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Acute coronary syndromes (ACS)

In this chapter a general overview is given of the pathofysiology, diagnosis and treat-
ment of acute coronary syndromes, in particular acute coronary syndromes without 
ST-segment elevation on the electrocardiogram. At the end of this chapter, the ratio-
nale and design of the ICTUS trial is briefly discussed.

ACS describes the spectrum of clinical manifestations which follow disruption of a cor-
onary arterial plaque, complicated by thrombosis, embolization and varying degrees 
of obstruction to myocardial perfusion. The clinical features depend upon extent and 
severity of myocardial ischaemia. In the clinical setting the term ‘acute coronary syn-
drome’ is used as an initial working diagnosis. According to the ECG and biomarker 
results, the diagnosis is later refined. The therapeutic management is guided by the 
final diagnosis and risk assessment. 

Pathofysiology

The most common cause of ACS is plaque rupture or erosion with superimposed (non)-
occlusive thrombus. Persistent or transient thrombotic occlusion at the site of plaque 
rupture or erosion may lead to episodes of myocardial ischemia, which may lead to 
irreversible myocardial damage.

Coronary atherosclerotic plaques are very heterogeneous, structurally as well as bio-
logically, and even neighboring plaques in the same artery may differ markedly. During 
a lifetime, none or only few coronary plaques will give rise to a clinically significant 
intracoronary thrombosis. These rare but dangerous thrombosis-prone plaques are 
called vulnerable. One of the important future challenges is to identify the thrombo-
sis-prone plaques, treat them, prevent thrombosis and thus avoid ACS.

Disruption of a formed plaque and subsequent thrombus formation is a complex 
pathologic process. The presence of large, eccentric lipid pools and infiltration of foam 
cells are the characteristics of the lipid core most frequently associated with fissured 
or ruptured plaques. The majority of these lesions rupture at the sites of greatest me-
chanical stress, notably the junction of the plaque cap and the adjacent normal intima 
or the shoulder regions of the lipid pool.2 

In contrast, smooth muscle cell-mediated healing and repair processes stabilize 
plaques, protecting them against rupture.3 Therefore, plaque size or stenosis severity 
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reveals nothing, or only a little, about a plaque’s vulnerability.4,5 Many rupture-prone 
plaques are invisible angiographically, because of compensatory vascular remodeling, 
and they appear to be highly thrombogenic after rupture, probably because of a high 
content of tissue factor.6

Plaque rupture often exposes the subendothelial matrix (e.g., collagen and tissue fac-
tor) to circulating blood. Platelets initiate thrombosis at the site of a ruptured plaque: 
the fi rst step is platelet adhesion via the glycoprotein Ib receptor in conjunction with 
Von Willebrand factor. This is followed by platelet activation, which leads to a shape 
change in the platelet, degranulation of the alpha and dense granules, and expression 
of GP IIb/IIIa receptors on the platelet surface with activation of the receptor, such that 
it can bind fi brinogen. The fi nal step is platelet aggregation, in which fi brinogen (or 
Von Willebrand factor) binds to the activated GP IIb/IIIa receptors of two platelets. 

Simultaneously with formation of the platelet plug, the plasma coagulation system 
is activated. Tissue factor triggers most coronary artery thrombosis. Ultimately, factor 
X is activated (to factor Xa), which leads to generation of thrombin (factor IIa), which 
plays a central role in arterial thrombosis.7
X is activated (to factor Xa), which leads to generation of thrombin (factor IIa), which 
plays a central role in arterial thrombosis.7

Figure 1. Spectrum of Acute Coronary Syndromes
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Diagnosis and risk stratification of ACS

Diagnosis and risk stratification in patients with ACS are closely linked (Figure 1). The 
leading complaint of patients with ACS is usually chest pain which initiates a diagnos-
tic cascade. The clinical presentation of patients with ACS encompasses a large variety 
of symptoms. The cardinal symptom is the ischemic chest pain which is typically de-
scribed by the patient as burning, tightness, or heaviness. Patients often have associ-
ated symptoms of nausea and fatigue. However, the assessment of clinical symptoms 
alone is insufficient for risk stratification as symptoms may be difficult to assess objec-
tively and can easily be subject to misinterpretation.

Physical examination of patients with chest pain includes chest examination, aus-
cultation, and measurement of heart rate and blood pressure. The major purpose of 
the examination is to exclude non-cardiac causes of chest pain, non-ischemic cardiac 
disorders and to look for signs of potential hemodynamic instability and left ventricu-
lar dysfunction. In patients with myocardial infarctions particular attention has to be 
drawn to systolic murmurs indicative of mitral regurgitation or ventricular septal de-
fects.

The 12-lead electrocardiogram (ECG) segregates patients into those presenting with 
ST-segment elevation (approximately one third), and those presenting without ST-
segment elevation (approximately two-third). Patients with ST segment elevation are 
likely to have acute, total occlusion of a coronary artery which will eventually lead to 
extensive myocardial ischemia and transmural myocardial infarction. These patients 
should be considered for immediate percutaneous coronary intervention in order to 
open the occluded coronary artery and restore perfusion.1 In patients without ST seg-
ment elevation (nSTE-ACS), severe myocardial ischemia will result in subendocardial 
myocardial infarction which can be detected by measuring concentration of markers 
of myocardial injury such as troponin T and CK-MB in a blood sample. Elevated con-
centration of these sensitive markers of myocardial necrosis is regarded as indicative 
of myocardial cell necrosis and fullfills the definition of non ST elevation myocardial 
infarction (NSTEMI). If no rise in markers is detected, the term unstable angina is used 
and non-cardiac differential diagnoses must be considered. 
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At presentation, NSTE-ACS patients can be assigned to the high-risk or to the low-risk 
category based on the combination of clinical history, symptoms, ECG, and biomarkers. 
Troponin T elevations are associated with increased risk. In addition, dynamic ST-seg-
ment depression, critical arrhythmias (ventricular tachycardia, ventricular fibrillation), 
or haemodynamic instability (symptoms of shock) are also linked to increased risk. 
Furthermore, the presence of diabetes is linked to a high likelihood of significant coro-
nary artery disease and this alone places the patient in the high-risk group.
The long-term risk of mortality is related to the established risk factors, biochemical 
markers of inflammation (C-reactive protein), neurohormonal activation (NT-proBNP) 
and markers of renal function. From imaging modalities the extent of coronary artery 
disease (main stem lesion) and reduced left ventricular function are predictors of fu-
ture outcome. 

The therapeutic management is guided by the final diagnosis and risk assessment. At 
this stage, risk assessment encompasses the risk for ischemic complications, the risk 
for bleeding complications and the risk for complications related to invasive proce-
dures. 

Treatment of nSTE-ACS patients

The management of nSTE-ACS patients includes four therapeutic tools: antiplatelet 
agents, anticoagulants, anti-ischemic agents and coronary revascularization. 

Antiplatelet and anticoagulation therapy 

Antiplatelet and anticoagulation therapy is the cornerstone medial therapy for nSTE-
ACS patients. The most important antiplatelet agents are aspirin, clopidogrel and GP 
IIb/IIIa receptor antagonists. 
Aspirin decreases overall aggregation at the site of the thrombus by blocking the syn-
thesis of thromboxane A2 due to inhibition of cyclooxygenase 1. This inhibition of cy-
clooxygenase 1 is permanent; thus the antiplatelet effects last for the lifetime of the 
platelets, approximately 7 to 10 days. Since the 1980s, several trials have demonstrated 
clear beneficial effects of aspirin in nSTE-ACS patients, with a more than 50 percent 
reduction in the risk of death or myocardial infarction.8-10
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Clopidogrel inhibits platelet aggregation by inhibiting adenosine diphosphate (ADP) 
action on platelet receptors. The CURE trial demonstrated the benefit of adding clopi-
dogrel to the regimen of treatment for nSTE-ACS patients who are receiving aspirin 
and other medications. Treatment with clopidogrel reduced the risk of myocardial in-
farction and recurrent ischemia, with a trend toward lower rates of stroke and death 
from cardiovascular causes. Clopidogrel was approved for the ACS indication in 2002 
after publication of the CURE trial data.11

The GP IIb/IIIa receptor blockers inhibit the final common pathway of platelet aggre-
gation, the fibrinogen-mediated cross linkage of platelets. Several randomized trials 
have shown that GP IIb/IIIa inhibitors reduce the incidence of PCI related MI by 30-
50%.12-14 However, the GUSTO IV ACS study conclusively demonstrated that immedi-
ate medical treatment with a GP IIb/IIIa inhibitor in addition to aspirin and heparin 
was not beneficial in the context of a non-invasive strategy in non-ST-elevation acute 
coronary syndrome.15 In addition, a meta-analysis has shown no benefit of GP IIb/IIIa 
inhibitors outside the setting of PCI.16  The usefullness of treatment with GP IIb/IIIa 
inhibitors seems thus to be limited to the setting of PCI. 

With respect to anticoagulation, there were traditionally two options: unfractionated 
heparin (UFH) or low molecular weight heparin (LMWH), but new treatment options 
have emerged. In aspirin-treated patients with acute coronary syndrome without ST 
elevation, short-term unfractionated heparin or LMWH halves the risk of myocardial 
infarction or death. There seems to be no clinically significant difference in efficacy or 
safety between LMWH and unfractionated heparin.17, 18 

More recently, Fondaparinux was compared to LMWH (enoxaparin) in nSTE-ACS pa-
tients. Fondaparinux is a synthetic pentasaccharide which is an indirect Xa inhibitor. By 
30 days, mortality was significantly lower in the fondaparinux arm (2.9 percent versus 
3.5 percent, p = 0.02). However, in the subset of patients undergoing PCI, fondaparinux 
was associated with more than a threefold increased risk of catheter-related thrombi, 
something also observed in patients with STEMI treated with fondaparinux.19,20 

Anti–ischemic therapy

Meta-analysis and registry data have shown that long-term treatment with beta-blockers in 
nSTE-ACS patients may lead to a significant risk reduction for death. Therefore, beta-blocker 
therapy should be initiated in all patients and maintained indefinitely in the case of reduced 
LV function, with or without symptoms of heart failure, unless contraindications exist.21
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The use of an oral ACE inhibitor should also be initiated as soon as possible. Meta-
analyses of major trials carried out with the main objective of demonstrating the anti-
atherogenic effect of ACE inhibitors have shown a significant reduction in mortality, 
non-fatal myocardial infarction and stroke in patients with atherosclerosis.22

Long-term statin therapy improves outcome for all forms of CAD (coronary artery 
disease), after ACS or in patients with chronic manifestations of CAD. The rationale 
behind the prompt initiation of statin therapy after NSTE-ACS includes the possibil-
ity of plaque stabilization, anti-inflammatory effects, and restoration of endothelial 
function. 
The potential benefit of intensive lipid-lowering therapy compared with moderate 
lipid-lowering therapy among a wide spectrum of NSTE-ACS patients was assessed in 
PROVE-IT. This study showed improved outcome in patients randomized to the inten-
sive lipid-lowering therapy.23, 24

Coronary angiography and revascularization

NSTE-ACS patients often undergo coronary angiography to asses the coronary anato-
my. When coronary revascularization is indicated, the choice is between percutaneous 
coronary interventions (PCI) or coronary artery bypass grafting (CABG). 

The use of PCI to treat CAD has expanded dramatically over the past three decades. 
In the absence of left main or diffuse multivessel CAD, PCI is nowadays often the pre-
ferred method of revascularization. In the early eighties PCI was performed using bal-
loon angioplasty. This technique had important limitations such as abrupt closure of 
the treated vessel (requiering emergency CABG) which occurred in 3 to 5 percent of 
patients. Restenosis of the treated segment resulted in symptom recurrence in 30 per-
cent of patients within 6 to 9 months after angioplasty. In the late 1980s coronary 
stents were designed to scaffold the inner arterial wall to prevent early and late vas-
cular remodeling. With routine use of stents, angiographic success rates are high, gen-
erally more than 95 percent, although the presence of a superimposed thrombus can 
increase the risk of acute complications such as abrupt closure or distal embolisation 
in nSTEMI patients (as compared to patients with stable angina ). Therefore, the use 
of aspirin, clopidogrel, antithrombotics (heparin of LMWH) and GP IIb/IIIa in these pa-
tients is mandatory.
CABG is recommended for patients with disease of the left main coronary artery and 
multivessel disease and impaired left ventricular function.25 
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Invasive versus selective invasive 
treatment strategy

Randomized trials prior to the ICTUS

In five large, randomized trials, a routine, early invasive strategy (early angiography fol-
lowed by revascularization, depending on angiographic findings) was compared with a 
‘conservative’ strategy (angiography and subsequent revascularization only if medical 
therapy failed or substantial residual ischemia was documented). The TIMI IIIb trial 
showed no apparent benefit for a routine early revascularization and the VANQWISH 
data suggested that an early invasive approach might even be harmful.26, 27

An early invasive strategy was shown to be beneficial in the FRISC II, TACTICS–TIMI 
18, and RITA-3 studies, especially in subgroups of patients at high risk, such as those 
presenting with an elevated cardiac troponin level.28-30 As a result, 2002 guidelines 
of the American College of Cardiology–American Heart Association and the European 
Society of Cardiology recommend an early invasive approach in high-risk nSTE-ACS pa-
tients.31, 32

Despite these recommendations, the available evidence did not show that an early 
invasive strategy reduced mortality. A reduction in mortality was shown in the FRISC 
II study at two years, but was not seen in any of the other studies. In addition, in the 
FRISC II trial, an early hazard for MI (mainly attributable to the incidence of PCI related 
MI) was observed. Importantly, the reduction in the incidence of myocardial infarction 
associated with an early invasive strategy in these studies depended on the defini-
tion of myocardial infarction. Moreover, recent advances in medical therapy, such as 
the early use of clopidogrel and intensive lipid-lowering therapy, have been shown to 
improve the prognosis in patients with acute coronary syndromes but were not used 
during the five earlier major strategy trials in nSTE-ACS.11, 24
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The Invasive versus Conservative Treatment in Unstable coronary Syndromes 
(the ICTUS trial)

The ICTUS trial was an investigator initiated, randomized multicenter trial, and was 
started in the Netherlands in 2001. Between July 2001, and August 2003, a total of 1200 
patients were enrolled from 42 Dutch hospitals, 12 of which were high-volume centers 
with percutaneous intervention and on-site cardiac surgery.
The ICTUS trial compared an early invasive treatment strategy aimed at coronary angiog-
raphy and revascularization within 24-48 hrs, with a ‘selective invasive’ (conservative) treat-
ment strategy that included the use of aspirin, low molecular weight heparin, clopidogrel, 
intensive lipid-lowering therapy and abciximab accompanying all PCI procedures, in  
nSTE-ACS patients with an abnormal cTnT and either evidence of ischemia on the elec-
trocardiogram or a documented history of coronary artery disease. ICTUS applied current  
ESC/ACC redefined definition of MI and incorporated serial CK-MB sampling at admission, 
in the event of a recurrent acute coronary syndrome and after every PCI.33 
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outline of the thesis

Part 1 (chapters 2 - 5): the short-term and long-term results of the ICTUS trial

The ICTUS trial compared an early invasive with a selective invasive treatment strat-
egy in patients with non–ST-elevation acute coronary syndrome (nSTE-ACS) with an 
elevated troponin T. In the first part of this thesis, in chapter 2, the main results of the 
ICTUS trial after one year follow-up are presented. In chapters 3 and 4 the long-term 
outcome of the ICTUS trial is described. 
In chapter 5, the data from the ICTUS trial is analysed as if the data had been obtained 
by means of an observational study because in several post-hoc analyses from obser-
vational studies, revascularization was associated with substantial reduction in mor-
tality in nSTE-ACS patients. In chapter 5 the association between actual in-hospital 
revascularization and long-term outcome is investigated in patients with nSTE-ACS 
included in the ICTUS trial. 

Part 2 (chapters 6 - 9): additional risk stratification 

Patients presenting with non–ST-elevation acute coronary syndrome represent a het-
erogeneous population in terms of short-term and long-term prognosis. Accordingly, 
risk stratification plays a central role in the evaluation and management of patients 
with this condition. In the second part of this thesis we investigated several factors for 
additional risk stratification and addressed the question whether additional risk strati-
fication with biomarkers (NT-proBNP, cystatin C) or evidence of ischemia on the 12 lead 
electrocardiogram can identify patients that may benefit most from an early invasive 
treatment strategy. In chapter 6, we assess the prognostic value of ST segment de-
viation on the admission electrocardiogram. In chapter 7, the value of NT-proBNP (a 
marker for ventricular dysfunction) is described. In chapter 8, the value of additional 
risk stratification with cystatin C (a marker of renal function) is assessed. 
In chapter 9, we examine the benefits and risks of an invasive strategy in women vs. in 
men with nSTE-ACS by means of a collaborative meta-analysis.
This thesis ends with a summarizing chapter (chapter 10) in which the results of the 
ICTUS trial, its impact and the effect of additional risk stratification are briefly dis-
cussed. Finally, this chapter concludes with recommendations for clinical practice and 
future research.
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ABSTR ACT 

Background Current guidelines recommend an early invasive strategy for pa-
tients who have acute coronary syndromes without ST-segment elevation and 
with an elevated cardiac troponin T level. However, randomized trials have not 
shown an overall reduction in mortality, and the reduction in the rate of myo-
cardial infarction in previous trials has varied depending on the definition of 
myocardial infarction. 

Methods We randomly assigned 1200 patients with acute coronary syndrome 
without ST-segment elevation who had chest pain, an elevated cardiac troponin 
T level (≥0.03 µg per liter), and either electrocardiographic evidence of ischemia 
at admission or a documented history of coronary disease to an early inva-
sive strategy or to a more conservative (selectively invasive) strategy. Patients 
received aspirin daily, enoxaparin for 48 hours, and abciximab at the time of 
percutaneous coronary intervention. The use of clopidogrel and intensive lipid-
lowering therapy was recommended. The primary end point was a composite 
of death, nonfatal myocardial infarction, or rehospitalization for anginal symp-
toms within one year after randomization. 

Results The estimated cumulative rate of the primary end point was 22.7 per-
cent in the group assigned to early invasive management and 21.2 percent in the 
group assigned to selectively invasive management (relative risk, 1.07; 95 per-
cent confidence interval, 0.87 to 1.33; P=0.33). The mortality rate was the same 
in the two groups (2.5 percent). Myocardial infarction was significantly more 
frequent in the group assigned to early invasive management (15.0 percent vs. 
10.0 percent, P=0.005), but rehospitalization was less frequent in that group (7.4 
percent vs. 10.9 percent, P=0.04). 

Conclusions We could not demonstrate that, given optimized medical therapy, 
an early invasive strategy was superior to a selectively invasive strategy in pa-
tients with acute coronary syndromes without ST-segment elevation and with 
an elevated cardiac troponin T level.
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I NTRODUCTION

Patients with acute coronary syndromes without ST-segment elevation are at risk for 
adverse cardiac events.1 Optimal treatment consists of intensive medical therapy fol-
lowed by diagnostic coronary angiography and revascularization in some patients. In 
five large, randomized trials (Veterans Affairs Non–Q-Wave Infarction Strategies in Hos-
pital [VANQWISH], Fragmin and Fast Revascularization during Instability in Coronary 
Artery Disease [FRISC] II, Treat Angina with Aggrastat and Determine Cost of Therapy 
with an Invasive or Conservative Strategy–Thrombolysis in Myocardial Infarction 18 
[TACTICS–TIMI 18], TIMI IIIB, and the Third Randomized Intervention Treatment of An-
gina [RITA-3]), a routine, early invasive strategy (early angiography followed by revas-
cularization, depending on angiographic findings) was compared with a “conservative” 
strategy (angiography and subsequent revascularization only if medical therapy failed 
or substantial residual ischemia was documented).2-6 An early invasive strategy was 
shown to be beneficial in the FRISC II, TACTICS–TIMI 18, and RITA-3 studies, especially in 
subgroups of patients at high risk, such as those presenting with an elevated cardiac 
troponin level. As a result, recent guidelines of the American College of Cardiology–
American Heart Association and the European Society of Cardiology recommend an 
early invasive approach in high-risk patients with acute coronary syndromes without 
ST-segment elevation.7,8

Despite these recommendations, it is not clear that an early invasive strategy reduces 
mortality in this setting. A reduction in mortality was shown in the FRISC II study, but 
only among men. Such a reduction was not seen in any of the other studies. In addi-
tion, the reduction in the incidence of myocardial infarction associated with an early 
invasive strategy in these studies depended on the definition of myocardial infarc-
tion. Moreover, recent advances in medical therapy, such as the early use of clopidogrel 
and intensive lipid-lowering therapy, have been shown to improve the prognosis in 
patients with acute coronary syndromes.9,10 These therapies have not been tested in 
trials of early invasive strategies. Therefore, we conducted the present study to test the 
hypothesis that an early invasive strategy is superior to a selectively invasive strategy 
for patients who have acute coronary syndromes without ST-segment elevation and 
with an elevated cardiac troponin T level. 
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METHODS
 
Study Population and Study Design 

Between July 2001 and August 2003, 1200 patients were enrolled from 42 Dutch hos-
pitals, 12 of which were high-volume centers with facilities for percutaneous coronary 
intervention and on-site cardiac surgery. The protocol was approved by all the local 
institutional review boards. All patients gave written informed consent. The trial was 
funded by a combination of sources. The sponsors had no involvement in the design of 
the study, data collection or analysis, or the writing of the manuscript. 
Eligible patients had to have all three of the following: symptoms of ischemia that were 
increasing or occurred at rest, with the last episode occurring no more than 24 hours 
before randomization; an elevated cardiac troponin T level (≥0.03 µg per liter); and 
either ischemic changes as assessed by electrocardiography (defined as ST-segment 
depression or transient ST-segment elevation exceeding 0.05 mV, or T-wave inversion 
of ≥0.2 mV in two contiguous leads) or a documented history of coronary artery dis-
ease as evidenced by previous myocardial infarction, findings on previous coronary 
angiography, or a positive exercise test. Exclusion criteria were an age younger than 
18 years or older than 80 years, myocardial infarction with ST-segment elevation in 
the past 48 hours, an indication for primary percutaneous coronary intervention or 
fibrinolytic therapy, hemodynamic instability or overt congestive heart failure, the use 
of oral anticoagulant drugs in the past 7 days, fibrinolytic treatment within the past 96 
hours, percutaneous coronary intervention within the past 14 days, a contraindication 
to treatment with percutaneous coronary intervention or glycoprotein IIb/IIIa inhibi-
tors, recent trauma or risk of bleeding, hypertension despite treatment (i.e., systolic 
pressure >180 mm Hg or diastolic pressure >100 mm Hg), weight greater than 120 kg, 
or inability to give informed consent. 

Optimized Medical Therapy 

The protocol specified that patients receive 300 mg of aspirin at the time of random-
ization, followed by at least 75 mg daily indefinitely, and enoxaparin (1 mg per kilo-
gram of body weight, to a maximum of 80 mg) twice daily subcutaneously for at least 
48 hours. Patients already started on unfractionated heparin were switched to enox-
aparin immediately after randomization. The early use of clopidogrel (300 mg imme-
diately, followed by 75 mg daily) in combination with aspirin was recommended to the 
investigators after the drug was approved in 2002 for the indication of acute coronary 
syndromes.9 



 One year results of the ICTUS trial | 27

All interventional procedures during the initial hospital phase were performed with 
the use of abciximab, given as a bolus dose of 0.25 mg per kilogram, followed by an 
infusion of 0.125 µg per kilogram per minute for 12 hours, and started 10 to 60 minutes 
before the first balloon inflation.11 Abciximab was also available for use in patients 
who subsequently underwent percutaneous revascularization. The protocol recom-
mended intensive lipid-lowering therapy, preferably 80 mg of atorvastatin daily or the 
equivalent, started as soon as possible after randomization and continued indefinitely. 
The level of the MB isoform of creatine kinase (CK-MB) was measured at 6-hour inter-
vals during the first period of 24 hours or more after admission, after each new clinical 
episode of ischemia, and after each percutaneous revascularization procedure. 

Treatment Strategy 

Patients were randomly assigned to an early invasive strategy or a selectively invasive 
strategy with the use of a central telephone system. Permuted-block randomization was 
performed, with stratification according to site, with block size randomly chosen to be four, 
six, or eight. Patients assigned to the early invasive strategy were scheduled to undergo 
angiography within 24 to 48 hours after randomization and percutaneous coronary inter-
vention when appropriate on the basis of the coronary anatomy. Coronary-artery bypass 
grafting was recommended in patients with extensive three-vessel disease or severe left 
main-stem disease and was to be performed as soon as possible during the initial hospi-
talization period. 

Patients assigned to the selectively invasive strategy were treated medically. These pa-
tients were scheduled to undergo angiography and subsequent revascularization only if 
they had refractory angina despite optimal medical treatment, hemodynamic or rhythmic 
instability, or clinically significant ischemia on the predischarge exercise test. Coronary an-
giography and revascularization after the initial hospital phase were performed if severe 
anginal symptoms (i.e., Canadian Cardiovascular Society [CCS] class III or IV) persisted de-
spite optimal antianginal medication or if ischemia was documented on subsequent test-
ing. Follow-up outpatient visits occurred at 1, 6, and 12 months after randomization. 
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End Points 

The primary end point was a composite of death, recurrent myocardial infarction, or 
rehospitalization for angina within one year after randomization. Death was defined 
as death from any cause. Myocardial infarction was defined as documented myocar-
dial necrosis, occurring either spontaneously or in the setting of percutaneous inter-
vention, according to the recommendations of the Joint European Society of Cardi-
ology–American College of Cardiology Committee for the Redefinition of Myocardial 
Infarction.12 Myocardial necrosis was defined by an elevation in the CK-MB level above 
the upper limit of normal. In the event of an elevated CK-MB level at randomization, 
recurrent myocardial infarction during the first 48 hours was diagnosed when there 
was a 50 percent decrease from a previous peak value, followed by a subsequent rise 
to a level exceeding the upper limit of normal. A myocardial infarction in the setting 
of coronary-artery bypass grafting required the occurrence of electrocardiographic evi-
dence of new Q waves. 

Major bleeding not related to coronary-artery bypass grafting during the index admis-
sion was defined by at least one of the following: fatal bleeding, intracranial bleeding, 
a need for blood transfusion, a decrease of 3 mmol per liter (4.8 g per deciliter) or more 
in hemoglobin levels, and bleeding resulting in hemodynamic compromise. All end 
points were adjudicated by members of an independent clinical end-points commit-
tee, who were unaware of the treatment assignments of the patients. 

Statistical Analysis 

We calculated that, given a 21 percent incidence of the primary end point in the group 
assigned to an early invasive strategy, 1200 patients would be needed to provide the 
study with 80 percent power to detect a relative risk reduction of 25 percent between 
the two groups, at an alpha level of 0.05. Continuous variables with normal distribu-
tions are expressed as means ±SD and were compared with the use of an unpaired 
Student’s t-test. Categorical variables were compared with the use of Fisher’s exact 
test or the chi-square test, where appropriate. All reported P values are two-sided and 
not adjusted for multiple testing. 

Event rates at one year were estimated with the Kaplan–Meier method.13 Relative risks 
were calculated by dividing the Kaplan–Meier estimated rate of an event at one year 
in the early-invasive-strategy group by that in the group assigned to a selectively in-
vasive strategy. The 95 percent confidence interval for the relative risk was calculated 
with the use of the standard errors from the Kaplan–Meier curve. The significance of 
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Table 1. Baseline clinical characteristics.* 

 

Variable  
Early invasive 

(n=604) 

Selective 
invasive 
(n=596) 

Median age – yr (range) 62 (29-81) 62 (30-83) 
Age ! 65 yr – no. (%) 263 (44) 266 (45) 
Males, – no. (%) 446 (74) 434 (73) 
Body-mass index † 27 ± 4 27 ± 4 
Clinical history, – no. (%)   
 Myocardial infarction 153 (25) 125 (21) 
 Percutaneous coronary intervention 77 (13) 63 (11) 
 Coronary-artery bypass grafting 62 (10) 43 (7) 
Risk factors, – no. (%)   
 Hypertension 226 (37) 240 (40) 
 Diabetes Mellitus 86 (14) 80 (13) 
 Hypercholesterolemia 211 (35) 206 (35) 
 Current cigarette smoking 244 (40) 248 (42) 
 Family history of coronary artery disease 263 (44) 241 (40) 
 Known left ventricle ejection fraction <35% 10 (2) 7 (1) 
Drug therapy at admission, – no. (%)   
 Aspirin 235 (39) 221 (37) 
 Ace-inhibitors 88 (15) 82 (14) 
 Beta-blockers 220 (36) 196 (33) 
 Calcium-channel antagonists 92 (15) 96 (16) 
 Nitrates 70 (12) 64 (11) 
 Statins 172 (28) 157 (26) 
Time from onset symptoms to randomization – hours       17 ± 10 17 ± 9 
Abnormalities on electrocardiogram at admission, – no. 
(%) 

  

 ST-segment deviation ! 0.1mV 284 (54) 290 (55) 
 Isolated T wave inversion 48 (16) 44 (16) 
 Electrocardiogram missing or unreadable 26 (4) 25 (4) 
Cardiac troponin T concentration ‡   

 < 0.10  µg/L 108 (18) 110 (19) 

 0.10 – 0.29  µg/L 199 (33) 195 (33) 

 0.30 – 0.99  µg/L 186 (31) 186 (31) 

 ! 1.0  µg/L 111 (18) 105 (18) 

 
* Differences between the treatment groups were not statistically significant. Plus–minus values are 
means ± SD.  
† The body-mass index is the weight in kilograms divided by the square of the height in meters. 
‡ Cardiac troponine T levels were measured at the clinical chemistry core lab on the Elecsys 2010 
system (Roche Diagnostics GmbH, Mannheim, Germany) 

differences in event rates between treatment groups was assessed with the use of the 
log-rank test. Data on patients who were lost to follow-up were censored at the time 
of the last contact. 

