 200-250 seconds). 
Sheaths are removed immediately at the end of the PCI procedure using the Angio-Seal 
device (St. Jude Medical, Inc, St. Paul, MN, USA) or by manual compression after arrival at 
the coronary care unit. In the setting of STEMI, the femoral approach is preferred. The radial 
approach is reserved for patients without femoral access. In case of radial access, sheaths 
are removed immediately following the PCI procedure. In patients with atrial fibrillation, a 
large dyskinetic area of the left ventricle, and in immobile patients, low-molecular-weight 
heparin is given for 1 to 3 days after sheath removal. Standard therapy after PCI includes 
aspirin (80 mg), clopidogrel (75 mg), beta-blockers, lipid lowering agents, and angiotensin 
converting enzyme inhibitors or angiotensin II receptor blockers, according to current 
international guidelines.36

Electrocardiography
A standard 12-lead electrocardiogram (ECG) is acquired at the time of presentation and at 
30 to 60 minutes after the end of procedure. Times of onset of symptoms, admission, first 
intracoronary intervention, end of PCI and ECG recordings are registered. The magnitude 
of ST-segment deviation is measured 60 ms from J-point. The first post-intervention ECG 
at 30 to 60 minutes is classified by comparison of the ST-segments with those of the ECG 
at presentation. ST-segment elevation resolution is categorized as complete (>70%), partial 
(30-70%), or absent (<30%).6 On the post-interventional ECG, residual ST-segment deviation 
is calculated as the sum of residual ST-segment elevation and depression in all leads.37 New-
onset of Q waves on the post-interventional ECG is defined as an initial negative deflection 
of the QRS complex of >0.1 mV and >40 ms in an ECG lead related to the myocardial area 
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IC: intracoronary, IV: intravenous, PCI: percutaneous coronary interventi on, STEMI: ST-segment elevati on 
myocardial infarcti on. 

Figure 1 | The CICERO trial fl ow chart.

Pati ents with STEMI undergoing primary PCI
N = 530

Aspirin (500 mg)
Heparin (5000 IU)

Clopidogrel (600 mg)

Coronary angiography

Thrombus aspirati on

Immediately aft er PCI: angiographic end points

30 - 60 minutes aft er PCI: electrocardiographic
end points including primary end point

In-hospital: enzymati c infarct size and bleeding
complicati ons

30 days: clinical outcome

1 year: clinical outcome

IC bolus of abciximab IV bolus of abciximab
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of infarction together with all pathological Q waves. All ECG recordings are analyzed by a 
physician blinded to treatment allocation and clinical data.

Coronary angiography
The following baseline, peri- and post-procedural angiographic features are recorded: 
the presence of thrombus and collaterals, Thrombolysis In Myocardial Infarction (TIMI) 
flow grades, myocardial blush grade (MBG), and the presence of angiographically visible 
distal embolization. TIMI flow grades are estimated as previously described.38 Thrombus 
is assessed according to the criteria summarized by Mabin et al.39 These criteria include 
the presence of an intraluminal central filling defect or lucency surrounded by contrast 
material that is seen in multiple projections, the absence of calcium within the defect; and 
persistence of contrast material within the lumen. Collaterals are assessed according to 
Rentrop’s classification:40 0 = none, 1 = filling of side branches only, 2 = partial filling of the 
epicardial segment, 3 = complete filling of the epicardial segment. Evaluation of MBG is 
performed as described by van ‘t Hof et al7: 0 = no myocardial blush, 1 = minimal myocardial 
blush or contrast density, 2 = moderate myocardial blush or contrast density, but less than 
that obtained during angiography of a contra- or ipsilateral non-infarct-related coronary 
artery, and 3 = normal myocardial blush or contrast density, comparable with that obtained 
during angiography of a contra- or ipsilateral non-infarct-related coronary artery. Persisting 
myocardial blush (“staining”) suggests leakage of contrast medium into the extravascular 
space and is graded 0. In addition, MBG is quantified with the Quantitative Blush Evaluator 
(QuBE) as described by Vogelzang et al,41 which provides a computer-assisted and more 
operator-independent score by calculating the increase and decrease of myocardial contrast 
density in the myocardial area of interest. Distal embolization is considered to have occurred 
if new circumscribed filling defects and/or abrupt cutoff of the vessel distal to the target 
lesion appears.42,43 The coronary angiograms are analyzed by a physician who is blinded to 
treatment allocation and clinical data.

Infarct size
Infarct size is estimated by serial measurements of cardiac markers including creatinine 
kinase (CK), myocardial band fraction of CK (CK-MB), lactate dehydrogenase (LDH), and 
troponin T. Blood is sampled at baseline and at 3, 6, 9, 12, 18, 24, and 48 hours after PCI. 
Peak release, time to peak release as well as area under the curve is determined. Marker 
levels are determined on a Hitachi 717 automatic analyzer according to the International 
Federation of Clinical Chemistry (IFCC) recommendation.

End points assessment
The primary end point is the incidence of ST-segment resolution >70% as assessed on the 
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ECG acquired 30 to 60 minutes after PCI compared to the ECG at presentation. Secondary 
end points include:
• Angiographic end points: post-procedural TIMI flow, MBG (by visual estimation and 

with the QuBE program) and angiographically visible distal embolization
• Electrocardiographic end points: residual ST-segment deviation 30 to 60 minutes after 

the procedure
• Enzymatic infarct size
• Mortality and Major Adverse Cardiac Events (MACE, a combined end point of target 

vessel revascularization, reinfarction, and cardiovascular mortality) at 30 days and 1 
year. 

A safety endpoint consists of in-hospital bleeding complications. 

Furthermore, the primary and secondary endpoints are to be analyzed in pre-specified 
subgroups, which are defined as:
1. Age (<65 versus >65 years)
2. Gender
3. Presence of diabetes
4. Number of diseased vessels (multi-vessel versus single vessel)
5. Infarct-related artery (left anterior descending artery (LAD) versus non-LAD)
6. Ischemic time (<3 versus >3 hours)
7. Angiographic presence of thrombus
8. Pre-procedural TIMI flow
9. Post-procedural TIMI flow
10. Post-procedural myocardial blush grade

Clinical follow-up
Death, reinfarction, and ischemia driven target-vessel revascularization are to be registered 
at 30 days and 1 year. Follow-up information will be obtained from the central personal 
records database, hospital records as well as by telephone interviews with the patients and/
or their general practitioners.

Statistical considerations
Sample size estimation
In previously published data, the incidence of our primary end point resolution of ST-
segment elevation >70% has been reported to be 56.6% in patients with STEMI treated 
with thrombus aspiration.11 We hypothesize that IC administration of abciximab during PCI 
increases the incidence of ST-segment resolution >70% by 25%. To detect a 25% difference 
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between the two treatment groups, 530 patients are required to reach a 5% significance 
level (two-sided) with 90% power.

Statistical analysis
All statistical analyses will be performed according to the intention-to-treat principle for 
the overall population as well as for the pre-specified subgroups. Statistical significance 
is considered as a two-tailed p value less than 0.05. The Statistical Package for the Social 
Sciences (SPSS Inc., Chicago, IL, USA) version 16.0.2 will be used for all statistical analyses. 
Differences between group means will be assessed with the two-tailed Student’s t-test. Chi-
square analysis or Fisher’s exact test will be used to test differences between proportions. 
Survival will be calculated by the Kaplan-Meier product-limit method. Chi-square analysis 
will be used to assess the relation between an individual variable and end points. The 
Mantel-Cox (or log-rank) test will be used to evaluate differences in survival between the 
two treatment groups. The Cox proportional-hazards regression model will be used to 
calculate relative risks and to adjust for differences in baseline characteristics.

Discussion

The CICERO trial is a single-center, prospective, randomized trial to determine whether IC 
administration of abciximab during primary PCI is more effective than IV administration in 
improving myocardial perfusion in STEMI patients undergoing primary PCI with thrombus 
aspiration. This is the first large clinical trial to date to determine the effect of IC versus 
IV administration of abciximab in STEMI patients undergoing primary PCI with thrombus 
aspiration.
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Abstract

Background 
Administration of the glycoprotein IIb/IIIa inhibitor abciximab is an effective adjunctive 
treatment strategy during primary percutaneous coronary intervention for ST-segment 
elevation myocardial infarction. Although small-scale studies have suggested beneficial 
effects of intracoronary over intravenous administration of abciximab, this has not been 
investigated in a medium-scale randomized clinical trial. 

Methods and Results 
A total of 534 ST-segment elevation myocardial infarction patients undergoing primary 
percutaneous coronary intervention with thrombus aspiration within 12 hours of symptom 
onset were randomized to either an intracoronary or an intravenous bolus of abciximab 
(0.25 mg/kg). Patients were pretreated with aspirin, heparin, and clopidogrel. The primary 
end point was the incidence of restored myocardial reperfusion, defined as complete ST-
segment resolution. Secondary end points included myocardial reperfusion as assessed 
by myocardial blush grade, enzymatic infarct size, and major adverse cardiac events at 30 
days. The incidence of complete ST-segment resolution was similar in the intracoronary and 
intravenous groups (64% versus 62%; p=0.562). However, the incidence of myocardial blush 
grade 2/3 was higher in the intracoronary group than in the intravenous group (76% versus 
67%; p=0.022). Furthermore, enzymatic infarct size was smaller in the intracoronary than in 
the intravenous group (p=0.008). The incidence of major adverse cardiac events was similar 
in both groups (5.5% versus 6.1%; p=0.786). 

Conclusions 
In ST-segment elevation myocardial infarction patients undergoing primary percutaneous 
coronary intervention with thrombus aspiration, intracoronary administration of abciximab 
compared with intravenous administration does not improve myocardial reperfusion as 
assessed by ST-segment resolution. However, intracoronary administration is associated 
with improved myocardial reperfusion as assessed by myocardial blush grade and a smaller 
enzymatic infarct size. 
Clinical Trial Registration CinicalTrials.gov NCT00927615
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Introducti on

ST-segment elevation myocardial infarction (STEMI) is a clinical condition caused by rupture 
or erosion of an atherosclerotic plaque and subsequent platelet aggregation and thrombosis, 
resulting in acute occlusion of a coronary artery.1,2 Prompt reperfusion therapy with primary 
percutaneous coronary intervention (PCI) has become the treatment strategy of choice.3,4 
Recently, the implementation of adjunctive mechanical and pharmacological therapies 
during primary PCI, including manual thrombus aspiration and glycoprotein (GP) IIb/IIIa 
inhibitors, has improved myocardial reperfusion and clinical outcome in STEMI patients.5-9 
In large randomized trials, intravenous administration of the GP IIb/IIIa inhibitor abciximab 
during primary PCI reduced short- and long-term mortality and reinfarction rates in patients 
with STEMI.6-7 Recently, experimental studies have suggested that abciximab exerts additional 
antiplatelet, antithrombotic, and antiinflammatory effects when local drug concentrations 
are higher.10 A recent study has reported that local GP IIb/IIIa receptor inhibition is higher with 
intracoronary administration of the GP IIb/IIIa inhibitor eptifibatide.11 Therefore, a higher 
local drug concentration by intracoronary administration of abciximab is expected to further 
improve clinical outcome. Although small- to medium-scale registries and randomized 
clinical trials have suggested beneficial clinical effects of intracoronary administration,12 
this has not been investigated in a medium-scale randomized clinical trial with an adequate 
number of patients to assess myocardial reperfusion. Furthermore, there is no information 
at present with regard to the combined strategy of thrombus aspiration and intracoronary 
abciximab administration. Therefore, we investigated whether intracoronary administration 
of abciximab is superior to intravenous administration in improving myocardial reperfusion 
in STEMI patients undergoing primary PCI with thrombus aspiration. 

Methods

Study design and population
The Comparison of IntraCoronary versus intravenous abciximab administration during 
Emergency Reperfusion Of ST-segment elevation myocardial infarction (CICERO) trial was 
a single-center, prospective, randomized, open-label trial with blinded evaluation of end 
points. The detailed study design has been published previously.13 Between September 
2008 and April 2010, consecutive STEMI patients undergoing primary PCI were randomly 
assigned to either an intracoronary or an intravenous bolus of abciximab (0.25 mg/kg body 
weight; ReoPro 2 mg/mL; Centocor BV, Leiden, the Netherlands). This study was performed 
at a high-volume university medical center providing 24-hour emergency cardiac care with 7 
referral hospitals in a region of 750,000 inhabitants. The study was approved by the Medical 
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Ethics Review Committee of the University Medical Center of Groningen. All patients gave 
informed consent.
 All STEMI patients who were candidates for primary PCI were considered eligible 
for participation. STEMI was defined as chest pain suggestive of myocardial ischemia for at 
least 30 minutes before hospital admission, time from symptom onset of <12 hours, and 
an ECG with new ST-segment elevation in 2 or more contiguous leads of ≥0.2 mV in leads 
V2 to V3 and/or ≥0.1 mV in other leads or a new-onset left bundle-branch block. Exclusion 
criteria were rescue PCI after thrombolytic therapy, need for emergency coronary artery 
bypass grafting, presence of cardiogenic shock, a life expectancy of <6 months, inability to 
provide informed consent, age <18 years, and contraindications for the use of abciximab, 
including active internal bleeding, history of stroke within 2 years, recent major surgery 
or trauma, intracranial neoplasm, arteriovenous malformation or aneurysm, bleeding 
diathesis, severe uncontrolled hypertension, thrombocytopenia, vasculitis, hypertensive or 
diabetic retinopathy, severe liver or kidney failure, and hypersensitivity to murine proteins. 

Treatment
Patients were pretreated with aspirin (500 mg), heparin (5000 IU), and high-dose clopidogrel 
(600 mg), usually in the ambulance. When prasugrel became available in certain ambulances 
in 2010, use of prasugrel (60 mg) instead of clopidogrel was allowed. After diagnostic coronary 
angiography was performed, patients who met the eligibility criteria were randomized by 
means of sealed envelopes. After randomization, a bolus of abciximab was administered 
through the guiding catheter proximal to the lesion in the infarct-related artery over a 
period of 1 minute in patients assigned to intracoronary administration directly after first 
restoration of antegrade flow. The preferred initial treatment step to restore antegrade flow 
consisted of manual thrombus aspiration (Export Aspiration Catheter; Medtronic Inc, Santa 
Rosa, Calif) under continuous suction. In patients assigned to intravenous administration, 
abciximab was administered during PCI, but the exact timing of administration was not 
specified by protocol. Additional predilatation or postdilatation with a balloon and stent 
implantation were at the discretion of the operator. Intracoronary administration of 
nitroglycerine (400 μg) was administered periprocedurally at the operator’s discretion. 
During PCI, additional low-dose weight-adjusted heparin was administered as guided by 
the activated clotting time (target, 200 to 250 seconds). No 12-hour infusion was initiated 
after PCI. Standard therapy after PCI included aspirin, clopidogrel, β-blockers, lipid-lowering 
agents, and angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers, 
according to current international guidelines.14

End points
The primary end point was the incidence of restored myocardial reperfusion, defined as 
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complete ST-segment resolution (STR). Secondary end points of myocardial reperfusion 
included myocardial blush grade (MBG) and residual ST-segment deviation. Other secondary 
end points included incidence of Q waves, postprocedural Thrombolysis in Myocardial 
Infarction (TIMI) flow and angiographically visible distal embolization, enzymatic infarct 
size, all-cause mortality, and major adverse cardiac events (a combined end point of cardiac 
mortality, reinfarction, and target vessel revascularization) at 30 days. A safety end point 
consisted of in-hospital bleeding, defined according to the TIMI bleeding classification.15

ECG analysis
For evaluation of the ECG end points, a 12-lead ECG was acquired at the time of presentation 
and at 30 to 60 minutes after primary PCI. The magnitude of ST-segment deviation was 
measured 60 minutes from the J point. STR was assessed by comparing the ST-segment 
deviation in the infarct-related area on the ECG after PCI with the ECG at presentation and 
was categorized as complete (>70%), partial (30% to 70%), or absent (<30%), as previously 
described.16 On the ECG after PCI, residual ST-segment deviation was categorized as <2, 2 to 5, 
5 to 10, or >10 mm by summing the residual ST-segment deviation as previously described.17 
New-onset Q waves on the ECG after PCI were defined as an initial negative deflection of 
the QRS complex of >0.1 mV and >40 ms in an ECG lead related to the myocardial area of 
infarction together with all pathological Q waves.18 All ECG recordings were analyzed by a 
physician blinded to treatment allocation and clinical data. When in doubt, the recordings 
were reviewed by 2 additional physicians until consensus was reached. 

Angiographic analysis
MBG was categorized as follows19: 0=no myocardial blush, or contrast density; 1=minimal 
myocardial blush; 2=moderate myocardial blush but less than that obtained during 
angiography of a contralateral or ipsilateral non–infarct-related coronary artery; and 
3=normal myocardial blush comparable to that obtained during angiography of a contralateral 
or ipsilateral non–infarct-related coronary artery. In addition, MBG was measured with the 
quantitative blush evaluator, which provides a computer-assisted and continuous score.20 
TIMI flow was defined as previously described.21 Distal embolization after PCI was defined 
as a new circumscribed filling defect and/or abrupt cutoff of the vessel distal to the target 
lesion.22 Thrombus was assessed according to the criteria of the TIMI group.23 Coronary 
angiograms were analyzed by 2 physicians blinded to treatment allocation and clinical data 
until consensus was reached. 

Infarct size
Infarct size was estimated by serial measurements of cardiac markers, including creatine 
kinase, creatine kinase-MB, and cardiac troponin T. Blood was sampled at baseline and at 3, 
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6, 9, 12, 18, 24, and 48 hours after PCI in patients who were hospitalized in this center after 
PCI. Peak release, time to peak release, and area under the curve over the first 48 hours 
were determined. If patients were observed for shorter periods, the area under the curve 
was estimated by multiplying the time-averaged mean level by 48 hours (adjusted values). 

Clinical follow-up
Clinical follow-up was obtained from the central personal records database, hospital records, 
and interviews with the patients and/or their general practitioners. Mortality was considered 
cardiac unless an unequivocal noncardiac cause of death was established. Reinfarction was 
defined as recurrent symptoms suggestive of ischemia with new ST-segment elevation and/
or elevation of the levels of cardiac markers.24 Target vessel revascularization was defined 
as ischemia-driven revascularization of the infarct-related artery with PCI or coronary artery 
bypass grafting. Clinical events were adjudicated by a committee consisting of 3 physicians 
blinded to treatment allocation. 