Results 

A total of 604 patients were randomly assigned to the early invasive strategy and 596 pa-
tients to the selectively invasive strategy. Baseline characteristics are shown in table 1. 

Table 1. Baseline clinical characteristics.*

* Differences between the treatment groups were not statistically significant. Plus–minus values are means ± SD. 
† The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡ Cardiac troponine T levels were measured at the clinical chemistry core lab on the Elecsys 2010 system (Roche Diag-
nostics GmbH, Mannheim, Germany)  
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 2 

Table 2: Cardiac procedures within two days, during initial hospitalization and within one year. 
 

Procedures Within two days During initial hospitalization Within one year 

 Early invasive 
(n = 604) 

Selective 
invasive 

(n = 596) 

Early invasive 
(n = 604) 

Selective 
invasive 

(n = 596) 

Early invasive 
(n = 604) 

Selective 
invasive 

(n = 596) 

Catheterization, no. (%) 588 (97) 64 (11) 593 (98) 314 (53) 597 (99) 397 (67) 
Percutaneous coronary intervention, no. (%)* 321 (53) 22 (4) 361 (60) 169 (28) 371 (61) 239 (40) 
Coronary-artery bypass grafting, no. (%)   15 (3) 1 (0) 97 (16) 68 (11) 107 (18) 85 (14) 
Revascularization, no. (%)   336 (56) 23 (4) 458 (76) 237 (40) 478 (79) 324 (54) 

 
* The median time to percutaneous coronary intervention was 23 hours (25th to 75th percentile, 15 to 44) in the early invasive strategy group and 283 hours 
(25th to 75th percentile, 142 to 647) in the group assigned to a selectively invasive strategy. During initial hospitalization, procedures involving percutaneous 
coronary intervention were performed, accompanied by the use of abciximab, in 94 percent of patients undergoing percutaneous coronary intervention in the 
early-invasive strategy group and 75 percent of those undergoing percutaneous coronary intervention in the selectively-invasive strategy group. Within one 
year after randomization, 93 percent and 69 percent of procedures, respectively, involving 
percutaneous coronary intervention were performed, accompanied by the use of abciximab. 
 

 

 

The median age was 62 years, about three quarters of the patients were male, and 14 
percent had diabetes. Cardiac catheterization was performed during the initial hospi-
talization in 98 percent of patients in the early-invasive-strategy group and 53 percent 
in the selectively-invasive-strategy group, and in 99 percent and 67 percent, respec-
tively, within one year (table 2). 

Within one year, 79 percent of the patients in the early-invasive-strategy group had 
undergone revascularization, as compared with 54 percent in the selectively-invasive-
strategy group. Eighty-eight percent of the percutaneous coronary intervention pro-
cedures in both treatment groups combine d involved the placement of at least one 
stent. Medical therapy at discharge was similar between the group assigned to an 
early invasive strategy and the group assigned to a selectively invasive strategy, ex-
cept for the use of clopidogrel (61 percent vs. 49 percent, respectively). The incidence 
of statin use at discharge was very high in both groups (90 percent and 94 percent, 
respectively). 

Table 2: Cardiac procedures within two days, during initial hospitalization and within one year.

* The median time to percutaneous coronary intervention was 23 hours (25th to 75th percentile, 15 to 44) in the early 
invasive strategy group and 283 hours (25th to 75th percentile, 142 to 647) in the group assigned to a selectively inva-
sive strategy. During initial hospitalization, procedures involving percutaneous coronary intervention were performed, 
accompanied by the use of abciximab, in 94 percent of patients undergoing percutaneous coronary intervention in the 
early-invasive strategy group and 75 percent of those undergoing percutaneous coronary intervention in the selectively-
invasive strategy group. Within one year after randomization, 93 percent and 69 percent of procedures, respectively, 
involving percutaneous coronary intervention were performed, accompanied by the use of abciximab.
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Primary End Point

Six patients were lost to follow-up before one year. A total of 263 patients (137 
patients in the early-invasive-strategy group and 126 patients in the selectively-
invasive-strategy group) reached the primary end point. Kaplan–Meier curves for the 
primary end point are shown in fi gure 1. 

Figure 1. Kaplan-Meier estimates of composite primary endpoint of death, 
myocardial infarction, or rehospitalization for anginal symptoms within one year.The rate of the composite primary 
endpoint was 22.7% in the early invasive strategy group and 21.2% in the selective invasive group 
(relative risk, 1.07; -  95 percent confi dence interval, 0.87 to 1.33, p=0.33). 

The estimated one-year cumulative event rate was 22.7 percent in the early-invasive-
strategy group and 21.2 percent in the group assigned to a selectively invasive strategy 
(relative risk, 1.07; 95 percent confi dence interval, 0.87 to 1.33; P=0.33) (Table 3). One-
year mortality was 2.5 percent in both groups (relative risk, 0.99; 95 percent confi dence 
interval, 0.49 to 2.00; P=0.97). The cumulative risk of myocardial infarction within one 
year after randomization was signifi cantly higher in the early-invasive-strategy group 
(15.0 percent vs. 10.0 percent; relative risk, 1.50; 95 percent confi dence interval, 1.10 
to 2.04; P=0.005). Rehospitalization was less frequent in the early-invasive-strategy 
group (7.4 percent vs. 10.9 percent; relative risk, 0.68; 95 percent confi dence interval, 
0.47 to 0.98; P=0.04). 
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Figure 2. Rates of the composite primary endpoint of death, myocardial infarction, or rehospitalization for anginal 
symptoms – by one year according to age, gender, the presence of diabetes mellitus, the presence of ST-segment de-
viation, and cardiac troponin T concentration. The frequency of the primary end points within one year after randomiza-
tion was estimated from the Kaplan–Meier curves.

Several baseline clinical features were examined for potential effects in a subgroup 
analysis. The relative risks were not different among the major subgroups defi ned ac-
cording to age, sex, the presence or absence of diabetes mellitus, the presence or ab-
sence of ST-segment deviation, or the level of cardiac troponin T (Figure 2). 
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 3 

Table 3: Incidence of the composite primary endpoint and its components by 
one year.   
 

Outcomes by one year 
Early invasive 

n=604 

 
Selective invasive 

n=596 
Relative Risk 

(95% CI) 
p value 

 no. rate*  no. rate*   

Death 15 2.5  15 2.5 0.99 (0.49 – 2.00) 0.97 
Myocardial infarction 90 15.0  59 10.0 1.50 (1.10 – 2.04) 0.005 
Rehospitalization for anginal symptoms 44 7.4  64 10.9 0.68 (0.47 – 0.98) 0.037 

Composite primary endpoint 137 22.7  126 21.2 1.07 (0.87 – 1.33) 0.33 
        
Myocardial infarction        
 CK-MB ratio ! 1 – 3 ULN† 43 7.2  27 4.6 1.57 (0.98 – 2.51) 0.049 
 CK-MB ratio ! 3 – 5 ULN 15 2.5  7 1.2 2.09 (0.86 – 5.10) 0.090 
 CK-MB ratio ! 5 – 10 ULN 14 2.3  13 2.2 1.06 (0.50 – 2.23) 0.86 
 CK-MB ratio ! 10 ULN 11 1.8  6 1.0 1.79 (0.67 – 4.80) 0.23 
 no CK-MBs, new Q-waves  7 1.2  6 1.0 1.15 (0.39 – 3.37) 0.80 
        

Myocardial infarction        
 Spontaneous 22 3.7  27 4.6 0.80 (0.46 – 1.34) 0.45 
 PCI or CABG related 68 11.3  32 5.4 2.09 (1.39 – 3.14) 0.0001 
        
Myocardial infarction        
 FRISC II definition‡ 73 12.1  46 7.8 1.56 (1.10 – 2.22) 0.008 
 TACTICS-TIMI 18 definition" 51 8.5  35 5.9 1.43 (0.95 – 2.17) 0.07 
        

Primary composite endpoint        
 FRISC II definition‡ 122 20.2  115 19.3 1.05 (0.83 – 1.32) 0.52 
 TACTICS-TIMI 18 definition" 102 16.9  105 17.6 0.96 (0.75 – 1.23) 0.87 

 

For the assessment of myocardial infarction, creatine kinase myocardial band (CK-MB) was measured at six hours 
intervals during a period of at least 24 hours after admission, after each new clinical episode of (recurrent) ischemia 
and after each percutaneous revascularization procedure.
CABG = coronary-artery bypass grafting -  CI = confidence interval -  MI = myocardial infarction -  
PCI = percutaneous coronary intervention -  ULN= upper limit of normal
* Percentage event rate from the Kaplan Meier curve by one year.
† CK-MB ratio= peak CK-MB / upper limit of normal.
‡ FRISC II definition of myocardial infarction: CK-MB elevation above 1 time the ULN for spontaneous MI and CK-MB 
elevation above 1.5 times the ULN for PCI related MI.
∫ TACTICS definition of myocardial infarction: CK-MB elevation above 1 time the ULN for spontaneous MI and CK-MB 
elevation above 3 times the ULN for PCI related MI.

Myocardial Infarction

Categories of infarct size according to peak CK-MB level are shown in table 3. The rate of 
myocardial infarction among patients with a peak CK-MB level one to three times the up-
per limit of normal was significantly higher in the early-invasive-strategy group than in 
the group assigned to a selectively invasive strategy (7.2 percent vs. 4.6 percent, P=0.05). 
The incidence of myocardial infarction related to percutaneous coronary intervention or 
coronary-artery bypass grafting was also significantly higher in the early-invasive-strategy 
group (11.3 percent vs. 5.4 percent, P=0.001). To compare our results with those of previ-
ous trials, we applied the definitions of myocardial infarction from the FRISC II4 and the 
TACTICS–TIMI 185 studies to our data (Table 3). Applying these definitions lowered the rate 
of infarction. However, the relative risks remained essentially unaltered, and there were no 
significant differences in the rate of the composite primary end point between the groups, 
irrespective of the definition of infarction applied. 

Table 3: Incidence of the composite primary endpoint and its components by one year. 
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Other Secondary End Points 

The percentage of patients free from anginal symptoms was similar in the early-inva-
sive-strategy group and the group assigned to a selectively invasive strategy (86 per-
cent and 87 percent, respectively). Moreover, the incidence of angina, defined as CCS 
class I to IV, was similar in the two groups (data not shown). Major bleeding not related 
to coronary-artery bypass grafting during the index admission occurred in 19 patients 
(3.1 percent) in the early-invasive-strategy group, as compared with 10 patients (1.7 per-
cent) in the group assigned to a selectively invasive strategy. 

Discussion 

This study did not show that an early invasive strategy was superior to a selectively in-
vasive strategy in patients who had an acute coronary syndrome without ST-segment 
elevation and who had an elevated cardiac troponin T level. Mortality within one year 
was low (2.5 percent in both groups), despite the fact that these patients were all con-
sidered at high risk. The incidence of myocardial infarction was significantly higher in 
the early-invasive-strategy group, particularly during hospitalization, confirming the 
finding of the FRISC II researchers4 that there is an early hazard associated with early 
revascularization. The incidence of the primary end point was 22.7 percent in the early-
invasive-strategy group, but 21.2 percent in the group assigned to a selectively invasive 
strategy, which was lower than anticipated. There was no significant difference in the 
frequency of the primary end point among subgroups defined according to age, sex, 
the presence or absence of diabetes mellitus, the presence or absence of ST-segment 
deviation, or the level of cardiac troponin T. 

Comparing the results of the present study with those of previous trials is not straight-
forward, owing to differences in study design, in the risk profile of patients included, in 
antithrombotic therapy, and in the definition of end points, in particular the definition 
of myocardial infarction; changes in the practice of invasive therapy (especially the 
use of stents and glycoprotein IIb/IIIa inhibitors); and the observed contrast between 
strategies in the rate and timing of revascularization. There are several possible ex-
planations for the observed differences in outcome between the present study and 
previous trials. 

First, revascularization rates were high in the two groups in our study (76 percent in 
the early-invasive-strategy group and 40 percent in the selectively-invasive-strategy 
group during the initial hospitalization, and 79 percent and 54 percent, respectively, 
within 1 year after randomization) as compared with those in TIMI-IIIb (64 percent vs. 
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58 percent at 1 year), VANQWISH (44 percent vs. 33 percent at 23 months), FRISC II (71 
percent vs. 9 percent at 10 days, and 77 percent vs. 37 percent at 6 months), TACTICS–TI-
MI 18 (61 percent vs. 44 percent at 6 months), and RITA-3 (44 percent vs. 10 percent dur-
ing the index admission, and 57 percent vs. 28 percent within 1 year).14 As in the VAN-
QWISH trial, all patients in our study had evidence of myocardial necrosis, as compared 
with 58 percent with an elevated troponin level in FRISC II, 54 percent in TACTICS–TIMI 
18, and 75 percent in RITA-3. The fact that all patients in the present study were at high 
risk (as evidenced by an elevated troponin level) may explain the earlier and more fre-
quent revascularization in the group assigned to a selectively invasive strategy in our 
study. The 40 percent rate of revascularization during the initial hospitalization in the 
group assigned to a selectively invasive strategy in our study compares well with the 
48 percent rate of revascularization in patients with acute coronary syndromes who 
were admitted to centers with catheterization facilities in the global registry of acute 
coronary events (the GRACE registry), which reflects real-world clinical practice.15 

Second, as in FRISC II, most myocardial infarctions in the early-invasive-strategy group 
in our study were procedure-related.16 The higher incidence of myocardial infarction in 
this group is driven in large part by relatively small infarctions related to percutaneous 
coronary intervention that were detected with carefully timed and frequent measure-
ments of CK-MB levels. Moreover, we applied the Joint European Society of Cardiology 
– American College of Cardiology definitions of spontaneous and percutaneous coro-
nary intervention–related myocardial infarction (peak CK-MB level, greater than the 
upper limit of normal).12 Different cutoff levels for infarctions related to percutaneous 
coronary intervention were used in FRISC II (CK-MB level, >1.5 times the upper limit of 
normal), TACTICS–TIMI 18 (CK-MB level, ≥3 times the upper limit of normal), and RITA-3 
and Superior Yield of the New Strategy of Enoxaparin, Revascularization, and Glycopro-
tein IIb/IIIa Inhibitors (SYNERGY) (CK-MB level, 2 times the upper limit of normal). The 
incidence of myocardial infarction in the early-invasive-strategy group in our study 
(15.0 percent at 1 year; median time to percutaneous coronary intervention, 23 hours) 
was similar to that in the recent SYNERGY trial (11.7 percent at 30 days; median time to 
percutaneous coronary intervention, 23 hours), in which an early-intervention strategy 
was used.17 

The prognostic implications of periprocedural myocardial damage are controversial, 
but some reports suggest that the prognosis of patients with such injury should be 
regarded as similar to that of patients with spontaneous necrosis.16,18,19 To determine 
whether the increased incidence of procedure-related myocardial infarction in the 
early-invasive-strategy group in our study eventually results in a worse prognosis will 
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require long-term follow-up. Regardless of the definition of myocardial infarction in 
our study, we could not demonstrate a significant difference in the incidence of the 
composite primary end point between the two treatment strategies. 

Third, the incidence of myocardial infarction in the group assigned to a selectively in-
vasive strategy was lower than expected. We incorporated recent advances in back-
ground medical therapy, such as the use of abciximab at the time of percutaneous 
coronary intervention procedures, the early use of clopidogrel, and intensive lipid-
lowering therapy, which have been shown to improve outcomes in patients who have 
acute coronary syndromes without ST-segment elevation.10,20 This may partially ex-
plain the lower-than-expected event rate in the group assigned to a selectively inva-
sive strategy. 

Finally, all procedures were performed in high-volume centers with facilities for car-
diac surgery on site, resulting in a low overall mortality, including a low mortality re-
lated to coronary-artery bypass grafting. In our view, advances in background medical 
therapy in combination with better detection of myocardial infarctions with frequent, 
carefully timed measurements of CK-MB levels best explain the differences between 
our results and those of previous trials. 

The 2003 European Society of Cardiology guidelines were published during the study 
enrollment period. Physicians familiar with the guidelines would probably be inclined 
to favor performing angiography in most patients with an elevated cardiac troponin T 
level. As a result, physicians participating in our study might have enrolled lower-risk 
patients than would otherwise have been included. However, baseline characteristics 
suggest that we studied a high-risk population, with more than one third of the pa-
tients already taking aspirin, more than half having ischemic changes as assessed by 
electrocardiography, and all having an elevated cardiac troponin T level as confirmed 
with core laboratory analysis. 

We did not find the expected 25 percent reduction in the cumulative rate of the primary end 
point with an early invasive strategy as compared with a selectively invasive strategy. As a re-
sult, the confidence interval around the relative risk of the composite end point of death, myo-
cardial infarction, or rehospitalization for angina was 0.87 to 1.33, corresponding to a possible 
reduction in risk of 13 percent (or an increase in risk of 33 percent) with an early invasive strategy. 
However, the point estimate for the relative risk (1.07) actually favors the selectively invasive 
approach, and even the most substantial advantage of early invasive management consistent 
with our data is much less than that estimated in previous large trials. 
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Among patients with acute coronary syndromes without ST-segment elevation who 
have an elevated cardiac troponin T level, we could not demonstrate that an early inva-
sive strategy was superior to a selectively invasive strategy. These results were obtained 
with the use of contemporary medical therapy that included low-molecular-weight 
heparin, glycoprotein IIb/IIIa inhibition at the time of percutaneous procedures, clopi-
dogrel, and intensive lipid-lowering therapy. 
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SUMM ARY 

Background The ICTUS trial was a study that compared an early invasive with 
a selective invasive treatment strategy in patients with non-ST-elevation acute 
coronary syndrome (nSTE-ACS). The study reported no difference between the 
strategies for frequency of death, myocardial infarction, or rehospitalisation af-
ter 1 year. We did a follow-up study to assess the effects of these treatment 
strategies after 4 years.

Methods 1200 patients with nSTE-ACS and an elevated cardiac troponin were 
enrolled from 42 hospitals in the Netherlands. Patients were randomly assigned 
either to an early invasive strategy, including early routine catheterisation and 
revascularisation where appropriate, or to a more selective invasive strategy, 
where catheterisation was done if the patient had refractory angina or recur-
rent ischaemia. The main endpoints for the current follow-up study were death, 
recurrent myocardial infarction, or rehospitalisation for anginal symptoms 
within 3 years after randomisation, and cardiovascular mortality and all-cause 
mortality within 4 years. Analysis was by intention-to-treat. This study is reg-
istered as an International Standard Randomised Controlled Trial, number IS-
RCTN82153174.

Findings The in-hospital revascularisation rate was 76% in the early invasive 
group and 40% in the selective invasive group. After 3 years, the cumulative rate 
for the combined endpoint was 30·0% in the early invasive group compared 
with 26.0% in the selective invasive group (hazard ratio 1.21; 95% CI 0.97–1.50; 
p=0·09). Myocardial infarction was more frequent in the early invasive strategy 
group (106 [18.3%] vs 69 [12.3%]; HR 1.61; 1.19–2.18; p=0.002). Rates of death or 
spontaneous myocardial infarction were not different (76 [14.3%] patients in the 
early invasive and 63 [11.2%] patients in the selective invasive strategy [HR 1.19; 
0.86–1.67; p=0.30]). No difference in all-cause mortality (7.9% vs 7.7%; p=0.62) or 
cardiovascular mortality (4.5% vs 5.0%; p=0.97) was seen within 4 years.

Interpretation Long-term follow-up of the ICTUS trial suggests that an early 
invasive strategy might not be better than a more selective invasive strategy in 
patients with nSTE-ACS and an elevated cardiac troponin, and implementation 
of either strategy might be acceptable in these patients.
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I NTRODUCTION

The optimum treatment of patients with a non-ST-elevation acute coronary syndrome 
(nSTE-ACS) has been debated during the past 10 years. A meta-analysis that compared 
a routine invasive strategy with a more conservative strategy in patients with nSTE-
ACS showed superiority of an early invasive strategy in reducing major cardiovascular 
events as well as severe angina and rehospitalisation.1 The early risk associated with a 
routine early invasive strategy was balanced by a reduction in adverse events during 
follow-up. 

When the results of all strategy trials are taken into account as a whole, a mortality 
benefit at 6–12 months of an early invasive strategy could not be shown.2 Whether the 
early risk of an invasive strategy is outweighed by a long-term benefit is unclear. The 
5-year mortality rates in the FRISC-II and RITA 3 trials have shown divergent results.3-5 
In the FRISC-II trial, there was a significant reduction in mortality at 2 years associated 
with early invasive management (3.7% vs 5.4%; p=0.04) that was not sustained at 5 
years (9.7% vs 10.1%; p=0.69). By contrast, survival curves in the RITA 3 study started to 
diverge only after 2 years in favour of the early invasive strategy, resulting in a mortality 
of 12·1% in the early invasive strategy and 15·1% in the conservative strategy at 5 years 
(p=0.054).3-5 In the RITA 3 study, cardiovascular mortality was significantly reduced at 
5 years (7.3% vs 10.6%; p=0.026) and both studies recorded a significant reduction in 
the combined endpoint of death or non-fatal myocardial infarction in patients ran-
domised to an early invasive strategy, particularly in high risk patients.
The ICTUS trial did not show superiority of an early invasive strategy in patients with 
nSTE-ACS and an elevated troponin at 1-year follow-up.6 We report the 3-year clinical 
follow-up of these patients with regard to death, recurrent myocardial infarction, and 
rehospitalisation for anginal symptoms and the 4-year follow-up with regard to car-
diovascular and all-cause mortality.
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METHODS

Patients

The ICTUS trial was a randomised multicentre trial and the details of the design and 
main results at 1 year have been published previously.6 Between July, 2001, and August, 
2003, 1200 patients were enrolled from 42 hospitals in the Netherlands, 12 of which 
were high-volume centres with facilities for percutaneous coronary intervention and 
on-site cardiac surgery. Eligible patients had to meet three criteria: (1) symptoms of 
ischaemia that were increasing or occurring at rest, with the last episode taking place 
no longer than 24 h before randomisation; (2) a raised serum cardiac troponin T (≥0.03 
µg/L); and (3) either ischaemic changes on the electrocardiogram or a documented his-
tory of coronary artery disease. Main exclusion criteria were: age younger than 18 years 
or older than 80 years, ST-elevation myocardial infarction in the last 48 h, an indication 
for reperfusion therapy, haemodynamic instability or overt congestive heart failure, 
and increased risk of bleeding.

This study complied with the principles set out in the Declaration of Helsinki. All pa-
tients gave written informed consent before randomisation and the collection of long-
term follow-up information was approved by the authorised ethics committee.

Procedures

Patients were randomly assigned with the use of a central telephone system.6 Patients 
assigned to the early invasive strategy were scheduled to undergo angiography within 
24–48 h after randomisation and percutaneous revascularisation when appropriate 
based on the coronary anatomy. Cardiac surgery was recommended in the event of ex-
tensive 3-vessel disease or severe left main stem disease, and was to be done as soon 
as possible. Patients assigned to the selective invasive strategy were initially managed 
medically. These patients were to undergo angiography and subsequent revascularisa-
tion only in the event of refractory angina despite optimum medical treatment, hae-
modynamical or rhythmical instability, or substantial ischemia on the pre-discharge 
exercise test. Coronary angiography and revascularisation after the index hospital 
phase was done if severe anginal symptoms were present despite optimum anti-an-
ginal medication or when documented ischemia on an ischemia detection test was 
present.

The protocol specified that patients receive daily aspirin, enoxaparin (1 mg/kg twice 
a day) subcutaneously for at least 48 h, and abciximab during all percutaneous coro-
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nary intervention (PCI) procedures. Abciximab was made available to the investiga-
tors during the first year of follow-up and after 1 year the use of abciximab was at 
the operator’s discretion. The early use of clopidogrel (300 mg followed by 75 mg a 
day) in combination with aspirin was recommended to the investigators when the 
drug became available in the Netherlands in 2002 for the ACS indication.7 The protocol 
recommended intensive lipid-lowering therapy, preferably with 80 mg of atorvastatin 
daily or equivalent, started as soon as possible after randomisation and continued in-
definitely. Analysis was by intention to treat.

Follow-up and outcome

Patients were seen at the outpatient clinic at 1, 6, and 12 months. For the long-term 
clinical outcome, patients were contacted by telephone between 2 years and 4 years 
after randomisation. All potential outcome events were recorded and the patients’ 
medical drug regimen was carefully assessed. In the event of a repeat hospital admis-
sion, follow-up information was obtained from hospital records. All hospitalisations 
were checked unless the patient had indicated that there was an unequivocally non-
cardiac reason for admission. If the patient could not be contacted, information was 
obtained from the patients’ family, family doctor, treating cardiologist, and hospital 
records. Follow-up for clinical events was censored at the actual date of the last tele-
phone contact or at 3 years, whichever came first. If the patient was lost to follow-up, 
censoring was done at the date of last clinical follow-up. Information for vital status 
and cause of death when applicable was obtained by identifying the patients in the 
national population registry (Dutch Central Bureau of Statistics) and was verified by 
the registry until May 1, 2006. Follow-up for mortality was censored at May 1, 2006, or 
at 4 years. If a patient could not be identified in the national registry, censoring was at 
the date of the last contact.

The primary outcome was the composite endpoint death, recurrent myocardial in-
farction, or rehospitalisation for anginal symptoms. Secondary outcomes of the study 
were death, cardiovascular death, myocardial infarction, first spontaneous myocardial 
infarction, first procedural related myocardial infarction, rehospitalisation for anginal 
symptoms, the composite endpoint death or myocardial infarction, and the endpoint 
death or spontaneous myocardial infarction. Deaths were classified as cardiovascular 
or non-cardiovascular on the basis of hospital records, information from the patients’ 
family doctor, and death certificates. Myocardial infarction was defined as document-
ed myocardial necrosis either in the setting of myocardial ischaemia (spontaneous 
myocardial infarction) or in the setting of PCI following the recommendations of the 
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Consensus Committee for the definition of myocardial infarction.8 Myocardial necro-
sis during the first year of follow-up was defined by an elevation in the CK myocardial 
band (CK-MB) concentration above the upper limit of normal (ULN). In the event of a 
raised CK-MB concentration at randomisation, recurrent myocardial infarction during 
the first 48 h was diagnosed when there was a 50% decrease from a previous peak 
value, followed by a subsequent rise to a level exceeding the ULN. Because the concen-
trations of CK-MB were not routinely measured in all hospitals after 1 year, an elevation 
of troponin above the ULN was also regarded as a marker for myocardial necrosis in 
the setting of a spontaneous myocardial infarction after 1 year. A myocardial infarction 
in the setting of coronary artery bypass graft surgery (CABG) needed the appearance 
of new Q-waves on the electrocardiogram. All events were adjudicated by a blinded 
events committee.

Statistical analysis

Cumulative event rates for each cardiovascular outcome were calculated according to 
the Kaplan-Meier method, and the timing of the events illustrated by Kaplan-Meier 
plots. Treatment groups were compared with log-rank tests without adjustments for 
covariates. Hazard ratios with 95% CIs were obtained with Cox proportional-hazards 
models, with treatment allocation as the only covariate. Proportional hazards assump-
tions were verified by graphical examination of the partial residuals and by testing the 
significance of the interaction between treatment and time. In a separate analysis, the 
cumulative event rates were calculated from hospital discharge to end of follow-up. 
Patients who had a non-fatal event during initial hospitalisation were again at risk for 
new events between hospital discharge and end of follow-up.
The FRISC scoring system was used for risk stratification, and patients were strati-
fied according to the FRISC score.5,9 The FRISC score was developed with data for the 
endpoint death or myocardial infarction from the FRISC-II trial, and is the sum of the 
following factors present at admission: age older than 65 years, male sex, diabetes 
mellitus, previous myocardial infarction, ST segment depression on admission, raised 
troponin concentration (≥0.03 µg/L), and raised concentration of C-reactive protein 
(≥10 mg/L). In the ICTUS trial, the association between the treatment effect and the 
patients’ risk on the outcome of death or spontaneous myocardial infarction was as-
sessed by an interaction test in a Cox model.
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All statistical tests were two-tailed, and a p value less than 0.05 was deemed signifi-
cant. Statistical analysis was done with the Statistical Package for Social Sciences soft-
ware (SPSS 12.0 for Windows), and for the meta-analysis Review Manager (RevMan 
4.2 for Windows) was used. The study has been assigned the International Standard 
Randomised Control Trial Number ISRCTN82153174.

Role of the funding source

The sponsors of the study had no role in study design, data collection, data analysis, 
data interpretation, or writing of the report. The corresponding author had full access 
to all the data in the study and had final responsibility for the decision to submit for 
publication.
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RESU LTS

A total of 1200 patients with nSTE-ACS and an elevated cardiac troponin level were 
randomly assigned to an early invasive strategy (604) or to a selective invasive strat-
egy (596) (Figure 1). 

1200 patients randomized

 604 randomly assigned
        early invasive
        strategy

 596 randomly assigned
        selective invasive
        strategy

42 died during
     clinical
     follow-up

19 no further
     follow-up
     available
  3 died

34 died during
     clinical
     follow-up

17 no further
     follow-up
     available
  6 died

 562 alive at end of
        clinical follow-up

 562 alive at end of
        clinical follow-up

 559 alive at end of
        extended follow-up
        for vital status

 559 alive at end of
        extended follow-up
        for vital status
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Figure 1. Trial profi le.
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In both treatment groups, the median follow-up was 2.7 years for clinical events. Five 
patients (four randomised to selective invasive and one to early invasive) were lost to 
follow-up. In both treatment groups, 97% of patients were identified in the national 
population registry with a median follow-up duration for death of 3.4 years. 

The baseline characteristics of the study population were well matched between strat-
egy groups (Table 1). 

 5 

Table 1. Baseline characteristics 

 
Early invasive 

(n=604) 

Selective invasive 

(n=596) 

Age (years) 62 (55-71) 62 (54-71) 

Males 446 (74%) 434 (73%) 

Diabetes Mellitus 86 (14%) 80 (13%) 

History of myocardial infarction 153 (25%) 125 (21%) 

Prior aspirin use 235 (39%) 221 (37%) 

ST-segment deviation ! 0·1mV* 284 (49%) 290 (51%) 

C-reactive protein (mg/L)† 3·5 (1·7-9·6) 4·3 (1·9-11·4) 

Creatinine clearance (ml/min/1.73 m2) 85 (68-103) 85 (70-103) 

Troponin T (µg/L) 0·29 (0·12-0·78) 0·29 (0·13-0·69) 

Low risk (FRISC score 1-2) 163 (27%) 173 (29%) 

Medium risk (FRISC score 3-4) 368 (61%) 346 (58%) 

High risk (FRISC score 5-7) 73 (12%) 77 (13%) 

 

Values are number (%) or median (25th and 75th percentile).  

*Measured on electrocardiogram at admission in 578 patients in the early invasive group and 571 in the 
selective invasive group; † Samples for C-reactive protein were available in 579 patients in the early invasive 
group and 565 patients in the selective invasive group.

The median age was 62 years; 73% were men; 14% had diabetes; 38% used aspirin be-
fore admission; and 23% were known to have a clinical history of myocardial infarc-
tion. The median length of initial hospitalisation was 1 day shorter in the early invasive 
group than in the selective invasive group (6 days vs 7 days). Medical therapy at dis-
charge and during follow-up is described in table 2. 

Table 1. Baseline characteristics

Values are number (%) or median (25th and 75th percentile). 
*Measured on electrocardiogram at admission in 578 patients in the early invasive group and 571 in the selective  
invasive group; † Samples for C-reactive protein were available in 579 patients in the early invasive group and 565 
patients in the selective invasive group. 
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Pharmacological therapy for secondary prevention at end of clinical follow-up was 
high, with 91% of the patients using aspirin, 93% statins, and 72% β blockers. No dif-
ferences in medical therapy were seen between the two treatment strategies at end 
of follow-up. 

In the early invasive strategy group, coronary angiography was done in 97% of the pa-
tients within 2 days and in 98% of the patients during initial hospitalisation, compared 
with 11% and 53%, respectively, in the selective invasive strategy group. The Kaplan-
Meier estimates for coronary angiography at 3 years were 99% in the early invasive 
group versus 70% in the selective invasive group. The reason for cardiac catheterisa-
tion during initial hospitalisation in the patients randomly assigned to the selective 
invasive strategy was refractory angina in 51%, significant ischaemia on exercise test 
in 41%, and other reasons in 8%.

PCI or CABG was done during initial hospitalisation in 76% and 40% of the patients 
in the early invasive and selective invasive group, and the Kaplan-Meier estimates at  
3 years were 81% and 58%, respectively. In the early invasive strategy group, 88% of the 
patients treated with PCI during the initial hospitalisation received one or more stents, 
and 4% of the PCI patients received at least one drug-eluting stent compared with 
89% and 5% in the selective invasive strategy group. Glycoprotein IIb/IIIa inhibitors 
were used during 94% and 75% of the in-hospital PCI procedures in the early invasive 
and selective invasive strategy group, respectively. Within a year after randomisation, 
93% and 69% of the patients who underwent a PCI were treated with glycoprotein 
IIb/IIIa inhibitors at the time of PCI. Of the patients who were revascularised within  

 6 

Table 2. Medication therapy at discharge and during follow-up 
 

Medication  At discharge  At 1 year follow-up  At long-term follow-up* 

  EI strategy 

(n=598) 

SI strategy 

(n=591) 

 EI strategy 

(n=571) 

SI strategy 

(n=558) 

 EI strategy 

(n=528) 

SI strategy 

(n=510) 

Aspirin  92% 95%  92% 93%  91% 91% 

Ace-inhibitors  30% 34%  34% 33%  30% 28% 

Beta-blockers  87% 89%  79% 80%  71% 74% 

Clopidogrel†  62% 49%  17% 14%  7% 5% 

Calcium-channel antagonists  16% 28%  18% 24%  19% 19% 

Nitrates  18% 32%  13% 19%  14% 19% 

Statins  91% 94%  93% 95%  92% 94% 

 
* median follow-up of 2·7 years; † Treatment with clopidogrel in addition to aspirin for a duration of 9 months was 
 recommended to the investigators when clopidogrel became available in the Netherlands in 2002 for the ACS indication. 
EI=early invasive; SI=selective invasive 

 

Table 2. Medical therapy at discharge and during follow-up

* median follow-up of 2·7 years; † Treatment with clopidogrel in addition to aspirin for a duration of 9 months was
recommended to the investigators when clopidogrel became available in the Netherlands in 2002 for the ACS indication.
EI=early invasive; SI=selective invasive
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3 years, CABG was the first procedure in 23% (110 of 486) of those in the early invasive 
group and 26% (88 of 342) in the selective invasive group. Figure 2 shows the revascu-
larisation rates in different time frames. Of the patients who underwent PCI or CABG 
within 3 years, 14% (67 of 486) of those in the early invasive group and 12% (42 of 342) 
of those in the selective invasive group had more than one procedure.
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Table 3  shows the cumulative event rates and hazard ratios for all specified cardiovas-
cular outcomes. The estimated 3-year cumulative event rate for the composite endpoint 
death, myocardial infarction, or rehospitalisation for anginal symptoms was similar in 
the two treatment groups (30.0% in the early invasive vs 26.0% in the selective inva-
sive group; p=0.09). There were more rehospitalisations for anginal symptoms in the 
selective invasive group. However, unlike the results at 1-year follow-up, the difference 
is not significant (10.1% vs 12.4%, p=0.18). The 3-year event rate of myocardial infarc-
tion was higher in the early invasive group than in the selective invasive group with a 
hazard ratio (HR) of 1·61 (p=0.002). This difference was entirely due to the occurrence 
of more procedural related myocardial infarctions in the early invasive strategy group 
with a HR of 2.07 (95% CI 1.39–3.10; p=0.0002). Of the patients who underwent at least 
one PCI or CABG within 3 years, a procedural related myocardial infarction occurred in 
72 (14.8%) of 486 patients in the early invasive and 36 (10.5%) of 342 patients in the 
selective invasive group. The cumulative event rate for spontaneous myocardial infarc-
tion was similar, with 7·4% in the early invasive group and 7·2% in the selective invasive 
group (p=0·94). No significant difference was seen in the occurrence of the composite 
endpoint of death or spontaneous myocardial infarction at the end of clinical follow-
up between the early invasive and selective invasive group (76 [14.3%] vs 63 [11.2%]; 
HR 1.19 [95% CI 0.86–1.67], p=0.30). Of the 108 patients with an in-hospital myocardial 
infarction, the 4-year mortality was 6.6% compared with 7.9% in the 1092 patients 
without an in-hospital myocardial infarction (HR 0.88; 95% CI 0.41–1.92; p=0.75).



54 | chapter 3

Figure 3 shows the Kaplan-Meier curves for the combined endpoint death, myocardial 
infarction, or rehospitalisation for anginal symptoms, the combined endpoint of death 
or spontaneous myocardial infarction, and the endpoint of death and death from car-
diovascular causes. In total, 85 of 1200 patients died during follow-up. After 4 years, no 
difference in all-cause mortality (7.9% vs 7.7%, p=0.62) or in death from cardiovascu-
lar causes (4.5% vs 5.0%, p=0.97) was seen between the patients randomly assigned 
to an early invasive strategy or a selective invasive strategy. The Kaplan-Meier curves 
showed no significant difference in all-cause mortality or in cardiovascular death at 
any time during follow-up. 
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Figure 3. Cumulative risk according to treatment strategy of (A) the combined endpoint death, myocardial infarction or 
rehospitalisation for anginal symptoms, (B) death, (C) death or spontaneous myocardial infarction, and (D) death from 
cardiovascular causes. MI=myocardial infarction

Major bleeding during the initial hospitalisation was seen in 19 patients (3.1%) in the 
early invasive strategy group and in ten patients (1.7%) in the selective invasive strat-
egy group.6 Of the 29 patients with an in-hospital major bleeding, the 4-year mortality 
was 18.6%, compared with 7.5% in the 1171 patients without in-hospital major bleeding 
(HR 2.68; 95% CI 1.08–6.61; p=0.03).
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The cumulative event rates from hospital discharge until the end of follow-up are 
shown in table 4. The rate of the composite endpoint death, myocardial infarction, or 
rehospitalisation at 1 year after discharge was significantly lower with an early invasive 
strategy than with a selective invasive strategy (68 events [11.4%] vs 92 events [15.6%]; 
p=0.03). However, no significant difference was seen at 3-year follow-up (115 events 
[20.8%] vs 119 events [21.0%]; p=0.57). At 1 year and at the end of long-term follow-up, 
the rates of death and myocardial infarction were similar for both strategies. At 3 years, 
the rate of revascularisation was significantly lower in the early invasive group than in 
the selective invasive group (14.1% vs 23.2%; p<0.0001).

 5 

Table 4.  Event rates from hospital discharge until end of follow-up 

 

  At 1 year after discharge  Long-term follow-up* 

 

 Early 

invasive 

(n=598) 

Selective 

invasive 

(n=591) 

Log-rank 

p-value 

 Early 

invasive 

(n=598) 

Selective 

invasive 

(n=591) 

Log-rank 

p-value 

Follow-up for vital status (until 4 years)     

Death from any cause  10 (1·7%) 10 (1·7%) 0·97  39 (7·0%) 35 (6·9%) 0·68 

Death from cardiovascular causes  8 (1·3%) 8 (1·4%) 0·98  22 (3·9%) 21 (4·2%) 0·91 

     

Clinical follow-up (until 3 years)     

Revascularisation (PCI/CABG)  58 (9·8%) 110 (18·7%) <0·001  80 (14·1%) 130 (23·2%) <0·001 

Myocardial infarction  20 (3·4%) 26 (4·4%) 0·34  39 (7·3%) 37 (6·9%) 0·87 

Rehospitalisation for anginal symptoms  44 (7·4%) 64 (10·9%) 0·04  58 (10·1%) 71 (12·4%) 0·18 

Death, MI or rehospitalisation for anginal symptoms  68 (11·4%) 92 (15·6%) 0·03  115 (20·8%) 119 (21·0%) 0·57 

 
Data are number of patients with percentages from the Kaplan-Meier curves at 1, 3 respectively 4-year follow-up. Patients who had a nonfatal event during 
initial hospitalization were again at risk for new events between hospital discharge and end of long-term follow-up.  *4 years for vital status and 3 years for 
clinical follow-up.CABG=coronary-artery bypass grafting; PCI=percutaneous coronary intervention; MI=myocardial infarction 

 

 

Table 4. Event rates from hospital discharge until end of follow-up

Data are number of patients with percentages from the Kaplan-Meier curves at 1, 3 respectively 4-year follow-up. Pa-
tients who had a nonfatal event during initial hospitalization were again at risk for new events between hospital discharge 
and end of long-term follow-up.  *4 years for vital status and 3 years for clinical follow-up.CABG=coronary-artery bypass 
grafting; PCI=percutaneous coronary intervention; MI=myocardial infarction
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When the cumulative event rate of death or spontaneous myocardial infarction in re-
lation to the FRISC score was assessed in all patients, an increasing event rate was 
seen with increasing FRISC score (7.0% in patients with a FRISC score of 1–2, 12.5% in 
patients with a FRISC score of 3–4, and 26.2% in patients with a score of 5–7). These 
results confirm the prognostic value of this scoring system in the patients with nSTE-
ACS included in the ICTUS trial. However, none of these different risk groups showed a 
benefit of an early invasive strategy, compared with a selective invasive strategy: low 
risk 7.7% vs 6.4%; HR 1.06 (95% CI 0.46–2.44); p=0.90, medium risk 13.8% vs 11.1%; 1.19 
(0.76–1.85); p=0.45, high risk 30.6% vs 22.1%; HR 1.30 (0.69–2.47); p=0.42 (Figure 4).
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DISCUSSION

In our study, an early invasive strategy was not better than a selective invasive strat-
egy in patients with nSTE-ACS and a raised cardiac troponin concentration. At 4-year 
follow-up no difference in death from all causes or cardiovascular death was seen 
between the two strategies. These results confirm the meta-analysis of Mehta and 
colleagues,1 including seven strategy trials that did not show a mortality benefit in the 
short term.

When combining only strategy trials that routinely used stents in PCI procedures, no 
difference in 6-month to 12-month mortality was recorded (122 of 3899 [3.1%] vs 147 of 
3919 [3.8%]; relative risk 0.82, 95% CI 0.57–1.19).2 The Kaplan-Meier curves of the long-
term follow-up of the FRISC-II and RITA 3 trials showed strikingly different patterns. 
In the RITA 3 trial the survival curves diverged only after 2 years in favour of the early 
invasive strategy group, and continued to diverge until the 5-year follow-up, result-
ing in a mortality of 12.1% for the early invasive strategy compared with 15.1% for the 
conservative strategy (p=0.054).4 By contrast, the curves in the FRISC-II trial separated 
early after randomisation and showed a significant mortality benefit of an early inva-
sive strategy compared with the non-invasive group at 2 years, although this benefit 
was not sustained at 5 years (9.7% vs 10.1%; p=0.69).5 In our present analysis of the IC-
TUS trial, the Kaplan-Meier curves of the two strategies are identical during the entire 
follow-up. The explanation for these differences between the Kaplan-Meier curves in 
the three studies remains to be established, and might be partly explained by differ-
ences in study design, revascularisation rates, medical therapy during hospitalisation 
and for secondary prevention, and changes in practice of invasive therapy (choice of 
revascularisation method, use of stents, and adjunctive therapy).

From the data derived from a meta-analysis of 4–5-year mortality in FRISC-II, RITA 3, and 
ICTUS, the evidence could reasonably be compatible with a modest mortality benefit as-
sociated with an early invasive strategy compared with a more selective invasive strategy, 
although the CI around the point estimate for relative risk corresponds to a possible reduc-
tion in mortality of 23% or an increase of 6% (Figure 5). This meta-analysis has several limi-
tations. First, each individual trial was not powered to assess a difference in mortality, and 
the meta-analysis could be underpowered as well. Second, the shorter duration of follow-
up in the ICTUS trial (4 years compared with 5 years in the FRISC-II and RITA 3) might under-
estimate potential differences between strategies that could become apparent during an 
additional year of follow-up. Third, the three trials show heterogeneity of the intensity of 
revascularisation in the early invasive and selective invasive treatment groups.
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The 3-year clinical follow-up of the ICTUS trial showed similar rates of the combined 
endpoint death, recurrent myocardial infarction, or rehospitalisation for anginal symp-
toms. We should note that the current analysis has ample power (≥80%) to detect rel-
evant changes (relative risk reduction of 25%) in the frequency of the long-term com-
bined endpoint. However, there were differences between the two strategy groups in 
the individual components of the combined endpoint. The rate of rehospitalisation for 
anginal symptoms was lower in the early invasive strategy group than in the selective 
invasive group, although this difference was not signifi cant. Conversely, the rate of 
recurrent myocardial infarction was signifi cantly higher in the patients randomised 
to an early invasive strategy. The absolute difference of 6.0% was due to twice the 
number of procedural related myocardial infarctions in the early invasive strategy 
compared with the selective invasive strategy, whereas no reduction in the number of 
spontaneous myocardial infarctions was noted during 3-year follow-up with an early 
invasive strategy.

Our results and those from the FRISC-II and RITA 3 trials differ in the number of myo-
cardial infarctions in the early invasive strategy. The higher rate in the ICTUS trial was 
due to (1) no increased risk of spontaneous myocardial infarctions with a selective inva-
sive strategy, and (2) a higher incidence of procedural related myocardial infarctions in 
both the early and selective invasive strategy in the ICTUS trial than the other trials.
The rates for spontaneous myocardial infarction after 3 years were not higher than 
expected in the early invasive group but were low in the selective invasive group. In 
the FRISC-II trial, the rate of spontaneous myocardial infarctions at 2 years was al-

Study             Early Invasive       Selective Invasive     Relative Risk RR (fixed)
deaths/N (%)              deaths/N (%) (95% CI) (95% CI)

RITA 34 102/895 (11·4%)        132/915 (14·4%) 0·79 (0·62–1·01)102/895 (11·4%)        132/915 (14·4%) 0·79 (0·62–1·01)

FRISC-II5 117/1222 (9·6%)       124/1235 (10·0%) 0·95 (0·75–1·21)117/1222 (9·6%)       124/1235 (10·0%) 0·95 (0·75–1·21)
ICTUS            45/604 (7·4%)            40/596 (6·7%) 1·11 (0·74–1·67)ICTUS            45/604 (7·4%)            40/596 (6·7%) 1·11 (0·74–1·67)

Total             264/2721 (9·7%)  296/2746 (10·8%) 0·90 (0·77–1·06)Total             264/2721 (9·7%)  296/2746 (10·8%) 0·90 (0·77–1·06)
p=0·20p=0·20

0·5           1         20·5           1         2
Favours EI    Favours SI

Figure 5. Meta-analysis. Relative risk for all-cause mortality in the 3 strategy trials with long-term follow-up (5 years in 
the RITA 3 and FRISC-II trial, and 4 years in the ICTUS trial). Test for heterogeneity p=0·31. EI=early invasive strategy; 
SI=selective invasive strategy
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most 4% in the early invasive group and 11% in the non-invasive group compared with 
5% and 6% in the ICTUS trial, respectively.10 The low rate of spontaneous myocardial  
infarctions could be due to the compliance to early and long-term medical treatment 
in our study. Patients were treated with aspirin, enoxaparin, and glycoprotein IIb/IIIa 
inhibitors at the time of PCI.

A large difference in duration of enoxaparin treatment between the two strategy 
groups could be important. The protocol specified that all patients receive enoxaparin 
for at least 48 h. Data for the exact duration of treatment with enoxaparin was not re-
corded in the case report form. Clinical practice in the Netherlands routinely included 
cessation of heparin after 48 h in medically treated patients. In patients managed in-
vasively, the continuation of heparin after revascularisation was at the discretion of 
the operator. Clopidogrel was given after stent placement, and the early use of clopi-
dogrel was recommended to the investigators when the drug became available in the 
Netherlands in 2002 for the ACS indication. Importantly, long-term pharmacological 
therapy for secondary prevention was high in the ICTUS study, with 91% of the patients 
using aspirin, 93% statins, and 72% β blockers at a median follow-up of 2.7 years.
A second reason that could explain our results is the high percentage of patients 
that were revascularised in the selective invasive group compared with the other  
trials. In the FRISC-II study, the revascularisation rate during initial hospitalisation was 
13% in the non-invasive group and 76% in the invasive treatment group; in the TIMI 
IIIB 40% versus 60%; TACTICS-TIMI 18 36% and 60%; RITA 3 10% and 44%; and in the 
ICTUS study 40% and 76%.5,11-13 Therefore, the revascularisation rate in the invasive 
treatment group of the RITA 3 study is nearly identical to the revascularisation rate 
in the non-invasive treatment group in the ICTUS study (44% versus 40%). Moreover, 
revascularisation at follow-up was very similar (61% at 5 years in the RITA 3 versus 58% 
at 3 years in the ICTUS). Instead of comparing an invasive strategy to a non-invasive 
strategy, the ICTUS trial compared routine, early revascularisation to less aggressive, 
delayed intervention.

An early invasive strategy was associated with a 2–4 fold increased risk of procedural 
related myocardial infarctions in the ICTUS trial and in the FRISC-II and RITA 3 trials. 
However, the absolute percentage of patients with a procedural related myocardial 
infarction differed between the studies. In the RITA 3 trial, only 2–3% of all the pa-
tients who underwent a revascularisation procedure had a procedural related myo-
cardial infarction compared with 6% in the FRISC-II trial and 13% in the ICTUS trial.10,13 
First, we should note that rate comparison for peri-interventional myocardial infarc-
tion is difficult because the definition of myocardial infarction is different between the  
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trials (ICTUS CK-MB >1 times ULN, FRISC-II >1·5 times the ULN, RITA 3 >2 times the ULN, 
and TACTICTS-TIMI 18 trial ≥3 times the ULN). The prognostic implications of small 
PCI related myocardial infarctions are controversial.14,15 Some reports suggest that the 
prognosis of patients with small PCI-related myocardial infarctions should be regarded 
as similar to that of patients with spontaneous myocardial infarction, whereas other 
reports disagree and suggest a higher cut-off rate for myocardial infarctions related 
to PCI.16-19 Secondly, all patients in the ICTUS trial were troponin positive (troponin 
T ≥0.03 µg/L), which might partly explain the prevalence of procedural related myo-
cardial infarction.18 Third, the median time to PCI in the early invasive strategy of the 
ICTUS trial was 23 h compared with 4 days in that of the FRISC-II trial. The combined 
effect of protracted antiplatelet, antithrombin, and anti ischaemic therapy before PCI 
or CABG might have lowered the rate of procedure-related myocardial infarction in 
the FRISC-II trial.20 Fourth, CK-MB concentrations in the ICTUS trial were carefully and 
routinely measured after all PCIs (every 6 h after PCI for 24 h).

In our analysis of outcome after hospital discharge, an early invasive strategy had no 
advantage over a selective invasive strategy for death or myocardial infarction. Fewer 
rehospitalisations and fewer revascularisation procedures occurred in the early inva-
sive group, which in turn might add to the patients’ quality of life. This benefit must be 
balanced against the twofold increase in risk of procedural related myocardial infarc-
tion associated with an early invasive strategy (although in the present trial long-term 
mortality was not increased in patients in whom myocardial infarction took place be-
fore hospital discharge).

Both the FRISC-II and RITA 3 trial showed a benefit of an early invasive strategy for the 
combined endpoint death or myocardial infarction at 5-year follow-up. In both stud-
ies, this benefit was apparent in patients with an high risk profile. However, our data 
do not indicate that an early invasive strategy would prevent death or spontaneous 
myocardial infarctions in patients with a high FRISC score.
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This study has some limitations. The difference in revascularisation rates during initial 
hospitalisation between the two treatment groups is 36% with a high revascularisa-
tion rate of 40% in the selective invasive group, and this difference is reduced to 23% 
at 3 years, which might have diminished the differences in outcome. A low percentage 
of patients in both treatment groups were taking clopidogrel at discharge. The event 
rates in both groups would probably have been lower if clopidogrel was more routinely 
used according to present guidelines. The study had a power of 80% to detect a rela-
tive risk reduction of 25% in the composite endpoint death, myocardial infarction, and 
rehospitalisation for anginal symptoms between the two strategy groups. The study 
is underpowered to compare the two strategies with regard to the components of 
the composite endpoint, to assess whether the effects of treatment are dependent on 
baseline risk, and to assess the effects of in-hospital myocardial infarction and major 
bleeding on mortality. The analysis with regard to the composite endpoint death or 
spontaneous myocardial infarction is a post-hoc analysis. In our data, no relation was 
seen between the FRISC score and the occurrence of procedural related myocardial 
infarctions or rehospitalisation for anginal symptoms, and therefore the association 
between the treatment effect and the patients’ risk was investigated on the outcome 
death or spontaneous myocardial infarction. Finally, the duration of follow-up in our 
study is shorter than RITA 3 and FRISC-II. Therefore, we cannot exclude the possibility 
of late accrual of treatment benefit.

In conclusion, the long-term follow-up of the ICTUS trial did not show that an early in-
vasive strategy is better than a more selective invasive strategy in patients with nSTE-
ACS and an elevated cardiac troponin. An early invasive strategy prevents rehospital-
isation but no reduction in death or myocardial infarction was recorded. A possible 
explanation for these findings is the relatively high revascularisation rate of 40% in-
hospital and 58% during long-term follow-up in the selective invasive group, together 
with optimised medical treatment including low-molecular-weight heparin, glycopro-
tein IIb/IIIa inhibition at the time of PCI, clopidogrel, and intensive medical therapy for 
secondary prevention during follow-up.
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SA MENVATTI NG

Doel Vaststellen of bij patiënten met een acuut coronair syndroom (ACS) zonder 
ST-elevatie en met een verhoogde troponine-T-concentratie het routinematig 
maken van een coronairangiogram gevolgd door eventuele revascularisatie 
beter is dan een initieel medicamenteuze behandeling.

Opzet Multicentrische gerandomiseerde klinische trial (www.controlled-trials.
com, nummer: SRCTN-82153174).

Methode Patiënten met ACS zonder ST-elevatie en een verhoogde troponine-T-
waarde werden gerandomiseerd voor een vroeg invasieve of selectief invasieve 
strategie. De vroeg invasieve groep kreeg coronairangiografie en eventueel 
revascularisatie binnen 48 h; de selectief invasieve groep werd aanvankelijk 
alleen medicamenteus behandeld. Coronairangiografie werd alleen verricht 
na refractaire angina pectoris of in geval van recidiefischemie. De primaire 
uitkomst maat was de samengestelde uitkomstmaat ‘sterfte, myocardinfarct en 
heropname wegens angina pectoris’ na 3 jaar en sterfte na 4 jaar follow-up.

Resultaten In 42 Nederlandse ziekenhuizen werden 1200 patiënten geran-
domiseerd voor de vroeg invasieve of selectief invasieve behandelstrategie. Het 
percentage patiënten dat werd gerevasculariseerd tijdens de initiële zieken-
huisopname was 76 in de vroeg invasieve en 40 in de selectief invasieve groep. 
De primaire uitkomstmaat kwam voor bij 175 patiënten uit de vroeg invasieve 
groep (30,0%) en bij 150 patiënten uit de selectief invasieve groep (26,0%),  
resulterend in een hazardratio van 1,21 (95%-BI: 0,97-1,50; p = 0,09). De sterfte na 
4 jaar was in beide groepen vergelijkbaar (7,9 versus 7,7%; p = 0,62).

Conclusie De langetermijnresultaten van deze studie toonden aan dat een 
vroeg invasieve strategie niet beter is dan een selectief invasieve strategie bij 
patiënten met ACS zonder ST-elevatie en met een verhoogde troponine-T-con-
centratie. Implementatie van een van beide strategieën is dus acceptabel voor 
deze patiëntengroep.
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I N LEI DI NG

Jaarlijks worden er in Nederland ongeveer 88.000 patiënten opgenomen voor een 
ischemische hartziekte. De meesten van hen (ongeveer 60.000) hebben een acuut 
coronair syndroom (ACS) zonder ST-elevatie op het ecg. Bij een ACS met ST-elevatie is 
de behandelstrategie duidelijk: zo spoedig mogelijk moet een percutane translumi-
nale coronaire angioplastiek (PTCA) worden verricht om de afgesloten coronairarterie 
te openen. 1-3

Bij het ACS zonder ST-elevatie is de coronairarterie niet afgesloten. De behandeling 
bestaat dan uit medicamenteuze therapie gevolgd door een diagnostisch coronair-
angiogram; daarna volgt eventueel revascularisatie door PTCA of een coronaire ar-
teriële bypassoperatie (CABG). Over de optimale behandeling van deze patiënten wordt 
de laatste jaren levendig gediscussieerd. De discussie spitst zich toe op de vraag of 
patiënten met een ACS zonder ST-elevatie steeds routinematig snel na ziekenhuisop-
name een coronairangiogram moeten krijgen of dat zij eerst alleen medicamenteus 
kunnen worden behandeld.