Sample size and statistical analysis
In previously published data, complete STR was achieved in 56.6% of STEMI patients treated 
with thrombus aspiration.8 To detect a 25% increase in the incidence of this primary end 
point in patients randomized to the intracoronary group, a total of 530 patients were 
required to achieve 90% power at a 5% significance level (2 sided), allowing 10% of ECGs to 
be not assessable for the primary end point. Statistical analyses were performed by intention 
to treat. Statistical significance was considered at a 2-tailed value of p<0.05. Differences 
between group means were assessed with the 2-tailed Student t test or Mann-Whitney U 
test if samples were not normally distributed. The χ2 or Fisher exact test was used to test 
differences between proportions. Statistical analyses were performed with the Statistical 
Package for the Social Sciences version 16.0.2 (SPSS Inc, Chicago, Ill). Investigators had full 
access to all primary data. 

Results

A total of 534 STEMI patients were randomly assigned to either intracoronary (n=271) 
or intravenous (n=263) abciximab administration (Figure 1). A total of 80 patients were 
excluded because of a contraindication for the use of abciximab (n=38), an inability to 
provide informed consent (n=2), cardiogenic shock (n=38), and need for emergency 
coronary artery bypass grafting (n=2). Baseline characteristics did not differ significantly 
between patients randomized to intracoronary or intravenous administration (Table 1). 
Clopidogrel was administered routinely before PCI in the prehospital setting either in 
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the ambulance or at the referral hospital. In patients admitted through the emergency 
department (9%), clopidogrel was administered before transportation for PCI. In 3%, 
clopidogrel was administered after PCI. Prasugrel was administered instead of clopidogrel 
in 2 patients randomized to intracoronary administration and 4 randomized to intravenous 
administration. Abciximab was administered after a median time of 3 minutes (interquartile 
range [IQR], 2 to 5 minutes) in the intracoronary group and 1 minute (IQR, 0–3 minutes) in 

 

 

 

 

 

 
 

 
  

614 pati ents with STEMI undergoing 
primary PCI assessed

80 pati ents did not meet 
eligibility criteria

534 pati ents randomized between 
September 2008 and April 2010

271 assigned to IC bolus of 
abciximab (0.25 mg/kg)
- 3 cross-over to IV bolus

Electrocardiographic 
endpoints including primary 

endpoint available in 251 
pati ents

Angiographic endpoints 
available in 266 pati ents

Enzymati c infarct size 
available in 126 pati ents

Clinical outcome at 30 days 
available in 271 pati ents

Clinical outcome at 30 days 
available in 263 pati ents

Enzymati c infarct size 
available in 122 pati ents

Angiographic endpoints 
available in 260 pati ents

Electrocardiographic 
endpoints including primary 

endpoint available in 237 
pati ents

266 thrombus aspirati on 255 thrombus aspirati on

263 assigned to IV bolus of 
abciximab (0.25 mg/kg) - no 

cross-over to IC bolus

IC: intracoronary, IV: intravenous, STEMI: ST-segment elevati on myocardial infarcti on, and PCI: percutaneous 
coronary interventi on.

Figure 1 | Flowchart of pati ent enrollment
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the intravenous group from first intracoronary intervention (p<0.001). Crossovers occurred 
nonintentionally in 3 patients randomized to intracoronary administration. 

ECG end points
The primary end point of complete STR was achieved in 64% of the intracoronary group and 
62% of the intravenous group (p=0.562). STR could not be assessed in 20 of 271 patients 
(7.4%) in the intracoronary group and 26 of 263 patients (9.9%) of the intravenous group 
(p=0.302) because no pre-PCI ECG was available (n=11), no post-PCI ECG was available 
(n=24), or conduction abnormalities or arrhythmias were seen on the ECG (n=11). Patients 
without primary end-point analysis were slightly older, had a longer ischemic time, and 
more often had hypercholesterolemia, multivessel disease, and the left main, graft, or right 
coronary artery as the infarct-related artery. Concordantly, there were no differences in the 
distributions of residual ST-segment deviation between the intracoronary and intravenous 
groups (p=0.662; Figure 2). The incidence and number of Q waves on the postprocedural 
ECG were similar in both groups (77% versus 82%; p=0.143; median, 2 [IQR, 1 to 3] versus 
2 [IQR, 1 to 4]; p=0.114). The median time from abciximab administration to the ECG after 
PCI was 4 minutes shorter for the intracoronary than for the intravenous group (38 minutes 
[IQR, 31 to 49 minutes] versus 42 minutes [IQR, 33 to 74 minutes]; p<0.001). 

Angiographic end points
Coronary angiograms were assessable in 526 of 534 patients (99%). In contrast to the 
distribution of ECG end points, the distribution of MBG was borderline significant in favor 
of patients randomized to intracoronary administration (p=0.052; Figure 2). Moreover, the 
incidence of MBG 2/3 was significantly higher in the intracoronary than in the intravenous 
group (76% versus 67%; p=0.022). When measured quantitatively with the quantitative 
blush evaluator (available in 75% of patients), myocardial reperfusion was slightly better 
in the intracoronary group than in the intravenous group, but this was not statistically 
significant (10.1±3.5 versus 9.7±3.6; p=0.269). After thrombus aspiration, assessable in 
90% of patients, flow was restored (TIMI grade 2/3) in 211 of 235 patients (90%) in the 
intracoronary group and 201 of 232 patients (87%) in the intravenous group (p=0.291). 
Postprocedural TIMI grade 3 flow was achieved in 89% and 86% of the intracoronary and 
intravenous groups, respectively (p=0.261). Postprocedural distal embolization occurred at 
similar frequencies between both groups (12% and 13%, respectively; p=0.635). The median 
time from abciximab administration to the angiographic run containing the blush sequence 
was 1 minute shorter for the intracoronary than for the intravenous group (8 minutes [IQR, 
5 to 12 minutes] versus 9 minutes [IQR, 6 to 15 minutes]; p=0.006). 
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Intracoronary
(n=271)

Intravenous
(n=263)

p-value

Clinical

Age, years    64±13 64±13 0.940
Male sex    208/271 (77) 187/263 (71) 0.137
Hypertension    119/270 (44) 129/263 (49) 0.250
Hypercholesterolemia    80/268 (30) 74/261 (28) 0.705
Diabetes mellitus    36/271 (13) 29/263 (11) 0.425
Family history  125/267 (47) 124/262 (47) 0.906
Current smoking   116/270 (43) 127/263 (48) 0.217
Previous MI 32/271 (12) 23/262 (9) 0.250
Previous PCI 25/271 (9) 21/262 (8) 0.619
Previous CABG  6/271 (2) 5/263 (2) 0.799
Previous stroke   11/270 (4) 12/262 (5) 0.774
Preinfarcti on angina   73/270 (27) 76/263 (29) 0.632
BMI, kg/m2 27±4 27±5 0.929
Systolic blood pressure, mmHg    131±27 129±25 0.319
Diastolic blood pressure, 
mmHg 76±15 74±13 0.231

Heart rate, bpm    76±20 78±18 0.196
Ischemic ti me, min 180 (120–275) 179 (128–275) 0.567

Angiographic

No. of diseased vessels    0.295
    1        123/271 (45) 101/261 (39)
    2        78/271 (29) 84/261 (32)
    3        70/271 (26) 76/261 (29)

Infarct-related artery    0.844

    LAD        121/271 (45) 124/263 (47)

    Cx        33/271 (12) 34/263 (13)

    RCA        112/271 (41) 99/263 (38)

    Other        5/271 (2) 6/263 (2)

TIMI fl ow grade    0.050

    0        125/271 (46) 145/263 (55)
    1        25/271 (9) 31/263 (12)
    2        64/271 (24) 49/263 (19)
    3        57/271 (21) 38/263 (14)
Thrombus present  236/270 (87) 242/263 (92) 0.080
Collaterals present  52/266 (20) 48/256 (19) 0.817
Procedural
    Thrombus aspirati on    266/271 (98) 255/263 (97) 0.370
    Balloon predilatati on    119/271 (44) 126/263 (48) 0.354
    Stent implantati on    256/271 (95) 251/263 (95) 0.608
    Postdilatati on    32/271 (12) 25/263 (10) 0.389
    IABP use    11/271 (4) 16/263 (6) 0.286

Table 1 | Baseline characteristi cs of the 534 pati ents randomized to intracoronary or intravenous 
administrati on of abciximab

Data are presented as mean±SD, median (IQR) or as number/total number (%).
MI: myocardial infarcti on, PCI: percutaneous coronary interventi on, CABG: coronary artery bypass graft ing, BMI: 
body mass index, LAD: left  anterior descending artery, Cx: circumfl ex artery, RCA: right coronary artery, TIMI: 
Thrombolysis In Myocardial Infarcti on, IABP: intra-aorti c balloon pumping. 
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Infarct size
Data on enzymatic infarct size could be assessed in 248 of 534 patients (46%). Infarct size 
was ≈30% smaller in the intracoronary group than in the intravenous group (1214 U/L [IQR, 
488 to 2184 U/L] versus 1746 U/L [IQR, 733 to 3383 U/L] for creatine kinase, p=0.008; 154 
U/L [IQR, 62 to 262 U/L] versus 232 U/L [IQR, 90 to 400 U/L] for creatinine kinase-MB, 
p=0.003; and 3.03 μg/L [IQR, 0.95 to 5.81 μg/L] versus 4.36 μg/L [IQR, 1.43 to 8.56 μg/L] for 
cardiac troponin T, p=0.008; Table 2). 

Although the distribution of STR and residual ST-segment deviation was not different for both groups (p=0.844 
and p=0.662, respectively), the distribution of MBG was borderline significant in favor of patients randomized to 
intracoronary administration (p=0.052).

Figure 2 | Distribution of myocardial reperfusion as assessed by (A) ST-segment resolution (STR), (B) residual 
ST-segment deviation, and (C) myocardial blush grade (MBG) in patients randomized to intracoronary or 
intravenous administration of abciximab
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Clinical follow-up
In total, 12 patients (2.2%) died within 30 days. All-cause mortality was 1.8% and 2.7% in 
the intracoronary and intravenous groups, respectively (p=0.524; Table 3). The incidence of 
major adverse cardiac events was low and not significantly different between the 2 groups 
(5.5% in the intracoronary group versus 6.1% in the intravenous group; p=0.786). 

Safety
There were no adverse procedural events related to intracoronary abciximab administration. 
The incidence of in-hospital major and minor bleeding was low and similar between the 
intracoronary and intravenous groups (for major bleeding, 3.7% versus 3.4%, p=0.867; for 
minor bleeding, 7.7% versus 6.8%, p=0.688). In-hospital thrombocytopenia <150×109/L 
developed in patients randomized to intracoronary and intravenous administration at 
similar frequencies (12% versus 13%; p=0.794). 

Intracoronary
(n=126)

Intravenous
(n=122)

p-value

Peak CK, U/L 1214 (488–2184) 1746 (733–3383) 0.008

Peak CK-MB, U/L 154 (62–262) 232 (90–400) 0.003

Peak cTnT, μg/L 3.03 (0.95–5.81) 4.36 (1.43–8.56) 0.008

Time to peak CK, h 7 (5–11) 8 (5–11) 0.991

Time to peak CK-MB, h 6 (5–9) 6 (5–9) 0.926

Time to peak cTnT, h 9 (6–13) 9 (6–12) 0.924

AUC
48 CK 1134 (474–1886) 1571 (612–2597) 0.023

AUC48 CK-MB 117 (56–219) 171 (80–277) 0.006

AUC48 cTnT 2.92 (0.87–5.35) 3.31 (1.39–8.23) 0.032

AUC48 CK adjusted 1463 (600–2841) 2206 (1002–3781) 0.008

AUC48 CK-MB adjusted 172 (82–305) 296 (122–440) 0.001

AUC48 cTnT adjusted 4.00 (1.36–7.41) 6.22 (2.08–12.03) 0.004

Table 2 | Enzymati c infarct size in pati ents with complete in-hospital follow-up

Data are presented as median (IQR).
CK: creati nine kinase, cTnT: cardiac troponin T, AUC: area under the curve.
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Discussion

This study indicates that intracoronary administration of the GP IIb/IIIa inhibitor abciximab 
during primary PCI with thrombus aspiration compared with intravenous administration 
does not improve myocardial reperfusion as assessed by STR. However, intracoronary 
administration is related to improved myocardial reperfusion as assessed by MBG, as well as 
in the subset of patients with evaluable infarct size, to a 30% smaller enzymatic infarct size. 
The CICERO trial is the largest clinical trial to date to determine the effect of intracoronary 
versus intravenous administration of abciximab in STEMI patients undergoing primary PCI. 
Moreover, this is the first medium-scale trial performed in a contemporary cohort of STEMI 
patients who were treated with manual thrombus aspiration. 
 Abciximab acts as a potent inhibitor of platelet aggregation mainly by competitively 
binding to the GP IIb/IIIa receptor on the surface of activated human platelets. As a result of a 
higher affinity to this receptor, abciximab prevents binding of fibrinogen and von Willebrand 
factor to activated platelets, blocking the final common pathway for platelet aggregation.10 
Experimental studies have suggested that abciximab has additional dose-dependent 
antiplatelet, antithrombotic, and antiinflammatory features. Abciximab not only prevents 
platelet aggregation in vitro but also promotes thrombus disaggregation.10 These findings 
suggest that a higher local concentration, achieved by intracoronary administration, results 
in improved outcome. Several small-scale studies have reported improved myocardial 
salvage, left ventricular functional recovery, and a smaller infarct size after intracoronary 
administration of abciximab.12 In a randomized trial in 154 patients by Thiele et al,25 STR as 
a continuous measure was higher in the intracoronary than in the intravenous group (77.8% 

Intracoronary 
(n=271)

Intravenous 
(n=263)

p-value

Mortality 5 (1.8) 7 (2.7) 0.524

Cardiac mortality 4 (1.5) 6 (2.3) 0.492

TVR 9 (3.3) 10 (3.8) 0.764

Reinfarction 3 (1.1) 4 (1.5) 0.721

IST 1 (0.4) 3 (1.1) 0.366

MACEs 15 (5.5) 16 (6.1) 0.786

Table 3 | Clinical outcome at 30 days in patients randomized to intracoronary or intravenous administration of 
abciximab

Data are presented as number (%).
TVR: target vessel revascularization, IST: in-stent thrombosis, MACEs: major adverse cardiac events.
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versus 70.0%). However, this positive study was powered to detect differences in infarct size 
and extent of microvascular obstruction by MRI. In the present study, which was powered to 
detect a clinically relevant improvement in STR, we could not confirm the positive findings 
as previously suggested. In contrast, we did observe a clinically relevant improvement in 
myocardial reperfusion as assessed by MBG and, in the subset of patient with evaluable 
enzymatic infarct size, a reduction in infarct size in patients randomized to intracoronary 
administration, which are consistent with the effects reported previously.25 Furthermore, 
the magnitude of the effect observed in this study was comparable. 
 Can the neutral findings on our primary end point be explained by differences 
between this and previous studies? In the positive study by Thiele et al,25 the patient 
population appeared to be at a higher clinical risk than in our study: patients presented with 
an ≈60-minute-longer ischemic time and a higher incidence of TIMI grade 0/1 flow, diabetes 
mellitus, and anterior infarction. In subgroup analysis, the benefit was observed in patients 
treated after 4 hours of symptom onset. Furthermore, high-dose clopidogrel preloading was 
performed in a small proportion of patients, and the use of thrombus aspiration was not 
reported. Our patient population resembled a recent neutral study with a similar baseline 
risk, including similar ischemic time, frequent use of clopidogrel preloading, and use of 
thrombus aspiration in 40%.26 Therefore, it is possible that the benefit of intracoronary 
administration on myocardial reperfusion was offset by a lower clinical risk and the routine 
use of thrombus aspiration in the present study. 
 The actual incidence of STR was higher than the estimated incidence used for 
sample size estimation. This estimation was based on data from the Thrombus Aspiration 
During Percutaneous Coronary Intervention in Acute Myocardial Infarction (TAPAS) study 
performed in our center, which showed complete STR in 56.6% of patients randomized to 
thrombus aspiration.8 In a more recent trial, ADenosine Administration during and after 
Primary percutaneous coronary intervention in acute myocardial infarction Trial (ADAPT), 
however, the rate of complete STR was considerably higher (66.3%) and more similar to that 
in this study.17 It is therefore likely that the higher rate of STR is explained by differences in 
the rate of actual thrombus aspiration: TAPAS patients randomized to thrombus aspiration 
underwent thrombus aspiration in 84%, whereas 95% of patients in the ADAPT control group 
and 97% of CICERO patients underwent thrombus aspiration. Because the more recent STR 
data were not available during the design of CICERO, we could base our assumptions only on 
the TAPAS data. During the years after TAPAS, no significant changes took place that could 
explain the higher rates of STR. 
 We report an unexpected discrepancy between myocardial reperfusion as assessed 
by STR and by MBG; they are usually consistent in both positive and negative studies 
and in previous studies reporting on intracoronary abciximab.8,17,25 Several reasons may 
account for this discrepancy. One possible reason is that STR and MBG represent different 
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pathophysiological phenomena. MBG reflects mechanical patency of the microvasculature, 
whereas STR may reflect the functional status of the myocardial cells.27 Although both 
markers are widely accepted as surrogate end points of clinical outcome,16,19,28 restoration of 
myocardial reperfusion as defined by complete STR or MBG 2/3 is discordant in approximately 
one third of STEMI patients.19,29 Nevertheless, both markers are of independent prognostic 
value in predicting long-term mortality.16,19,28,30 Recently, however, the prognostic value of 
STR has been debated in patients treated with primary PCI.31 This discrepancy between 
both markers cannot be explained by the findings in this study and deserves further 
investigation. A second possible reason is that both markers are assessed at different 
time points after primary PCI: MBG directly after PCI and STR at 30 to 60 minutes after 
PCI. The beneficial effect of intracoronary administration on myocardial reperfusion may 
be present directly after PCI but not at 30 to 60 minutes after PCI. A discrepancy between 
myocardial reperfusion outcomes immediately after PCI and compared with later after PCI 
has been reported previously.32 A third possible reason is that intracoronary administration 
itself instead of abciximab improves myocardial reperfusion directly after PCI but negates 
it during the first hour after PCI. Although there was no control group with intracoronary 
injection of saline, it is not likely that intracoronary administration itself would also result in 
the relevant reduction in enzymatic infarct size that was also observed in this study. 
 In contrast to previous studies that have suggested reductions to >50% of the 
incidence of major adverse cardiac events at 30 days in patients randomized to intracoronary 
administration,12 we found no reduction or trend toward reduction. First of all, this study 
had insufficient power to detect differences in clinical events. Furthermore, this study 
was performed in patients receiving contemporary treatment, including prehospital 
administration of high-dose clopidogrel and thrombus aspiration. The absolute number 
of clinical events at 30 days was much lower in this trial than in these previous studies,12 
making it even less likely to come to statistically significant improvements. 
 Although we observed conflicting results on myocardial reperfusion, the potential 
beneficial effects of intracoronary administration may become evident after 30 days. The 
reduction in enzymatic infarct size observed in a subset of patients may well translate 
into a better recovery of left ventricular function and improved clinical outcome at longer 
follow-up. Because this study was underpowered to detect possible differences in clinical 
events, larger randomized multicenter trials are needed to evaluate whether intracoronary 
administration during primary PCI improves clinical outcome. This is being investigated in 
an ongoing trial.33 In addition, local delivery of abciximab with a dedicated infusion catheter 
is currently being investigated in 2 trials that randomize STEMI patients to intracoronary 
bolus versus intravenous bolus (IC-ClearLy)34 and to intracoronary versus no bolus with or 
without thrombus aspiration in patients treated with bivalirudin (INFUSE AMI; http//www.
ClinicalTrials.gov; unique identifier, NCT00976521). 
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Limitations
First, we performed an open-label study because blinding of the operator was not feasible. 
However, all end points were assessed in a blinded manner. Second, this study was powered 
on STR instead of a clinical end point. However, STR is strongly related to clinical outcomes 
and therefore is widely accepted as a surrogate marker. In addition, STR was measured in this 
study only as a categorization into 3 groups, thereby preventing direct comparison between 
this study and previous studies reporting on continuous STR. In general, categorization makes 
a measurement less sensitive to treatment differences. However, STR categorized into 3 
groups is frequently used in medium-scale interventional trials to detect a clinically relevant 
improvement in STR. Third, we analyzed enzymatic infarct size in the subset of patients who 
were hospitalized in this center after PCI. However, the choice to stay in this center was 
based on geographical reasons and not biased by randomization. Fourth, all patients in this 
study received abciximab in a bolus-only strategy, which is not currently recommended.14 
Bolus-only use is supported by studies showing that bolus-only use reduces bleeding 
complications and is not inferior to abciximab bolus with subsequent 12-hour infusion in 
stable and moderate- to high-risk patients with acute coronary syndromes.35,36 In this study, 
we did not compare the bolus-only strategy with the standard bolus with subsequent 12-
hour infusion strategy. However, because infusion was not initiated in either randomization 
group, it has not influenced our comparison of intracoronary and intravenous administration. 
Finally, we did not investigate the effect of timing of intracoronary administration. Although 
previous studies have reported on intracoronary administration after wire passage but 
before restoration of epicardial flow, we chose to perform intracoronary administration 
after restoration of flow to have an optimal local concentration through the coronary artery 
both at the culprit site and in the distal microvasculature. 

Conclusions

In STEMI patients undergoing primary PCI with thrombus aspiration, intracoronary 
administration of abciximab is not superior to intravenous administration in improving 
myocardial reperfusion assessed by STR as the primary end point. However, intracoronary 
administration is associated with improved myocardial reperfusion as assessed by MBG and, 
in the subset of patients with evaluable infarct size, a smaller enzymatic infarct size. Larger 
randomized multicenter trials are required to evaluate whether intracoronary administration 
reduces clinical adverse events. 
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Abstract

Background
Multiple trials have documented that myocardial blush grade (MBG) after primary 
percutaneous coronary intervention (PCI) for ST-elevation myocardial infarction (STEMI) has 
prognostic value for long-term clinical outcome. However, to the best of our knowledge, no 
study has determined the clinical use of MBG in routine clinical practice. We determined the 
prognostic value of MBG scored by the operator during primary PCI in consecutive patients 
with STEMI. 

Methods and results
The prognostic value of MBG scored by the operator in relation to 1-year all cause mortality 
was evaluated in all patients with STEMI who underwent primary PCI between January 
2004 and July 2008 in our hospital. The incidence of MBG 0, 1, 2, and 3 was 12%, 14%, 
36%, and 38%, respectively, in 2118 consecutive patients with STEMI. Follow-up of all 2118 
patients showed a 1-year all cause mortality rate of 8% (168 of 2118): 24%, 10%, 6%, and 
4%, respectively, among patients with MBG 0, 1, 2, and 3 (p<0.001). In the 1763 patients 
with Thrombolysis in Myocardial Infarction (TIMI) flow grade 3 after PCI, these mortality 
rates were 17%, 10%, 6%, and 4%, respectively (p<0.001). MBG scored by the operator was 
a strong independent predictor of 1-year all cause mortality corrected for other well-known 
predictive variables, including TIMI flow grade. 

Conclusions
MBG scored by the operator during primary PCI has prognostic value for 1-year all cause 
mortality in patients with STEMI in routine clinical practice. Therefore, the MBG should be 
documented, in addition to the TIMI flow grade, during primary PCI in patients with STEMI 
in standard PCI reports in routine clinical practice. 
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Introducti on

Depending on the duration of coronary occlusion, myocardial infarction leads to necrosis 
of myocytes and eventually to destruction of the microvascular bed.1 The primary goal of 
primary percutaneous coronary intervention (PCI) for ST-elevation myocardial infarction 
(STEMI) is restoration of epicardial blood flow to provide perfusion into the infarcted part of 
the myocardium. The rate of restoration of epicardial blood flow after PCI can be assessed by 
the angiographic Thrombolysis in Myocardial Infarction (TIMI) flow grade.2,3 TIMI flow grade 
is associated with clinical outcome.4,5 In ≈90% of the patients with STEMI, restored epicardial 
blood flow, defined as TIMI flow grade 3, is achieved after primary PCI.6–8 However, despite 
restored epicardial blood flow, a substantial percentage of patients have signs of impaired 
myocardial reperfusion and therefore have an impaired prognosis.9,10

 Myocardial blush grade (MBG) is a simple visual angiographic assessment of 
myocardial perfusion in the infarct area, as first described by van’t Hof et al7; MBG seems 
to be of additional value, especially in patients with restored epicardial blood flow because 
MBG reflects the extent of damage of the microvascular bed. In several studies, the MBG 
is associated with ST-segment elevation resolution, enzymatic infarct size, left ventricular 
function, and long-term mortality.6,7,11,12 Therefore, MBG is often used as an end point in 
clinical trials. In routine clinical practice, MBG is not often used as a prognostic tool, possibly 
because of concerns that the subjectivity of the operator will limit its prognostic value. Until 
now, no studies have validated the prognostic value of MBG scored by the operator during 
primary PCI in routine clinical practice, but they have relied on independent core laboratory 
or experienced observers blinded to all clinical data. In this study, we evaluated the relation 
between MBG scored by the operator during primary PCI and 1-year all cause mortality in 
patients with STEMI and its additional prognostic value when TIMI flow grade 3 is achieved 
after primary PCI. 

Methods

Patient population
In this “real-world” analysis, all consecutive patients with STEMI were included who were 
treated with primary PCI from January 2004 to July 2008 in our hospital. During this period, 
1599 patients with STEMI were included in 1 of our randomized controlled trials. Our 
trials include TAPAS (Thrombus Aspiration during Percutaneous coronary intervention in 
Acute myocardial infarction Study; n=1071),13,14 Diver versus Export (n=80),15 and ADAPT 
(ADenosine Administration during and after Primary percutaneous coronary intervention in 
acute myocardial infarction; n=448).16 These trials included patients with suspected STEMI 
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in the period between January 2005 and July 2008. Trial exclusion criteria were rescue PCI 
after thrombolysis, cardiogenic shock, known disease with a life expectancy of <6 months, 
and lack of informed consent. For this study, no exclusion criteria were used, and all patients 
with STEMI included in our trials (trial patients) and all patients with STEMI not included in 
our trials (nontrial patients) were analyzed. 

Treatment
From January 2004 to January 2005, patients with STEMI were treated with conventional 
PCI (balloon angioplasty followed by stent implantation). From January 2005 to December 
2006, conventional PCI and thrombus aspiration followed by stent implantation were 
randomly performed in context of the TAPAS trial.13,14 Thrombus aspiration became the 
preferred treatment since December 2006. Most patients received bare-metal stents. 
Acute pharmacotherapy was according to current international guidelines, including 
aspirin, clopidogrel, and the glycoprotein IIb/IIa inhibitor abciximab.17 Maintenance 
pharmacotherapy consisted of aspirin, clopidogrel for at least 1 month, β-blockers, lipid-
lowering agents, and angiotensin-converting enzyme inhibitors or angiotensin-II receptor 
blockers. 

Angiographic analysis
The operators scored the TIMI flow grades (operator TIMI flow grade) and MBG (operator 
MBG) during the PCI procedure and registered the outcome in the catheterization laboratory 
database. In all patients, TIMI flow grade was scored before PCI, and TIMI flow grade and 
MBG were scored after PCI after intracoronary nitroglycerin was administered. In the trial 
patients, an independent core laboratory or 2 experienced observers blinded to all clinical 
data scored TIMI flow grades (core laboratory TIMI flow grade) and MBG (core laboratory 
MBG) on recorded angiograms, as previously described.13–16

End points and definitions
TIMI flow grade was classified as 0: no antegrade flow, 1: minimal antegrade flow into the 
obstructed segment, 2: slow antegrade flow into the distal bed, and 3: normal antegrade 
flow into the distal bed.2 The MBG was determined by the contrast density in an angiographic 
projection that isolated the distal myocardial region of the infarct-related artery. Detailed 
description of the angiographic requirements to assess the MBG has been published 
previously by van’t Hof et al7; MBG of the myocardial infarct region was classified as 0: no 
myocardial blush, 1: minimal myocardial blush, 2: moderate myocardial blush, or 3: normal 
myocardial blush, all compared with the MBG of myocardial regions of noninfarct-related 
arteries.7 Persisting myocardial blush was also graded as 0 because this is considered to be 
extravasation of angiographic contrast medium associated with hemorrhage.18 Enzymatic 
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infarct size was determined as peak creatinine kinase. All cause 1-year mortality was 
collected using municipal civil registries. Because only patients who are lost to follow-up by 
municipal civil registries could not be tracked, this system provides completeness of follow-
up with regard to vital status in >99% of patients admitted to our department. 

Statistical analysis
Normally distributed continuous variables are presented as mean±SD and were compared 
using a 2-tailed Student t test. Skewed distributed continuous variables are presented 
as median with interquartile range and were compared using a Mann-Whitney U test. 
Categorical variables are presented as number and percentage and were compared using 
the χ2 test or Fisher exact test. To determine the agreement between operators and core 
laboratory scoring, unweighted kappa was used with TIMI flow grades and MBG grouped as 
0 or 1 versus 2 or 3. The additional predictive value for 1-year all cause mortality by operator 
MBG compared with the often used prognostic scores during the procedure, TIMI flow grade 
before and after PCI, was evaluated by receiver operating characteristic curves. Logistic 
regression analysis for mortality was performed using well-known prognostic variables: age, 
anterior infarction, peak creatinine kinase, TIMI flow grade before and after PCI, and MBG. 
A large enzymatic infarct size was defined as creatinine kinase peak at least 15 times the 
upper limit of the normal values. Independent predictors of 1-year all cause mortality were 
identified using the backward stepwise regression. Statistical significance was defined as a 
2-sided p-value of <0.05. Statistical analysis was performed using SPSS software version 16.0 
(SPSS Inc, Chicago, Ill). 

  

 

2375 consecuti ve STEMI pati ents treated with primary 
PCI between January 2004 and July 2008

2118 pati ents with available angiograms and assessed 
TIMI fl ow grade and MBG

743 pati ents not included in prospecti ve trials 1375 pati ents included in prospecti ve trials

Pati ents with STEMI were included in this study when TIMI fl ow grades and MBG were scored by operator during 
primary PCI and in trial pati ents also scored by independent core laboratory. Our clinical trials include TAPAS13,14, 
Diver versus Export15 and ADAPT16.
TIMI: Thrombolysis In Myocardial Infarcti on, MBG: Myocardial Blush Grade.

Figure 1 Flow-diagram of inclusion
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Results

Study population
A total of 2375 patients with STEMI underwent primary PCI in our hospital in the 4.6-year 
period (Figure 1). In 89% (2118 of 2375) of the patients, immediate TIMI flow grades and 
MBG were scored by the operator. In trial patients, TIMI flow grades and MBG were scored 
in 86% (1375 of 1599) by operator as well as by core laboratory. In nontrial patients, TIMI 
flow grades and MBG were scored in 96% (743 of 776) by operator. Compared with trial 
patients, nontrial patients had worse angiographic characteristics and a higher 1-year all 
cause mortality rate (Table 1). In all consecutive patients with STEMI, operator TIMI flow 
grade 3 and operator MBG 3 after PCI were achieved in 83% and 38%, and operator TIMI 
flow grade 0 and operator MBG 0 after PCI were scored in 2% and 12% of the patients. In trial 
patients, operator TIMI flow grade 3 and operator MBG 3 after PCI were achieved in 85% 
and 40%, and operator TIMI flow grade 0 and operator MBG 0 after PCI were scored in 1% 
and 5% of the patients. In nontrial patients, operator TIMI flow grade 3 and operator MBG 3 
after PCI were achieved in 80% and 35%, and operator TIMI flow grade 0 and operator MBG 
0 after PCI were scored in 4% and 24% of the patients. One-year all cause mortality was 8% 
(168 of 2118) in all consecutive patients with STEMI, 4% (53 of 1375) in the trial patients, 
and 16% (115 of 743) in the nontrial patients. 

Agreement between operator and core laboratory scoring of MBG and TIMI flow grade
The incidence of the overall scored grades of myocardial blush between operators and 
core laboratory in trial patients is compatible (Figure 2). The highest agreement between 
operators and core laboratory was in TIMI flow grade before PCI (kappa 0.81) compared 
with TIMI flow grade after PCI (kappa 0.62) and MBG (kappa 0.47), when grouped in 0 or 
1 versus 2 or 3. The kappa was lower for TIMI flow grade after PCI because of the high 
incidence of grade 2 and 3 after PCI (Figure 3). 

Prognostic value of MBG scored by the operator
There were strong relations among operator TIMI flow grade before PCI (p=0.006), operator 
TIMI flow grade after PCI (p<0.001), operator MBG (p<0.001), and 1-year all cause mortality 
in all consecutive patients with STEMI (Figure 4). Per grade of myocardial blush, the prognosis 
decreased with a markedly poor prognosis for operator MBG 0 (Figure 5). Compared with 
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All pati ents
n=2118

Trial pati ents
n=1375

Nontrial pati ents
n=743

p-value

General characteristi cs
Age, year 63.1±12.9 62.8±12.6 63.7±13.4 0.134
Male sex 1502 (71) 996 (72) 506 (68) 0.036
Previous PCI 146 (7) 84 (6) 62 (9) 0.035
Previous CABG 41 (2) 23 (2) 18 3% 0.198
Angiographic characteristi cs

Infarct-related artery 
    LAD 888 (42) 568 (41) 320 (43) 0.434
    CX 346 (16) 233 (17) 113 (15) 0.302
    RCA 850 (40) 569 (41) 281 (38) 0.110
    Graft 11 (0.5) 1 (0.1) 10 (1.3) <0.001
    Left  main 23 (1.1) 4 (0.3) 19 (2.6) <0.001
Operator TIMI fl ow grade 0.003

    0 1257 (59) 784 (57) 473 (64)

    1 175 (8) 110 (8) 65 (9)

    2 324 (15) 235 (17) 89 (12)

    3 362 (17) 246 (18) 116 (16)
Ischemic ti me, minutes 185 (135-285) 180 (130-285) 190 (135-280) 0.445
Ischemic ti me >6 hours 299 (16) 92 (16) 207 (16) 0.830
 
Administrati on of glycoprotein 
IIb/IIIa inhibitor

1780 (84) 1267 (92) 513 (69) <0.001

Postprocedural characteristi cs

Operator TIMI fl ow grade <0.001

    0 41 (2) 9 (1) 32 (4)

    1 40 (2) 16 (1) 24 (3)

    2 274 (13) 181 (13) 93 (13)

    3 1763 83) 1169 (85) 594 (80)

Operator MBG <0.001

    0 254 (12) 73 (5) 181 (24)

    1 289 (14) 205 (15) 84 (12)

    2 762 (36) 545 (40) 217 (29)

    3 813 (38) 552 (40) 261 (35)
IABP 180 (9) 67 (5) 113 (16) <0.001
Clinical chemistry 
Creati nine kinase peak, U/L 737 (292-1687) 716 (282-1687) 781 (333-1687) 0.433
CK-Myocardial Band peak, U/L 76 (31-156) 78 (32-170) 72 (30-132) 0.007
Follow-up 
1-year mortality 168 (8) 53 (4) 115 (16) <0.001

Table 1 | Characteristi cs of all consecuti ve STEMI pati ents, divided in trial and nontrial pati ents

Data are presented as mean±SD, median (IQR) or as number (%).
P-value represents the diff erence between trial pati ents and nontrial pati ents. Ischemic ti me was recorded in 
1866 consecuti ve STEMI pati ents, in 1282 trial pati ents and in 584 nontrial pati ents. 
PCI: percutaneous coronary interventi on, CABG: coronary artery bypass graft ing, LAD: left  anterior descending 
artery, CX: left  circumfl ex artery, RCA: right coronary artery, TIMI: Thrombolysis In Myocardial Infarcti on, MBG: 
Myocardial Blush Grade, IABP: intra-aorti c balloon pump, SD: standard deviati on, IQR: interquarti le range.
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Figure 2 | Angiographic MBG scored by operator and core laboratory in the trial pati ents (n=1375)

Figure 3 | Agreement of TIMI fl ow grade and MBG between operators and core laboratory in the trial pati ents 
(n=1375)

Figure 2 | Angiographic MBG scored by operator and core laboratory in the trial pati ents (n=1375)
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operator MBG, the relation between core laboratory MBG and mortality was similar (core 
laboratory MBG 0, 1, 2, 3: 15.3%, 4.6%, 2.8%, 2.9%, respectively; p<0.001). In nontrial 
patients alone, a similar and significant relation between operator MBG and mortality was 
found. 
 In the 83% of patients with operator TIMI flow grade 3 after PCI, operator MBG 
was 0 in 7%, 1 in 11%, 2 in 37%, and 3 in 45% of the patients. In these patients with 
restored epicardial flow after PCI, operator MBG remained a strong predictor for mortality 
(Figure 6). Operator MBG 0 or 1 was seen more often in anterior infarction (p<0.001), even 
when operator TIMI flow grade 3 was achieved by PCI (p<0.001). The receiver operating 
characteristic analysis showed that operator MBG had additional predictive value for 
1-year all cause mortality compared with TIMI flow grade before and after PCI (Figure 7). 
Multivariable analysis showed that operator MBG is a strong and independent predictor of 
1-year all cause mortality corrected for age, anterior infarction, enzymatic infarct size, and 
TIMI flow grade before and after PCI (Table 2). 