In een meta-analyse werden deze twee strategieën vergeleken.4 Bij de vroeg invasieve 
strategie werden direct na opname coronairangiografie en revascularisatie toegepast, 
bij de selectief invasieve strategie werden coronairangiografie en een eventuele PTCA 
of CABG alleen verricht, als de medicamenteuze therapie was mislukt of als er myo-
cardiale ischemie was gedetecteerd. De meta-analyse toonde aan dat na een rou-
tinematige, vroeg invasieve strategie de incidentie van sterfte, myocardinfarct en 
heropname wegens angina pectoris significant was afgenomen. Tijdens de initiële 
ziekenhuisopname ging een vroeg invasieve strategie samen met een hogere inciden-
tie van complicaties (recidiefinfarct, overlijden), maar dit vroege risico woog op tegen 
het voordeel van het voorkómen van dergelijke complicaties op de lange termijn.4

Het is echter niet duidelijk of een vroeg invasieve strategie de mortaliteit op lange 
termijn kan reduceren. Verschillende uitkomsten werden gezien in de twee recentste 
studies die een invasieve strategie met een selectief invasieve strategie vergeleken: 
de ‘Fast revascularisation during instability in coronary artery disease’(FRISC-II)-studie 
en de ‘Randomised intervention treatment of angina’(RITA-3)-studie. 5,6 In de FRISC-
II-studie werd na 2 jaar een significante reductie in mortaliteit waargenomen in de 
invasieve groep vergeleken met de selectief invasieve groep (3,7 versus 5,4%; p = 0,04). 
Echter, na 5 jaar was er geen verschil meer tussen beide groepen (9,7 versus 10,1%; 
p = 0,69). 5 In de RITA-3-studie was er juist geen verschil in mortaliteit tussen beide 
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groepen na 2 jaar follow-up, maar werd er een voordeel gezien van de invasieve stra-
tegie na 5 jaar follow-up (12,1 versus 15,1%; p = 0,054). 6

De laatste jaren is de medicamenteuze behandeling verbeterd door de komst van de 
nieuwe plaatjesaggregatieremmer clopidogrel en het vroeg starten met hooggedo-
seerde statines. In de RITA-3- en de FRISC-II-studie werd geen gebruik gemaakt van 
deze nieuwe medicamenten. De in Nederland opgezette en uitgevoerde ‘Invasive ver-
sus conservative treatment in unstable coronary syndromes’-(ICTUS)-studie vergeleek 
een vroeg invasieve strategie met een selectief invasieve strategie bij patiënten met 
ACS zonder ST-elevatie maar met een verhoogde troponine-T-waarde. In beide stra-
tegieën kregen de patiënten de optimale medicamenteuze therapie.7 Tevens werd in 
de ICTUS-studie, in tegenstelling tot in de RITA-3- en de FRISC-II-studie, dezelfde defini-
tie voor een procedureel dan wel spontaan myocardinfarct gebruikt, in overeenstem-
ming met de destijds actuele consensusdefinitie van een myocardinfarct.8 De resul-
taten voor de 1 jaar follow-up zijn reeds gepubliceerd en lieten geen voordeel zien van 
een vroeg invasieve strategie.7

In dit artikel laten wij de klinische 3-jaarsfollow-up zien voor de uitkomsten sterfte, 
myocardinfarct en heropname wegens angina pectoris en de 4-jaarsfollow-up voor de 
uitkomst sterfte.
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RESU LTATEN

Er werden 604 patiënten gerandomiseerd voor de vroeg invasieve en 596 voor de selec-
tief invasieve strategie (fi guur 1). De mediane follow-upduur voor klinische uitkomsten be-
droeg 2,7 jaar in beide groepen. 

Bij 5 patiënten ontbrak informatie over de langetermijnfollow-up: bij 4 in de selectief in-
vasieve en bij 1 in de vroeg invasieve groep. De mediane follow-upduur voor sterfte be-
droeg 3,4 jaar. In tabel 1 is te zien dat de patiëntkenmerken dezelfde waren in beide behan-
delstrategieën. De mediane leeftijd bedroeg 62 jaar, ongeveer driekwart van de patiënten 
was van het mannelijk geslacht, 14% had diabetes mellitus en 23% had een myocardinfarct 
in de voorgeschiedenis. De mediane duur van de initiële ziekenhuisopname bedroeg 6 da-
gen in de vroeg invasieve versus 7 dagen in de selectief invasieve groep.

Figuur 1. Stroomdiagram van een onderzoek naar vroeg invasieve dan wel selectief invasieve behandeling van 
patiënten met een acuut coronair syndroom zonder ST-elevatie en met een verhoogde troponineconcentratie.
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In de vroeg invasieve groep onderging 98% (593/604) van de patiënten coronairangiografie 
tijdens de initiële ziekenhuisopname (97% (588/604) binnen 2 dagen na randomisatie) tegen 
53% (314/596) in de selectief invasieve groep (11% (64/596) binnen 2 dagen). Redenen voor het 

Tabel 1. Kenmerken van patiënten met een acuut coronair syndroom zonder ST-elevatie 
en met een verhoogde troponineconcentratie, voordat zij werden gerandomiseerd 
voor vroeg invasieve of selectief invasieve behandeling

 10 

 

Hoofdstuk 4 

 

Tabel 1. Kenmerken van patiënten met een acuut coronair syndroom zonder ST-elevatie en met een verhoogde troponineconcentratie, voordat 
zij werden gerandomiseerd voor vroeg invasieve of selectief invasieve behandeling 
 

 
vroeg invasieve 

behandeling 
(n = 604) 

selectief invasieve 
behandeling 

(n = 596) 

Mediane leeftijd in jaren (25e-75e percentiel) 62 (55-71) 62 (54-71) 

Mannen; n (%) 446 (74) 434 (73) 

Cardiale voorgeschiedenis; n (%)   

 Myocardinfarct 153 (25) 125 (21) 

 Percutane transluminale coronaire angioplastiek 77 (13) 63 (11) 

 Coronaire bypassoperatie 62 (10) 43 (7) 

Risicofactoren; n (%)   

 Hypertensive 226 (37) 240 (40) 

 Diabetes mellitus 86 (14) 80 (13) 

 Hyperlipidemie 211 (35) 206 (35) 

 Roken 244 (40) 248 (42) 

 Positieve familieanamnese voor coronair vaatlijden 263 (44) 241 (40) 

Medicatie bij opname; n (%)   

 Acetylsalicylzuur 235 (39) 221 (37) 

 ACE-remmer 88 (15) 82 (14) 

 !-blokker 220 (36) 196 (33) 

 11 

 Calciumantagonist 92 (15) 96 (16) 

 Nitraten 70 (12) 64 (11) 

 Statine 172 (28) 157 (26) 

ST-segmentelevatie ! 0,1 mV op ecg bij opname; n (%) 284 (47) 290 (49) 

C-reactieve proteïne in mg/l; mediaan (25e-75e percentiel) 3,5 (1,7-9,6) 4,3 (1,9-11,4) 

Creatinineklaring in ml/min/1,73 m
2
 ; mediaan (25e-75e 

percentiel) 
85 (68-103) 85 (70-103) 

Troponine-T in µg/l; mediaan (25e-75e percentiel) 0,29 (0,12-0,78) 0,29 (0,13-0,69) 
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maken van een coronairangiogram tijdens de initiële ziekenhuisopname in de selectief in-
vasieve groep waren refractaire angina pectoris (51% (159/314)), aanwijzingen voor ischemie op 
het ecg tijdens de inspanningstest (41% (129/314)) en andere (8% (26/314)). Na 3 jaar had, vol-
gens de kaplan-meierberekening, 99% van de vroeg invasieve patiënten coronairangiografie 
ondergaan tegen 70% in de selectief invasieve arm. Tijdens de initiële ziekenhuisopname 
werd bij 76% (458/604) van de vroeg invasieve patiënten een PTCA of CABG verricht versus 
40% (237/596) van de selectief invasieve patiënten; na 3 jaar was dit, volgens de kaplan-meier-
berekening, respectievelijk 81 en 58%. Het percentage revascularisatie door PTCA dan wel CABG 
gedurende 3 jaar in de beide studiegroepen staat in figuur 2.

Tijdens de initiële ziekenhuisopname kreeg 94% (338/361) van de patiënten in de vroeg 
invasieve groep die een PTCA ondergingen abciximab toegediend tijdens en na de pro-
cedure. In de selectief invasieve groep was dit 75% (127/169). Het gebruik van één of meer 
coronairstents was in beide groepen vergelijkbaar (88% (317/361) versus 89% (152/169)). 
Tevens was de medicamenteuze therapie bij ontslag niet verschillend, op het gebruik van 
clopidogrel na, dat meer werd gebruikt door patiënten in de vroeg invasieve groep (62% 
(369/598) versus 49% (291/591)).

Figuur 2. Percentage patiënten met een acuut coronair syndroom zonder ST-elevatie en met een verhoogde troponine-
concentratie dat een percutane transluminale coronaire angioplastiek (licht grijs) of coronaire bypassoperatie (donker 
grijs) onderging gedurende een periode van 3 jaar in de vroeg invasieve (VI) dan wel selectief invasieve (SI) groep.



72 | chapter 4

Aan het einde van de follow-up was er geen verschil in medicamenteuze therapie. Acetyl-
salicylzuur werd gebruikt door 91% van de patiënten in de vroeg invasieve groep versus 
91% in de selectief invasieve groep. Voor angiotensineconverterend-enzym(ACE)-remmers 
waren de percentages: 30 versus 28; voor β-blokkers: 71 versus 74; voor calciumantagonis-
ten: 19 versus 19; voor nitraten: 14 versus 19; en voor statines: 92 versus 94.

De primaire uitkomstmaat, berekend met de kaplan-meiermethode, kwam voor bij 175 
patiënten uit de vroeg invasieve groep (30,0%) en bij 150 patiënten uit de selectief in-
vasieve groep (26,0%), resulterend in een hazardratio van 1,21 (95%-BI: 0,97-1,50; p = 0,09) 
(figuur 3). De totale sterfte na 4 jaar was vergelijkbaar in beide groepen (respectievelijk 7,9 
en 7,7%). Ook de cardiovasculaire sterfte was identiek in beide groepen (4,5 versus 5,0%; 
niet getoond in figuur 3). Alle 3 de kaplan-meiercurven lieten geen significant verschil zien 
tijdens de gehele follow-upduur.

De cumulatieve incidentie van myocardinfarct was significant hoger in de vroeg invasieve 
groep (18,3 versus 12,3%; p = 0,002). Dit werd geheel verklaard door de hogere incidentie 
van met de procedure (PTCA of CABG) samenhangende myocardinfarcten in de vroeg in-
vasieve groep. Spontane myocardinfarcten kwamen in beide groepen even vaak voor (7,4 
versus 7,2%; p = 0,94). Heropname wegens angina pectoris kwam minder vaak voor in de 
vroeg invasieve groep (10,1%) dan in de selectief invasieve groep (12,4%), maar dit verschil 
was niet significant (p = 0,18) (tabel 2).

 
vroeg invasieve 

behandeling* 
(n = 604) 

selectief invasieve 
behandeling* 

(n = 596) 

hazardratio 
(95%-BI) 

p† 

follow-up voor overleving (tot 4 jaar)     
  sterfte door alle oorzaken 45 (7,9) 40 (7,7) 1,11 (0,73-1,70) 0,62 
  cardiovasculaire sterfte 26 (4,5) 26 (5,0) 0,99 (0,57-1,70) 0,97 
klinische follow-up (tot 3 jaar)     
  spontaan myocardinfarct 40 (7,4) 39 (7,2) 1,02 (0,65-1,58) 0,94 
  myocardinfarct gerelateerd aan de procedure 72 (12,0) 36 (6,1) 2,07 (1,39-3,10) 0,0002 
  Myocardinfarct 106 (18,3) 69 (12,3) 1,61 (1,19-2,18) 0,002 
  heropname wegens angina pectoris 58 (10,1) 71 (12,4) 0,79 (0,56-1,12) 0,18 
  sterfte of myocardinfarct‡ 139 (24,7) 91 (15,9) 1,60 (1,23-2,09) 0,0004 
  sterfte of spontaan myocardinfarct‡ 76 (14,3) 63 (11,2) 1,19 (0,86-1,67) 0,30 
  sterfte, myocardinfarct of heropname 
    wegens angina pectoris‡ 

175 (30,0) 150 (26,0) 1,21 (0,97-1,50) 0,09 

*Weergegeven zijn het aantal gebeurtenissen en het percentage bepaald met de kaplan-meiermethode respectievelijk 3 of 4 jaar na randomisatie. 
†Waarde van p berekend met de logranktoets. 
‡Per patiënt werd één eerste uitkomst geteld. 

Tabel 2. Uitkomsten bij patiënten met een acuut coronair syndroom zonder ST-elevatie 
en met een verhoogde troponineconcentratie die werden behandeld met een vroeg 
invasieve of een selectief invasieve strategie

*Weergegeven zijn het aantal gebeurtenissen en het percentage bepaald met de kaplan-meiermethode respectievelijk 
3 of 4 jaar na randomisatie.
†Waarde van p berekend met de logranktoets.
‡Per patiënt werd één eerste uitkomst geteld.
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Figuur 3. Uitkomsten bij patiënten met een acuut coronair syndroom zonder ST-elevatie en met een verhoogde tro-
ponineconcentratie, die werden behandeld met een vroeg invasieve behandelstrategie (VI; —) of een selectief invasieve 
behandelstrategie (SI; ------): weergegeven is de tijd vanaf randomisatie tot het optreden van (a) sterfte, myocardinfarct 
of heropname wegens angina pectoris (p = 0,09); (b) sterfte of spontaan myocardinfarct (p = 0,30); en (c) sterfte in het 
algemeen (p = 0,62) (kaplan-meiercurven).
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BESCHOUWING

Dit onderzoek liet zien dat een vroeg invasieve strategie niet beter is dan een selectief 
invasieve bij patiënten met een ACS zonder ST-elevatie en met een verhoogde troponine-
T-waarde. Na 4 jaar was de sterfte in beide groepen identiek. Deze uitkomst lijkt op die van 
een eerdere meta-analyse, die de uitkomsten van 7 studies combineerde en geen reductie 
in sterfte kon aantonen.4 De incidentie van myocardinfarct in de vroeg invasieve groep 
was significant hoger dan die in de selectief invasieve groep. Dit verschil was geheel toe te 
schrijven aan de hogere incidentie van met de procedure samenhangende infarcten in de 
vroeg invasieve groep. Opvallend was dat een vroeg invasieve strategie de incidentie van 
spontane myocardinfarcten en heropnamen wegens angina pectoris niet reduceerde.

Tijdens de inclusieperiode van de ICTUS-studie werden de Amerikaanse behandelricht-
lijnen gepubliceerd, die een vroeg invasieve strategie voor patiënten met ACS zonder ST-
elevatie met een verhoogde troponineconcentratie adviseerden.9 Dit leidde mogelijk tot 
de inclusie van patiënten met een lager risico. De patiëntkenmerken suggereren echter 
dat er hoogrisicopatiënten werden gerandomiseerd, omdat een derde van de patiënten 
al acetylsalicylzuur gebruikte, meer dan de helft ischemische ecg-veranderingen had en 
allen een verhoogde troponine-T-concentratie bij randomisatie hadden.

Het vergelijken van de resultaten van dit onderzoek met die van eerder uitgevoerde onder-
zoeken naar de optimale behandelstrategie van patiënten met ACS zonder ST-elevatie is 
complex, omdat er verschillen zijn in studieopzet, het risicoprofiel van de patiënten, het 
medicamenteuze beleid, de definitie van ‘myocardinfarct’ en de technische aspecten van 
revascularisatieprocedures, zoals het gebruik van stents en het gebruik van GPIIb/IIIa-
 receptorantagonisten. Daardoor zijn er diverse verklaringen mogelijk voor het verschil  
tussen onze resultaten en die van in het verleden uitgevoerde onderzoeken, die een 
voordeel van vroeg invasieve behandeling lieten zien.

Verklaring voor verschillen met eerdere studies

Op de eerste plaats onderging 76% van de vroeg invasieve en 40% van de selectief  
invasieve patiënten tijdens de initiële ziekenhuisopname een revascularisatie, terwijl 
in andere onderzoeken de revascularisatiepercentages aanmerkelijk lager waren. In de 
FRISC-II-studie onderging slechts 13% van de selectief invasieve patiënten een revasculari-
satie tijdens de initiële ziekenhuisopname en in de RITA-3-studie werd slechts 44% van de 
vroeg invasieve groep en 10% van de selectief invasieve groep gerevasculariseerd. De mate 
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van revascularisatie in de vroeg invasieve groep in de RITA-3-studie was dus bijna identiek 
aan die in de selectief invasieve groep van onze ICTUS-studie. 5,6,10 Het hoge revasculari-
satiepercentage bij de selectief invasieve strategie in de ICTUS-studie wordt voor een deel 
verklaard doordat er in de ICTUS-studie meer hoogrisicopatiënten werden gerandomi-
seerd (alle patiënten hadden een verhoogde troponine-T-waarde). Een andere verklaring 
is dat een vroeg invasief beleid tijdens de inclusieperiode van de studie steeds meer werd 
toegepast, mede omdat de Amerikaanse en Europese richtlijnen dit aanbevelen.

Een vroeg invasieve strategie ging samen met een 2-4 maal zo groot risico op een myo-
cardinfarct in zowel de ICTUS- als in de FRISC-II- en RITA-3-studie. Doordat er in de ICTUS-
studie werd uitgegaan van de huidige consensusdefinitie van myocardinfarct, dat wil 
zeggen een CK-MB-piek boven de referentiewaarde voor zowel spontane als met PTCA 
samenhangende infarcten, was de incidentie van myocardinfarct hoger in de ICTUS-studie 
dan in studies die een andere afkapwaarde gebruikten voor met PTCA samenhangende 
myocardinfarcten. Bij een belangrijk deel van de myocardinfarcten in de ICTUS-studie 
ging het om kleine infarcten, die konden worden gedetecteerd dankzij frequente CK-MB-
metingen na iedere PTCA. De prognostische waarde van kleine, met PTCA samenhangende 
myocardinfarcten is echter controversieel. 11-15

De definitie van spontane myocardinfarcten was in de ICTUS- en FRISC-II-studie gelijk. 
In de FRISC-II-studie was de incidentie van spontaan myocardinfarct na 2 jaar follow-up  
bijna 4% in de invasieve groep en 11% in de niet-invasieve groep, ten opzichte van respec-
tievelijk 5 en 6% in de ICTUS-studie. 16 De lage incidentie van spontane myocardinfarcten 
in de selectief invasieve groep in de ICTUS-studie kan mogelijk worden verklaard door 
de toegepaste medicamenteuze therapie vlak na randomisatie (met acetylsalicylzuur,  
enoxaparine, clopidogrel en hooggedoseerde statines). Ook de intensieve secundaire pre-
ventie tijdens de follow-up biedt een mogelijke verklaring.

Beperkingen

Deze studie heeft een aantal beperkingen. Ten eerste was het verschil tussen beide strat-
egieën voor het aantal patiënten dat werd gerevasculariseerd 36% na 1 jaar en 23% na 3 
jaar. Deze relatief kleine verschillen tussen beide groepen kunnen een verklaring bieden 
voor onze uitkomsten. Ten tweede, de studie was ontworpen om een reductie van het 
relatieve risico van 25% te detecteren met een onderscheidingsvermogen (‘power’) van 
80% voor de primaire samengestelde uitkomstmaat. De studie had daarentegen niet vol-
doende onderscheidingsvermogen om verschillen ten aanzien van de componenten van 
de samengestelde uitkomstmaat te onderzoeken.
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CONCLUSI E

Vóór dit onderzoek werden de meeste patiënten met ACS zonder ST-elevatie in Nederland 
selectief invasief behandeld. De ICTUS-studie liet niet zien dat een vroeg invasieve strate-
gie bij patiënten met ACS zonder ST-elevatie met een verhoogde troponine-T-waarde beter 
is op de lange termijn dan een selectief invasieve strategie. Deze uitkomst rechtvaardigt 
implementatie van een van beide strategieën.

Een mogelijke verklaring voor deze bevindingen biedt het relatief hoge percentage 
patiënten in de selectief invasieve groep dat een PTCA of CABG onderging tijdens de 
initiële ziekenhuisopname (40%) en tijdens de langetermijnfollow-up (58%). Maar ook 
moeten worden genoemd de geoptimaliseerde medicamenteuze behandeling met onder 
meer laagmoleculaire heparine, het gebruik van GPIIb/IIIa-receptorantagonisten tijdens 
de PTCA, de toepassing van clopidogrel en het gebruik van intensieve medicamenteuze 
therapie voor secundaire preventie tijdens de follow-upperiode.
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ABSTR ACT 

Aims In several observational studies, revascularization is associated with sub-
stantial reduction in mortality in patients with non-ST-segment elevation acute 
coronary syndrome (nSTE-ACS). This has strengthened the belief that routine 
early angiography would lead to a reduction in mortality. We investigated the 
association between actual in-hospital revascularization and long-term out-
come in patients with nSTE-ACS included in the ICTUS trial. 

Methods and results The study population of the present analysis consists of 
ICTUS participants who were discharged alive after initial hospitalization. The 
ICTUS trial was a randomized, controlled trial in which 1200 patients were ran-
domized to an early invasive or selective invasive strategy. The endpoints were 
death from hospital discharge until 4 year follow-up and death or spontane-
ous myocardial infarction (MI) until 3 years. Among 1189 patients discharged 
alive, 691 (58%) underwent revascularization during initial hospitalization. In 
multivariable Cox regression analyses, in-hospital revascularization was inde-
pendently associated with a reduction in 4 year mortality and 3 year event rate 
of death or spontaneous MI: hazard ratio (HR) 0.59 [95% confidence interval 
(CI) 0.37–0.96] and 0.46 (95% CI 0.31–0.68). However, when intention-to-treat 
analysis was performed, no differences in cumulative event rates were observed 
between the early invasive and selective invasive strategies: HR 1.10 (95% CI 
0.70–1.74) for death and 1.27 (95% CI 0.88–1.85) for death or spontaneous MI. 

Conclusion The ICTUS trial did not show that an early invasive strategy resulted 
in a better outcome than a selective invasive strategy in patients with nSTE-ACS. 
However, similar to retrospective analyses from observational studies, actual 
revascularization was associated with lower mortality and fewer MI. Whether 
an early invasive strategy leads to a better outcome than a selective invasive 
strategy cannot be inferred from the observation that revascularized patients 
have a better prognosis in non-randomized studies. 
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I NTRODUCTION

Data from several large observational studies have demonstrated that revascular-
ization in patients with non-ST-segment elevation acute coronary syndrome (nSTE-
ACS) is associated with a substantial reduction in mortality compared with medical 
treatment.1–7 In these studies, patients who underwent revascularization within a cer-
tain time frame after admission (i.e. within 14 days) were compared with patients who 
underwent revascularization at a later time point or not at all. These observations were 
consistent across a wide range of subgroups and persisted after conventional risk ad-
justment, such as logistic regression analysis or propensity scores. For example, a sub-
study of the GUSTO-IV trial showed a 47% reduction in mortality at 1 year associated 
with revascularization within 30 days after adjustment for known patient and hospital 
characteristics.3 For many clinicians, these results have strengthened the belief that 
routine early angiography and subsequent revascularization would reduce mortality.8 
In contrast, results from recent randomized studies have questioned whether early, 
invasive management reduces mortality. When long-term results from the three most 
recent trials (FRISC-II, RITA 3, ICTUS) are combined, there is only a non-significant trend 
towards fewer deaths with early invasive management [relative risk (RR) 0.90, 95% 
confidence interval (CI) 0.77–1.06; P = 0.20].9–11 

These apparently contradictory findings may have several explanations. In the random-
ized studies, patients assigned to an early invasive approach undergo early diagnostic 
angiography but may subsequently be managed medically because revascularization 
is considered not indicated [no or non-significant coronary artery disease (CAD)], con-
sidered of little benefit (small side branch occlusion), or associated with high risk (unfa-
vourable coronary anatomy or significant co-morbidities). In addition, a high proportion 
of patients assigned to the selective invasive approach may be revascularized depend-
ing on the criteria for ‘cross-over’. And even the proportion of patients revascularized in 
each strategy arm differed substantially between the randomized trials.12,13

At 4 years, the ICTUS trial did not show a benefit of an early invasive strategy com-
pared with a selective invasive strategy in 1200 patients with nSTE-ACS and an elevat-
ed troponin T.9 The aim of the present analysis was to investigate the association be-
tween actual in-hospital revascularization and long-term outcome in the entire study 
population and to compare these results with the outcomes of the randomized treat-
ment strategies. In addition, we further characterized the patients who were triaged 
to medical management despite an intended invasive strategy. 
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METHODS

Patients and study procedures

Design, methods, and results up to 4 year follow-up of the ICTUS trial have previously 
been described.9,12 In short, the trial was a prospective, randomized multicentre trial in 
which 1200 patients with nSTE-ACS were randomized to an early invasive or a selective 
invasive treatment strategy. Patients were eligible for inclusion if they had symptoms 
of ischemia that were increasing or occurring at rest, with the last episode occurring 
no longer than 24 h prior to randomization, and if they had an elevated serum cardiac 
troponin T (≥0.03 µg/L). Furthermore, they had either ischemic changes on the electro-
cardiogram or a documented history of CAD. 

Under early invasive treatment strategy, angiography was to be performed within 
24–48 h after randomization, followed by percutaneous revascularization when ap-
propriate based on the coronary anatomy. Cardiac surgery was recommended in the 
event of extensive three-vessel disease or severe left main stem disease and was to be 
performed as soon as possible. In the case report form, for patients randomized to the 
early invasive management strategy who underwent angiography but who did not 
undergo revascularization, the investigator had to specify the clinical consideration for 
this: either A, no significant CAD, or B, other reasons, with a text field in order to cap-
ture additional information concerning co-morbidities, peri-operative risk, etc. Patients 
randomized to the selective invasive treatment strategy were initially managed medi-
cally with angiography and subsequent revascularization in the event of refractory 
angina under maximal medical treatment, haemodynamical or rhythmical instability, 
or significant ischaemia on the pre-discharge exercise test. Angiography and revas-
cularization after hospitalization were performed if severe anginal symptoms were 
present despite optimal anti-anginal medication or when documented ischaemia on 
an ischaemia detection test was present. 

The protocol specified that patients would receive daily aspirin, enoxaparin for at least 
48 h, and abciximab during all percutaneous coronary intervention (PCI) procedures. 
Intensive lipid-lowering therapy was recommended per protocol, started as soon as 
possible after randomization. 

Follow-up data were obtained on clinical events up to 3 years after randomization and 
on vital status up to 4 years. The clinical outcome events were evaluated by outpatient 
visits after 1, 6, and 12 months and by telephone contact between 2 and 4 years. All po-
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tential outcome events were recorded, and in the event of a repeat hospital admission, 
follow-up information was obtained from hospital records. Information for vital status 
and cause of death when applicable was also obtained by identifying the patients in 
the national population registry (Dutch Central Bureau of Statistics). 

The main endpoints for the current analysis were death or spontaneous myocardial 
infarction (MI). MIs related to percutaneous or surgical revascularization were not 
counted for in this analysis. Spontaneous MI was defined as documented myocardial 
necrosis following the recommendations of the Consensus Committee for the defini-
tion of MI.14 The decision levels for cardiac enzymes of myocardial necrosis have been 
described in detail previously, and all events were adjudicated by a blinded events ad-
judication committee.9

All patients gave written informed consent before randomization and the collection 
of long-term follow-up information was approved by the authorized Ethics Commit-
tee. The study has been assigned the International Standard Randomised Control Trial 
Number ISRCTN82153174 [controlled-trials.com]. 

Statistical analysis

In the present analysis, we compared the difference in event rates between patients 
who had been revascularized and those who had not, with the treatment effect ob-
served between the arms of the prospectively randomized treatment strategies. In 
other words, we analysed the data from the ICTUS trial as if the data had been ob-
tained by means of an observational study. 

All patients who were alive at discharge were included in the present analysis. Patients 
who underwent revascularization during initial hospitalization were compared with 
those who did not. In addition, patients randomized to the early invasive strategy were 
compared with the selective invasive strategy. The outcomes events for the current 
analysis were the composite of death or spontaneous MI within 3 years after discharge 
and death within 4 years. Patients who had a non-fatal event during initial hospitaliza-
tion were again at risk for a spontaneous MI between hospital discharge and end of 
follow-up. 