Discussion

In this real-world study, we show that MBG scored by the operator during the PCI procedure, 
as a determinant of myocardial reperfusion, is a strong predictor of long-term mortality in 
patients with STEMI treated with primary PCI. After correction for other predictive variables 
(age, anterior infarction, enzymatic infarct size, and TIMI flow grade before and after PCI), 
MBG remains an independent prognostic variable (odds ratio of MBG 0 or 1 versus 2 or 3: 
2.75; 95% CI: 1.95 to 3.86; p<0.001) Moreover, in patients with restored epicardial blood 
flow after primary PCI, operator MBG has additional prognostic value. 
 Restoration of the epicardial blood flow to provide myocardial reperfusion has 
been the target for treatment of patients with myocardial infarction for many years.2,3 With 
primary PCI, a restored epicardial blood flow is achieved in ≈90% of the patients in several 
trials.7,8,19,20 The prognostic value of epicardial blood flow, classified as TIMI flow grade, is 
well known.4,5 Our study also shows that operator TIMI flow grade before and after PCI 
are predictors of long-term mortality in routine clinical practice. However, TIMI flow grade 
does not describe the reperfusion of the infarcted myocardium. Van’t Hof et al described 
MBG as a visual assessment of angiographic contrast density in the myocardial region of the 
infarct-related artery as a reflection of myocardial reperfusion. Several trials have shown 
the prognostic value of retrospective scored MBG by experienced observers or independent 
core laboratory blinded to all clinical data.6,7,11,12,19 To the best of our knowledge, this study 
is the first that uses MBG obtained during the PCI procedure in routine clinical practice. 
We show that operator MBG is a predictor of long-term mortality in patients with STEMI 
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treated with primary PCI. Furthermore, this study had the capacity to identify progressively 
decreasing prognosis per grade of myocardial blush, with a markedly poor prognosis in MBG 
0. 
 That the restored epicardial blood flow is not identical to restored myocardial 
perfusion can be explained as follows. Myocardial perfusion is related to the extent 
of myocardial necrosis caused by microvascular dysfunction. This depends partly on 
the duration of coronary artery occlusion, the size of the myocardium supplied by the 
infarct-related artery, and the quality of collateral circulation. However, besides disturbed 
reperfusion by epicardial or collateral vessels, the impaired microvascular perfusion can 
also be caused by edema, inflammation, neurohormonal reflexes, vasoconstriction, and 
spontaneous or PCI-induced distal atherothrombotic embolization.10,21,22 In 11% to 50% of 
the patients with STEMI no or reduced myocardial perfusion (“no reflow”) is observed after 
PCI, despite restored epicardial blood flow.7,10,12,19,23 This impaired myocardial perfusion is 

Figure 4 | Relati on between 1-year mortality and operator TIMI fl ow grade and operator MBG in all 
consecuti ve STEMI pati ents (n=2118)
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associated with decreased clinical outcomes, and therefore, restored epicardial blood flow 
is no guarantee for restored myocardial viability and clinical outcome.10,12,21 In our study, 
18% had impaired myocardial blush despite TIMI flow grade 3 after PCI. In these patients 
with MBG 0 or 1, a mortality rate of 17% and 10% was observed compared with a mortality 
rate of 6% and 4% when MBG 2 or 3 was achieved (p<0.001). In the receiver operating 

characteristic analysis, the predictability of 1-year mortality increased using MBG beyond the 
TIMI flow grade before and after PCI. Furthermore, in multivariable analysis, MBG remained 
an independent predictor after adjustment for other known prognostic variables, including 
TIMI flow grade after PCI. Therefore, MBG identifies an additional patient population at risk 
on top of TIMI flow grade. This implicates that documentation of MBG has prognostic value 
in routine clinical practice, in particular when TIMI flow grade 3 is achieved after PCI. 
 As is the case for TIMI flow grade, MBG is a subjective angiographic parameter. In 
the trial patients, the incidence of the different grades of myocardial blush was comparable 
between operators and core laboratory. The agreement between operators and core 
laboratory seemed to be lower in MBG compared with TIMI flow grade after PCI. It is 
important to realize that the core laboratory analyzed coronary angiograms blinded to all 

Figure 5 | Survival per operator MBG in all consecuti ve pati ents with STEMI (n=2118)
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Figure 6 | Relati on between 1-year mortality and operator MBG in consecuti ve pati ents with STEMI with TIMI 3 
post-PCI (n=1763)

Receiver operati ng characteristi c curve for TIMI fl ow grade before and aft er PCI (area under the curve of 0.62) 
compared to the curve with additi onal operator MBG (area under the curve of 0.68). The value per score of TIMI 
fl ow or MBG was determined by its regression coeffi  cient.

Figure 7 | Additi onal predicti ve value of operator MBG compared to TIMI fl ow grade before and aft er PCI 
(n=2118)
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clinical data, whereas operators will have been influenced by the clinical presentation of 
the patients. Furthermore, the scoring during night hours by the operator may be less 
accurate. Experience and feedback in this relative new angiographic assessment may reduce 
variability. Furthermore, STEMI trials report variable incidences of the different grades 
of myocardial blush scored by core laboratory (Table 3). Still, both our study and these 
trials show that in different centers, distinguishing MBG 0 and 1 from 2 and 3 has major 
prognostic implications. Other techniques are available that assess myocardial perfusion in 
a more quantitative manner. Most studies have been performed with myocardial contrast 
echocardiography. Decreased myocardial perfusion determined by myocardial contrast 
echocardiography is associated with left ventricular remodeling, heart failure, and cardiac 
mortality.24 High-contrast MRI measures microvascular obstruction and myocardial damage 
and may become the preferred technique.25 Effective myocardial reperfusion may gradually 
occur in the first 10 days after STEMI, which is the advantage of these techniques that are 
mostly performed after this period.22,26 Quantitative Blush Evaluator is a computer-assisted 
assessment of myocardial perfusion that is correlated with core laboratory MBG and is a 
predictor of long-term mortality.27 The advantage of using angiographic MBG is that it is a 
readily available and simple method that can be used to estimate the myocardial reperfusion 
immediately after PCI without the need for additional diagnostic procedures with issues of 
availability and expertise. 
 This study included all trial and nontrial patients with STEMI in a 4.6-year period. 
The incidence of MBG 0 and 1 differed between trial patients (5% and 15%) and nontrial 
patients (24% and 12%). The nontrial cohort were patients who underwent primary PCI 
when no trials were performed, mainly in 2004 or between 2 trials (65% 486 of 743) and 

Table 2 | Odds rati o for 1-year mortality including operator MBG in all consecuti ve STEMI pati ents (n=2118)

TIMI pre-PCI 0 or 1 was compared to TIMI pre-PCI 2 or 3; TIMI post-PCI <3 was compared to TIMI post-PCI 3; 
MBG 0 or 1 was compared to MBG 2 or 3. During multi variable regression analysis the following variables were 
subsequently dropped as signifi cant predictors for 1-year all cause mortality: TIMI post-PCI <3, anterior infarcti on, 
and TIMI pre-PCI 0 or 1. 

Univariate analysis Multi variable analysis

Odds rati o 95% CI p-value Odds rati o 95% CI p-value

Age, years 1.05 (1.04-1.07) <0.001 1.05 (1.03-1.06) <0.001

Anterior infarcti on 1.46 (1.07-2.01) 0.018

Creati nine Kinase peak >1500U/L 1.69 (1.21-2.36) 0.002 1.53 (1.07-2.18) 0.020

TIMI pre-PCI 0 or 1 1.90 (1.30-2.80) 0.001

TIMI post-PCI <3 2.43 (1.71-3.44) <0.001

MBG 0 or 1 3.71 (2.69-5.12) <0.001 2.75 (1.95-3.86) <0.001
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patients who were excluded from our trials (35% 257 of 743). In 54 patients, the operator 
excluded the patient from a trial because of cardiogenic shock. This also explains the higher 
mortality rate in nontrial patients. In most trials where MBG was assessed, cardiogenic 
shock patients were excluded. These patients are most likely to have a poor MBG. Tarantini 
et al28 described an incidence of MBG 0 or 1 of 66% in patients with cardiogenic shock after 
primary PCI with a mortality rate of 81%. Another explanation for the poorer outcome of 
the nontrial patients is that glycoprotein IIb/IIIa receptor antagonists were less administered 
in the nontrial patients compared with the trial patients (69% versus 93%). It is known that 
glycoprotein IIb/IIIa reduces mortality.29 Irrespective of these differences between trial and 
nontrial patients, there remained a strong relation between MBG and long-term mortality. 

Limitations
TIMI flow grade and MBG were not scored by operator, core laboratory, or both in all 
patients. Scoring MBG is dependent on a specific and prolonged angiographic projection 
while the patient is holding his or her breath. More effort by the operator will increase the 
number of adequate angiograms. Still, assessable angiograms were present in 89% of all 

consecutive patients with STEMI. 

Conclusions and implications

Angiographic MBG scored by the operator during primary PCI in patients with STEMI is 
an independent predictor for 1-year all cause mortality in routine clinical practice. Even 
when TIMI flow grade 3 is achieved after PCI, operator MBG has an additional predictive 
value. Furthermore, probably, this is the first study that could categorize MBG in 4 groups 

Study Number of 
patients

Follow-up
in years Incidence of MBG (%) Mortality in MBG (%)

0/1 2 3 0/1 2 3

Van’t Hof et al.7 777 1.9±1.7 30 51 19 23 6 3

Stone et al.11* 173 1 28 42 30 22 13 7

Haager et al.6† 253 1 31 29 40 35 13 9

Costantini et al.19 1301 1 49 34 17 6 4 1

Our study 2118 1 26 36 38 34 6 4

*39% of patients underwent rescue angioplasty for failed thrombolysis and 17% for cardiogenic shock. 
†22% of patients underwent rescue angioplasty for failed thrombolysis and 13% for cardiogenic shock.

Table 3 | Prognostic value of myocardial blush grade after primary PCI for STEMI in several trials
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with decreasing prognosis per grade, with a markedly poor prognosis in MBG 0. Compared 
with other functional outcome parameters, such as in MRI and echocardiography, the 
operator-scored MBG has the important practical advantage that it is assessed directly 
after the primary PCI procedure. This all implicates that MBG scored by the operator during 
primary PCI can be used to improve early risk stratification in patients with STEMI with the 
opportunity to intensify the treatment for high-risk patients. We are eagerly awaiting the 
results of trials studying various additional interventions to improve left ventricular function 
when the myocardial perfusion is not restored after PCI.30–33
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To the Editor:

Early risk stratification has the potential to play an important role in ST-elevation myocardial 
infarction (STEMI) patients who are to be treated with primary percutaneous coronary 
intervention (PCI). Several risk scores have been developed for STEMI patients; however, 
most risk scores require many variables, making them more difficult to use in clinical practice. 
The long-term prognostic value of biomarker measurements for glucose, N-terminal pro–
brain type natriuretic peptide (NT-proBNP), and estimated glomerular filtration rate (eGFR) 
taken early after admission has recently been demonstrated for STEMI patients.1 Damman 
and coworkers have shown that a multimarker model including these biomarkers improved 
the prediction of mortality over that provided by established risk factors derived from the 
Thrombolysis In Myocardial Infarction (TIMI) score, which include age, body mass index, 
diabetes, hypertension, systolic blood pressure, heart rate, anterior myocardial infarction, 
and time to treatment.1,2 Moreover, a simplified risk score developed with the 3 biomarkers 
identified low-, intermediate- and high-risk subgroups with respect to mortality. The best 
way to evaluate such a model is to perform an external validation study of the predictors in 
a new and independent STEMI cohort.3

 To assess the general validity of this multimarker model and the simplified risk 
score, we evaluated both in an external STEMI cohort treated with primary PCI in a large 
single center in Groningen, the Netherlands. We analyzed the data of all 1645 consecutive 
STEMI patients treated with primary PCI from 2006 to 2010. A STEMI cohort of 1321 patients 
was defined according to the criteria of the original cohort.1 The baseline characteristics of 
the validation cohort and the original cohort were generally comparable. Blood samples for 
the biomarker measurements were routinely obtained at admission before the primary PCI. 
The diagnostic methods used were all identical to the systems used for the original cohort.1 
The primary end point of the study was all-cause mortality. These data were collected from 
the municipal civil registry, which has complete information regarding the vital status of all 
residents registered in the Netherlands. Statistical analysis was performed with IBM SPSS 
Statistics (version 18.0) and R software.
In the multimarker study, the discriminative value was estimated for the multimarker model 
with only established risk factors and for the multimarker model with the glucose, NT-
proBNP, and eGFR biomarkers in addition to established risk factors. Discriminative value 
was measured with the Harrell C index, the categoryless net reclassification improvement 
(NRI), and integrated discrimination improvement (IDI). These indices were calculated 
for patients with a complete follow-up at 2 years. These analyses have previously been 
described in detail.1 In the validation cohort, the ability to predict mortality was high for the 
model with only established risk factors (Harrell C index, 0.855). The discriminative power 
increased for the model with all 3 biomarkers added [Harrell C index, 0.872; NRI, 0.25 (p< 
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0.05); IDI, 0.04 (p < 0.01)].
 For the simplified risk score, points were assigned on the basis of the hazard 
ratio coefficients of the original cohort: 2 points for a glucose value of 144–162 mg/dL 
(8–9 mmol/L), an NT-proBNP value of 150–599 ng/L, or an eGFR value of 60–89 mL/min; 
3 points for a glucose value ≥180 mg/dL (≥10 mmol/L) or an NT-proBNP value ≥600 ng/L; 
and 4 points for an eGFR value <60 mL/min. The total point score classifies patients into 
low-risk (≤4 points), intermediate-risk (5 or 6 points), and high-risk (>6 points) subgroups. 
All-cause mortality for the risk subgroups was estimated with the Kaplan–Meier method, 
and the groups were compared with the log-rank test. In the validation study, 103 patients 
died at a median follow-up of 2.1 years. Using the simplified risk score, we classified 830 
patients (63%) within the low-risk subgroup, 248 patients (19%) within the intermediate-
risk subgroup, and 243 patients (18%) within the high-risk subgroup. The mortality rate 
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increased significantly from the low-risk to the high-risk subgroups (3.5% to 13.7% to 40.0%; 
log-rank p< 0.001) (Figure 1).
 In conclusion, this study conducted an external validation of a multimarker model 
and risk score based on admission glucose, NT-proBNP, and eGFR measures for predicting 
mortality in STEMI patients treated with primary PCI. Our data supported the additional 
value of commonly available biomarkers at admission on top of established risk factors in 
predicting mortality. Moreover, a simplified risk score including these biomarkers accurately 
identified low-, intermediate-, and high-risk patients in the validation cohort and identified 
the majority of STEMI patients as having a low risk of mortality. This risk stratification is 
clinically applicable with biomarkers that are available early and has the ability to predict 
high and low risk for adverse events per patient at the time of primary PCI. This discrimination 
of subgroups may help the triage process of identifying patients who could benefit from 
additional treatment and those who can be safely discharged at an earlier stage, and it 
therefore may optimize outcomes and reduce costs.
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Abstract

Multiple biomarkers improve prognostication for long-term mortality in ST-segment 
elevation myocardial infarction (STEMI). However, one-third of mortality after STEMI occurs 
within initial discharge. Our objective was to determine whether multiple biomarkers 
(glucose, N-terminal pro-brain natriuretic peptide (NT-proBNP), and estimated glomerular 
filtration rate (eGFR)) predict both short-term as long-term mortality in STEMI. We used 
a patient-pooled dataset of consecutive STEMI patients, with complete biomarkers, 
who underwent primary percutaneous coronary intervention (PCI) in two single centers 
(Amsterdam and Groningen). With a previously developed multimarker risk score, based 
on three biomarkers, patients were indicated as low-, intermediate- or high risk. Cumulative 
4-year mortality was estimated with the Kaplan–Meier method and compared with a log-
rank test. We compared short-term and long-term mortality with a land- mark set at 30 
days because previous studies have shown that mortality largely occurs within 30 days. 
A total of 2,355 STEMI-patients were treated with primary PCI. The mortality rates in the 
low- (n=1,531), intermediate- (n=403), and high-risk (n = 421) groups were 4.8%, 16.1%, 
and 43.9%, respectively. The differences were observed at a follow-up up to 30 days (log-
rank p<0.001) as well as after 30 days (log-rank p<0.001). A multimarker risk score, based 
on admission levels of glucose, NT-proBNP, and eGFR identifies STEMI patients at low-, 
intermediate-, and high-risk for short-term and long-term mortality.
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Introducti on

Several clinical risk scores have been developed to aid in early risk stratification of patients 
with ST-elevation myocardial infarction (STEMI).1,2 These risk scores have been shown to 
identify patients at high risk for (recurrent) events, and may therefore significantly influence 
therapeutic decision-making. However, the risk scores are mainly based on readily available 
clinical symptoms and signs. Recently we have shown that multiple biomarkers sampled at 
admission significantly improve prognostication regarding mortality on top of established 
clinical risk factors derived from the thrombolysis in myocardial infarction (TIMI) score; age, 
body mass index, diabetes, hypertension, systolic blood pressure, heart rate, anterior MI, 
and time to treatment.2,3 Furthermore, a simplified integer risk score was developed based 
on the strongest predicting biomarkers, including glucose, N-terminal pro-brain natriuretic 
peptide (NT-proBNP), and estimated glomerular filtration rate (eGFR). With this multimarker 
risk score, we were able to identify low-, intermediate- and high-risk subgroups of STEMI-
patients for long-term mortality. We validated the prognostic value of the biomarkers in a 
separate cohort.4 It has previously been described that one-third of long-term mortality 
after STEMI occurs within initial discharge.5 To evaluate whether the prognostic value of the 
bio- marker risk score is mainly driven by short-term mortality, we assessed the prognostic 
value of the score for 30-day mortality and for 30-day to 4-year mortality in a STEMI patient-
pooled dataset from Amsterdam and Groningen, The Netherlands.

Methods

Study design
For the current study, we pooled individual STEMI patient data from the Dutch Academic 
Medical Center (AMC) Amsterdam and the University Medical Center Groningen (UMCG) PCI 
registries. Details of the original Amsterdam source and study populations, procedures and 
data collection have been reported previously.3 In short, the study concerned consecutive 
STEMI patients undergoing primary PCI, patients with cardiogenic shock were excluded. 
Regarding the Groningen data, this concerned a cohort treated with primary PCI in a large 
single center in Groningen, The Netherlands. We analyzed data of all 1,645 consecutive 
STEMI patients treated with primary PCI from 2006 to 2010. A STEMI cohort of 1,321 
patients was in consensus with the criteria of the original cohort.

Biomarkers and multimarker risk score
Blood samples were obtained before primary PCI as part of routine clinical care. Blood 
samples were centrifuged without undue delay and analyzed. NT-proBNP was measured 



106

Chapter 7

using a Hitachi modular E-170 analyzer (Roche Diagnostics GmbH, Mannheim, Germany). 
Glucose and plasma creatinine were measured with an enzymatic assay on a Hitachi 
modular P-800 analyzer (Roche Diagnostics GmbH). The sample analyses were performed 
locally using the same analyzers. The eGFR was calculated according to the Cockcroft and 
Gault formula.6 The multimarker risk score is calculated as follows: a glucose <8 mmol/l, 
NT-proBNP <150 ng/l, and eGFR <60 ml/min are assigned 0 points, a glucose 8–9 mmol/l, 
NT-proBNP 150–599 ng/l, and eGFR 60–90 ml/min are assigned two points, a glucose 
>10 mmol/l, and NT-proBNP >600 ng/l are assigned three points, and an eGFR >60 ml/
min is assigned four points. The multimarker low-risk group is defined as a score <4, the 
intermediate-risk group as score 5 or 6, and the high-risk group as score >6.

Outcome
The main outcome of the current study was all-cause mortality. Data on mortality was 
collected using the Dutch national population registry, which has completeness of vital 
status of all residents registered in The Netherlands.

Statistical analysis
Normally distributed continuous variables are presented as mean with standard deviation 
(SD). Skewed distributed continuous variables are presented as median with inter- quartile 
range (IQR). Trends in continuous variables were assessed in linear regression. Categorical 
variables are presented as number and percentage and were compared using the χ2testfor 
trend. Cumulative mortality was estimated with the Kaplan–Meier method and compared 
with the log-rank test. Patients were censored at 4 years or the last known date of follow-
up, whichever came first. We compared short-term and long-term mortality across the 
multimarker risk categories with a landmark set at 30 days. Long-term mortality was from 
30 days up to the end of follow-up. The discriminative value of the risk score was assessed 
with C-statistics that were calculated with logistic regression models. Furthermore, the 
prognostic value of the biomarker risk score for short-term and long-term mortality was 
assessed in. Two sets of Cox proportional-hazards analyses: univariable analyses of single 
biomarkers and multivariable analysis including the biomarker risk score and established 
prognostic factors for mortality from the TIMI risk score. These included age, body weight 
(body mass index), history of diabetes or hypertension, systolic blood pressure and heart 
rate, anterior myocardial infarction (MI), and time to treatment (symptom onset to first 
balloon inflation).2
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Results

Patients
A total of 2,355 STEMI patients were treated with primary PCI in the AMC (n = 1,034) and 
UMCG (n = 1,321). The baseline characteristics of the study patients are presented in Table 
1. In short, the mean age was 63 years, 13.1% were diabetics and 42.5% presented with an 
anterior MI. Of the patients, 1,531 were indicated as low-risk, 403 as intermediate-risk, and 
421 as high-risk based on our multimarker risk score. With increasing risk as assessed by 
the risk score, patients were older, more often female, and had a lower body mass index. 
Regarding risk factors, hypertension, diabetes mellitus and history of MI were observed 

Data are presented as absolute numbers (%), mean ± SD, or median (interquarti le range).
eGFR: esti mated glomerular fi ltrati on rate, NT-proBNP: N-terminal pro-brain natriureti c pepti de.
*for comparison of three risk groups.

Characteristi cs Total 
populati on
(n=2355)

Low-risk 
group

(n=1531)

Intermediate-
risk group

(n=403)

High-risk
group

(n=421)

p-value*

Demographics

Age, year 63 (13) 57 (11) 69 (11) 77 (9) <0.001

Male gender 1707 (72.5%) 1124 (79.9%) 270 (67.0%) 213 (50.6%) <0.001

Body mass index, 
kg/m2 26.8 (4.3) 27.2 (4.4) 26.8 (4.2) 25.5 (3.6) <0.001

Risk factors and history

Current smoking 1081 (46.3%) 830 (54.4%) 144 (36.2%) 107 (25.9%) <0.001

Hypertension 848 (36.5%) 461 (30.4%) 173 (43.9%) 214 (51.6%) <0.001

Hypercholesterolemia 583 (26.7%) 394 (27.7%) 98 (26.7%) 91 (23.4%) 0.10

Diabetes mellitus 291 (12.4%) 109 (7.1%) 78 (19.4%) 104 (27.4%) <0.001

Myocardial infarcti on 272 (11.6%) 143 (9.4%) 46 (11.5%) 83 (19.8%) <0.001

Laboratory assessments

Glucose, mmol/l 8.2 (7.0-10.0) 7.6 (6.7-8.9) 9.5 (7.8-11.1) 10.1 (8.4-12.3) <0.001

NT-proBNP, ng/l 149 (59-540) 88 (50-178) 383 (162-1114) 990 (377-
3155) <0.001

eGFR, ml/min 103 (40) 119 (35) 90 (34) 56 (18) <0.001

Time to treatment, min 186 (130-283) 177 (126-258) 200 (132-310) 177 (126-259) <0.001

Other risk identi fi ers

Anterior myocardial 
infarcti on 1000 (42.5%) 608 (39.7%) 201 (49.9%) 191 (45.4%) <0.01

Systolic blood 
pressure 131 (27) 130 (25) 133 (28) 133 (30) 0.01

Heart rate 78 (18) 77 (17) 80 (19) 80 (20) <0.001

Table 1 | Baseline pati ent characteristi cs
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more frequently with higher risk categories, while current smoking, hypercholesterolemia 
were observed less frequently.

Short-term and long-term mortality
Follow-up was complete in 100% of the patients, with a median duration of 889 days (IQR 
614–1,133). The estimated cumulative mortality at 4-year follow-up in the total cohort was 
14.6%. The mortality rates (from PCI up to the end of follow-up) in the low-, intermediate- 
and high-risk groups were 4.8%, 16.1%, and 43.9%, respectively. The differences were 
observed at a follow-up up to 30 days (log- rank p<0.001) as well as after 30 days (log-rank 
p<0.001) (Figure 1). As shown in Table 2, the prognostic value of our multimarker risk score 
was independent of established predictors of mortality for both time intervals.
We assessed the discriminative value of the score as a continuous variable in logistic 
regression. The C-statistic for 4-year mortality was 0.80. The C-statistics for 30-day follow-
up was 0.84, and 0.78 for 30-days up to the end of follow-up. 

Discussion

This study describes the short-term and long-term mortality in a STEMI patient population 
undergoing primary PCI. Using a simple risk score based on admission levels of glucose, NT-
proBNP, and eGFR we identified low-, intermediate-, and high-risk patients for short-term 
and long-term mortality.

Multimarker risk 
score group Unadjusted models p-value Adjusted models* p-value

Hazard ratio
95% 

confidence 
interval

Hazard ratio
95% 

confidence 
interval

Short-term mortality

   Low risk Reference - Reference -

   Intermediate risk 4.43 (2.11-9.32) <0.001 3.22 (1.19-8.75) 0.02

   High risk 18.00 (9.88-32.78) <0.001 11.63 (4.46-30.32) <0.001

Long-term mortality

   Low risk Reference - Reference -

   Intermediate risk 3.58 (2.23-5.74) <0.001 1.70 (0.96-3.00) 0.07

   High risk 8.20 (5.48-12.26) <0.001 2.33 (1.31-4.14) <0.01

*Adjusted for age, BMI, history of diabetes or hypertension, systolic blood pressure and pulse, anterior 
myocardial infarction, and time to treatment.

Table 2 | Unadjusted and adjusted Cox proportional-hazards models for mortality
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Multimarker risk score
The benefit of this multimarker risk score is its simplicity, providing fast and important 
prognostic information. Several risk scores have been developed for STEMI patients, 
however most risk scores require many variables,1,2 making them more difficult to use in 
clinical practice. Our multimarker risk score is based on glucose, NT-proBNP, and eGFR using 
different weighting factors and can be calculated after analysis of the biomarkers obtained at 
admission. Using only three biomarkers that are frequently available makes it easy to apply 
this multimarker risk score in clinical practice. Rapid use of the risk score can be improved by 
implementing biomarker kits on the coronary care unit or catheterization laboratory.
 A multimarker risk score was applied to the combined AMC and UMCG cohort 
and resulted in the identification of patients at high risk for short- and long-term mortality. 
Although the incidence of patients with high-risk was relatively low with 19% of patients 
in the combined cohort, the mortality at long-term follow-up in this subgroup was as high 

Figure 1 | 30-day landmark Kaplan-Meier mortality per risk subgroup using the multi marker risk score. P-value 
by the log-rank test
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as 43.9%. No information was available on cause of death or other cardiac adverse events. 
Still, this high-risk subgroup may benefit from additional treatment strategies. Therefore, 
early prognostication might improve the out- come in this high-risk subgroup. Another 
important observation is the high proportion of low-risk patients with 65% of patients in 
the combined cohort, with indeed a low mortality of 5%. Although not evaluated in this 
study, reduced hospital stay might be considered for these low- risk patients, which will 
decrease the overall healthcare costs of STEMI-patients. We have previously described that 
the multimarker risk score is associated with angiographic, electrocardiographic and cardiac 
magnetic resonance mechanistic markers of outcomes.7 These data support the ability of 
the multimarker risk score to identify patients at high-risk of sub-optimal reperfusion and 
cardiac magnetic resonance outcomes, providing possible targets for future therapeutic 
research.
 The landmark analysis showed that the risk score had prognostic value regarding 
short- and long-term mortality with high C-statistics. This prognostic value at short- and as 
well at long-term follow-up might be explained by different pathophysiological mechanisms 
represented by serum glucose (accelerated atherosclerosis), NT-proBNP (hemodynamic 
stress), and eGFR levels (vascular damage) contributing to both acute and chronic 
morbidity.8 For example, we hypothesize that in the acute phase NT-proBNP and glucose 
identify patients with larger myocardial infarctions, while at long-term follow-up patients 
with possible diabetes mellitus or impaired left ventricular function are identified. Estimated 
GFR identifies patients with a high prevalence of co-morbidities, potentially explaining both 
short- and long-term mortality.

Limitations
The main limitation of the current analysis is that data on the cause of death was not 
available. We therefore reported all-cause mortality. Second, we did not have a repeated 
measure of the biomarkers at 30-days. Third, 4-year follow-up was not completely available 
for all patients.

Conclusion

A multimarker risk score, based on admission levels of glucose, NT-proBNP, and eGFR 
identifies low-, intermediate-, and high-risk STEMI patients for short-term and long-term 
mortality.



111

7

Chapter
Prediction of mortality by biomarkers

1. Granger CB, Goldberg RJ, Dabbous O, 
Pieper KS, Eagle KA, Cannon CP, et al. 
Predictors of hospital mortality in the 
global registry of acute coronary events. 
Arch Intern Med 2003;163:2345–2353.

2. Morrow DA, Antman EM, Charlesworth 
A, Cairns R, Murphy SA, de Lemos 
JA, et al. TIMI risk score for ST-
elevati on myocardial infarcti on: a 
convenient, bedside, clinical score 
for risk assessment at presentati on: 
an intravenous nPA for treatment of 
infarcti ng myocardium early II trial 
substudy. Circulati on 2000;102:2031-
2037.

3. Damman P, Beijk MA, Kuijt WJ, 
Verouden NJ, van Geloven N, Henriques 
JP, et al. Multi ple biomarkers at 
admission signifi cantly improve the 
predicti on of mortality in pati ents 
undergoing primary percutaneous 
coronary interventi on for acute 
ST-segment elevati on myocardial 
infarcti on. J Am Coll Cardiol 
2011;57:29–36.

4. Kampinga MA, Damman P, van der 
Horst IC, Woudstra P, Kuijt WJ, Nijsten 
MW, et al. Survival of pati ents aft er ST-
elevati on myocardial infarcti on: external 
validati on of a predicti ve biomarker 
model. Clin Chem 2012;58:1063–1064.

5. Fox KA, Carruthers KF, Dunbar DR, 
Graham C, Manning JR, de Raedt H, 
et al. Underesti mated and under-
recognized: the late consequences 
of acute coronary syndrome (GRACE 
UK-Belgian Study). Eur Heart J 
2010;31:2755–2764.

6. Cockcroft  DW, Gault MH. Predicti on 
of creati nine clearance from serum 
creati nine. Nephron 1976;16:31–41.

7. Damman P, Kuijt WJ, Woudstra P, Haeck 
JD, Koch KT, Gu YL, et al. Multi ple 
biomarkers at admission are associated 
with angiographic, electrocardiographic 

and imaging cardiovascular mechanisti c 
markers of outcomes in pati ents 
undergoing primary percutaneous 
coronary interventi on for acute ST-
elevati on myocardial infarcti on. Am 
Heart J 2012;163:783–789.

8. Morrow DA, Braunwald E. Future 
of biomarkers in acute coronary 
syndromes: moving toward a 
multi marker strategy. Circulati on 
2013;108:250–252.

References





8

Marthe A. Kampinga, Remco A.J. Schurer, Niek Verweij, Chris P.H. Lexis, Dirk 
J. van Veldhuisen, Rudolf A. de Boer, Erik Lipsic, Iwan C.C. van der Horst, Pim 
van der Harst: for the GIPS-III Investigators. Submitted

Value of repeated measurements of NT-
proBNP aft er acute myocardial infarcti on: 
data from the GIPS-III trial



114

Chapter 8

Abstract

Aims
N-terminal pro-brain natriuretic peptide (NT-proBNP) levels are associated with left 
ventricular systolic function and have important prognostic value. The optimal timing to 
measure NT-proBNP in relation to left ventricle ejection fraction (LVEF) and myocardial 
infarct size after ST-elevation myocardial infarction (STEMI) has not been well defined.

Methods and Results
The GIPS-III trial randomized STEMI patients to metformin or placebo; LVEF and infarct size 
were determined by cardiac magnetic resonance imaging (MRI) at 4 months. For the present 
analysis, 271 patients with available NT-proBNP and MRI measurements were included. NT-
proBNP was measured during hospitalization at admission, 12 hours, and 24 hours after 
admission, and measured during follow-up visits at 2 weeks, 8 weeks and 4 months. 
The median NT-proBNP levels during hospitalization increased from 80 (38-180) ng/L at 
admission to 965 (548-1616) ng/L at 24 hours, and declined to 174 (72-380) ng/L at 4 months. 
NT-proBNP levels at all time points were associated with LVEF and, except at admission, with 
infarct size. A higher explained variance was observed during follow-up compared to during 
hospitalization; for LVEF 30.0% at 8 weeks vs. 9.6% at 12 hours (p<0.001), and for infarct size 
50.9% at 8 weeks vs. 13.0% at 12 hours (p<0.001). NT-proBNP levels explained more of the 
variability for infarct size compared to LVEF (p=0.002 at 8 weeks).

Conclusions
After STEMI, early NT-proBNP measurements have limited value to predict LVEF and infarct 
size at 4 months. However, NT-proBNP measured during follow-up are strong predictors of 
LVEF and even stronger predictors of myocardial infarct size.
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Introducti on

Patients presenting with an acute myocardial infarction are at risk of developing left 
ventricular (LV) dysfunction.1,2 Left ventricular ejection fraction (LVEF) and infarct size 
after ST-elevation myocardial infarction (STEMI) are important predictors for morbidity 
and mortality.1-5 Therefore, early identification of patients at risk of LV dysfunction is 
essential. A biomarker that has been well associated with LV dysfunction is N-terminal pro-
brain natriuretic peptide (NT-proBNP). It is primarily produced and released in the cardiac 
myocytes in response to cardiac wall stretch.6 NT-proBNP can be used for diagnostic and 
prognostic purposes irrespective of the LVEF.7,8 In patients with myocardial infarction with 
and without heart failure NT-proBNP is commonly used as a prognostic tool.9 The optimal 
timing of NT-proBNP measurements after STEMI is unknown. Therefore, we evaluated 
the value of NT-proBNP levels at multiple time points after STEMI in relation to LVEF and 
myocardial infarct size at 4 months.

Methods

Study protocol
We performed a post-hoc analyses of the GIPS-III trial.10,11 In short, this single center study 
included patients without known diabetes presenting with their first myocardial infarction 
between January 1, 2011 and May 26, 2013. After successful primary PCI, patients were 
randomly assigned to metformin or placebo for 4 months. All patients received standard 
medication and lifestyle advises according to current guidelines.12,13 Primary endpoint was 
LVEF after 4 months, determined by magnetic resonance imaging (MRI). All patients provided 
written informed consent. An independent committee assessed all end points, blinded to 
randomization and clinical results. In the GIPS-III trial, the use of metformin compared to 
placebo did not result in improved LVEF after 4 months.

NT-pro BNP
Laboratory measurements were performed at standardized time points. NT-proBNP was 
measured with a sandwich immunoassay on a Roche Modular E platform (Mannheim, 
Germany). NT-proBNP was measured at admission, 12 hours after PCI, 24 hours after PCI, 
and at the f  ollow-up visits at 2 weeks, 8 weeks, and 4 months after discharge. When two 
NT-proBNP measurements were available at one time point, the levels were averaged for 
the current analyses. The laboratory measurement after discharge was based on the date 
of the follow-up visit +/- 7 days. The change of NT-proBNP levels were calculated between 
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admission and after 12 hours and 24 hours and between 24 hours after admission and at 2 
weeks, 8 weeks and 4 months. 

End point
LVEF and infarct size were determined by MRI 4 months after STEMI. Imaging was performed 
on a 3.0 Tesla MRI scanner (Achieva, Philips, The Netherlands) using a phased array cardiac 
receiver coil. All MRI studies were analyzed by a core MRI laboratory. Electrocardiogram-
gated images were acquired during repeated breath-holds. The LV volumes were determined 
with cine imaging, using a segmented steady state free precession pulse sequence in 
multiple short axis views every 10 mm covering the entire left ventricle. On the stack of 
short-axis cines, the endocardial and epicardial borders were outlined in end-systolic and 
end-diastolic images. LV end-systolic volumes (LVESV) and LV end-diastolic volumes (LVEDV) 
were determined using summation of slice method multiplied by slice thickness. LVEF was 
calculated as 100% x (LVEDV-LVESV)/LVEDV. LV mass was determined by multiplying LV 
volume by the myocardial density of 1.05g/ml. Infarct size was calculated as the volume of 
delayed contrast-enhancement as percentage of total LV mass.