Cumulative event rates were calculated according to the Kaplan–Meier method, and 
the timing of the events illustrated by Kaplan–Meier plots. Log-rank tests were applied 
to evaluate the differences between survival functions. Hazard ratios (HRs) with 95% 
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CIs were obtained with Cox proportional hazards models. Follow-up for the composite 
endpoint was censored at the actual date of the last contact or at 3 years, whichever 
came first. Follow-up for mortality was censored at the date the national population 
registry verified vital status (1 May 2006), or at 4 years. Data on patients who were lost 
to follow-up were censored at the time of the last contact. 

Randomized treatment strategies were compared without adjustments for covariates, 
and analysis was by intention-to-treat. In the analyses for actual revascularization, we 
used the method of stratified analysis involving estimated baseline risk to adjust for 
possible imbalance in risk between revascularized and non-revascularized patients.15 
First, multivariable Cox proportional hazards models were developed for the endpoint 
‘death’ and for the composite endpoint ‘death or spontaneous MI’, respectively. We in-
cluded in the models the variable in-hospital revascularization and factors known to 
have an influence on the endpoint death or MI in patients with nSTE-ACS (Table 1).16,17 
Then, for each patient, we calculated a risk score for death and a risk score for death 
or spontaneous MI, from the coefficients in the final models. The covariate in-hospital 
revascularization was set to ‘zero’. Patients were ranked accordingly and subsequently 
divided into three strata of low, medium, and high risk. The boundaries were chosen so 
that each stratum contained an equal number of patients in whom the endpoint had 
occurred. Finally, we performed stratified analyses to adjust for differences in baseline 
risk. Proportional hazards assumptions were verified by graphical examination of the 
partial residuals for all covariates and by testing the significance of the interaction 
between each covariate and time. For continuous variables, the linearity of the log HR 
was verified. 

In additional analyses, revascularized patients were compared with non-revascularized 
patients within each randomized treatment strategy. Furthermore, non-revascularized 
patients randomized to the early invasive strategy were subdivided into two catego-
ries: (i) patients who did not have a coronary artery stenosis of  ≥70% (≥50% for left 
main) (group A: no revascularization, no CAD) and (ii) all remaining patients who were 
not revascularized during hospitalization because of other clinical decisions stated by 
the local investigators (i.e. angiography not succeeded, revascularization deemed to 
carry unacceptable risk, revascularization impossible, no treatable culprit lesion, or pa-
tient refusal) (group B: no revascularization, other). 
Sensitivity analyses were performed with all patients, including those who died before 
discharge, and with a different classification of revascularized and non-revascularized 
patients (revascularization within 30 days after randomization instead of during initial 
hospitalization). 
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Continuous variables were reported as medians with 25th and 75th percentiles, and 
categorical variables were reported as frequencies with percentages. The Mann–Whit-
ney U test was used to compare continuous variables, and the X2 test to compare cat-
egorical variables. All statistical tests were two-tailed, and a P-value <0.05 was deemed 
significant. Statistical analysis was done with the Statistical Package for Social Scien-
ces software (SPSS 12.0 for Windows). 
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RESU LTS

Main results of the ICTUS trial up to 4 year follow-up have been described previously.9,12 
In short, 604 of the 1200 patients were randomly assigned to an early invasive strat-
egy, and 596 to selective invasive strategy. The median age of the study population 
was 62 years; 73% were men; 14% had diabetes; 38% used aspirin before admission; 
and 23% were known to have a clinical history of MI. In both strategy groups, the me-
dian follow-up from randomization was 2.7 years for the combined endpoint death or 
spontaneous MI, and 3.4 years for vital status. 

Use of invasive procedures during initial hospitalization

Among the 1189 patients discharged alive, coronary angiography was performed dur-
ing initial hospitalization in 587 (98%) patients in the early invasive strategy and in 312 
(53%) patients in the selective invasive strategy. A total of 691 (58%) patients under-
went in-hospital revascularization: 454 (76%) patients in the early invasive strategy 
and 237 (40%) in the selective invasive strategy. Of these patients, coronary artery by-
pass grafting (CABG) was the first revascularization procedure in 21 and 29%, respec-
tively. Descriptive analyses indicated that patients undergoing revascularization dur-
ing hospitalization were more often men, more often used nitrates prior to admission, 
and had a lower C-reactive protein concentration and a higher creatinine clearance at 
admission. The median length of initial hospitalization was 6 days in the early invasive 
group compared with 7 days in the selective invasive group. 

Actual revascularization vs. randomized treatment strategies

Figure 1 shows the Kaplan–Meier estimates from hospital discharge to the end of 
follow-up for death and the combined endpoint death or spontaneous MI stratified 
by both actual in-hospital revascularization and randomized treatment strategy. Of 
the patients discharged alive, 74 died during follow-up. The Kaplan–Meier estimates 
for death at 4 years were 4.8% (31/691) in patients who were revascularized during 
hospitalization compared with 10.0% (43/498) in patients not revascularized (HR 0.51; 
95% CI 0.32–0.81). Similarly, the Kaplan–Meier estimates for death or spontaneous 
MI at 3 year were significantly lower in revascularized patients: 7.7% (43/691) vs. 15.1% 
(69/498), HR 0.43; 95% CI 0.29–0.62. 



 Intended early invasive versus actual revascularization | 87

However, when randomized treatment strategies were compared, the Kaplan–Meier 
estimate for death at 4 years was the same in patients randomized to the early inva-
sive strategy and in those randomized to the selective invasive strategy: 7.0% (39/598) 
and 6.9% (35/591), respectively, HR 1.10; 95% CI 0.70–1.74. In patients randomized to the 
early invasive strategy, the estimated cumulative event rate for death or spontaneous 
MI at 3 years was 12.6% (63/598) compared with 8.9% (49/591) in patients in the selec-
tive invasive strategy (HR 1.27; 95% CI 0.88–1.85). 
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Figure 1. Cumulative risk of death within 4 years after hospital discharge and death or spontaneous myocardial infarc-
tion within 3 years by actual in-hospital revascularization (left two panels) or randomized treatment strategy (right two 
panels).
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Adjustment for baseline incomparability and subgroup analysis

After adjustment for other known risk factors in multivariable Cox regression analyses, 
in-hospital revascularization remained significantly associated with a reduction in 4 
year mortality and 3 year event rate of death or spontaneous MI (adjusted HR 0.59; 
95% CI 0.37–0.96 and 0.46; 95% CI 0.31–0.68, Table 1). 

 2 

Table 1. Multivariable Cox regression analyses for death and death or spontaneous myocardial infarction 
from hospital discharge to end of follow-up. 
 

Variables   Death (until 4 years) 
 

Death or spontaneous myocardial 
infarction (until 3 years) 

  Hazard ratio (95% CI) p value 
 

Hazard ratio (95% CI) p value 

Age !70 years  1.63 (0.94–2.84) 0.08  1.46 (0.93–2.30) 0.10 

Male sex  1.24 (0.74-2.09) 0.41  1.03 (0.68-1.56) 0.89 

Diabetes Mellitus  1.51 (0.87–2.63) 0.14  1.43 (0.90–2.26) 0.13 

Hypercholesterolemia  1.24 (0.74-2.08) 0.41  1.51 (1.00–2.30) 0.05 

Prior aspirin use   2.01 (1.18–3.68) 0.01  1.46 (0.92–2.33) 0.11 

Previous myocardial infarction  0.96 (0.56-1.65) 0.88  1.30 (0.83-2.03) 0.26 

ST segment deviation !1mm  1.81 (1.11–2.94) 0.02  1.80 (1.22–2.66) 0.003 

Left bundle-branch block  2.71 (0.78–9.36) 0.10  3.31 (1.26–8.67) 0.02 

C-reactive protein !10 mg/L  2.05 (1.28–3.28) 0.003  1.39 (0.93–2.08) 0.11 

Creatinine clearance*  
(for every 10 ml/min) 

 0.85 (0.77–0.93) 0.001  0.92 (0.85–0.98) 0.02 

In-hospital revascularization  0.59 (0.37–0.96) 0.03  0.46 (0.31–0.68) <0.0001 

 
Multivariable Cox regression analyses in 1189 patients discharged alive  for death and death or 
spontaneous myocardial infarction.  
CI = confidence interval 
* The creatinine clearance rate was calculated from the equation of Cockcroft and Gault, as follows: 
[[140-age (years)] x body weight (kg)] ÷ [0.815 x plasma creatinine (µmol/L)]. For women, the correction 
factor of 0.85 was used. 
 

We used a stratified analysis to show the outcome in patients with the same baseline 
risk. From the coefficients in the two models described in Table 1, a risk score was cal-
culated for death and for death or spontaneous MI. Patients were then divided into a 
low, medium, and high-risk group. The stratum-specific HRs for death and for death or 
spontaneous MI between revascularized and non-revascularized patients did not dif-
fer substantially between the strata and thereby no effect modification is apparently 
present (Table 2). The overall risk group adjusted HR was 0.56 (95% CI 0.35–0.89) for 
death and 0.45 (95% CI 0.31–0.66) for death or spontaneous MI. 

Table 1. Multivariable Cox regression analyses for death and death or spontaneous 
myocardial infarction from hospital discharge to end of follow-up.

Multivariable Cox regression analyses in 1189 patients discharged alive  for death and death or spontaneous myocardial 
infarction. 
CI = confidence interval
* The creatinine clearance rate was calculated from the equation of Cockcroft and Gault, as follows: [[140-age (years)] x 
body weight (kg)] ÷ [0.815 x plasma creatinine (μmol/L)]. For women, the correction factor of 0.85 was used.
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The association between actual in-hospital revascularization, randomized treatment 
strategy, and 4 year mortality in several subgroups is depicted in Figure 2. The reduced 
risk of death in patients who were revascularized during hospitalization was consis-
tent in all subgroups. When randomized treatment strategies were compared, there 
was no survival benefit of the early invasive strategy in any subgroup. 

 3 

Table 2.  Effect of in-hospital revascularization by risk of death and death or spontaneous myocardial 
infarction from hospital discharge to end of follow-up. 
 

 Risk score Death (until 4 years) 

  In-hospital 
revascularization 

No in-hospital 
revascularization 

Hazard ratio 
(95%CI) 

All patients  5% (31/691) 10% (43/498) 0.51 (0.32–0.81) 

Estimated baseline risk     

   Low !1.18 2% (11/515) 4% (13/350) 0.57 (0.26–1.27) 

   Medium >1.18 – 2.36 11% (12/86) 16% (13/118) 0.79 (0.36–1.74) 

   High >2.37 12% (7/58) 34% (18/62) 0.37 (0.16–0.89) 

Stratified analysis    0.56 (0.35–0.89)* 

     

 Risk score Death or spontaneous myocardial infarction (until 3 years) 

  In-hospital 
revascularization 

No in-hospital 
revascularization 

Hazard ratio 
(95%CI) 

All patients  8% (43/691) 15% (69/498) 0.43 (0.29–0.62) 

Estimated baseline risk     

   Low !1.10 5% (15/402) 9% (22/275) 0.46 (0.24–0.89) 

   Medium >1.10 – 2.48 9% (16/221) 16% (21/150) 0.48 (0.25–0.93) 

   High >2.49 23% (12/68) 38% (26/73) 0.41 (0.21–0.82) 

Stratified analysis    0.45 (0.31–0.66)
†
 

 
Data are percentages from the Kaplan-Meier curves with number of events and total number of patients 
in brackets.  
CI = confidence interval 
* p=0.01 for in-hospital revascularization stratified per risk group;  
†
 p<0.0001 for in-hospital revascularization stratified per risk group 

 
 

Table 2. Effect of in-hospital revascularization by risk of death and death or spontane-
ous myocardial infarction from hospital discharge to end of follow-up.

Data are percentages from the Kaplan-Meier curves with number of events and total number of patients in brackets. 
CI = confidence interval
* p=0.01 for in-hospital revascularization stratified per risk group; 
† p<0.0001 for in-hospital revascularization stratified per risk group
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Actual revascularization by randomized treatment strategy

The Kaplan–Meier event rates in revascularized and non-revascularized patients strati-
fied by randomized treatment strategy are described in Table 3. The association of in-
hospital revascularization and outcome was present in both the early invasive and the 
selective invasive treatment strategy. The 144 patients who were not revascularized 
during hospital admission but randomized to the early invasive treatment strategy 
had the highest event rate after discharge. 
In 53 of the 144 non-revascularized patients randomized to the early invasive treat-
ment strategy, revascularization was not considered indicated because there was no 
significant CAD present on the angiogram (group A). The remaining 91 patients were 
managed medically because of other clinical reasons such as unfavourable coronary 
anatomy, no treatable culprit lesion, angiography not succeeded, or patient refusal 
(group B). The baseline characteristics of these subgroups are shown in Table 4. Com-
pared with revascularized patients in the early invasive treatment group, patients in 

1189 (100%)   0.56 (0.35 –0.89)   1.10 (0.70 –1.74)    

        

873 (73%)   0.64 (0.37 –1.10) 0.35  1.28 (0.74 –2.20)  0.30  

316 (27%)   0.38 (0.15 –0.99)   0.75 (0.31 –1.77)    

        

844 (71%)   0.57 (0.28 –1.17) 0.89  1.38 (0.68 –2.82)  0.40  

345 (29%)   0.54 (0.2 9–1.00)   0.92 (0.51 –1.68)    

        

1026 (86%)   0.58 (0.34 –0.99) 0.67  1.04 (0.61 –1.76)  0.71  

163 (14%)   0.46 (0.18 –1.17)   1.27 (0.51 –3.15)    

        

916 (77%)   0.55 (0.31 –0.98) 0.92  1.08 (0.61 –1.91)  0.93  

273 (23%)   0.58 (0.26 –1.27)   1.04 (0.48 –2.21)    

        

1085 (91%)   0.56 (0.34 –0.93) 0.80  1.09 (0.67 –1.79)  0.89  

104 (9%)   0.47 (0.12 –1.84)   1.00 (0.28 –3.53)    

        

621 (52%)   0.68 (0.33 –1.41) 0.48  0.82 (0.40 –1.68)  0.29  

568 (48%)   0.48 (0.26 –0.88)   1.36 (0.75 –2.47)    

        

898 (76%)  0.57 (0.31 –1.04) 0.96  0.82 (0.45 –1.50)  0.10  

291 (24%)   0.56 (0.27 –1.17)   1.80 (0.88 –3.71)    
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Figure 2. Subgroup analysis of the effect of actual in-hospital revascularization and randomized treatment strategy on 
mortality from hospital discharge to 4 years follow-up. 
All p-values for interaction between subgroups and in-hospital revascularization or randomized treatment strategy were 
not significant.
Revasc = in-hospital revascularization, MI = myocardial infarction, CABG = coronary-artery bypass grafting
* Hazard ratio and 95% CI calculated by Cox regression analysis adjusted for risk groups described in table 2.
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group B were older, were more likely to have diabetes mellitus, more likely to have a 
history of MI and CABG, had higher levels of NT-proBNP, a lower creatinine clearance, 
and had more severe CAD. The timing of the events of these different subgroups of the 
early invasive strategy is illustrated in Figure 3. Non-revascularized patients in group B 
had a clear increased risk of death and death or spontaneous MI compared with revas-
cularized patients and patients in group A (P < 0.0001). 

 4 

Table 3. Event rates from hospital discharge until end of follow-up. 
 

 
Death (until 4 years) Death or spontaneous 

myocardial infarction 

(until 3 years) 

Randomized to early invasive strategy   7% (39/598) 13% (63/598) 

     Revascularized          5% (23/454)          9% (31/454) 

     Not revascularized        12% (16/144)        25% (32/144) 

         No CAD on coronary angiography               0% (0/53)             11% (5/53) 

         Other reasons             18% (16/91)             33% (27/91) 

Randomized to selective invasive strategy   7% (35/591)   9% (49/591) 

     Revascularized          4% (8/237)          6% (12/237) 

     Not revascularized          9% (27/354)        11% (37/354) 

 
Data are percentages from the Kaplan-Meier curves with number of events and total number of patients 
in brackets.  
CAD = coronary artery disease

Sensitivity analysis

Sensitivity analyses were performed with all patients, including those who died before 
discharge. In multivariable analysis including the same covariates as described in Table 
1, the adjusted HRs for in-hospital revascularization vs. no revascularization were 0.60 
(95% CI 0.38–0.94) for death within 4 years and 0.59 (95% CI 0.42–0.84) for the end-
point death or spontaneous MI within 3 years. 

We also repeated the analysis with another classification of revascularized and non-
revascularized patients. Patients who underwent revascularization within 30 days af-
ter randomization were compared with patients who underwent no revascularization. 
At 30 days, 1189 of the 1200 patients were alive and 710 (60%) of these patients were 
revascularized within 30 days. The association between revascularization and outcome 
remained similar with an adjusted HR for death at 4 years of 0.59 (95% CI 0.37–0.95) 
and for death or spontaneous MI at 3 years of 0.53 (95% CI 0.36–0.78). 

Table 3. Event rates from hospital discharge until end of follow-up.

Data are percentages from the Kaplan-Meier curves with number of events and total number of patients in brackets. 
CAD = coronary artery diseas
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Table 4. Baseline characteristics in patients discharged alive and randomized to early invasive strategy 
according to revascularization during hospitalization. 
 

 

In-hospital 

revasc 

(n=454) 

No revasc,  

no CAD  

(group A)  

(n=53) 

No revasc, 

other 

(group B) 

(n=91) 

p value* 

Age (years) 62 (55-71) 60 (48-68) 65 (57-73) 0.05 

Males 342 (75) 28 (53) 71 (78) 0.58 

Hypertension 161 (36) 24 (45) 38 (42) 0.26 

Diabetes Mellitus 61 (13) 3 (6) 20 (22) 0.04 

Hypercholesterolemia  155 (34) 15 (28) 39 (43) 0.11 

Current cigarette smoking 193 (43) 14 (26) 35 (38) 0.48 

Family history of CAD 197 (43) 23 (43) 42 (46) 0.63 

History of myocardial infarction 102 (23) 9 (17) 39 (43) <0.0001 

Previous PCI 58 (13) 5 (9) 14 (15) 0.50 

Previous CABG 41 (9) 0 (0) 21 (23) 0.0001 

ST-segment deviation ! 0.1mV 216 (49) 23 (46) 42 (49) 0.97 

Prior aspirin use 174 (38) 13 (25) 44 (48) 0.08 

C-reactive protein (mg/L) 3.4 (1.7-8.5) 3.5 (1.7-8.4) 5.3 (1.7-15.9) 0.05 

NT-proBNP (ng/L) 552 (249-1153) 505 (246-1384) 740 (370-1638) 0.009 

Creatinine clearance (ml/min)
†
 96 (76-121) 106 (85-128) 86 (64-111) 0.001 

Findings on coronary angiography
‡
    0.02 

   No CAD 0 (0) 53 (100) 0 (0)  

   1-vessel disease 209 (46) 0 (0) 27 (34)  

   2-vessel disease 134 (30) 0 (0) 24 (30)  

   3-vessel and/or left main disease 111(24) 0 (0) 29 (36)  

No in-hospital coronary angiography 0 (0) 0 (0) 11 (13) <0.0001 

 
Values are number (percentage) or median (25th and 75th percentile).   
CABG = coronary-artery bypass grafting; CAD = coronary artery disease; PCI = percutaneous coronary 
intervention; Revasc = revascularization 
* Patients in group B compared with patients who were revascularized during hospitalization. 
†
  The creatinine clearance rate was calculated from the equation of Cockcroft and Gault (see table 1) 

‡
  The extent of CAD was scored by the local investigator. A vessel was considered diseased if there was 
a stenosis of !70% (!50% for left main). 

Table 4. Baseline characteristics in patients discharged alive and randomized to early 
invasive strategy according to revascularization during hospitalization.

Values are number (percentage) or median (25th and 75th percentile).  
CABG = coronary-artery bypass grafting; CAD = coronary artery disease; PCI = percutaneous coronary intervention; 
Revasc = revascularization
* Patients in group B compared with patients who were revascularized during hospitalization.
†  The creatinine clearance rate was calculated from the equation of Cockcroft and Gault (see table 1)
‡  The extent of CAD was scored by the local investigator. A vessel was considered diseased if there was a stenosis 
 of ≥70% (≥50% for left main).
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Figure 3. Cumulative risk of death (upper panel) or death or spontaneous myocardial infarction (lower panel) from hos-
pital discharge to end of follow-up in patients randomized to an early invasive strategy.
Patient were divided into 3 groups: (1) patients that were revascularized during initial hospitalization, (2) patients that 
were not revascularized because angiography did not show a signifi cant coronary stenosis of ≥70% (≥50% for left main) 
(group A), and (3) remaining patients that were not revascularized because of other reasons (group B). 
Revasc, in-hospital revascularization; CAD, coronary artery disease
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DISCUSSION

In the present ICTUS substudy, we showed that in-hospital revascularization was associ-
ated with a 40% relative reduction in mortality within 4 years and a nearly 50% reduction 
in death or spontaneous MI within 3 years. After adjustment for baseline patient charac-
teristics and stratified analysis involving estimated baseline risk, the association between 
revascularization and outcome remained present across a wide range of subgroups with-
out heterogeneity. The relation between revascularization and outcome was present in 
both the early invasive and selective invasive treatment strategies. In particular, the event 
rates were highest in patients who were randomized to the early invasive strategy group 
and who did not undergo revascularization. We found that this specific group consisted of 
a heterogeneous population: (i) patients with a low-risk profile and good prognosis who 
were managed medically because no significant CAD was present and (ii) patients with 
significant CAD but nevertheless triaged to medical management who had a high-risk 
profile and worse prognosis. Importantly, when intention-to-treat analysis was performed 
and randomized treatment strategies were compared, no difference in event rates was 
observed between the early invasive and selective invasive treatment strategies. 

The association between actual revascularization and outcome in our trial was compa-
rable with the results from several observation studies.1–7 For example, retrospective 
analysis of data from patients included in the GUSTO-IV trial showed an almost 50% 
reduction in 1 year mortality among patients who had undergone revascularization 
within 30 days after admission compared with non-revascularized patients (adjusted 
RR 0.53; 95% CI 0.37–0.77).3 A similar reduction in mortality was found in other regis-
tries, including a large Swedish registry with more than 20 000 patients.1 In the ab-
sence of sufficient data from randomized trials, findings from observational studies 
are also used to support a strategy of early revascularization for certain subgroups of 
patients with nSTE-ACS, for example patients with a history of CABG.6 

In the new guidelines for the diagnosis and treatment of nSTE-ACS from the European 
Society of Cardiology, a linear relationship is suggested between the relative mortality 
benefit of a routine invasive strategy compared with a selective invasive strategy and 
the ‘gradient’ (actual difference) in revascularization rates between the two treatment 
arms: the greater the difference in the rate of revascularization, the greater the benefit 
on mortality.16 This linear relationship is in part dependent on the GUSTO-IV analysis. 
These data are considered derived from a trial with a 100% difference in the revascu-
larization rate with a 50% relative reduction in mortality and it is suggested that this 
observed mortality reduction reflects the true benefit of revascularization.8,16 
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However, in the randomized nSTE-ACS strategy trials that evaluated the role of an 
early invasive treatment strategy, patients were not assigned to revascularization or 
medical therapy, but prospectively randomized to two different diagnostic strategies. 
An early invasive treatment strategy consists of routine cardiac catheterization only 
followed by early percutaneous or surgical revascularization when considered indi-
cated and after clinical evaluation of potential procedural risks. The selective invasive 
approach reserves coronary angiography for patients with recurrent angina or stress-
induced ischemia despite optimal medical therapy. We have shown in the present 
analysis that the estimated association of revascularization with mortality in observa-
tional data sets will not answer the question whether to routinely refer patients with 
nSTE-ACS for invasive procedures, or whether to treat such patients aggressively with 
pharmacological interventions followed by selective referral of those with refractory 
or inducible ischemia. 

To understand our observations further, we stratified the patients according to ran-
domized treatment strategy and investigated the reason for medical management 
in patients randomized to the early invasive treatment group. Non-revascularized pa-
tients in the early invasive strategy group almost all underwent catheterization during 
hospitalization and therefore we could divide these patients according to the pres-
ence or absence of significant CAD. Some patients will be treated medically because no 
treatable culprit lesion is present and others because revascularization carries unac-
ceptable risk or is unlikely to be successful. We showed that these two groups differed 
substantially in both baseline characteristics and prognosis. Patients managed medi-
cally without significant CAD had an excellent prognosis, whereas one-third of the pa-
tients with significant CAD managed medically experienced a spontaneous MI or died 
within 3 years after discharge. In the selective invasive group, as in many observational 
studies, a large part did not undergo catheterization and thereby no information on 
CAD is available. A limitation of our study is that the number of patients and events 
was not sufficient enough to further divide the patients according to the specific rea-
sons why revascularization was not attempted. Furthermore, more detailed informa-
tion about the anatomical form of the coronary arteries and stenoses is difficult to 
quantify and was not available. 

Data from large ‘real world’ registries regarding invasive or non-invasive practice pat-
terns in nSTE-ACS are conflicting.1,4,6,18–22 An analysis from a large Medicare database 
has shown that a high ‘area level of invasive treatment intensity’ did not provide a 
clinical benefit over lower invasive treatment intensity when beta-blocker treatment 
intensity in appropriate patients was high.20 However, in a large Swedish registry, early 
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revascularization was associated with a substantial reduction in mortality irrespective 
of the use of beta-blockers.1 The different results from observational studies may in 
part be explained by the different analytic methods used. First, as discussed before, 
in strategy trials, patients are assigned to a treatment strategy before coronary cath-
eterization and consequently an invasive strategy will not always result in revascular-
ization. Therefore, it would be more appropriate to use catheterization as a measure 
of invasive strategy instead of revascularization. Secondly, factors that contribute to 
the decision making to perform catheterization and subsequent revascularization in 
clinical practice are complex and often immeasurable. In a recent article from Stukel 
et al.,23 the authors showed that the observational association of invasive practice 
and outcome in acute MI is highly sensitive to the analytic method used. Standard risk 
adjustment techniques, such as logistic regression or propensity scores, that are com-
monly used in analysing observation data can only account for measured confounders 
and thereby inevitably suffers from residual confounding. There are other alternative 
approaches, like instrumental variable analysis, that are designed to control for hidden 
bias as well. An instrumental variable is an observable factor that is associated with 
a specific treatment pattern but is otherwise unrelated to patient characteristics and 
does not directly affect the outcome of interest.24 With regard to acute coronary syn-
dromes and outcome, variability in the intensity of invasive diagnostic and therapeutic 
treatment across regions or hospitals is often used in observational studies.20–22 In 
a way, these differences can be compared with strategies in randomized trials. Com-
pared with standard modelling, instrumental variable analysis may produce less bi-
ased estimates of treatment effects.23 

Instead of comparing an invasive strategy to a non-invasive strategy, the ICTUS trial 
compared routine, early revascularization to less aggressive, delayed intervention. The 
high percentage of patients who were revascularized in the selective invasive group 
compared with the other randomized trials is one of the reasons that could explain 
the discrepancy between the outcomes of the trials. The in-hospital revascularization 
rate in the different randomized trials varied 10–40% in the selective invasive arm, and 
44–78% in the early invasive arm.12,13 In other trials that included high-risk nSTE-ACS 
patients with an intended early invasive strategy, the revascularization rate was com-
parable. For example, in the SYNERGY and ACUITY trials, the in-hospital revasculariza-
tion rates were 66 and 68%, respectively.25,26 In view of the long-term results from the 
FRISC-II, RITA 3, and the ICTUS study, an early invasive treatment may not be necessary 
for all nSTE-ACS patients.
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The long-term follow-up of the ICTUS trial did not show that an early invasive strategy 
resulted in a better outcome than a more selective invasive strategy in patients with 
nSTE-ACS and a positive troponin. However, similar to retrospective analyses from ob-
servational studies, actual revascularization during hospital admission was associated 
with lower mortality and fewer MIs, even after the use of appropriate risk adjustment 
techniques. This apparent discrepancy is primarily driven by the poor prognosis in pa-
tients who underwent angiography but were not revascularized because of co-mor-
bidities and anticipated high procedure-related risks. Therefore, we conclude that the 
observation that revascularization is associated with improved prognosis cannot be 
used as evidence to support that an early invasive treatment strategy leads to a better 
outcome compared with a selective invasive treatment strategy. 
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ABSTR ACT 

Background We assessed the prognostic significance of the presence of cumu-
lative (∑) ST-segment deviation on the admission electrocardiogram (ECG) in 
patients with non–ST-elevation acute coronary syndrome and an elevated tro-
ponin T randomized to a selective invasive (SI) or an early invasive treatment 
strategy.

Methods A 12-lead ECG obtained at admission was available for analysis from 
1163 patients. The presence and magnitude of ST-segment deviation was mea-
sured in each lead, and absolute ST-segment deviation was summed. The effect 
of treatment strategy was assessed for patients with or without ∑ ST-segment 
deviation of at least 1 mm.

Results The incidence of death or myocardial infarction (MI) by 1 year in patients 
with ∑ ST-segment deviation of at least 1 mm was 18.0% compared with 11.1% 
in patients with ∑ ST-segment deviation of less than 1 mm (P = 0.001). Among 
patients with ∑ ST-segment deviation of at least 1 mm, the incidence of death 
or MI was 21.9% in the early invasive group compared with 14.2% in SI group  
(P < 0.01). However, we observed a significantly higher rate of MI after hospi-
tal discharge among patients with ∑ ST-segment deviation of at least 1 mm 
randomized to SI who did not undergo angiography compared with patients 
who underwent angiography before discharge (10.9% vs 2.4%, P = 0.003). In a 
forward logistic regression analysis, the presence of ST-segment deviation was 
an independent predictor for failure of medical therapy (coronary angiography 
within 30 days after randomization in the SI group) (odds ratio, 1.56; 95% confi-
dence interval, 1.12-2.18; P = 0.009).

Conclusion Patients with non–ST-elevation acute coronary syndrome and an el-
evated troponin T and ∑ ST-segment deviation of at least 1 mm are at increased 
risk of death or MI, more often fail on medical therapy, and more often experi-
ence a spontaneous MI after discharge when angiography was not performed 
during initial hospitalization.
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BACKGROU N D

The optimal early management of patients with a non–ST-elevation acute coronary 
syndrome (nSTE-ACS) has been hotly debated over the past 10 years. Previously, 3 ran-
domized trials have shown better clinical outcome with a routine early invasive strate-
gy, showing a consistent reduction in recurrent ischemic events.1-3 However, subgroup 
analyses of these trials revealed that benefit from an early invasive strategy was con-
fined to patients at intermediate or high risk for adverse outcomes. 

It has been shown that the standard 12-lead electrocardiogram (ECG) at admission is a 
useful tool for risk stratification in patients with nSTE-ACS, particularly in combination 
with serum markers for myocardial damage.4-6 Subanalysis of the Fast Revasculariza-
tion during InStability in Coronary artery disease trial (FRISC II) population, showed 
that patients with nSTE-ACS and ST-segment deviation on the admission ECG had a 
poor prognosis. In these patients, angiography and subsequent revascularization were 
beneficial in reducing mortality and the incidence of myocardial infarction (MI).7,8 In 
the real world, there is a paradoxical absence of a relation between the extent of base-
line ST-segment depression and the use of an invasive management strategy for pa-
tients with acute coronary syndrome. In fact, an invasive strategy was selected least 
often for those at highest risk for adverse outcomes.9,10 

The Invasive versus Conservative Treatment in Unstable coronary Syndromes (ICTUS) 
trial could not show that an early invasive treatment was superior to a selective inva-
sive treatment strategy in patients with nSTE-ACS and an elevated troponin T.11 In this 
substudy of the ICTUS trial, we assessed the prognostic value of ST-segment deviation 
on the admission ECG and the clinical outcome associated with an early or selective 
invasive strategy.
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METHODS

In the ICTUS trial, 1200 patients were randomized to an early invasive or a selective 
invasive treatment strategy. The details of the design and the main results have been 
published previously.11 Briefly, eligible patients had to meet 3 criteria: (1) symptoms of 
ischemia that were increasing or occurring at rest, with the last episode occurring no 
longer than 24 hours before randomization; (2) an elevated serum cardiac troponin 
T (≥0.03 µg/L); (3) and either ischemic changes on the ECG, defined as ST-segment 
depression or transient ST-segment elevation exceeding 0.05 mV or T-wave inversion 
of at least 0.2 mV in 2 contiguous leads, or a documented history of coronary artery 
disease. Main exclusion criteria were patients younger than 18 years or older than 80 
years; ST-elevation MI in the last 48 hours; indication for reperfusion therapy, hemody-
namic instability, or overt congestive heart failure; and increased risk of bleeding.

Patients assigned to the early invasive strategy were scheduled to undergo angio-
graphy within 24 to 48 hours after randomization and revascularization when  
appropriate based on the coronary anatomy. Patients assigned to the selective inva-
sive strategy were managed medically. These patients were to undergo angiography 
and subsequent revascularization only in case of refractory angina despite optimal 
medical treatment, hemodynamic or rhythmic instability, or significant ischemia on 
the predischarge exercise test. Coronary angiography and revascularization after the 
index hospital phase was performed if severe anginal symptoms were present despite 
optimal antianginal medication or when documented ischemia on an ischemia detec-
tion test was present.

The protocol specified that patients received 300 mg followed by at least 75 mg of  
aspirin daily indefinitely and enoxaparin (1 mg/kg to a maximum of 80 mg) twice daily 
subcutaneously for at least 48 hours. The early use of clopidogrel (300 mg followed by 
75 mg daily) in combination with aspirin was recommended to the investigators when 
the drug became available in the Netherlands in 2002 for acute coronary syndrome in-
dication.12 Percutaneous coronary intervention (PCI) procedures during the index hos-
pital phase were performed using abciximab. In addition, abciximab was available for 
all subsequent percutaneous revascularization procedures during the 1-year follow-
up. The study has been assigned the International Standard Randomised Control Trial 
Number ISRCTN82153174.
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Electrocardiography

A standard 12-lead ECG was obtained on admission and was evaluated at the Aca-
demic Medical Center core laboratory without information on the clinical outcome 
or treatment allocation. The presence and magnitude of ST-segment deviation and 
T-wave inversion were measured 80 milliseconds after the J point in intervals of 0.5 
mm in each lead, and absolute ST-segment deviation was summed. The cutoff levels 
in our study were chosen to compare our results with the results of the ECG analyses 
of the Treat Angina with Aggrastat and Determine Cost of Therapy with an Invasive or 
Conservative Strategy-Thrombolysis in Myocardial Infarction 18 trial and the FRISC II 
ECG substudy.6-8 Therefore, our cutoff levels were cumulative (∑) ST-segment devia-
tion of less than 1 mm, 1 to 2.5 mm, 3 to 4.5 mm, and 5 mm or more. Patients with ∑ 
ST-segment deviation of less than 1 mm were subdivided into 2 groups: patients with 
or without negative T wave of at least 4 mm.

End point definitions

The end points in this study were the occurrence of death, MI, or the combined end 
point of death or MI at 1 year. Death was defined as death from any cause. Myocar-
dial infarction was defined as documented myocardial necrosis either in the setting 
of myocardial ischemia (spontaneous MI) or in the setting of percutaneous revascu-
larization, following the recommendations of the consensus committee for the defini-
tion of MI. Myocardial necrosis was defined by an elevation in the creatine kinase–MB 
(CK-MB) level above the upper limit of normal. To compare our results with those of 
previous trials, we applied the TACTICS-TIMI 18 and FRISC II definition of MI. The FRISC 
II definition of MI is a CK-MB level above the upper limit of normal for spontaneous MI 
and more than 1.5 times the upper limit of normal for PCI-related MI. The TACTICS-TIMI 
18 definition of MI is a CK-MB level above the upper limit of normal for spontaneous MI 
or more than 3 times the upper limit of normal for PCI-related MI.

In the selective invasive strategy, we assessed the rate of failure of medical therapy in 
relation to the presence of ST-segment deviation on the ECG. Failure of medical thera-
py was defined as coronary angiography during the first 30 days after randomization 
in patients randomized to the selective invasive strategy.
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Statistics

Data analyses were performed based on the “intention-to-treat” principle. All statis-
tical tests were 2-tailed, and a P value of less than 0.05 was considered statistically 
significant. Continuous baseline variables with normal distribution are expressed as 
mean ± SD, and data with a nonnormal distribution are given as median value (25th-
75th percentile). A comparison of the baseline characteristics was done by using an un-
paired Student t test or the Mann-Whitney U test (continuous variables) or the Pear-
son χ2 test (categorical variables), as appropriate. To identify independent predictors of 
outcome and failure of medical therapy, variables were tested in a multivariate logistic 
regression analysis using forward stepwise selection. Variables were entered if the P 
value was less than 0.10 and removed if the P value was more than .10. The timing of 
the combined end point of death or MI is illustrated by Kaplan-Meier plots. In a sepa-
rate analysis, we assessed the incidence of death or MI in 2 time frames: during initial 
hospitalization (from randomization until discharge) and from discharge until 1-year 
follow-up. In this analysis patients who had a MI during initial hospitalization were 
again at risk for a MI in the time frame from hospital discharge until 1-year follow-
up. Statistical analysis was performed using the Statistical Package for Social Sciences 
software (SPSS 12.0 for Windows, SPSS Inc, Chicago, IL).
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RESU LTS

Twelve-lead admission ECGs were available to the Academic Medical Center core labo-
ratory in 1163 of 1200 patients for ST-segment deviation assessment. One-year follow-
up was complete for 1157 patients (99.5%). In 37 patients the admission ECG was miss-
ing or of very poor technical quality. Among these patients, none died and 5 patients 
had a MI during 1-year follow-up.

 15 

Table 1. Baseline characteristics 

Variable All patients 

 n = 1163 

Age – yr (±SD) 62 (±11) 

Males, – no. (%) 847 (73) 

Clinical history, – no. (%)  

 Myocardial infarction 268 (23) 

 Percutaneous coronary intervention 134 (12) 

 Coronary-artery bypass grafting 99 (9) 

Risk factors, – no. (%)  

 Hypertension 448 (39) 

 Diabetes Mellitus 158 (14) 

 Hypercholesterolemia 402 (35) 

 Current cigarette smoking 475 (41) 

 Family history of coronary artery disease 490 (42) 

Drug therapy prior to admission, – no. (%)  

 Aspirin 440 (38) 

 Ace-inhibitors 161 (14) 

 Beta-blockers 405 (35) 

 Calcium-channel antagonists 182 (16) 

 Nitrates 125 (11) 

 Statins 319 (27) 

Cardiac troponin T mcg/L,  
     median (25

th
 and 75

th
 percentile) 

0.29 (0.12–0.73) 

 
 

Table 1. Baseline characteristics
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The mean age of the study population was 62 years, almost a quarter of patients had 
a previous MI, one third used aspirin, and 14% had a history of diabetes mellitus (Table 
1). Coronary angiography was performed during the initial hospitalization in 98% of 
patients in the early invasive group and 52% in the selective invasive group and in 
99% and 66%, respectively, within 1 year. Within 1 year, 79% of the patients in the early 
invasive group had undergone revascularization compared with 54% in the selective 
invasive group. Eighty-eight percent of the PCI procedures involved the placement of 
at least 1 stent. During the first PCI, abciximab was used in 94% of patients in the early 
invasive group compared with 68% in the selective invasive group.

Clinical outcome in relation to the magnitude of ∑ ST-segment deviation

Clinical outcome in relation to the magnitude of ST-segment deviation at admission 
is shown in table 2. Increments of ∑ ST-segment deviation (1-2.5 mm, 3-4.5 mm, and 
≥5 mm) were not associated with a significant increase in the incidence of death or 
MI. Interestingly, patients with isolated T-wave inversion of 4 mm or more were not 
at higher risk for death or MI than patients with T-wave inversion of less than 4 mm. 
Subsequently, in further analyses we compared patients with ∑ ST-segment deviation 
of at least 1 mm with patients with ∑ ST-segment deviation of less than 1 mm. Patients 
with a left bundle-branch block on the admission ECG (n = 14) were considered as hav-
ing ∑ ST-segment deviation of at least 1 mm. The incidence of death or MI by 1 year in 
patients with ∑ ST-segment deviation of at least 1 mm was 18.0% compared with 11.1% 
in patients with ∑ ST-segment deviation of less than 1 mm (P = 0.001).

     

Table 2. Differences in outcome by one year: patients stratified according to !ST segment deviation, isolated T wave inversion and left 

bundle branch block 

 

Outcome Magnitude of !ST segment deviation 

 

LBBB 

 <1 mm 1–2.5 mm 3–4.5 mm "5 mm 
  

 
 T wave inv <4 mm  

(n = 483) 

  T wave inv "4 mm  

(n = 92) 

 

(n = 197) 

 

(n = 150) 

 

(n = 227) 

                  

(n = 14) 

Death, – no. (%)    6 (1.2) 0 (0.0) 5 (2.5) 7 (4.7) 9 (4.0)  3 (21.4) 

Myocardial infarction, – no. (%) 49 (10.1) 9 (9.8) 29 (14.7) 20 (13.3) 35 (15.4)  2 (14.3) 

Death or MI, – no. (%) 55 (11.4) 9 (9.8) 34 (17.3) 26 (17.3) 42 (18.5)  4 (28.6) 

 
T wave inv = isolated T wave inversion; LBBB = left bundle branch block, Rehosp. for angina= rehospitalization for angina 
 

Table 2. Differences in outcome by one year: patients stratified according to ∑ST 
segment deviation, isolated T wave inversion and left bundle branch block

T wave inv = isolated T wave inversion; LBBB = left bundle branch block, Rehosp. for angina= rehospitalization for angina
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Baseline characteristics

Among the 1163 patients in this study, 588 (51%) had ∑ ST-segment deviation of at 
least 1 mm and 575 (49%) had ∑ ST segment deviation of less than 1 mm. Patients with 
∑ ST-segment deviation of at least 1 mm were older, more often had diabetes, more 
often used nitrates, and had a significantly higher median troponin T concentration 
at randomization compared with patients with ∑ ST-segment deviation of less than 1 
mm (Table 3).

 17 

Table 3. Baseline characteristics: patients stratified according to the presence or absence of !ST segment deviation "1 mm and treatment strategy. 

Variable  ST segment deviation <1 mm  ST segment deviation !1 mm   

 
 Early invasive  

 n = 294 

Selective invasive 

n = 281 

 Early invasive 

n = 292 

Selective invasive 

n = 296 

 
p value* 

Age – yr (±SD)  61 (10) 61 (11)  63 (11) 62 (10)  0.03 

Males, – no. (%)  216 (74) 203 (72)  214 (73) 214 (72)  0.98 

Clinical history, – no. (%)         

 Myocardial infarction  70 (24) 65 (23)  75 (26) 58 (20)  0.73 

 Percutaneous coronary intervention  32 (11) 31 (11)  39 (13) 32 (11)  0.55 

 Coronary-artery bypass grafting  25 (9) 19 (7)  33 (11) 22 (7)  0.30 

Risk factors, – no. (%)         

 Hypertension  100 (34) 120 (43)  116 (40) 112 (38)  0.86 

 Diabetes Mellitus  34 (12) 29 (10)  48 (16) 47 (16)  0.01 

 Hypercholesterolemia  104 (35) 101 (36)  99 (34) 98 (33)  0.44 

 Current cigarette smoking  123 (42) 122 (43)  113 (39) 117 (40)  0.23 

 Family history of CAD  138 (47) 118 (42)  118 (40) 116 (39)  0.10 

Drug therapy prior to admission, – no. (%)         

 Aspirin  106 (36) 102 (36)  119 (41) 113 (38)  0.25 

 Ace-inhibitors  35 (12) 38 (14)  47 (16) 41 (14)  0.26 

 Beta-blockers  100 (34) 88 (31)  115 (39) 102 (35)  0.13 

 Calcium-channel antagonists  41 (14) 37 (13)  48 (16) 56 (19)  0.05 

 Nitrates  22 (8) 27 (10)  43 (15) 33 (11)  0.02 

 Statins  83 (28) 75 (27)  82 (28) 79 (27)  0.97 

Cardiac troponin T µg/L, median  

    (25
th
 and 75

th
 percentile) 

 0.23 (0.10–0.54) 0.25 (0.11–0.68)  0.34 (0.13–0.97) 0.33 (0.14–0.76)  <0.001 

* Patients with "ST segment deviation !1 mm (n=588) compared to patients with "ST segment deviation <1 mm (n=575). CAD = coronary artery disease

Univariate and multivariate stepwise logistic regression analysis for the 
prediction of death or MI by 1 year

Univariate analysis showed a significant association between the incidence of death 
or MI (ICTUS definition) by 1 year and history of diabetes mellitus, aspirin use, treat-
ment strategy, and ∑ ST-segment deviation (Table 4). Multivariate logistic regression 
analysis using all baseline variables identified history of diabetes mellitus, aspirin use, 
treatment strategy, and ∑ ST-segment deviation as independent predictors of death or 
MI by 1 year. Interaction analysis of the variable ∑ ST-segment and treatment strategy 
for predicting death or MI at 12 months was not significant (P = 0.51).

Table 3. Baseline characteristics: patients stratified according to the presence or 
absence of ∑ST segment deviation ≥1 mm and treatment strategy.

* Patients with ∑ST segment deviation ≥1 mm (n=588) compared to patients with ∑ST segment deviation <1 mm (n=575). 
CAD = coronary artery disease
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Table 4. Univariate and multivariate stepwise logistic regression analysis for the prediction of 
death or myocardial infarction by one year. 
 

 
Univariate and multivariate stepwise logistic regression analysis of predictive value of randomization, 
!ST segment deviation, cardiac troponin T and traditional risk factors on the incidence of death or 
myocardial infarction by one year in 1163 patients. 
* continues variable 
CABG = coronary-artery bypass grafting; CAD = coronary artery disease; CI = confidence interval; MI 
= myocardial infarction; PCI = percutaneous coronary intervention  
 
 

Variables   Univariate analysis  Multivariate analysis 

  OR (95% CI) p-value  OR (95% CI) p-value 

Age " 65 yrs  1.15 (0.83 – 1.59) 0.40  - - 

Male  0.97 (0.68 – 1.40) 0.88  - - 

Previous MI  1.24 (0.86 – 1.80) 0.25  - - 

Previous PCI  1.17 (0.72 – 1.91) 0.53  - - 

Previous CABG  1.54 (0.92 – 2.60) 0.10  - - 

Hypertension  1.24 (0.89 – 1.73) 0.20  - - 

Diabetes Mellitus  1.67 (1.10 – 2.56) 0.017  1.45 (0.94 – 2.25) 0.09 

Hypercholesterolemia  1.17 (0.84 – 1.64) 0.36  - - 

Current cigarette smoking  0.93 (0.67 – 1.30) 0.68  - - 

Family history of CAD  0.98 (0.71 – 1.37) 0.92  - - 

Aspirin  1.52 (1.10 – 2.11) 0.012  1.42 (1.01 – 1.99) 0.04 

Cardiac troponin T*  0.96 (0.83 – 1.11) 0.58  - - 

Early invasive strategy  1.53 (1.10 – 2.13) 0.011  1.54 (1.11 – 2.15) 0.01 

!ST segment deviation " 1mm  1.76 (1.26 – 2.45) 0.001  1.72 (1.23 – 2.41) 0.002 

Clinical outcome in relation to treatment strategy and ∑ ST-segment deviation

In patients with ∑ ST-segment deviation of at least 1 mm, the incidence of death or MI 
was 21.9% in the early invasive strategy compared with 14.2% in the selective invasive 
strategy (P < 0.01) (Figure 1 A and B). During initial hospitalization, an early hazard for 
MI was observed in patients with ∑ ST-segment deviation of at least 1 mm random-
ized to the early invasive strategy compared with those randomized to the selective 
invasive strategy (14.7% vs 6.1%, P = 0.001) (Figure 2). The difference in the rate of MI 
was driven by the incidence of procedure-related MIs (12.3% vs 3.7%, P = 0.0001). To 
compare our results with those of previous trials, we applied the definitions of MI from 
the FRISC II and the TACTICS-TIMI 18 studies to our data. Applying the FRISC II definition 
of MI slightly lowered the rate of death or MI by 1 year in patients with ∑ ST-deviation 

Table 4. Univariate and multivariate stepwise logistic regression analysis for the pre-
diction of death or myocardial infarction by one year.

Univariate and multivariate stepwise logistic regression analysis of predictive value of randomization, ∑ST segment 
deviation, cardiac troponin T and traditional risk factors on the incidence of death or myocardial infarction by one year 
in 1163 patients.
* continues variable
CABG = coronary-artery bypass grafting; CAD = coronary artery disease; CI = confidence interval; MI = myocardial 
infarction; PCI = percutaneous coronary intervention 
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of at least 1 mm to 18.2% in the early invasive strategy and to 12.2% in the selective 
invasive strategy (P = 0.03). When the TACTICS-TIMI 18 defi nition of MI was applied, 
the incidence of death or MI was 14.4% among patients in the early invasive strategy 
compared with 10.5% in the selective invasive strategy (P = 0.13).
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p=0.33
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Figure 1A. Kaplan-Meier estimates of composite endpoint of death or myocardial infarction (consensus defi nition of MI 
in patients with ∑ST segment deviation <1 mm and ∑ST segment deviation ≥1 mm.
Figure 1B. Kaplan-Meier estimates of composite endpoint of death or myocardial infarction on (TACTICS defi nition of 
MI) in relation to treatment strategy in patients with ∑ST segment deviation <1 mm and ∑ST segment deviation ≥1 mm.
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In patients with ∑ ST-segment deviation of less than 1 mm, the incidence of death or 
MI was 12.6% in the early invasive strategy compared with 9.6% in the selective inva-
sive strategy (P = 0.21). When the FRISC II defi nition of MI was applied, the incidence 
of death or MI was 10.6% in the early invasive strategy compared with 7.1% in the se-
lective invasive strategy (P = 0.13). With the TACTICS defi nition of MI, the incidence of 
death or MI was 6.8% in the early invasive strategy compared with 5.0% in the selec-
tive invasive strategy (P = 0.33).

Increased risk for spontaneous MI in patients with ∑ ST-segment deviation of at 
least 1 mm who did not undergo coronary angiography

Among patients randomized to the early invasive strategy, those with ∑ ST-segment 
deviation of at least 1 mm had a higher incidence of MI during initial hospitalization 
compared with patients with ∑ ST-segment deviation of less than 1 mm (14.7% vs 9.5%, 
P = 0.05) (Figure 2).
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Figure 2. The incidence of death and myocardial infarction (MI) in both treatment strategies in relation to ∑ST segment 
deviation in two time frames: during initial hospitalization (from randomization until discharge) and from discharge until 
one year follow-up.
CAG = coronary angiography; hosp = initial hospitalization; proc = procedure (PCI or CABG) related myocardial infarc-
tion; spon = spontaneous myocardial infarction.
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Among 577 patients randomized to the selective invasive strategy, the incidence of 
MI during initial hospitalization was similar regardless of the presence of ST-segment 
deviation (6.1% vs 5.3%, P = not significant). However, the incidence of MI from hospital 
discharge to 1 year among 128 patients with ∑ ST-segment deviation of at least 1 mm 
randomized to a selective invasive strategy who did not undergo angiography was 
10.9% vs 2.4% in 165 who underwent angiography before discharge (P = 0.003). This 
difference was primarily driven by a higher incidence of spontaneous MI in patients 
discharged without undergoing angiography (9.4% vs 1.8%, P = 0.004). There were no 
significant differences in baseline characteristics between patients who underwent 
angiography during initial hospitalization and patients who were discharged without 
undergoing angiography (data not shown).
In the selective invasive patients with ∑ ST-segment deviation of less than 1 mm, the 
incidence of death or MI was similar for patients who were discharged with or without 
angiography.

Failure of medical therapy

Patients who underwent coronary angiography during the first 30 days after random-
ization were considered to have failed medical therapy. Among patients in the selec-
tive invasive group with ∑ ST-segment deviation of at least 1 mm, the incidence of 
coronary angiography was 62.8% compared with 52.0% in the selective invasive strat-
egy with ∑ ST-segment deviation of less than 1 mm (P = 0.008). The reason for coro-
nary angiography among patients randomized to the selective invasive strategy with 
∑ ST-segment deviation of less than 1 mm was refractory angina in 58%, ischemia on 
exercise test in 36%, and other reasons in 6%. In patients with ∑ ST-segment deviation 
of at least 1 mm, coronary angiography was done because of refractory angina in 45%, 
ischemia on exercise test in 46%, and other reasons in 9%. In a forward logistic regres-
sion analysis, the presence of ST-segment deviation was an independent predictor for 
failure of medical therapy after adjusting for multiple risk factors (odds ratio, 1.56; 95% 
confidence interval, 1.12-2.18; P = 0.009).

In the selective invasive strategy, 37% of patients with ∑ ST-segment deviation of less 
than 1 mm underwent revascularization during initial hospitalization compared with 
42% of patients with ∑ ST-segment deviation of at least 1 mm (P = 0.20). These percent-
ages increased to 39% and 46% at 30 days after randomization (P = 0.07) and to 48% 
and 60% at 1-year follow-up, respectively (P = 0.005).
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DISCUSSION

We demonstrated that the presence of ∑ ST-segment deviation of at least 1 mm on 
the admission ECG is a strong predictor of adverse outcome in patients with nSTE-ACS 
and a positive cardiac troponin T. The rate of death was 4-fold, and the rate of MI was 
50% higher in patients with ∑ ST-segment deviation of at least 1 mm compared with 
patients with ∑ ST-segment deviation of less than 1 mm on the admission ECG. Al-
though only 92 patients had isolated T-wave inversion of at least 4 mm on admission, 
we showed that these patients are at low risk for death or MI by 1 year compared with 
patients with ∑ ST-segment deviation of at least 1 mm.

Event-free survival was significantly better in patients with ∑ ST-segment deviation 
of at least 1 mm randomized to the selective invasive treatment strategy. However, 
we used the same cutoff level for PCI-related MI and spontaneous MI (CK-MB >1 time 
the upper limit of normal), following the recommendations of the consensus commit-
tee for the definition of MI. The prognostic implications of small PCI-related MIs are 
controversial.13-15 When more stringent cutoff levels for PCI-related MIs were used, the 
incidence of MI in both treatment strategies declined. When the FRISC II definition of 
MI was applied, we still observed a better event-free survival in patients with ∑ ST-
segment deviation of at least 1 mm randomized to the selective invasive treatment 
strategy. However, when the TACTICS definition of MI was used, the event-free survival 
was not significantly different between the 2 treatment strategies.

There are some difference regarding the inclusion criteria of the ICTUS, TACTICS-TIMI 
18, and the FRISC II trial, particularly regarding the evidence of myocardial ischemia 
at randomization. In the ICTUS trial, an elevated troponin T was mandatory in combi-
nation with either ECG evidence of myocardial ischemia or a documented history of 
coronary artery disease. In the FRISC II trial, myocardial ischemia had to be verified by 
ST-segment depression of at least 0.1 mV or T-wave inversion of at least 0.1 mV or by 
raised biochemical markers (68% of patients had an elevated troponin T ≥0.03 µg/L).1 
In the TACTICS-TIMI 18 trial, myocardial ischemia was verified by either ECG evidence 
of myocardial ischemia, abnormal levels of cardiac enzymes (54% of patients had a 
troponin T ≥0.01 µg/L), or prior evidence of documented coronary artery disease.2

In the FRISC II ECG substudy by Holmvang and colleagues8 two thirds of patients had 
∑ ST-segment deviation of at least 2.5 mm at admission compared with one third of 
patients in the ICTUS trial. These findings are probably explained by the difference in 
inclusion criteria between the ICTUS and the FRISC II trial. The ECG ischemic burden 
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is higher in the FRISC II trial compared with ICTUS. However, in the ICTUS trial, all pa-
tients had an elevated troponin T compared with 68% of patients in the FRISC II trial. 
Furthermore, a substantial part of the FRISC II population that did undergo coronary 
angiography did not have significant coronary artery disease.