Statistical analysis
Normally distributed continuous variables are presented as means with standard deviations 
(SD). Skewed distributed continuous variables are presented as medians with interquartile 
ranges (IQR). The glomerular filtration rate was estimated using the Chronic Kidney Disease 
Epidemiology Collaboration equation.14 Linear regression analysis was performed to assess 
the association of NT-proBNP measured at different time points on LVEF and infarct size. 
The levels of NT-proBNP were log transformed before linear regression analysis. The R2 of 
the analysis indicate the explained variance of the outcome by NT-proBNP. The distributions 
of R2 of NT-proBNP on LVEF and infarct size were compared with z-score statistics. This 
distribution was determined by a non-parametric bootstrapping method with 10,000 
paired replicates. To adjust for potential confounders, multivariable regression analysis was 
performed including the residuals of established risk factors derived from the TIMI score; 
age, body mass index, history of diabetes, hypertension, systolic blood pressure and heart 
rate, anterior myocardial infarction, and time to treatment.15 Linear regression analysis was 
also performed to evaluate the effect of change of NT-proBNP levels during hospitalization 
and follow-up on the prediction of LVEF and infarct size. Outliers of more than 4 times the 
standard deviation were excluded from the analyses.  Models were adjusted for baseline 
NT-proBNP levels (i.e. admission or 24 hours after admission). Furthermore, we generated 
receiver operating characteristic curves to determine the area under the curve of NT-proBNP 
at different time points using the median LVEF and infarct size as cut-off points.
Statistical significance was defined as a two-sided p-value of less than 0.05. 
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Substudy
n=271

General 

Age, years 57.7 ± 12

Male sex 213 (79)

Body mass index, kg/m2 26.9 ± 3

History

    Hypertension 75 (28)

    Dyslipidemia 168 (62)

    Current smoking 139 (51)

Blood pressure, mmHg

    Systolic 133 ± 22

    Diastolic 84 ± 15

Heart rate, beats/minutes 76 ± 16

Ischemic ti me, minutes 155 (105-240)

Angiographic

Infarct-related artery 

    Left  anterior descending 111 (41)

    Circumfl ex 46 (17)

    Right coronary artery 114 (42)

TIMI fl ow grade 

    0 or 1 174 (64)

    2 or 3  97 (36)

Multi vessel disease 76 (28)

Post-procedural

TIMI fl ow grade 

    2 17 (6)

    3 254 (94)

Myocardial blush grade 

    0 or 1 24 (9)

    2 or 3 245 (91)

Laboratory values 

Creati ne kinase, U/L 134 (92-215)

Myocardial band of CK, U/L 17 (13-25)

Troponin, ng/L 49 (22-146)

GFR, ml/min 96 (86-103)

C-reacti ve protein, mg/L 1.8 (0.9-3.8)

Data are presented as mean±SD, median (IQR) or as number (%).
PCI: Percutaneous Coronary Interventi on, TIMI: Thrombolysis In Myocardial Infarcti on, GFR: Glomerular Filtrati on 
Rate.

Table 1 | Baseline characteristi cs
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Statistical analysis was performed using SPSS software version 22.0 (Chicago, USA) and R 
version 3.0. 

Results

Baseline characteristics are presented in Table 1. The median (IQR) time points of the NT-
proBNP measurements were; a) admission: -0.5 hours (-0.7- -0.37) before PCI b) 12 hours: 
11.7 (11.3-12.2), c) 24 hours: 23.6 (23.0-24.0). The NT-proBNP measurements after discharge 
were; d) at 2 weeks: 2.8 (2.4-3.3), e) at 8 weeks: 8.0 (7.3-8.3), and f) at 4 months: 4.1 (4.0-
4.2). The highest median level of NT-proBNP was measured at 24 hours after admission 
(Figure 1). The distribution of the NT-proBNP levels were alike across the randomization 
treatment of the GIPS III trial.

The LVEF and infarct size determined by MRI were available in 271 and 257 patients, 
respectively. At 4 months, the mean LVEF was 53.9% [95% CI, 52.9%-55.0%] and median 

NT-proBNP levels (ng/L) are presented as median (IQR);  At admission 80 ng/L (38-180) n=267,  12 hours after 
PCI 623 ng/L (320-1157) n=258, 24 hours after PCI 965 ng/L (548-1616) n=192, 2 weeks after discharge 557 ng/L 
(222-1153) n=250, 8 weeks after discharge 286 ng/L (125-627) n=246, and 4 months after discharge 174 ng/L 
(72-380) n=244.
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Figure 1 | NT-proBNP levels at different time points
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infarct size was 7.0% (IQR, 2.1%-13.7%). Other parameters of LV systolic function determined 
by MRI were; LVEDV 194.6 ± 46 ml, LVESV 91.7 ± 36 ml, cardiac output 6.0 ± 1.4 L/min, and 
LV mass 101.9 ± 24 grams.

Figure 2 | Predicti ve value of log NT-proBNP levels at 8 weeks on left  ventricular ejecti on fracti on and infarct 
size
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Left ventricular ejection fraction
The association of log-transformed NT-proBNP levels at different time points on LVEF at 4 
months is shown in Figure 2. In univariable linear regression, NT-proBNP at all time points, 
peak and area under the curve during hospitalization were associated with LVEF (Table 2a). 

The NT-proBNP levels during follow-up explained more of the variance of LVEF (30.0% 
at 8 weeks) compared to the NT-proBNP levels during hospitalization (9.6% at 12 hours, 
p<0.001), the peak levels during hospitalization (5.7%, p<0.001), the peak levels of all time 
points (13.5%, p<0.001) or the area under the curve during hospitalization (8.5%, p<0.001).
In the multivariable regression analysis, NT-proBNP levels at all time points remained an 
independent predictor of LVEF at 4 months after adjustment for residuals of established risk 
factors, except for NT-proBNP at admission (Table 3a).

Log NT-proBNP β SE (β) p-value Rsquare

    At admission -2.57 0.95 0.007 0.027

    12 hours -6.50 1.25 <0.001 0.096

    24 hours -7.03 1.63 <0.001 0.089

    2 weeks -8.89 0.95 <0.001 0.260

    8 weeks -9.53 0.93 <0.001 0.300

    4 months -8.72 0.95 <0.001 0.257

Peak during hospitalization -4.51 1.12 <0.001 0.057

Peak of all time points -7.60 1.18 <0.001 0.135

AUC during hospitalization -6.71 1.62 <0.001 0.085

NT-proBNP: N-Terminal pro-Brain Natriuretic Peptide, AUC: Area Under the Curve.

Log NT-proBNP β SE (β) p-value Rsquare

    At admission -1.78 0.94 0.057 0.014

    12 hours -4.74 1.25 <0.001 0.053

    24 hours -5.09 1.62 0.002 0.049

    2 weeks -7.88 0.96 <0.001 0.215

    8 weeks -8.60 0.94 <0.001 0.255

    4 months -7.86 0.95 <0.001 0.220

* adjusted for age, body mass index, history of diabetes, hypertension, systolic blood pressure and heart rate, 
anterior myocardial infarction, and time to treatment (symptom onset to first intervention).

Table 2a | Predictive value of log NT-proBNP on left ventricular ejection fraction

Table 3a | Predictive value of log NT-proBNP on left ventricular ejection fraction adjusted for established risk 
factors



8

Chapter

121

Repeated measurements of NT-proBNP 

The explained variance of NT-proBNP levels were highest during follow-up; 21.5-25.5% 
versus 1.4-5.3% during hospitalization.
 The change between NT-proBNP levels at admission and after 12 hours and 24 
hours was associated with LVEF at 4 months (Table 4a). Also the change between NT-proBNP 
levels 24 hours after admission and NT-proBNP levels at 2 weeks, and 8 weeks was associated 
with LVEF. However, the explained variance of the change in NT-proBNP levels was between 
2.2-6.9%. 

The receiver operating characteristic curves showed higher areas under the curves of 
NT-proBNP levels during follow-up (0.720-0.756) compared to those obtained during 
hospitalization (0.571-0.660) for predicting an LVEF of 55% or more. Using different cutoff 
values for LVEF, this trend of higher area under the curves during follow-up remained.

Infarct size
NT-proBNP at all time points, except at admission, peak and area under the curve during 
hospitalization were associated with infarct size (Table 2b). 

Change of NT-proBNP β SE (β) p-value Rsquare

Admission – 12 hours -0.003 0.001 <0.001 0.051

Admission – 24 hours -0.002 0.001 <0.001 0.069

24 hours – 2 weeks -0.002 0.001 0.001 0.061

24 hours – 8 weeks -0.002 0.001 0.015 0.034

24 hours – 4 months -0.002 0.001 0.050 0.022

Table 4a | Predicti ve value of the change of NT-proBNP levels on left  ventricular ejecti on fracti on adjusted for 
baseline log NT-proBNP

Log NT-proBNP β SE (β) p-value Rsquare

    At admission 1.29 0.89 0.148 0.008

    12 hours 6.76 1.12 <0.001 0.130

    24 hours 8.59 1.43 <0.001 0.166

    2 weeks 10.34 0.77 <0.001 0.434

    8 weeks 11.53 0.74 <0.001 0.509

    4 months 9.97 0.87 <0.001 0.363

Peak during hospitalizati on 6.00 1.03 <0.001 0.119

Peak of all ti me points 8.93 1.03 <0.001 0.227

AUC during hospitalizati on 7.17 1.47 <0.001 0.119

NT-proBNP: N-Terminal pro-Brain Natriureti c Pepti de, AUC: Area Under the Curve.

Table 2b | Predicti ve value of log NT-proBNP on infarct size
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The variability of infarct size explained by NT-proBNP levels is highest during follow-up 
(50.9% at 8 weeks) compared to NT-proBNP levels during hospitalization (13.0% at 12 hours, 
p<0.001), the peak levels during hospitalization (11.9%, p<0.001), the peak levels of all time 
points (22.7%, p<0.001) or the area under the curve during hospitalization (11.9%, p<0.001). 
Furthermore a higher explained variance by NT-proBNP levels at 8 weeks was observed for 
infarct size compared to LVEF (p=0.002).
 Also in the multivariable regression analysis, NT-proBNP levels at all time points, 
except at admission, remained an independent predictor of LVEF at 4 months after 
adjustment for residuals of established risk factors (Table 3b). 

NT-proBNP levels explained more of the variability during follow-up (29.2-42.7%) compared 
to during hospitalization (0.2-9.6%).
 Similar to the association with LVEF, the change between NT-proBNP levels at 
admission and after 12 hours and 24 hours was also associated with infarct size at 4 months 
(Table 4b). Also, the changes between NT-proBNP levels 24 hours after admission and NT-
proBNP levels at 2 weeks, and 8 weeks were all associated with infarct size. The highest 
explained variance was 13.6%.

Log NT-proBNP β SE (β) p-value Rsquare

    At admission 0.56 0.87 0.517 0.002

    12 hours 4.95 1.13 <0.001 0.073

    24 hours 6.42 1.46 <0.001 0.096

    2 weeks 9.08 0.79 <0.001 0.359

    8 weeks 10.27 0.78 <0.001 0.427

    4 months 8.72 0.89 <0.001 0.292

* adjusted for age, body mass index, history of diabetes, hypertension, systolic blood pressure and heart rate, 
anterior myocardial infarction, and time to treatment (symptom onset to first intervention).

Change of NT-proBNP β SE (β) p-value Rsquare

Admission – 12 hours 0.004 0.001 <0.001 0.089

Admission – 24 hours 0.003 0.001 <0.001 0.136

24 hours – 2 weeks 0.003 0.001 <0.001 0.090

24 hours – 8 weeks 0.002 0.001 0.009 0.041

24 hours – 4 months <0.001 0.001 0.627 0.001

Table 4b | Predictive value of the change of NT-proBNP levels on infarct size adjusted for baseline log NT-
proBNP

Table 3b | Predictive value of log NT-proBNP on infarct size adjusted for established risk factors
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The receiver operating characteristic curve analyses to predict an infarct size of at least 7.0%  
by NT-proBNP levels showed higher areas under the curves during follow-up (0.807-0.882) 
compared to during hospitalization (0.520-0.681).

Additional determinants of LV systolic function
Additional MRI parameters of LV systolic function showed similar results (Table 5, 
supplement). The NT-proBNP levels during follow-up were significantly associated with 
LVEDV (R2= 5.5-7.9%), but levels during hospitalization were not. For LVESV, NT-proBNP levels 
were all associated, but a higher explained variance (17.3-21.8%) was seen for levels during 
follow-up compared to the explained variance (1.8-7.2%) for levels during hospitalization. 
Cardiac output was associated with NT-proBNP levels at admission (R2= 1.5%) and during 
follow-up (R2= 1.9-2.1%). The same was true for LV mass, with an explained variance of 1.6% 
for NT-proBNP levels at admission and an explained variance between 2.2-3.8% for levels 
during follow-up.

LVEDV (ml)

Log NT-proBNP β SE (β) p-value Rsquare

    At admission 5.32 5.23 0.309 0.004

    12 hours 17.77 7.10 0.013 0.024

    24 hours 17.48 9.34 0.063 0.018

    2 weeks 22.20 5.87 <0.001 0.055

    8 weeks 26.49 5.81 <0.001 0.079

    4 months 23.34 5.89 <0.001 0.061

LVESV (ml)

Log NT-proBNP β SE (β) p-value Rsquare

    At admission 8.95 4.05 0.028 0.018

    12 hours 24.24 5.42 <0.001 0.072

    24 hours 26.61 7.17 <0.001 0.068

    2 weeks 31.01 4.31 <0.001 0.173

    8 weeks 34.17 4.15 <0.001 0.218

    4 months 30.97 4.07 <0.001 0.193

Stroke volume (ml)

Log NT-proBNP β SE (β) p-value Rsquare

    At admission -3.55 2.41 0.141 0.008

    12 hours -6.47 3.27 0.048 0.015

    24 hours -9.17 4.25 0.032 0.024

    2 weeks -8.87 2.70 0.001 0.042

    8 weeks -7.77 2.75 0.005 0.032

Table 5 | Predicti ve value of log NT-proBNP on other determinants of left  ventricular systolic functi on
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Discussion

In patients presenting with first acute myocardial infarction treated according to current 
guidelines, early measurements of NT-proBNP have limited value in predicting LVEF or 
infarct size at 4 months. However, NT-proBNP measured during follow-up can predict up 
to 30% and 51% of the variability of LVEF and infarct size, respectively. Furthermore, NT-
proBNP levels during follow-up are stronger predictors for infarct size compared to LVEF. 

The reason of using data of the GIPS III trial was that the patients were included after 
their first myocardial infarction, assuming normal LVEF prior to inclusion. NT-proBNP was 

    4 months -7.76 2.93 0.009 0.028

Cardiac output (L/min)

Log NT-proBNP β SE (β) p-value Rsquare

    At admission -0.32 0.16 0.043 0.015

    12 hours -0.40 0.22 0.068 0.013

    24 hours -0.35 0.31 0.254 0.007

    2 weeks -0.40 0.18 0.027 0.020

    8 weeks -0.40 0.19 0.030 0.019

    4 months -0.43 0.19 0.023 0.021

left ventricular mass (grams)

Log NT-proBNP β SE (β) p-value Rsquare

    At admission 5.16 2.69 0.038 0.016

    12 hours 6.67 3.70 0.073 0.013

    24 hours 6.25 5.06 0.218 0.008

    2 weeks 7.14 3.09 0.019 0.022

    8 weeks 9.33 3.02 0.002 0.038

    4 months 9.625 3.21 0.003 0.036

Infarct size (grams)

Log NT-proBNP β SE (β) p-value Rsquare

    At admission 2.44 1.10 0.027 0.019

    12 hours 8.85 1.40 <0.001 0.142

    24 hours 11.17 1.85 <0.001 0.169

    2 weeks 12.34 1.00 <0.001 0.393

    8 weeks 12.83 0.93 <0.001 0.449

    4 months 11.43 1.05 <0.001 0.341

LVESV: Left ventricular end-systolic volumes: LVEDV: Left ventricular end-diastolic volumes (LVEDV).
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measured on standardized time points and patients were treated following the current 
guidelines with primary PCI, standard medication and received advices for improving 
lifestyle.10-13 The primary endpoint of this study was LVEF determined by MRI and assessed 
by a core lab blinded to other patient characteristics.

Left ventricular dysfunction
Myocardial infarction is one of the most common causes of LV dysfunction.16 Early and 
successful revascularization of the infarct-related artery is the most important treatment 
in preserving LV function. Myocardial dysfunction occurs (sub)acutely when myocardial 
loss is not prevented by revascularization. The initiated temporary neurohormonal cascade 
attempts to compensate for the declined contractile myocardial function to maintain 
sufficient cardiac output.17 In the following months, myocardial remodeling occurs including 
infarct expansion, myocardial hypertrophy, and fibrosis resulting in reduced LVEF and LV 
dilatation.17 The clinical syndrome of heart failure often ensues from LV dysfunction; 
mortality is much higher in patients who develop heart failure after myocardial infarction.1,18

MRI is the most accurate available noninvasive imaging technique for determination of 
LV function.19 Infarct size measured by MRI is highly reproducible20 and associated with 
cardiovascular mortality and morbidity.5

Predictive value of NT-proBNP
Clearly, sophisticated imaging of LV function is more laborious and more costly to perform 
than assessing a biomarker. For that reason, a single level of a biomarker measured during 
follow-up, with a strong association with LV function determined by MRI, would be a useful 
tool in routine clinical practice. 
 B-type natriuretic peptide (BNP) is synthesized and released by the myocardium, 
especially the ventricular tissue, in response to cardiac stretch and overload, in parallel to 
the severity of the trigger.21 During an acute myocardial infarction, the synthesis and release 
is also stimulated by ischemia and up regulated due to local stretch mechanisms in the area 
surrounding the jeopardized myocardium. Upon cardiac injury, the natriuretic peptides have 
protective effects on circulatory homeostasis through multiple actions. BNP lowers blood 
pressure by its vasodilatory actions and effects on sodium handling, but also has several 
direct effects on the heart, such as anti-fibrotic and anti-apoptotic effects.6 The natriuretic 
peptides are considered the physiological counter players of the renin angiotensin system 
(RAS) – in healthy individuals, the RAS and the natriuretic peptide system is in tight 
equilibrium. Since BNP has a short half-life, with associated considerable fluctuations 
within individuals and between individuals6, often the biologically inactive but more stable 
cleavage product NT-proBNP is measured, as we did in this study. 
 In our study we found a stronger association of NT-proBNP levels with LVEF and 
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infarct size during follow-up compared to the levels measured during hospitalization. The 
stronger association during follow-up may, be explained by that NT-proBNP levels are 
upregulated after clinical stabilization mainly due to stretched LV wall caused by infarct scar 
in comparison to upregulation due to the acute ischemia.6,22 Also progressive LV remodeling 
and the longer half-life of NT-proBNP may influence the magnitude of these differential 
associations.  A similar association of NT-proBNP levels with LVEF and infarct size during 
follow-up compared to early measurements is also shown in other studies.23-27                                                        
 We also found that NT-proBNP  is a better predictor of infarct size than of LVEF. 
This is in line with other previous studies.23,24 Possibly infarct size is a better determinant 
of the myocardial damage in patients after their first acute myocardial infarction than 
LVEF. Infarct size determined by MRI, only includes irreversible injured myocardium due 
to unsuccessful (microvascular) reperfusion.28 This contributes to the LVEF measured after 
myocardial infarction; however the LVEF may be, unlike infarct size, influenced by multiple 
factors already present before the myocardial infarction.