Our findings are in contrast with those of previously published subgroup analyses of the 
FRISC II trial, which showed a marked benefit of an early invasive treatment strategy for 
patients with ST-segment deviation on the ECG and an elevated troponin T.7,8 In both the 
ICTUS and the FRISC II trial, an early hazard for MI (mainly attributable to the incidence 
of PCI-related MI) was observed. The overall rate of procedure-related MI (the com-
bined incidence of PCI-related MI and coronary artery bypass graft [CABG]–related MI) 
in FRISC II was lower: 5.4% in the invasive group vs 2.1% in the conservative group com-
pared with 11.3% vs 5.4% in the ICTUS trial.8 There are several possible explanations for 
this observed absolute difference in the overall incidence of procedure-related MI. First, 
FRISC II used a higher cutoff level for PCI-related infarction (FRISC II, CK-MB ≥1.5 times 
the upper limit of normal; ICTUS, CK-MB ≥1.0 times the upper limit of normal). Sec-
ondly, in FRISC II 68% of patients were found to be troponin positive (troponin T ≥0.03 
µg/L) compared with all patients in the ICTUS trial. Third, the median time to PCI in the 
early invasive strategy of the ICTUS trial was 23 hours compared with 4 days in the in-
tervention strategy of the FRISC II trial. The combined effect of prolonged antiplatelet, 
antithrombin, and anti-ischemic therapy before PCI or CABG may have lowered the 
incidence of procedure-related MI in the FRISC II trial.16 It has been shown that particu-
larly patients with nSTE-ACS and an elevated troponin have high coagulation activity 
and that these patients derive benefit from prolonged antithrombin therapy.16,17

In a recently published subgroup analysis of the TACTICS-TIMI 18 trial, the additional 
information of ST-segment deviation and troponin T concentration was assessed. The 
magnitude of ST-segment deviation and the degree of troponin T elevation predicted 
the likelihood of failure of a conservative strategy, the extent of coronary artery dis-
ease, and the likelihood of death or MI through 6 months. Moreover, the magnitude 
of ST-segment deviation, when added to the degree of troponin T elevation and other 
baseline characteristics, offered statistically significant incremental value regarding 
the degree of benefit of early invasive management.6 In the ICTUS trial, all patients 
had an elevated troponin T concentration of at least 0.03 µg/L at randomization. How-
ever, the magnitude of troponin elevation (peak troponin T) was not systematically as-
sessed during the first 48 hours after the onset of chest pain. Therefore, we could not 
assess the additional value of troponin T elevation in combination with the presence 
or absence of ST-segment deviation.
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A recently published meta-analysis demonstrated that a routine invasive strategy is 
superior to a selective invasive strategy in reducing the incidence of death and nonfa-
tal MI.18 The benefits of a routine invasive strategy emerged mainly after hospital dis-
charge. During the initial hospitalization, the routine invasive strategy was associated 
with an increased early hazard. We observed an early hazard for MI in patients with 
∑ ST-segment deviation of at least 1 mm randomized to the early invasive strategy. 
A selective invasive treatment strategy in patients with ∑ ST-segment deviation of 
at least 1 mm was not associated with a higher rate of death or spontaneous MI dur-
ing initial hospitalization. However, we observed a significant higher rate of spontane-
ous MI among patients with ∑ ST-segment deviation of at least 1 mm randomized to 
the selective invasive strategy who were discharged without coronary angiography 
compared with patients who underwent angiography before discharge. Furthermore, 
among patients randomized to the selective invasive strategy, ∑ ST-segment deviation 
of at least 1 mm was an independent predictor for failure of medical therapy.
Therefore, patients with nSTE-ACS and ∑ ST-segment deviation of at least 1 mm may 
benefit from coronary angiography and subsequent revascularization during initial 
hospitalization. The timing of invasive procedures remains controversial because very 
early timing of intervention in patients with nSTE-ACS may not enhance the benefits 
of routine intervention (early hazard for procedure-related MI), and benefits of a rou-
tine invasive strategy seem to emerge mainly over the long term.

Study limitations

First, this present study was based on a post hoc analysis of the ICTUS data. Second, 
treating physicians were aware of the admission ECG, which may have influenced the 
way patients were managed. Although no significant differences in baseline character-
istics were found between those who underwent coronary angiography during initial 
hospitalization and those who did not, selection bias cannot be ruled out. Some pa-
tients may have been kept conservatively because of, for example, comorbidity. Third, 
only admission ECGs were available for evaluation. Therefore, dynamic ECG changes 
were not included in this study.
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Conclusion

The standard 12-lead admission ECG remains as an easy, available, inexpensive method 
of risk stratifying patients with nSTE-ACS. Cumulative ST-segment deviation of at least 
1 mm on the admission ECG identifies patients at risk for subsequent adverse cardiac 
events. We showed that patients with ∑ ST-segment deviation of at least 1 mm more 
frequently fail medical therapy and are at increased risk of spontaneous MI after dis-
charge when no coronary angiography was performed during initial hospitalization.
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ABSTR ACT 

Background New evidence has emerged that the assessment of multiple bio-
markers such as cardiac troponin T (cTnT) and N-terminal pro–brain natriuretic 
peptide (NT-proBNP) in patients with non–ST-elevation acute coronary syn-
drome (nSTE-ACS) provides unique prognostic information. The purpose of this 
study was to assess the association between baseline NT-proBNP levels and 
outcome in patients who have nSTE-ACS with an elevated cTnT and to deter-
mine whether patients with elevated NT-proBNP levels benefit from an early 
invasive treatment strategy.

Methods Baseline samples for NT-proBNP measurements were available in 1141 
patients who have nSTE-ACS with an elevated cTnT randomized to an early or 
a selective invasive strategy. Patients were followed-up for the occurrence of 
death, myocardial infarction (MI), and rehospitalization for angina.

Results We showed that increased levels of NT-proBNP were associated with 
several indicators of risk and severe coronary artery disease. Mortality by 1 year 
was 7.3% in the highest quartile (≥1170 ng/L for men, ≥2150 ng/L for women) 
compared with 1.1% of patients in the lower 3 quartiles (P < 0.0001). N-terminal 
pro–brain natriuretic peptide (highest quartile vs lower 3 quartiles) was a strong 
independent predictor of mortality (hazard ratio 5.0, 95% CI 2.1-11.6, P = 0.0002). 
However, NT-proBNP levels were not associated with the incidence of recurrent 
MI by 1 year. Furthermore, we could not demonstrate a benefit of an early in-
vasive strategy compared with a selective invasive strategy in patients with an 
elevated NT-proBNP level.

Conclusions We confirmed that NT-proBNP is a strong independent predictor 
of mortality by 1 year but not of recurrent MI in patients who have nSTE-ACS 
with an elevated cTnT. We could not demonstrate a benefit of an early invasive 
strategy compared with a selective invasive strategy.
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I NTRODUCTION

Patients presenting with non–ST-elevation acute coronary syndrome (nSTE-ACS) repre-
sent a heterogeneous population in terms of short- and long-term prognosis. Among 
the powerful independent predictors of adverse outcome in these patients are elevat-
ed plasma levels of natriuretic peptides.

Persistent or transient thrombotic occlusion at the site of plaque rupture or erosion 
may lead to episodes of myocardial ischemia, which, in turn, may lead to irreversible 
myocardial damage.1 Ischemia and myocardial damage can cause transient and per-
manent increase in wall tension and myocardial stretch, which stimulates B-type na-
triuretic peptide (BNP) neurohormone synthesis in the ventricular myocardium.2 Fur-
thermore, it has been shown that myocardial ischemia by itself can stimulate BNP 
synthesis and release.3,4

Several studies have shown that there is a strong association between plasma levels of 
BNP and N-terminal pro–brain natriuretic peptide (NT-proBNP) and adverse outcomes 
in patients with nSTE-ACS.5-9 However, it is unclear whether a routine early invasive 
or a noninvasive treatment strategy among patients with high levels of BNP or NT-
proBNP may improve outcome.7,10-13 New evidence has emerged that simultaneous 
assessment of multiple biomarkers such as cardiac troponin T (cTnT) and NT-proBNP in 
patients with nSTE-ACS provides unique prognostic information.6,14,15 We assessed the 
association between baseline NT-proBNP levels and outcome in a well-defined patient 
population with nSTE-ACS and an elevated cTnT.
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METHODS

Between July 2001 and August 2003, a total of 1200 patients from 42 Dutch hospitals, 
12 of which were high-volume centers with percutaneous intervention and on-site  
cardiac surgery, were enrolled in the ICTUS trial. Patients were randomly assigned to an 
early invasive strategy or a selective invasive strategy. The details of the design and the 
main results of the randomized ICTUS trial have been published previously.16 Briefly, 
eligible patients had to meet 3 criteria: (1) symptoms of ischemia that were increasing 
or occurring at rest, with the last episode occurring no longer than 24 hours before 
randomization; (2) an elevated serum cTnT (≥0.03 µg/L) (Roche Diagnostics GmbH, 
Mannheim, Germany); and (3) either ischemic changes on the electrocardiogram  
(defined as ST depression, or transient ST elevation ≥0.05 mV, or T-wave inversion ≥0.2 
mV in 2 contiguous leads) or a documented history of coronary artery disease (CAD). 
Main exclusion criteria were age <18 years or >80 years, ST-elevation myocardial in-
farction (MI) in the last 48 hours, an indication for reperfusion therapy, hemodynamic 
instability or overt congestive heart failure, and increased risk of bleeding.

Patients assigned to the early invasive strategy were scheduled to undergo angio-
graphy within 24 to 48 hours after randomization and percutaneous revascularization 
when appropriate based on the coronary anatomy. Cardiac surgery was recommended 
in case of extensive 3-vessel disease or significant left main stem disease and was to 
be performed as soon as possible during initial hospitalization. Patients assigned to 
the selective invasive strategy were managed medically. These patients were to under-
go angiography and subsequent revascularization only in case of refractory unstable 
angina despite optimal medical treatment, hemodynamic or rhythmical instability, or 
significant ischemia on the predischarge exercise test.

This study complied with the principles in the Declaration of Helsinki and was ap-
proved by all the local institutional review boards. All patients gave written informed 
consent.

N-terminal pro–brain natriuretic peptide study

Baseline samples were obtained at admission and were stored for central analyses 
of cTnT, NT-proBNP, and creatinine. Blood samples were collected in tubes without 
anticoagulant. The samples were then centrifuged, and serum was stored frozen in 
aliquots at −20°C to −80°C at the enrolling site until shipped to the clinical chemis-
try core laboratory at the AMC in Amsterdam, where they were maintained at −80°C. 
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Serum cTnT (third-generation assay) and serum NT-proBNP (sandwich immunoassay) 
were determined using an Elecsys 2010 (Roche Diagnostics GmbH). The analytic range 
of NT-proBNP assay extends from 5 to 35 000 ng/L. The total coefficient of variation 
was 2.1% at a level of 181 ng/L and 1.8% at a level of 572 ng/L.

Other examinations

Echocardiograms were obtained before discharge, and the left ventricular ejection 
fraction was visually assessed. In patients randomized to the early invasive strategy, 
the extent of CAD was assessed on the first coronary angiogram. A ≥70% diameter 
stenosis in at least 1 of the segments in the respective vessel area (right coronary  
artery, left anterior descending artery, and diagonal and circumflex artery) was consi-
dered significant with respect to the traditional 1-vessel, 2-vessel, and 3-vessel disease 
classification. Left main was considered significant in the event of a diameter stenosis 
exceeding 50%.

End-point definitions

The primary end point of the ICTUS trial was a composite of death, recurrent MI, or 
rehospitalization for angina within 1 year after randomization. Myocardial infarction 
was defined as documented myocardial necrosis either in the setting of myocardial 
ischemia or in the setting of percutaneous revascularization following the recommen-
dations of the consensus committee for the definition of MI.17 All end points were 
adjudicated by members of an independent clinical end-point committee who were 
unaware of patients’ treatment assignments.

Statistical analyses

Men and women were classified separately into quartiles according to NT-proBNP 
level. Continuous baseline variables with normal distribution are expressed as mean 
± SD, and data with a nonnormal distribution are given as median value (25th-75th 
percentile). A comparison of the baseline characteristics was done using analysis of 
variance or the Kruskall-Wallis analysis of variance median test (continuous variables) 
or the Pearson χ2 test (categorical variables), as appropriate. χ2 Test for trend was used 
for the association between NT-proBNP levels and severity of CAD and left ventricular 
function at discharge.

Cox regression analysis was performed to identify the predictive value of NT-proBNP 
on mortality and MI. Hazard ratios comparing the highest quartile of NT-proBNP with 
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the lower 3 quartiles were calculated. Three different Cox regression models were con-
structed. Model 1 describes the predictive value of NT-proBNP for death or MI without 
any adjustments for other covariates. Model 2 includes adjustment for all baseline 
characteristics that were statistically significantly (P < 0.05) associated with death or 
MI, whereas model 3 includes adjustment for all baseline variables mentioned in table 
1 with the exception of variables indicating drug therapy other than aspirin at admis-
sion.

Although this study was not powered to assess the association between treatment 
strategy and mortality, we performed an exploratory survival analysis for illustrative 
purposes. Event rates at 1 year were estimated from the Kaplan-Meier curve. The rela-
tive risk and the 95% CI were calculated with the Kaplan-Meier mortality estimates 
at 1 year. The significance of differences in event rates between treatment groups was 
assessed with the use of the log-rank test. All statistical tests were 2-tailed, and a  
P value of < 0.05 was considered statistically significant. Statistical analysis was  
performed using the Statistical Package for Social Sciences software (SPSS 12.0 for 
Windows, SPSS Inc, Chicago, IL).
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Results

Serum samples for determination of NT-proBNP concentrations were available for 1141 
(95%) of 1200 patients. The clinical characteristics of these patients were similar to 
those of the 59 patients without samples for baseline NT-proBNP measurements. N-
terminal pro–brain natriuretic peptide levels ranged from 5 to 35 000 ng/L, with a me-
dian of 595 ng/L (262-1436 ng/L) for the entire population (513 ng/L [218-1170 ng/L] for 
men and 929 ng/L [408-2150 ng/L] for women). The median time from the last episode 
of chest pain to sampling was 13 hours (8-20 hours) in the early-invasive group versus 
13 hours (7-19 hours) in the selective-invasive group.

Association with baseline characteristics

Higher baseline levels of NT-proBNP were associated with female sex; older age; a his-
tory of MI and hypertension; and the use of aspirin, angiotensin-converting enzyme 
inhibitors, β-blockers, and nitrates before admission. Patients with higher NT-proBNP 
levels were more likely to have electrocardiographic changes at baseline, more likely 
to have higher levels of cTnT, more often had anginal symptoms within 30 days before 
the index event, and more likely to have impaired renal function compared with those 
with lower levels of NT-proBNP. The level of NT-proBNP was inversely associated with 
current smoking (Table 1).

N-terminal pro–brain natriuretic peptide in relation to severity of CAD and  
invasive procedures

In the early-invasive group, coronary angiography was performed in 99% of patients. 
The angiographic findings in relation to baseline NT-proBNP levels in patients random-
ized to the early invasive treatment strategy are shown in figure 1. High levels of NT-
proBNP were associated with severe CAD (χ2 for trend P = 0.01).

Cardiac procedures within 1 year stratified by quartiles of NT-proBNP and treatment 
strategy are illustrated in figure 2 The overall revascularization rate in the highest 
quartile was 77% for the early invasive strategy versus 56% for the selective invasive 
strategy (P < 0.001). For the early invasive strategy, no significant differences were 
found for the rate of angiography or revascularization between the highest and the 
lower 3 quartiles. In patients randomized to the selective invasive strategy, coronary 
angiography was performed in 64% of patients in the lower 3 quartiles of NT-proBNP 
versus 72% in the highest quartile (P = 0.08). The incidence of coronary artery bypass 
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grafting was 24% among patients in the highest quartile compared with 11% in the 
lower 3 quartiles (P < 0.001), and the incidence of percutaneous coronary intervention 
was 32% compared with 43%, respectively (P = 0.02) (Figure 2).

Figure 1. Severity of CAD at angiography in relation to baseline NT-proBNP levels in patients randomized to the early 
invasive treatment strategy. LM, Left main.

Figure 2. Cardiac procedures within 1 year stratifi ed by quartiles of NTproBNP in patients randomized to (A) early in-
vasive treatment strategy and (B) selective invasive treatment strategy. CAG, Coronary angiogram; PCI, percutaneous 
coronary intervention; CABG, coronary artery bypass graft.

Left ventricular function at discharge in relation to NT-proBNP

In 836 of 1141 patients, an echocardiogram for the assessment of left ventricular func-
tion was made at discharge. Impaired systolic left ventricular function was associated 
with high levels of NT-proBNP (χ2 for trend P < 0.0001) (Figure 3).
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Table 2: Incidence of the composite primary end point and its components by one year according to the  
quartile of NT-proBNP   
 

  NT-proBNP 
 

 

 
 First quartile  

n = 285 

Second quartile  

n = 285 

Third quartile  

n = 285 

Fourth quartile  

n = 286 

 p-value 

Death  3 (1.1%) 1 (0.4%) 5 (1.8%) 21 (7.3%)  <0.0001 

Myocardial infarction  43 (15.1%) 32 (11.2%) 41 (14.4%) 29 (10.1%)  0.19 

   Spontaneous  12 (4.2%) 11 (3.9%) 11 (3.9%) 14 (4.9%)  0.70 

   Procedural related  31 (10.9%) 21 (7.4%) 30 (10.5%) 15 (5.2%)  0.06 

Rehospitalization for anginal symptoms  24 (8.4%) 23 (8.1%) 26 (9.1%) 25 (8.7%)  0.79 

Primary end point  63 (22.1%) 54 (18.9%) 64 (22.5%) 68 (23.8%)  0.44 

 
Data are number of patients (%) 

Figure 3. Levels of NT-proBNP in relation to left ventricular ejection fraction at discharge measured by echocardiogram 
(n = 836). LV, Left ventricular; EF, ejection fraction.

Table 2. Incidence of the composite primary end point and its components by one year 
according to the quartile of NT-proBNP  

Data are number of patients (%)
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Clinical outcomes

Five patients were lost to follow-up at 12 months. Of these, 3 patients were known to 
be alive at 6 months, 1 at 1 month, and 1 at discharge from the initial hospitalization. 
The incidence of the composite primary end point and its components by 1 year ac-
cording to the quartile of NT-proBNP are shown in table 2.

Mortality at 1 year was 7.3% in the highest quartile compared with 1.1% in the lower 3 
quartiles (P < 0.0001). The cause of death in relation to NT-proBNP, treatment strategy, 
and indicators of risk is shown in table 3.

The incidence of MI after randomization did not differ between increasing quartiles of 
NT-proBNP (Table 2). Furthermore, no association was found between NT-proBNP lev-
els and the incidence of rehospitalization for angina. In summary, no association was 
found between NT-proBNP levels and the incidence of the primary end point by 1 year. 
N-terminal pro–brain natriuretic peptide levels and the risk for death or MI were stud-
ied by Cox regression analyses. High NT-proBNP levels were strongly associated with 
death, if not adjusted for baseline characteristics (model 1). In a Cox regression analysis 
adjusting for statistically significant predictors of 1-year mortality (model 2) and for 

 16 

Table 4. NT-proBNP levels and the risk for death and myocardial infarction  
at 1 year 
 

  Death 
 

Myocardial infarction 
 

Spontaneous MI 

  HR 95% CI p-value 
 

HR 95% CI p-value  HR 95% CI p-value 

Model 1             

    NT-proBNP Q4 vs. Q1-Q3  7.2 3.3 – 15.8 <0.0001  0.7 0.5 – 1.1 0.14  1.3 0.7 – 2.4 0.46 

Model 2             

    NT-proBNP Q4 vs. Q1-Q3  5.0 2.2 – 11.5 0.0001  0.7 0.5 – 1.1 0.14  1.1 0.6 – 2.0 0.80 

Model 3             

    NT-proBNP Q4 vs. Q1-Q3  5.0 2.1 – 11.6 0.0002  0.7 0.5 – 1.1 0.18  1.0 0.5 – 2.0 0.95 

 
Cox regression analysis. HR = hazard ratio; Q = quartile; CI = confidence interval; MI = myocardial infarction 
Model 1 describes the predictive value of NT-proBNP for death or myocardial infarction without any adjustments for other co-variates. Model 2 includes 
adjustment for all baseline characteristics that were statistically significantly (p<0.05) associated with death or myocardial infarction (in the model for death: 
age ! 65 years, previous myocardial infarction, hypertension, diabetes mellitus, prior aspirin use, ST segment deviation ! 1 mm, and creatinine clearance <75 
ml/min; in the model for myocardial infarction: early invasive strategy and ST segment deviation ! 1 mm; in the model for spontaneous myocardial infarction: 
previous myocardial infarction, diabetes mellitus, prior aspirin use, ST segment deviation ! 1 mm and family history of CAD). Model 3 includes adjustment for 
all baseline variables mentioned in Table 1 with the exception of variables indicating drug therapy at admission other than aspirin.  

Table 4. NT-proBNP levels and the risk for death and myocardial infarction at 1 year

Cox regression analysis. HR = hazard ratio; Q = quartile; CI = confidence interval; MI = myocardial infarction
Model 1 describes the predictive value of NT-proBNP for death or myocardial infarction without any adjustments for oth-
er co-variates. Model 2 includes adjustment for all baseline characteristics that were statistically significantly (p<0.05) 
associated with death or myocardial infarction (in the model for death: age ≥ 65 years, previous myocardial infarction, 
hypertension, diabetes mellitus, prior aspirin use, ST segment deviation ≥ 1 mm, and creatinine clearance <75 ml/min; 
in the model for myocardial infarction: early invasive strategy and ST segment deviation ≥ 1 mm; in the model for spon-
taneous myocardial infarction: previous myocardial infarction, diabetes mellitus, prior aspirin use, ST segment deviation 
≥ 1 mm and family history of CAD). Model 3 includes adjustment for all baseline variables mentioned in Table 1 with the 
exception of variables indicating drug therapy at admission other than aspirin. 
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all baseline characteristics (model 3), the highest quartile of NT-proBNP remained a 
strong independent predictor of 1-year mortality (Table 4).

There was remarkable association between a high level of NT-proBNP in combination 
with an impaired renal function (creatinine clearance <75 mL/min) and death within 
1 year. Mortality among patients in the highest quartile of NT-proBNP with an impaired 
renal function was 13.8% versus 2.5% among patients with normal renal function.
There was no association between high NT-proBNP levels and recurrent MI (model 1). 
In addition, if adjusted for all baseline characteristics that were statistically signifi -
cantly associated with recurrent MI (model 2) or for all baseline characteristics with 
the exception of antianginal medication (model 3), the highest quartile of NT-proBNP 
was not associated with recurrent MI at 1 year (Table 4). Furthermore, there was no as-
sociation between NT-proBNP and recurrent spontaneous MI.
The mortality over time for patients in the highest quartile and lower 3 quartiles, strat-
ifi ed by treatment strategy, is illustrated in fi gure 4. An early invasive strategy provided 
no mortality reduction, irrespective of NT-proBNP (highest quartile: RR 1.5, 95% CI 0.7-
3.5, P = 0.32; lower quartiles: RR 0.5, 95% CI 0.1-1.8, P = 0.26).

Figure 4. Kaplan-Meier estimates of death in relation to treatment strategy and the level of NT-proBNP.
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DISCUSSION

This study confirmed that there was a strong association between the concentration 
of NT-proBNP at admission and mortality at 1 year in patients who have nSTE-ACS with 
an elevated cTnT.13 We demonstrated that increased levels of NT-proBNP at baseline 
were associated with several indicators of risk and severe CAD, which is in accordance 
with previous studies.9,12,18 Furthermore, we found a very strong association between 
mortality and the combination of a high NT-proBNP and impaired renal function. How-
ever, NT-proBNP levels were not associated with the rate of MI by 1 year.

Current guidelines recommend an early invasive treatment strategy for high-risk pa-
tients with nSTE-ACS, particularly because prior studies demonstrated a reduction in 
recurrent MI. In this study, no association between NT-proBNP concentrations at base-
line and MI by 1 year was found. These results confirm other reports in which BNPs ap-
pear to be a stronger predictor of mortality than of recurrent MI.6, 13 In addition, BNP 
levels in the TACTICS TIMI 18 trial and NT-proBNP levels in the FRISC-II trial were not 
associated with recurrent MI.7,13

Several mechanisms have been reported to be responsible for NT-proBNP elevation 
in acute coronary syndromes. According to present data, acute myocardial ischemia 
seems to be responsible for only a modest elevation (1-5 times the upper limit of nor-
mal) of NT-proBNP levels.3,4 In our study, high NT-proBNP levels were associated with 
high cTnT concentrations, indicating that the NT-proBNP is associated with the size of 
new myocardial damage of the index event. However, it is unclear whether a 10- to 20-
fold increase in NT-proBNP (upper quartile) is entirely due to myocardial ischemia of 
the index event. We showed that high levels of NT-proBNP are associated with anginal 
symptoms within 30 days before the index event, the use of antianginal medication 
before randomization, and 3-vessel disease. Therefore, it could be speculated that high 
levels of NT-proBNP at admission are the result of both myocardial ischemia before the 
index event and the index event itself. Another mechanism for NT-proBNP elevation 
in acute coronary syndromes is permanently elevated levels of NT-proBNP reflecting 
ventricular dysfunction or heart failure before the index event. Unfortunately, there 
was no information regarding left ventricular function at randomization. However, 
there was a strong association between high levels of NT-proBNP and an impaired left 
ventricular function at discharge.

The cause of death in relation to NT-proBNP, treatment strategy, and indicators of risk 
is shown is table 3. In the highest quartile of NT-proBNP, almost 50% of patients died 
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because of progression of heart failure or sudden/unobserved death, further stress-
ing that the natriuretic peptides do not predict ischemic events. Whether prognosis 
in these patients can be improved with other therapies besides revascularization, per-
haps with more intensive antiarrhythmic therapy, ICD implantation, or more intensive 
monitoring of heart failure, remains to be elucidated.

We performed an exploratory analysis for the association between mortality and treat-
ment strategy for different levels of NT-proBNP. We observed no reduction in mortality 
with the use of an early invasive strategy compared with a selective invasive strategy, 
regardless of the NT-proBNP level at baseline. The prognostic value and the effect of 
treatment strategy have previously been studied in 2 major strategy trials, the FRISC-
II trial and the TACTICS-TIMI 18 trial.7,13 In both trials, plasma levels of BNP at baseline 
were independently associated with mortality, but both trials failed to show a reduc-
tion in mortality with the use of an early invasive strategy. However, in the FRISC-II 
trial, a reduction in mortality was observed with the use of an invasive strategy in 
patients with an elevated NT-proBNP level in combination with an elevated interleukin 
6 level.7

When comparing strategy trials, differences in the rate of revascularization should 
be taken in to account. In the FRISC-II trial, there was a large difference in the rate 
of revascularization between the invasive and conservative strategies in the trial, 13% 
and 76%, respectively. Interestingly, this is the only strategy trial showing a reduction 
of mortality with the use of an invasive strategy at 2-year follow up.

The revascularization rate during initial hospitalization in the noninvasive and invasive 
treatment arms in the ICTUS study was 40% and 76%, in the TACTICS-TIMI 18 trial 36% 
and 60%, and in the RITA-3 study 10% and 44%. There was no significant difference in 
mortality observed in any of these strategy trials.

In conclusion, we confirmed that NT-proBNP is a strong independent predictor of 
mortality by 1 year, but we found no association between NT-proBNP and recurrent 
MI. Sudden death and progression of congestive heart failure are important causes 
of death in the highest quartile of NT-proBNP. We could not demonstrate a benefit of 
an early invasive strategy in patients who have nSTE-ACS with both an elevated NT-
proBNP and cTnT. Therefore, based on our findings and on findings in the FRISC-II and 
TACTICS TIMI 18 trials, an NT-proBNP measurement may not be useful for the identi-
fication of patients with nSTE-ACS who will benefit from an early invasive treatment 
strategy within 1 year.
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ABSTR ACT 

Background We assessed the value of cystatin C for improvement of risk strati-
fication in patients with non–ST elevation acute coronary syndrome (nSTE-ACS) 
and increased cardiac troponin T (cTnT), and we compared the long-term effects 
of an early invasive treatment strategy (EIS) with a selective invasive treatment 
strategy (SIS) with regard to renal function. 

Method Patients (n = 1128) randomized to an EIS or an SIS in the ICTUS trial were 
stratified according to the tertiles of the cystatin C concentration at baseline. 
The end points were death within 4 years and spontaneous myocardial infarc-
tion (MI) within 3 years. 

Results Mortality was 3.4%, 6.2%, and 13.5% in the first, second, and third ter-
tiles, respectively, of cystatin C concentration (log-rank P < 0.001), and the  
respective rates of spontaneous MI were 5.5%, 7.5%, and 9.8% (log-rank P = 
0.03). In a multivariate Cox regression analysis, the cystatin C concentration in 
the third quartile remained independently predictive of mortality [hazard ratio 
(HR), 2.04; 95% CI, 1.02–4.10; P = 0.04] and spontaneous MI (HR, 1.95; 95% CI, 
1.05–3.63; P = 0.04). The mortality rate in the second tertile was lower with the 
EIS than with the SIS (3.8% vs 8.7%). In the third tertile, the mortality rates with 
the EIS and the SIS were, respectively, 15.0% and 12.2% (P for interaction = 0.04). 
Rates of spontaneous MI were similar for the EIS and the SIS within cystatin C 
tertiles (P for interaction = 0.22). 

Conclusions In patients with nSTE-ACS and an increased cTnT concentration, 
mild to moderate renal dysfunction is associated with a higher risk of death 
and spontaneous MI. Use of cystatin C as a serum marker of renal function may 
improve risk stratification. 
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I NTRODUCTION

Reduced glomerular filtration rates (GFRs) are strongly associated with the risk of new-
onset coronary artery disease (CAD), as well as with the risk of death following an 
initial myocardial infarction (MI).1,2 Even minor changes in the GFR are associated with 
marked increases in cardiovascular morbidity and mortality.3,4 Cystatin C is a novel en-
dogenous marker of kidney function that may be more sensitive for detecting mild to 
moderate decrements in the GFR than creatinine-based estimating equations. Several 
studies have suggested that the serum concentration of cystatin C may be a better 
predictor of outcomes of cardiovascular disease than GFR estimates based on the se-
rum creatinine concentration2,4,5,6; however, extensive evaluations are still necessary 
to assess the long-term prognostic impact of mild renal dysfunction in patients with 
non–ST elevation acute coronary syndrome (nSTE-ACS) and an increased cardiac tro-
ponin T (cTnT) concentration. 