Opportunities of risk assessment
Risk assessment gives the opportunity to initiate early treatment that reduces progression 
to symptomatic heart failure and the associated morbidity and mortality. Improved 
and routine use of invasive strategies and multiple pharmacotherapies have improved 
myocardial salvage after myocardial infarction, therefore lowering the risk of LV dysfunction 
and developing heart failure1 Examples of treatment strategies that improve outcome in high 
risk patients for LV dysfunction after myocardial infarction are; prevention of reinfarction by 
early revascularization of significant coronary artery disease and antithrombotic medication 
and/or attenuation of the remodeling process by angiotensin-converting enzyme-
inhibitors, angiotensin-receptor blockers or mineralocorticoid receptor antagonists.12,13,19 
More aggressive and early treatment in patients with high risk for LV dysfunction may 
improve outcome for this patient group. Noteworthy, the prescription and adherence of 
pharmacotherapy is often suboptimal in patients with LV dysfunction.3,4,29,30

 Multiple risk models are known to predict the outcome after myocardial infarction; 
baseline characteristics that have been associated with outcome most of the time are: age, 
heart rate, systolic blood pressure, prior heart failure, diabetes, left bundle-branch block, 
anterior myocardial infarction.3,4,15 After adjustments for these established risk factors, 
NT-proBNP at all time points remained independent predictor of LVEF and infarct size at 4 
months, with the strongest association for NT-proBNP measured during follow-up. 
                                                                                                                                              
Potential implications
As our study implicates that the association of NT-proBNP during hospitalization and LVEF is 
modest, costs can be reduced by omitting NT-proBNP measurements during hospitalization 
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in routine clinical practice. Moreover, measuring NT-proBNP during follow-up could be used 
as a surrogate endpoint for LV function in smaller studies including patients with myocardial 
infarction.

Limitations
In the context of the study design, we included patients after their first myocardial infarction 
without known diabetes mellitus. This resulted in a low percentage of patients with significant 
LV dysfunction. Therefore, our findings can only be interpreted in patients with relatively 
preserved LV function. The same is true for the relative small infarct sizes. However, despite 
this, a strong association could be found. Furthermore, we could not relate NT-proBNP to 
hard endpoints, as there were hardly any major adverse events during this study.  

Conclusion

After STEMI, NT-proBNP levels measured during hospitalization are of limited value in 
predicting LVEF and infarct size. However, NT-proBNP measured during follow-up are strong 
predictors of LVEF and even stronger predictors of myocardial infarct size.
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Summary of this thesis

In the last decades, primary percutaneous coronary intervention (PCI) and pharmacological 
therapies have reduced the morbidity and mortality in patients with ST-segment elevation 
myocardial infarction (STEMI). However, STEMI remains a frequent cause of left ventricular 
dysfunction due to impaired myocardial perfusion and/or recurrent cardiovascular events. 
Therefore, the search for and evaluation of new treatments is important and ongoing. In this 
thesis we aim to evaluate adjunctive treatment during primary PCI to improve myocardial 
reperfusion and to identify high-risk patients who can benefit from adjunctive treatment.

Part I Developments in primary percutaneous coronary intervention 
after acute myocardial infarction

Despite optimal restoration of blood flow of the infarct-related coronary artery after primary 
PCI, impaired myocardial perfusion is still present in a significant portion of patients. Impaired 
myocardial perfusion is associated with larger infarct size, left ventricular dysfunction, and 
mortality.1,2 Impaired perfusion is likely to result from embolization of atherothrombotic 
particles in the distal microvasculature either spontaneously or during PCI.3,4 Part 1 of this 
thesis focuses on strategies aimed to reduce distal embolization by the implementation of 
adjunctive mechanical and pharmacological therapies during primary PCI. 

Thrombus burden
In Chapter 2 we evaluated the impact of the amount of thrombus burden as observed on the 
coronary angiogram on different outcome variables in patients with STEMI in whom primary 
PCI was performed with or without manual thrombus aspiration in routine clinical practice. 
In this retrospective study, we included 2969 unselected patients with STEMI of which 
68% had a large thrombus burden. A large thrombus burden was associated with impaired 
myocardial perfusion defined as low myocardial blush grade (MBG) scored angiographically. 
Even in patients with restored epicardial blood flow, impaired myocardial perfusion was 
significantly higher in patients with a large thrombus burden. In accordance, large thrombus 
burden was associated with higher 1-year all-cause mortality. The second part of the study 
suggested that the use of thrombus aspiration was associated with improved myocardial 
perfusion in patients with large as well as with small observed thrombus burden. We found 
that retrieval of a macroscopic visible aspirate is still high in patients with an angiographically 
observed small thrombus burden, which may explain the benefit in this group. In conclusion, 
our study suggests that large thrombus burden is associated with worse outcome and 
that manual thrombus aspiration might have beneficial effect on myocardial perfusion, 
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irrespective of the observed thrombus burden.

Glycoprotein IIb/IIIa inhibitor - CICERO trial
In Chapter 3 we presented the study design of the randomized controlled trial named 
Comparison of intracoronary versus intravenous abciximab administration during 
emergency reperfusion of ST-segment elevation myocardial infarction (CICERO). In this trial 
we randomized patients with STEMI in our centre within 12 hours of symptom onset to 
intracoronary or intravenous administered glycoprotein (GP) IIb/IIIa inhibitor abciximab 
during primary PCI. Patients received aspirin, clopidogrel and heparin prior to PCI, and 
thrombus aspiration was performed in the majority of patients. The primary endpoint 
was restored myocardial reperfusion defined as ST-segment elevation resolution on the 
electrocardiogram. The results presented in Chapter 4 demonstrated that in 534 patients 
intracoronary administration of abciximab did not improve myocardial reperfusion compared 
to intravenous administration. Secondary endpoints, MBG and enzymatic estimation of 
infarct size, did show a beneficial effect. The occurrence of the safety endpoint, defined as 
incidence of in-hospital bleeding was low and similar in both groups. In conclusion and in 
contrast to earlier findings, the CICERO-trial did not demonstrate superiority of intracoronary 
compared to intravenous administration of abciximab in improving myocardial perfusion.

Part II Prognosis aft er acute myocardial infarcti on in routi ne clinical 
practi ce

To improve the overall outcome in patients with STEMI, we have to identify patients with 
high-risk for new cardiovascular events and/or left ventricular dysfunction due to impaired 
myocardial perfusion. Risk assessment gives the ability to further personalise treatment by 
initiating earlier and more aggressive treatment and improve adherence to pharmacotherapy 
as this is often suboptimal in these patients.5,6 Examples of treatment strategies are; 
prevention of reinfarction by early revascularization of significantly narrowed non-infarct-
related coronary arteries, adjunctive antithrombotic medication, and/or attenuation of the 
remodelling process by inhibitors of the renin angiotensin system and mineralocorticoid 
receptor antagonists.7-9 Furthermore, the identification of low-risk patients gives the ability 
to safely minimalise treatment and follow-up. Additionally, this can improve more efficient 
use of resources and reduce healthcare costs in our aging-population. Part 2 of this thesis 
discusses imaging and blood-based biomarkers available during primary PCI, hospitalization, 
and follow-up and their prognostic value in patients with STEMI treated with primary PCI.
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Myocardial blush grade scored by the operator
In Chapter 5 we described that the operator-scored imaging biomarker, MBG measured 
at the end of the primary PCI, was an independent predictor of 1-year all-cause mortality 
in 2118 consecutive patients with STEMI. This predictive value remained significant when 
restoration of blood flow was achieved and after correction for other well-known predictive 
variables. Furthermore, our cohort was large enough to categorize MBG in 4 groups with 
decreasing prognosis per grade, with a markedly poor prognosis in patients with a MBG of 
0; classified as no myocardial blush. Compared with other functional outcome parameters, 
such as obtained from magnetic resonance imaging (MRI) and echocardiography, the 
operator-scored MBG has the important practical advantage that it can be assessed easy 
and directly after the primary PCI. In conclusion, this study indicates that operator-scored 
MBG is a valuable and cheap tool in early risk stratification that can be easily used in routine 
clinical practice.

Risk stratification by biomarkers
Risk stratification by blood-based biomarkers was investigated in Chapters 6 and 7. First we 
validated a multimarker model and simplified risk score based on admission levels of three 
biomarkers to predict mortality in patients with STEMI that were developed in the original 
cohort.10 In our comparable, real world cohort existing of 1321 patients with STEMI, we 
showed that glucose, N-terminal pro-brain natriuretic peptide (NT-proBNP), and estimated 
glomerular filtration rate were all independent predictors of mortality. The addition of all 
three biomarkers provided incremental prognostic value on top of established risk factors. 
The simplified risk score accurately identified low-, intermediate-, and high-risk subgroups. 
Secondly, we pooled the original cohort with our validation cohort (resulting in a total of 
2355 patients with STEMI) to determine whether the simplified risk score could not only 
predict short-term mortality, but also long-term mortality in 30-days survivors. The study 
showed that low-, intermediate-, and high-risk subgroups were associated with increasing 
mortality up to 30-days as well as for the period up to 4-years thereafter. In conclusion, this 
simplified risk score may be valuable in clinical practice, as it is easy to use and can provide 
early risk assessment per patient. 

Repeated measurements of NT-proBNP
In Chapter 8 we distinguished the optimal timing of NT-proBNP measurements after STEMI 
for the prediction of left ventricular ejection function (LVEF) and infarct size determined by 
MRI at 4 months. Data of the GIPS-III trial were used.11 In the GIPS-III trial, metformin was 
compared to placebo in patients with first STEMI and without known diabetes. Metformin 
did not improve LVEF at 4 months. NT-proBNP was measured during hospitalization and 
during follow-up. In the 271 patients included in this post-hoc analysis, most NT-proBNP 
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measurements were associated with LVEF and infarct size. However, the predictive value of 
NT-proBNP measured during hospitalization was limited. This observation was in contrast 
to the strong association of NT-proBNP measured during follow-up to LVEF and infarct size. 
These results may have implications for clinical practice as NT-proBNP measured during 
hospitalization as a prognostic marker can be omitted and patients with high NT-proBNP 
levels during follow-up can be treated earlier and more aggressive to improve outcome.

Discussion and future treatment strategies in acute myocardial 
infarcti on

In addition to our own studies, other studies have also focussed on manual thrombus 
aspiration and GP IIb/IIIa inhibitors in reducing distal embolization during primary PCI.
We observed benefit of manual thrombus aspiration in our retrospective cohort study 
of patients with STEMI. However, after initial positive findings in randomised trials using 
surrogate endpoints and early meta-analyses,12,13 the more recent and larger trials were 
neutral.14-17 In the TASTE trial with 7244 patients, thrombus aspiration did not reduce 30-
days or 1-year mortality.15,16 The results of the TOTAL trial, including 10,732 patients with 
STEMI, indicated that routine thrombus aspiration does not improve the combined endpoint 
consisting of cardiovascular death, recurrent myocardial infarction, cardiogenic shock or 
severe heart failure at 6 months.17 Although an improvement in periprocedural reperfusion 
markers were found in the TOTAL trial; i.e. ST-segment resolution and reduction in distal 
embolization. Interestingly, bailout thrombus aspiration was allowed after predilatation or 
after stent deployment. Furthermore, the rate of GP IIa/IIIb inhibitor administration was 
significantly lower in the thrombus aspiration group. Therefore, further studies to evaluate 
the benefit of thrombus aspiration in selected cases, like in patients with large thrombus 
burden and as bailout in case of no-reflow are still of interest. However, in both trials no 
difference in outcome was found in subgroup analysis based on the thrombus burden. 
The different results in our study compared to the more recent trials may be the result 
of continued improvements in other treatment strategies such as the more frequent use 
of newer stents, bivalirudin, and newer generation P2Y12 inhibitors. Meanwhile, guidelines 
provide a Class IIa recommendation for routine manual thrombus aspiration,7,8 and the 
more recent guideline a Class IIb recommendation for selected use.18 In future guidelines, 
the recommendation of thrombus aspiration is likely to be downgraded based on the recent 
trials. 

GP IIb/IIIa inhibitors are available to combat the embolization of thrombotic material, partly 
caused by the mechanical revascularization procedure itself. Prior to the CICERO-trial, small 
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studies showed beneficial clinical effects of intracoronary abciximab administration.19 The 
meta-analysis, including the CICERO-trial, showed lower short-term mortality in patients 
receiving intracoronary compared to intravenous abciximab, without any increase of 
major bleeding episodes. However, beneficial effects could not be confirmed in the most 
recent and largest trial AIDA STEMI; no difference was observed on the primary composite 
endpoint of all-cause mortality, re-infarction, or new congestive heart failure within 90 
days and at 12 months.20,21 The substudy with MRI performed within 1 week, demonstrated 
similar findings on infarct size, microvascular obstruction and ejection fraction.22 In recent 
years, the use of newer generation P2Y12 inhibitors, prasugrel and ticagrelor, as adjuvant 
antiplatelet therapy has increased. This might influence the beneficial effects of GP IIb/IIIa 
inhibitors.23 Furthermore, the HORIZONS-AMI trial, Euromax trial and BRIGHT trial showed a 
significant reduction of the combined clinical outcome when bivalirudin, a direct thrombin 
inhibitor, was administered compared to the administration of heparin plus abciximab or 
tirofiban.24-27 This outcome was dominated by the reduction in major bleeding episodes, but 
in some trials at the expense of stent thrombosis. However, the opposite was shown in the 
HEAT-PPCI trial, where heparin reduced the incidence of major adverse ischaemic events 
without increase in major bleeding complications compared to bivalirudin.28 In the HEAT-
PPCI trial, the use of GP IIb/IIIa inhibitors was around 14% in both groups. Current guidelines 
argue that the use of GP IIb/IIIa inhibitors should be considered in the event of thrombotic 
complications (large thrombus, total occlusion, no-reflow), as suggested by the authors of 
the AIDA-trial, although not supported by their subgroup analysis.18,21 Studies are ongoing 
to investigate novel combinations and timing of antiplatelet and anticoagulant therapy to 
combat the prothrombotic milieu during STEMI.

Adjunctive mechanical and pharmacological therapies could be beneficial in selected patients, 
to achieve a more personalized treatment. Several risk scores have been developed in the 
past decade, of which only a few are used in routine clinical practice for patients with STEMI. 
The well-known Thrombolysis in Myocardial Infarction (TIMI) score includes established 
clinical risk factors to predict 30-days mortality derived before PCI; age, weight, diabetes, 
hypertension, systolic blood pressure, heart rate, anterior myocardial infarction, killip class, 
and time to treatment.29 Factors that predicted death or myocardial infarction in-hospital 
and up to 6 months after discharge in the GRACE-study are: age, development (or history) 
of heart failure, peripheral vascular disease, systolic blood pressure, killip class, initial serum 
creatinine concentration, elevated initial cardiac markers, cardiac arrest on admission, and 
ST segment deviation.30 The GRACE risk tool is already implemented in clinical practice to 
guide early interventional treatment in high-risk patients with non-ST-segment elevation 
myocardial infarction.31 The advantages of the TIMI risk score study and GRACE study are 
their prospective, multinational, and large myocardial infarction-populations, with a more 
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unselected population in the GRACE registry. The disadvantage of these risk scores is that 
therapy for patients with STEMI has evolved in the past decade, resulting in a substantial 
reduction in mortality. This effects the incidence and predictive value of several risk factors. 
Furthermore, the TIMI risk score is based on a trial in which patients were treated with 
fibrinolysis and the majority of the patients included in GRACE did not have a STEMI. Our risk 
score based on three biomarkers assessed at admission may be valuable in clinical practice 
to identify the risk per patient. However, our study was small and we did not study whether 
adjusting therapeutic interventions based on this risk stratification would result in a better 
outcome to warrant their use in routine clinical practice. An example of a risk score that is 
used in clinical practice with immediate consequence for prescribed therapy is the bleeding 
risk score CRUSADE, as patients with a high bleeding risk are prescribed clopidogrel instead 
of ticagrelor.32 Furthermore, risk scores can also be used in clinical trials, as the incidence of 
major adverse events is low in low-risk patients.33 To improve the power of clinical trials with 
hard endpoints, only high-risk patients should be included based on a risk score. Secondly, 
imaging and blood-based biomarkers could be used as a surrogate endpoint once a high 
correlation has been proven with hard endpoints.

In the coming decades, patient-specific profiles, including genetic and genomic data as 
well as clinical and environmental factors, will play a major part in further individual risk 
stratification. As there exists large interindividual variability in the response to pharmacologic 
agents, the dose and type of medicine will be based on a patient-specific profile rather than 
solely based on study results of a patient population.34 To date, genetic testing is already 
available to identify individuals with reduced function of CYP2C19 alleles who benefit less 
from clopidogrel.35 And at least one common variant in the SLCO1B1 gene substantially alters 
the risk of simvastatin-induced myopathy, which may suggest that genotyping these variants 
may help to achieve the benefits of statin therapy more safely and effectively.36 Furthermore, 
the human gastrointestinal microbiome also has effect on the pharmacokinetics.37 Another 
area of interest will be the ability to review millions of patients’ data registered in electronic 
medical records complemented with efforts to perform genome wide genotyping, so-called 
`big data’.38 With the enormous amount of clinical parameters, identification of specific risk 
groups will be easier and more precise than with the use of cohorts to date.
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Achtergrond van een acuut myocardinfarct

Coronaire hartziekten, waaronder het acuut myocardinfarct, blijven een belangrijke oorzaak 
van morbiditeit en mortaliteit in de westerse wereld. In Nederland is de mortaliteit van 
coronaire hartziekten ongeveer 10.000 patiënten per jaar. Betere preventie en behandeling 
in de laatste decennia hebben geleid tot een lagere incidentie en mortaliteit van het 
acuut myocardinfarct. Echter, een groot aantal patiënten die succesvol behandeld zijn 
en het acuut myocardinfarct overleven, worden heropgenomen vanwege een nieuw 
myocardinfarct, hernieuwde revascularisatie procedures en hartfalen. Mede hierdoor 
vormen coronaire hartziekten een aanzienlijke economische last met meer dan 2% van alle 
gezondheidszorgkosten in Nederland.
 Een acuut myocardinfarct is een ernstige ziekte dat begint met een ruptuur van 
een atherosclerotisch plaque en daaropvolgende trombocytenaggregatie (klonteren 
van bloedplaatjes waardoor een bloedstolsel wordt gevormd). Hierdoor ontstaat 
onvoldoende coronaire doorbloeding, wat uiteindelijk myocardnecrose (afsterving van 
het hartspierweefsel) veroorzaakt. Criteria voor de diagnose zijn klachten passend bij 
myocardiale ischemie, specifieke elektrocardiografische veranderingen en verhoging 
van myocardiale biomarkers. ST-segment elevatie myocardinfarct (STEMI) is gedefinieerd 
door karakteristieke ophoging van het ST-segment op het elektrocardiogram als gevolg 
van de acute en meestal totale afsluiting van de infarctgerelateerde coronairarterie 
(kransslagader) door de atherosclerotische plaque met trombusvorming (bloedstolsel). 
Onvoldoende coronaire doorbloeding beperkt de distale myocardperfusie (doorbloeding 
van het hartspierweefsel) met als gevolg myocardischemie en uiteindelijk necrose. De 
myocardnecrose en de adaptieve veranderingen in de overlevende myocyten rondom 
de necrose leiden tot dilatatie en verminderde contractiliteit van het ventrikel. Deze 
ventriculaire disfunctie kan vervolgens leiden tot symptomatisch hartfalen. Bovendien is 
het aannemelijk dat atherosclerotische plaques in andere delen van de coronaire arteriën 
cardiovasculaire gebeurtenissen veroorzaken.

Hoofddoel
In dit proefschrift bestuderen wij of bepaalde aanvullende behandelingen toegepast tijdens 
primaire percutane coronaire interventie (PCI: dotterbehandeling) de myocardperfusie 
verbeteren en hebben wij de prognose na een STEMI onderzocht om de morbiditeit en 
mortaliteit bij deze patiënten te verminderen.
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Deel I Ontwikkelingen in de primaire percutane coronaire 
interventi e na een acuut myocardinfarct

De behandeling van een STEMI omvat onder andere een primaire PCI en medicamenteuze 
therapie. Het doel van de primaire PCI is snel herstel van de coronaire bloedstroom om de 
perfusie van het achtergelegen myocardweefsel te herstellen. Tijdens de PCI wordt de plaque 
en trombus tegen de vaatwand gedrukt door ballondilatatie en/of door het plaatsen van een 
stent. Dit kan echter leiden tot distale embolisatie: het losschieten van atherotrombotische 
deeltjes bloedstroomafwaarts met als gevolg obstructie van de microcirculatie. Dit wordt 
beschouwd als de belangrijkste oorzaak van verminderde myocardperfusie. Het treedt op 
bij ongeveer 50% van de patiënten waarbij herstel van de coronaire doorbloeding is bereikt. 
Verminderde myocardperfusie is geassocieerd met grotere infarctgrootte en verhoogde 
langetermijnmortaliteit. Daarom worden aanvullende mechanische en medicamenteuze 
therapieën ontwikkeld om de myocardperfusie en klinisch uitkomsten te verbeteren. De 
toegevoegde waarde van trombusaspiratie en toediening van een glycoproteïne (GP) IIb/
IIIa-remmer tijdens de primaire PCI wordt de laatste jaren onderzocht. Bij trombusaspiratie 
wordt de trombus opgezogen uit de aangedane coronairarterie en een GP IIb/IIIa-remmer 
is een medicijn dat aggregatie van trombocyten remt zodat trombusvorming wordt 
tegengegaan. Beide therapieën zijn geassocieerd met een verbeterde myocardperfusie 
en klinische uitkomst bij patiënten met een STEMI in verschillende trials. In deel 1 van dit 
proefschrift richten wij ons op trombusaspiratie als aanvullende mechanische therapie en 
op GP IIb/IIIa-remmers als aanvullende medicamenteuze therapie tijdens een primaire PCI.

Hoeveelheid trombusmassa
Een grote hoeveelheid trombusmassa is geassocieerd met een verhoogde incidentie van 
distale embolisatie van atherotrombotische deeltjes. Alhoewel distale embolisatie vaak 
niet zichtbaar is tijdens het coronair angiogram, komt micro-embolisatie vermoedelijk voor. 
Ondertussen zijn er weinig gegevens beschikbaar over de invloed van de angiografisch 
beoordeelde hoeveelheid trombusmassa op de myocardperfusie en de klinische uitkomst. 
Tegenwoordig is trombusaspiratie vaak de eerste interventie tijdens een primaire PCI bij 
patiënten met een STEMI. Met de thrombusaspiratiekatheter wordt het atherotrombotische 
materiaal uit de infarctgerelateerde coronairarterie handmatig opgezogen door het 
vacuümtrekken van de aangesloten spuit. Er wordt verondersteld dat deze aanvullende stap 
de myocardperfusie verbetert door het verminderen van de hoeveelheid geëmboliseerde 
atherotrombotische deeltjes die leiden tot obstructie van de microcirculatie. Het is echter 
niet bekend of het voordeel van trombusaspiratie anders is bij een grote of een kleine 
hoeveelheid trombusmassa. Toch wordt veel atherotrombotisch materiaal opgezogen in 
een aanzienlijk deel van de patiënten met vooraf geen zichtbare trombus op het angiogram.
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In hoofdstuk 2 evalueerden wij de impact van de hoeveelheid trombusmassa beoordeeld op 
het coronaire angiogram op verschillende uitkomstvariabelen bij patiënten met een STEMI 
behandeld met een primaire PCI met of zonder trombusaspiratie. In deze retrospectieve 
studie includeerden wij 2969 niet-geselecteerde patiënten met een STEMI van wie 68% 
een grote hoeveelheid trombusmassa had. Een grote hoeveelheid trombusmassa werd 
in verband gebracht met een verminderde myocardperfusie. Myocardperfusie werd 
gedefinieerd als een lage myocardiale blush graad (MBG) angiografisch beoordeeld na 
een contrastinjectie. Zelfs in patiënten met herstelde coronaire doorbloeding, kwam een 
verminderde myocardperfusie significant vaker voor bij patiënten met een grote hoeveelheid 
trombusmassa. Overeenkomstig was een grote hoeveelheid trombusmassa geassocieerd 
met een hogere 1-jaarsmortaliteit. Het tweede deel van deze studie suggereert dat het 
gebruik van trombusaspiratie geassocieerd is met een verbeterde myocardperfusie, zowel 
bij patiënten met een grote als met een kleine hoeveelheid trombusmassa. Wij toonden 
aan dat het opzuigen van macroscopische atherotrombotisch materiaal ook vaak voorkomt 
bij patiënten met een kleine hoeveelheid angiografisch beoordeelde trombusmassa, wat 
het voordeel in deze groep mogelijk verklaart. Concluderend suggereert onze studie dat 
een grote hoeveelheid trombusmassa geassocieerd is met een slechte uitkomst en dat 
trombusaspiratie mogelijk een gunstig effect heeft op de myocardperfusie, ongeacht de 
hoeveelheid waargenomen trombusmassa.

Glycoproteïne IIb/IIIa-remmer – CICERO-studie
Tegenwoordig worden verschillende trombocytenaggregatieremmers en anticoagulantia 
(stollingsremmers) toegediend tijdens een STEMI, waaronder aspirine, een P2Y12-remmer, 
heparine en een GP IIb/IIIa-remmer. De meest toegediende GP IIb/IIIa-remmer is abciximab. 
Abciximab is een monoklonaal antilichaam dat bindt aan de GP IIb/IIIa-receptor aanwezig 
op het oppervlak van geactiveerde trombocyten. De GP IIb/IIIa-remmer voorkomt derhalve 
niet alleen trombusvorming, maar bevordert ook (dosisafhankelijk) het afbreken van 
verse trombus. In grote gerandomiseerde onderzoeken werd aangetoond dat intraveneus 
toegediende GP IIb/IIIa-remmers de myocardperfusie en klinische uitkomst verbeterden. 
De dosisafhankelijke eigenschappen van GP IIb/IIIa-remmers suggereren dat hogere lokale 
concentratie van abciximab door intracoronaire toediening (direct in de infarctgerelateerde 
coronairarterie) het optreden en verspreiden van embolisatie van trombotisch materiaal 
kan verminderen. De eerste kleine klinische studies tonen ook gunstige effecten als de GP 
IIb/IIIa-remmer intracoronair werd toegediend. 
 In hoofdstuk 3 presenteerden wij de onderzoeksopzet van de gerandomiseerde 
gecontroleerde CICERO-studie, die het effect van de toedieningsweg van een GP IIb/IIIa-
remmer bestudeert. In deze studie includeerden wij patiënten met een STEMI met minder 
dan 12 uur symptomen en randomiseerden die naar intracoronaire of naar intraveneuze 
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toediening van abciximab tijdens de primaire PCI. Patiënten kregen aspirine, clopidogrel 
en heparine voor de PCI en trombusaspiratie werd uitgevoerd in de meeste patiënten. 
Het primaire eindpunt was hersteld myocardperfusie gedefinieerd als ST-segment elevatie 
resolutie op het elektrocardiogram.
 De resultaten gepresenteerd in hoofdstuk 4 toonden aan dat bij de 534 patiënten 
intracoronaire toediening van abciximab niet de myocardperfusie verbeterde in vergelijking 
met intraveneuze toediening. Op secundaire eindpunten, MBG en enzymatisch geschatte 
infarctgrootte, werd wel verbetering aangetoond. Het voorkomen op het veiligheidseindpunt 
gedefinieerd als de incidentie van bloedingen tijdens opname was laag en vergelijkbaar 
in beide groepen. In tegenstelling tot eerdere bevindingen heeft de CICERO-studie geen 
superioriteit aangetoond van intracoronaire in vergelijking tot intraveneuze toediening van 
abciximab ten aanzien van het verbeteren van myocardperfusie.

Deel II Prognose na een acuut myocardinfarct in de dagelijkse 
klinische prakti jk

Om de algemene klinische uitkomst bij patiënten met een STEMI te verbeteren, moeten 
wij patiënten met een hoog risico op nieuwe cardiovasculaire gebeurtenissen en/
of linkerventrikeldisfunctie vanwege verminderde myocardperfusie identificeren. 
Risicobeoordeling geeft de mogelijkheid om behandeling verder te individualiseren. Dit is 
mogelijk door agressievere en eerdere behandeling te starten en door de medicatie-inname 
te verbeteren. De medicatie-inname is vaak suboptimaal in deze patiënten. Voorbeelden 
van behandelingsstrategieën zijn: preventie van een nieuw myocardinfarct door snelle 
revascularisatie van significant vernauwde niet-infarctgerelateerde coronairarteriën, 
aanvullende trombocytenaggregatieremmers en/of afzwakking van de ventrikel remodeling 
door remmers van het renine-angiotensine-systeem en mineralocorticoïdreceptor 
antagonisten. Bovendien geeft de identificatie van laagrisicopatiënten de mogelijkheid 
om behandeling en follow-up veilig te minimaliseren. Dit kan zelfs het effectief gebruik 
van diagnostiek bevorderen en de gezondheidszorgkosten verlagen in onze vergrijzende 
bevolking. Deel 2 van dit proefschrift gaat in op de parameters beschikbaar tijdens PCI, 
ziekenhuisopname en follow-up en hun prognostische waarde bij patiënten met een STEMI 
behandeld met een primaire PCI.

Myocardiale blush graad beoordeeld door de interventiecardioloog
Afhankelijk van de duur van coronaire afsluiting leidt een myocardinfarct tot de 
onherstelbare beschadiging van het microvasculaire bed en necrose van de myocyten. 
Een aanzienlijk percentage patiënten heeft symptomen van verminderde myocardperfusie 
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ondanks behandeling. MBG is een eenvoudige, visuele angiografische beoordeling van 
de myocardperfusie, en derhalve een maatstaf van de omvang van de beschadiging van 
de microvasculaire bed in het infarctgebied. In verschillende studies is aangetoond dat 
MBG beoordeeld door een onafhankelijke commissie geassocieerd is met ST-segment 
elevatie resolutie, enzymatisch geschatte infarctgrootte, linkerventrikelfunctie en 
langetermijnmortaliteit. Echter, er is geen onderzoek gedaan of MBG beoordeeld door de 
interventiecardioloog in de dagelijkse klinische praktijk ook prognostische waarde heeft.
 In hoofdstuk 5 beschreven wij dat MBG beoordeeld door de interventiecardioloog 
aan het einde van de primaire PCI een onafhankelijke voorspeller is van 1-jaars mortaliteit 
bij 2118 patiënten met een STEMI. Deze voorspellende waarde bleef significant wanneer 
herstel van de coronaire doorbloeding werd bereikt en na correctie voor andere bekende 
voorspellende variabelen. Verder was ons cohort groot genoeg om MBG te categoriseren 
in 4 groepen met toename van de mortaliteit per graad, met een aanmerkelijk slechte 
prognose bij patiënten met een MBG van 0; geclassificeerd als geen myocardiale blush. 
Vergeleken met andere functionele uitkomstparameters, zoals verkregen met magnetische 
resonantie beeldvorming (MRI) en echocardiografie, heeft MBG beoordeeld door de 
interventiecardioloog het belangrijke praktische voordeel dat het eenvoudig en direct 
na de PCI kan worden beoordeeld. Deze studie geeft aan dat MBG beoordeeld door de 
interventiecardioloog een waardevolle en goedkope methode is voor vroege risico-
inschatting dat gemakkelijk gebruikt kan worden in de dagelijkse klinische praktijk.

Risicostratificatie van biomarkers
Verscheidene klinische risicoscores zijn ontwikkeld om het risico bij patiënten met een 
STEMI te beoordelen. Het aantal variabelen die gebruikt worden in de meeste risicoscores 
maakt ze moeilijk toepasbaar in de klinische praktijk. De prognostische waarde van een 
combinatie van drie biomarkers die vaak en vroeg worden gemeten tijdens de dagelijkse 
klinische praktijk is aangetoond. Deze bevinding kan worden verklaard door het feit dat 
de drie biomarkers glucose, N-terminaal pro-brain natriuretisch peptide (NT-proBNP) en 
geschatte glomerulaire filtratiesnelheid (GFR) alle een andere pathofysiologisch mechanisme 
weerspiegelen dat verband houdt met het acuut myocardinfarct. 
 Om de prognostische waarde van de drie biomarkers te controleren, valideerden 
wij de eerder uitgevoerde studie met onze STEMI cohort in hoofdstuk 6 en bepaalden 
wij of de prognostische waarde alleen voor de kortetermijnmortaliteit geldt in een 
gecombineerd cohort in hoofdstuk 7. Eerst valideerden wij een multimarker model en een 
vereenvoudigde risicoscore gebaseerd op de drie biomarkers gemeten bij opname. Het 
model en de risicoscore zijn ontwikkeld in het originele cohort van het Academisch Medisch 
Centrum Amsterdam om de mortaliteit te voorspellen bij patiënten met een STEMI. In onze 
vergelijkbare cohort bestaande uit 1321 patiënten met een STEMI uit de dagelijkse klinische 
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praktijk, lieten wij zien dat glucose, NT-proBNP en de GFR allen onafhankelijke voorspellers 
waren van mortaliteit. De toevoeging van alle drie de biomarkers aan het model gaf extra 
prognostische waarde bovenop gebruikelijke risicofactoren. De risicoscore identificeerde 
laag-, intermediair- en hoogrisico subgroepen adequaat. Ten tweede hebben wij alle 2355 
patiënten met een STEMI uit het originele cohort en uit onze validatie cohort geïncludeerd 
om te bepalen of de risicoscore naast kortetermijnmortaliteit, ook langetermijnmortaliteit 
kon voorspellen in patiënten die de eerste 30 dagen overleefden. De studie toonde aan 
dat laag-, intermediair- en hoogrisico subgroepen geassocieerd waren met toenemende 
mortaliteit zowel tot 30 dagen als vanaf 30 dagen tot 4 jaar. Concluderend kan deze 
risicoscore waardevol zijn in de klinische praktijk, omdat het gemakkelijk te gebruiken is en 
zorgt voor snelle risicobeoordeling per patiënt.

Herhaalde metingen van NT-proBNP
De verminderde myocardperfusie veroorzaakt een groter infarct en een verminderde 
linkerventrikelejectiefractie (LVEF: als maat voor pompfunctie van de linkerhartkamer). 
Deze parameters van linkerventrikeldisfunctie zijn de sterkste voorspellers van morbiditeit 
en mortaliteit na een STEMI. NT-proBNP wordt gemaakt en uitgescheiden door het 
myocardium als reactie op cardiale stretch en overbelasting door linkerventrikeldisfunctie. 
In veel studies is deze associatie onderzocht met slechts één NT-proBNP-waarde gemeten 
tijdens de ziekenhuisopname. Echter, tijdens een STEMI is de NT-proBNP-waarde ook 
verhoogd door de acute myocardischemie, wat de associatie met de linkerventrikelfunctie 
kan beïnvloeden. 
 In hoofdstuk 8 onderscheidden wij op welke tijdstip een NT-proBNP-waarde na 
een STEMI het best voorspellend is voor de LVEF en infarctgr ootte gemeten met MRI na 
4 maanden. Gegevens van de GIPS-III-studie werden gebruikt. In de GIPS-III-studie werd 
metformine vergeleken met placebo in patiënten na een eerste STEMI zonder bekende 
diabetes mellitus. Het gebruik van metformine verbeterde de LVEF na 4 maanden niet. NT-
proBNP werd gemeten tijdens ziekenhuisopname en tijdens follow-up. Bij de 271 patiënten 
uit deze post-hoc analyse waren de meeste NT-proBNP metingen geassocieerd met LVEF 
en infarctgrootte. Echter, de voorspellende waarde van NT-proBNP gemeten tijdens 
ziekenhuisopname was beperkt. Dit in tegenstelling tot de sterke associatie tussen NT-
proBNP gemeten tijdens follow-up en de LVEF en de infarctgrootte. Deze resultaten kunnen 
gevolgen hebben voor de klinische praktijk, omdat NT-proBNP gemeten tijdens opname, als 
prognostische biomarker, achterwege kan worden gelaten en patiënten met een hoge NT-
proBNP-waarde tijdens de follow-up eerder en agressiever kunnen worden behandeld om 
hun klinische uitkomst te verbeteren.
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