Improved risk stratification may help identify patients with an increased risk of fu-
ture cardiac events, but the question of how to select the most appropriate treatment 
strategy for these patients remains problematic. An early invasive treatment strategy 
(EIS) consisting of early angiography and subsequent revascularization in nSTE-ACS 
has been recommended with a I-a level of supporting evidence.7 An EIS is associated 
with a reduction of adverse cardiac events, compared with a selective invasive treat-
ment strategy (SIS) consisting of initial medical therapy, especially in patients with an 
intermediate or high risk for adverse cardiovascular events.8 Therefore, patients with 
mild renal dysfunction may derive greater absolute benefit from an EIS than patients 
with a nonpathologic renal function by virtue of their higher baseline risk; however, 
the risk of complications associated with invasive procedures is higher in patients 
with renal dysfunction. Exposure to the contrast medium and cholesterol embolism 
during coronary angiography induce acute renal failure (an event associated with 
death) more frequently in patients with renal dysfunction than in those without renal 
dysfunction.9,10 Given the altered risks and benefits of coronary angiography in nSTE-
ACS patients, it is unclear whether such patients benefit from an EIS. Until now, only 
one randomized study has evaluated the long-term effects of revascularization with 
regard to renal function in patients with nSTE-ACS.11 In this study, Johnston et al. found 
mild to moderate renal dysfunction to be associated with a higher risk of subsequent 
cardiac events. Interestingly, intervention was more beneficial in patients with mild 
renal dysfunction than in patients with nonpathologic renal function.11 
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Materials and Methods

Between July 2001 and August 2003, the ICTUS trial enrolled 1200 patients from 42 
Dutch hospitals, 12 of which were high-volume centers with facilities for percutaneous 
intervention and on-site cardiac surgery. Patients were randomly assigned to an EIS or 
an SIS. The details of the study methods, the design, and short and long-term results 
have previously been published.12,13 In brief, eligible patients had to meet 3 criteria: 
(a) symptoms of ischemia that were increasing or occurring at rest, with the last epi-
sode occurring no more than 24 h before randomization; (b) an increase in the serum 
cTnT concentration of ≥0.03 µg/L; and (c) either of the following: ischemic changes on 
the electrocardiogram (defined as ST depression or transient ST elevation ≥0.05 mV or  
T-wave inversion ≥0.2 mV in 2 contiguous leads) or a documented history of CAD. The 
primary exclusion criteria were an age <18 years or >80 years, ST-elevation MI in the 
preceding 48 h, an indication for reperfusion therapy, hemodynamic instability or 
overt congestive heart failure, and an increased risk of bleeding. 

Patients assigned to the EIS were scheduled to undergo angiography within 24–48 h af-
ter randomization and to undergo percutaneous revascularization when the coronary 
anatomy indicated such action was appropriate. Cardiac surgery was recommended in 
cases of extensive 3-vessel disease or substantial left main stem disease and was to 
be performed as soon as possible during the initial hospitalization. Patients assigned 
to the SIS were managed medically. These patients were to undergo angiography and 
subsequent revascularization only in cases of refractory unstable angina despite opti-
mal medical treatment, hemodynamic or rhythmic instability, or substantial ischemia 
on the predischarge exercise test. Coronary angiography and revascularization after 
the initial hospital phase were performed if severe anginal symptoms remained (Ca-
nadian Cardiovascular Society class III or IV) despite optimal antianginal medication or 
when ischemia was present in an ischemia-detection test. This study complied with 
the principles set forth in the Declaration of Helsinki and was approved by all the local 
institutional review boards. All patients gave written informed consent. 

In the present substudy of the Invasive vs Conservative Treatment of Unstable Coro-
nary Syndromes (ICTUS) trial, we evaluated the prognostic value of cystatin C in nSTE-
ACS patients, and we assessed the effect of an EIS vs that of an SIS with regard to renal 
function among nSTE-ACS patients with an increased cTnT concentration. 
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Cystatin C and other biomarkers

Baseline samples were obtained at admission and were stored for central analyses 
of cystatin C, creatinine, N-terminal pro–B-type natriuretic peptide (NT-proBNP),  
C-reactive protein, and cTnT. Blood samples were collected in tubes without anticoag-
ulant, and the samples were centrifuged. The serum was then aliquoted and stored at  
–20 °C to –70 °C at the enrolling site until shipment to the clinical chemistry core labo-
ratory at the Academic Medical Center in Amsterdam, where they were maintained at  
–80 °C. Cystatin C concentrations were measured on a ProSpec analyzer (Dade Beh-
ring). Cystatin C and C-reactive protein were measured on a BNII nephelometer (Sie-
mens). Creatinine was measured on the Modular P800 System (Roche Diagnostics). 
The creatinine clearance rate was calculated with the equation of Cockcroft and Gault 
and was corrected for body surface are.14 cTnT and NT-proBNP were measured on an 
Elecsys 2010 instrument (Roche Diagnostics). The details of these assay methods are 
fully described in the Data Supplement that accompanies the online version of this 
article at http://www.clinchem.org/content/vol55/issue6. 

Other examinations

In patients randomized to the EIS, the extent of CAD was assessed from the first coro-
nary angiogram. Stenosis of ≥70% in diameter in at least one of the segments in the 
pertinent vessel area (right coronary artery, left anterior descending artery, and diago-
nal artery, and circumflex artery) was considered substantial with respect to the tra-
ditional 1-vessel, 2-vessel, and 3-vessel classification of disease. Left main stenosis was 
considered substantial if the reduction in artery diameter exceeded 50%. 
definitions of end points

The main outcomes in this study were the incidence of death within 4 years and recur-
rent spontaneous MI within 3 years after randomization. Secondary outcomes were 
the incidences of the first procedure-related MI and the first MI (first spontaneous or 
procedure-related MI) within 3 years. We defined MI as documented myocardial ne-
crosis either in the setting of myocardial ischemia or in the setting of percutaneous 
revascularization, according to the consensus committee recommendations of the 
Joint European Society of Cardiology/American College of Cardiology Committee for 
the Redefinition of Myocardial Infarction.15 Details of data collection in the long-term 
follow-up study of the ICTUS trial have previously been published.12 All end points 
were adjudicated by members of an independent clinical end point committee who 
were unaware of the patients’ treatment assignments. 
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Statistical analyses

Patients were grouped according to cystatin C tertile: <0.86 mg/L, 0.86–1.01 mg/L, and 
>1.01 mg/L. Continuous variables with a normal distribution at baseline are expressed 
as the mean (SD), and data with a nonnormal distribution are given as the median 
(25th–75th percentile). The Kruskal–Wallis rank sum test was used for continuous vari-
ables in a comparison of baseline characteristics and the severity of CAD; the Mantel–
Haenszel χ2 test was used for categorical variables. 
Event rates according to cystatin C tertiles were estimated from the Kaplan–Meier 
curve. The statistical significance of differences in event rates between cystatin C ter-
tiles was assessed by means of the log-rank test. Univariate and multivariate Cox re-
gression analysis was performed to identify the value of cystatin C concentration for 
predicting death within 4 years and spontaneous MI within 3 years. Model 1 describes 
the value of cystatin C for predicting death within 4 years and spontaneous MI within 
3 years, with no adjustments for other covariates. Model 2 includes adjustment for 
the following: sex; age >65 years; hypertension; diabetes; smoking status; hypercho-
lesterolemia; family history of CAD; history of MI; percutaneous coronary interven-
tion or coronary artery bypass grafting (CABG); use of aspirin, statins, β-blockers, and  
angiotensin-converting enzyme inhibitors before randomization; NT-proBNP≥1170 
ng/L in men and ≥2150 ng/L in women16; C-reactive protein ≥10 mg/L; cTnT ≥0.3 µg/L; 
and the presence of an ST deviation ≥0.1 mV on the admission electrocardiogram. Al-
though this study was not powered to assess the association of treatment strategy 
with morta lity and spontaneous MI, we performed an exploratory survival analysis 
with regard to cystatin C concentration for illustrative purposes. Event rates were es-
timated from the Kaplan–Meier curve, and a univariate Cox regression analysis was 
performed. Statistical analysis was performed with the Statistical Package for Social 
Sciences (SPSS 16.0 for Windows; SPSS). 
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RESU LTS
  
General findings

Serum samples for the measurement of cystatin C and creatinine concentrations were 
available for 1128 of the 1200 patients. The median cystatin C concentration was 0.93 
mg/L (25th–75th percentile, 0.82–1.09 mg/L; range, 0.55–6.63 mg/L). Patients were 
grouped according to cystatin C tertile. In patients with cystatin C concentrations 
<0.86 mg/L (first tertile), the median creatinine clearance was 102 mL/min/1.73m2 
[25th–75th percentile, 87–118 mL/min/1.73 m2]. In patients with cystatin C concentra-
tions of 0.86–1.01 mg/L (second tertile), the median creatinine clearance was 87 mL/
min/1.73 m2 [25th–75th percentile, 75–102 mL/min/1.73 m2]. In patients with cystatin C 
concentrations >1.01 mg/L (third tertile), the median creatinine clearance was 68 mL/
min/1.73 m2 [25th–75th percentile, 56–82 mL/min/1.73 m2]. 

Table 1 presents the patient characteristics according to cystatin C tertile. Higher 
baseline concentrations of cystatin C were associated with older age, a history of MI, 
previous CABG, hypertension, and high NT-proBNP concentrations. At the time of ran-
domization, patients with cystatin C >1.01 mg/L were more often being treated with 
aspirin, β-blockers, and angiotensin-converting enzyme inhibitors than were patients 
who had lower cystatin C concentrations. Medical therapies after discharge were simi-
lar across cystatin C tertiles. 
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Table 1. Patient characteristics according to the tertiles of cystatin C. 

Tertiles of cystatin C 

 

 
<0.86 mg/L 

first tertile 

n=378 

0.86–1.01 mg/L 

second tertile 

n=365 

>1.01 mg/L 

third tertile 

n=385 

 

p-value 

Age (years)  57 (10) 62 (10) 67 (9)  <0.001 

Females   88 (23%) 107 (29%) 113 (29%)  0.06 

Clinical history       

 Myocardial infarction  71 (19%) 77 (21%) 114 (30%)  <0.001 

 Percutaneous coronary intervention  47 (12%) 37 (10%) 48 (12%)  0.98 

 Coronary-artery bypass grafting  21 (6%) 35 (10%) 44 (11%)  0.004 

Risk factors       

 Hypertension  136 (36%) 115 (32%) 188 (49%)  <0.001 

 Diabetes Mellitus  50 (13%) 44 (12%) 66 (17%)  0.12 

 Hypercholesterolemia  133 (35%) 111 (30%) 149 (39%)  0.30 

 Current cigarette smoking  160 (42%) 149 (41%) 151 (39%)  0.38 

 Family history of CAD  166 (44%) 162 (44%) 150 (39%)  0.17 

Drug therapy prior to admission       

 Aspirin  112 (30%) 132 (36%) 188 (49%)  <0.001 

 ACE inhibitors  41 (11%) 43 (12%) 75 (19%)  0.001 

 Beta-blockers  106 (28%) 111 (30%) 180 (47%)  <0.001 

 Statins  101 (27%) 93 (25%) 119 (31%)  0.19 

Abnormalities on the admission ECG       

 ST-segment deviation ! 0.1mV#  200 (55%) 173 (49%) 173 (48%)  0.04 

Biomarkers at admission       

 Cardiac troponin T (µg/L)  0.26 (0.11–0.75) 0.30 (0.13–0.78) 0.32 (0.14–0.73)  0.27 

 NT-proBNP (ng/L)  432 (183–880) 477 (222–1072) 1082 (467–2324)  <0.001 

 C-reactive protein (mg/L)  3.1 (1.3–8.3) 4.1 (1.9–9.6) 5.3 (2.3–13.2)  <0.001 

 Creatinine clearance ml/min/1.73m
2
  102 (87–118) 87 (75–103) 68 (56–82)  <0.001 

Drug therapy at discharge*       

 Aspirin  352 (93%) 338 (93%) 337 (90%)  0.08 

 ACE inhibitors  112 (30%) 104 (28%) 128 (34%)  0.19 

 Beta-blockers  333 (88%) 314 (86%) 321 (86%)  0.27 

 Statins  355 (94%) 333 (91%) 342 (91%)  0.13 

Invasive procedures at 30 days after 

randomization 

      

 Coronary angiography  307 (81%) 290 (79%) 288 (75%)  0.03 

 Percutaneous coronary intervention  195 (52%) 182 (50%) 142 (37%)  <0.001 

 Coronary-artery bypass grafting  53 (14%) 49 (13%) 61 (16%)  0.47 

 
Data are number of patients (%), means (SD) or median (25

th
 and 75

th
 percentile)  

CAD = coronary artery disease, ECG = electrocardiogram, NT-proBNP= N-terminal pro-B-type 
Natriuretic Peptide 
.  
# No ECG were missing in the first tertile. In the second terile 8 and in the third tertile 23 ECGs were 
missing. 
* In patients discharged alive 
 
 

Table 1. Patient characteristics according to the tertiles of cystatin C.
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 Creatinine clearance ml/min/1.73m
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 Aspirin  352 (93%) 338 (93%) 337 (90%)  0.08 

 ACE inhibitors  112 (30%) 104 (28%) 128 (34%)  0.19 

 Beta-blockers  333 (88%) 314 (86%) 321 (86%)  0.27 

 Statins  355 (94%) 333 (91%) 342 (91%)  0.13 

Invasive procedures at 30 days after 
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 Coronary angiography  307 (81%) 290 (79%) 288 (75%)  0.03 

 Percutaneous coronary intervention  195 (52%) 182 (50%) 142 (37%)  <0.001 

 Coronary-artery bypass grafting  53 (14%) 49 (13%) 61 (16%)  0.47 

 
Data are number of patients (%), means (SD) or median (25

th
 and 75

th
 percentile)  

CAD = coronary artery disease, ECG = electrocardiogram, NT-proBNP= N-terminal pro-B-type 
Natriuretic Peptide 
.  
# No ECG were missing in the first tertile. In the second terile 8 and in the third tertile 23 ECGs were 
missing. 
* In patients discharged alive 
 
 Figure 1 summarizes the angiographic findings with respect to baseline cystatin C con-
centrations in patients randomized to the EIS. The cystatin C tertiles were similar with 
respect to percentages of multivessel disease (P = 0.12). 

Table 1 continued

Figure 1. Severity of CAD at angiography according to cystatin C tertile in patients randomized to the EIS 
(P = 0.12). 1 VD, 1-vessel disease.

Data are number of patients (%), means (SD) or median (25th and 75th percentile) 
CAD = coronary artery disease, ECG = electrocardiogram, NT-proBNP= N-terminal pro-B-type Natriuretic Peptide. 
# No ECG were missing in the first tertile. In the second terile 8 and in the third tertile 23 ECGs were missing.
* In patients discharged alive
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Patients in the third cystatin C tertile were less likely to undergo percutaneous coro-
nary intervention within 30 days after randomization than patients in the first and 
second tertiles (37% in the third tertile, 50% in the second tertile, and 52% in the first 
tertile; P < 0.001). The incidences of CABG were similar across cystatin C tertiles (16%, 
13%, and 14% in the third, second, and first tertiles, respectively; P = 0.47). 

Clinical outcomes

The median follow-up time from randomization was 2.7 years for spontaneous MI and 
3.4 years for mortality. Table 2 summarizes long-term outcomes according to cystatin 
C tertile. Eighty-one patients (7.8%) died within 4 years (3.4% in the first cystatin C ter-
tile, 6.2% in the second tertile, and 13.5% in the third tertile; P < 0.001). 

Table 2. Long-term outcome according to tertiles of cystatin C. 

 

  Tertiles of cystatin C 

 

  <0.86 mg/L 

first tertile 

n=378 

 0.86–1.01 mg/L 

second tertile 

n=365 

 >1.01 mg/L 

third tertile 

n=385 

 Log-rank  

p-value 

Death within 4 years  3.4% (12) 6.2% (21) 13.5% (48)  <0.001 

Spontaneous MI within 3 years  5.5% (19) 7.5% (22) 9.8% (36)  0.03 

Procedural related MI within 3 years  8.0%(30) 11.8% (43) 7.9% (30)  0.10 

MI (spontaneous or procedural 

related) within 3 years 

 12.6% (46) 18.1% (61) 16.3% (61)  0.17 

 

Data are percentages from the Kaplan-Meier curves at long term follow-up with number of events 

between brackets. 

MI = myocardial infarction 

 

Table 2. Long-term outcome according to tertiles of cystatin C.

Data are percentages from the Kaplan-Meier curves at long term follow-up with number of events between brackets.
MI = myocardial infarction
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During clinical follow-up, 77 patients (7.6%) had a spontaneous MI. The rate of spon-
taneous MI was 5.5% in the first cystatin C tertile, 7.5% in the second tertile, and 9.8% 
in the third tertile (P = 0.03). No association was found between renal function and 
the incidence of procedure-related MI within 3 years. The cystatin C concentration was 
strongly associated with mortality within 4 years [hazard ratio (HR) for third vs first 
tertile, 4.07; 95% CI, 2.16–7.66; P < 0.001]. In a Cox regression analysis that adjusted 
for predictors of 4-year mortality, the cystatin C concentration in the third tertile re-
mained an independent predictor of 4-year mortality (HR, 2.04; 95% CI, 1.02–4.10; P = 
0.04). We also observed an association between high cystatin C concentrations and 
spontaneous MI (HR for third tertile vs first tertile, 2.06; 95% CI, 1.17–3.63; P = 0.01). 
When adjusted for these baseline characteristics, the third cystatin C tertile was still 
associated with recurrent spontaneous MI at 3 years (HR, 1.95; 95% CI, 1.05–3.63; P = 
0.04) (Table 3). 

 30 

Table 3. Hazard ratios and 95% confidence intervals for death at 4 years and spontaneous MI at 3 years 
according to baseline cystatin C concentrations 
 

  Tertiles of cystatin C 

 
  <0.86 mg/L 

first tertile 

 0.86–1.01 mg/L 

second tertile 

 >1.01 mg/L 

third tertile 

 p-value third vs. 

first tertile 

Death within 4 years       

Model 1  1 1.81 (0.89 – 3.67) 4.07 (2.16 – 7.66)  <0.001 

Model 2  1 1.41 (0.68 – 2.94) 2.04 (1.02 – 4.10)  0.04 

Spontaneous MI within 3 years 
      

Model 1  1 1.26 (0.67 – 2.35) 2.06 (1.17 – 3.63)  0.01 

Model 2  1 1.32 (0.70 – 2.50) 1.95 (1.05 – 3.63)  0.04 

 
 
Model 1 describes the predictive value of cystatin C without any adjustments for other co-variates.  
Model 2 includes adjustment for all baseline characteristics listed in table 1 (age, gender, clinical history, risk factors, 
drug therapy prior to admission, ST-segment deviation!0.1 mV and biomarkers at admission). 

Table 3. Hazard ratios and 95% confidence intervals for death at 4 years and spon-
taneous MI at 3 years according to baseline cystatin C concentrations

Model 1 describes the predictive value of cystatin C without any adjustments for other co-variates. 
Model 2 includes adjustment for all baseline characteristics listed in table 1 (age, gender, clinical history, risk factors, drug 
therapy prior to admission, ST-segment deviation≥0.1 mV and biomarkers at admission).
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Treatment strategy

For illustrative purposes, we compared the effect of an EIS to an SIS in each cystatin 
C tertile (Table 4). A comparison of treatment strategies within cystatin C tertiles re-
vealed similar rates of spontaneous MI in the EIS and the SIS (P for interaction = 0.22); 
however, we did observe a lower death rate among patients with cystatin C concen-
trations in the second tertile (0.86–1.01 mg/L) randomized to the EIS, compared with 
those randomized to the SIS (3.8% vs 8.7%). In patients with cystatin C >1.01 mg/L, an 
inverse trend was observed. The death rate in the EIS was 15.0%, compared with 12.2% 
in the SIS (P for interaction = 0.04). 

 31 

Table 4: The effect of treatment strategy on outcome for tertiles of cystatin C 
 

 early invasive 

strategy 

selective invasive 

strategy 

Hazard ratio 

(95% CI) 

p-value 

(interaction) 

Mortality within 4 years     

  Cystatin C <0.86 mg/l 4.2% (7/186) 2.6% (5/192) 1.45 (0.46-4.55) 0.04* 

  Cystatin C 0.86–1.01 mg/L 3.8% (6/185) 8.7% (15/180) 0.38 (0.15-0.98)  

  Cystatin C >1.01 mg/L 15.0% (30/200) 12.2% (18/185) 1.58 (0.88-2.84)  

Spontaneous MI within 3 years     

  Cystatin C <0.86 mg/l 5.2% (8/186) 5.8% (11/192) 0.74 (0.30-1.83) 0.22* 

  Cystatin C 0.86–1.01 mg/L 5.8% (9/185) 9.2% (13/180) 0.65 (0.28-1.51)  

  Cystatin C >1.01 mg/L 11.7% (22/200) 7.8% (14/185) 1.53 (0.79-3.00)  

 
Data are percentages from the Kaplan-Meier curves with number of events and total number of patients in brackets. 

*Significance of interaction for cystatin C in three groups. 
MI = myocardial infarction 

Table 4. The effect of treatment strategy on outcome for tertiles of cystatin C

Data are percentages from the Kaplan-Meier curves with number of events and total number of patients in brackets.
*Significance of interaction for cystatin C in three groups.
MI = myocardial infarction
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Discussion  

In the present study, cystatin C was considered as a marker for improving risk stratifi-
cation in nSTE-ACS patients with an increased cTnT concentration. We observed incre-
mental increases in mortality and spontaneous MI with increasing cystatin C concen-
tration. After adjustment for baseline characteristics (including NT-proBNP), cystatin C 
was found to be independently associated with mortality and spontaneous MI. These 
findings are in accordance with those of several previous studies and confirm the im-
portance of renal function as a marker of increased risk.2,4,5,6,17,18 The strong associa-
tion between renal function and mortality can be explained in several ways. First, mild 
renal dysfunction is associated with generalized atherosclerosis and vascular dam-
age.19 Second, mild renal dysfunction is associated with a higher incidence of known 
cardiovascular risk factors. In the present study, patients with mild renal dysfunction 
were older and more often had a history of MI, previous CABG, and hypertension. Such 
patients also presented more often with high-risk features, such as higher NT-proBNP 
concentrations, reflecting more severe left ventricular dysfunction. Third, patients with 
ACS and renal dysfunction have been demonstrated to be less likely to receive ade-
quate treatment than those without renal dysfunction.18 In our study, patients with 
high cystatin C concentrations were less likely to undergo percutaneous coronary in-
tervention, but medical therapies at discharge in patients with high cystatin C concen-
trations were similar to those in patients with lower concentrations of cystatin C. 

Patients with renal disease are often excluded from major randomized cardiovascular 
trials. Consequently, there is a lack of evidence concerning the potential benefit of in-
terventions for this growing, high-risk population.20 Little is known about the effect 
of treatment strategy on outcome in patients with renal dysfunction, because all ma-
jor strategy trials, including the ICTUS trial, have excluded patients with severe renal 
dysfunction. 

We compared the effect of an EIS with that of an SIS in each cystatin C tertile for de-
scriptive purposes. Although we observed a lower event rate in the middle tertile for 
an EIS, we can draw no definite conclusions, given the relatively small sample size. In 
the third tertile, a nonsignificant trend was seen in favor of the SIS. The Fast Revas-
cularisation during Instability in Coronary Artery Disease (FRISC-II) substudy of John-
ston et al. is the only randomized study that has reported on the long-term effects 
of revascularization with regard to renal function in patients with nSTE-ACS.11 In this 
study, nSTE-ACS patients were randomized to a noninvasive or an invasive treatment 
strategy and were stratified by tertile of creatinine clearance (<69 mL/min, 69–90 mL/
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min, and >90 mL/min). The patients were followed for 2 years for the occurrence of 
death and/or MI. There was a trend toward a higher mortality in patients with lower 
creatinine clearance among the patients randomized to the invasive treatment strat-
egy. These findings suggest an altered risk-to-benefit ratio in nSTE-ACS patients who 
have impaired renal function and undergo invasive procedures. 

There are several limitations to the present study. Admission samples for cystatin C 
and creatinine measurements were not available for 72 patients. Another limitation 
was the lack of measurements of urinary albumin excretion, so we cannot compare 
albuminuria and cystatin C as markers of preclinical kidney disease. In this study, pa-
tients were divided into cystatin C tertiles to achieve equally large groups for statisti-
cal comparisons. An alternative might have been to use the National Kidney Founda-
tion criteria for the staging of chronic kidney disease; however, this classification is 
not easily applicable in a cohort of patients with nonpathologic renal function or mild 
renal dysfunction. The comparison of an EIS with an SIS was made only for illustrative 
purposes because the study had insufficient power. Finally, no information on renal 
function was available during follow-up. 

In conclusion, in patients with nSTE-ACS who have an increased cTnT concentration, 
mild to moderate renal dysfunction is associated with a higher risk of death and spon-
taneous MI during long-term follow-up. We have shown cystatin C to be a potential 
marker for enhancement of risk stratification to identify nSTE-ACS patients with a 
higher risk of death and spontaneous MI. Additional studies are needed to provide 
information regarding optimal treatment strategies in nSTE-ACS patients with mild to 
moderate renal dysfunction.
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ABSTR ACT 

Context  Although an invasive strategy is frequently used in patients with non–
ST-segment elevation acute coronary syndromes (NSTE ACS), data from some 
trials suggest that this strategy may not benefit women. 

Objective  To conduct a meta-analysis of randomized trials to compare the ef-
fects of an invasive vs conservative strategy in women and men with NSTE ACS. 
Data Sources  Trials were identified through a computerized literature search of 
the MEDLINE and Cochrane databases (1970-April 2008) using the search terms 
invasive strategy, conservative strategy, selective invasive strategy, acute coro-
nary syndromes, non-ST-elevation myocardial infarction, and unstable angina. 
Study Selection Randomized clinical trials comparing an invasive vs conserva-
tive treatment strategy in patients with NSTE ACS. 

Data Extraction  The principal investigators for each trial provided the sex-spe-
cific incidences of death, myocardial infarction (MI), and rehospitalization with 
ACS through 12 months of follow-up. 

Data Synthesis  Data were combined across 8 trials (3075 women and 7075 men). 
The odds ratio (OR) for the composite of death, MI, or ACS for invasive vs conservative 
strategy in women was 0.81 (95% confidence interval [CI], 0.65-1.01; 21.1% vs 25.0%) 
and in men was 0.73 (95% CI, 0.55-0.98; 21.2% vs 26.3%) without significant heteroge-
neity between sexes (P for interaction = 0.26). Among biomarker-positive women, an 
invasive strategy was associated with a 33% lower odds of death, MI, or ACS (OR, 0.67; 
95% CI, 0.50-0.88) and a nonsignificant 23% lower odds of death or MI (OR, 0.77; 95% 
CI, 0.47-1.25). In contrast, an invasive strategy was not associated with a significant 
reduction in the triple composite end point in biomarker-negative women (OR, 0.94; 
95% CI, 0.61-1.44; P for interaction = 0.36) and was associated with a nonsignificant 
35% higher odds of death or MI (OR, 1.35; 95% CI, 0.78-2.35; P for interaction = 0.08). 
Among men, the OR for death, MI, or ACS was 0.56 (95% CI, 0.46-0.67) if biomarker-
positive and 0.72 (95% CI, 0.51-1.01) if biomarker-negative (P for interaction = 0.09). 

Conclusions  In NSTE ACS, an invasive strategy has a comparable benefit in men 
and high-risk women for reducing the composite end point of death, MI, or re-
hospitalization with ACS. In contrast, our data provide evidence supporting the 
new guideline recommendation for a conservative strategy in low-risk women. 
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I NTRODUCTION

Although an invasive strategy is frequently used in patients with unstable angina and 
non–ST-segment elevation myocardial infarction (NSTEMI), data from some trials sug-
gest that this strategy may not benefit women. Despite an overall benefit for patients 
randomized to an invasive strategy in the FRISC II (Fragmin and Fast Revascularisation 
During Instability in Coronary Artery Disease) and the RITA 3 (Randomized Intervention 
Trial of Unstable Angina) trials,1-3 subgroup analyses from these studies showed that 
an invasive strategy may be associated with a higher risk of death or MI in women.4-5 
In contrast, an early invasive strategy was associated with improved outcomes in both 
men and women in the TACTICS-TIMI 18 (Treat angina with Aggrastat and determine 
Cost of Therapy with an Invasive or Conservative Strategy–Thrombolysis in Myocardial 
Infarction 18) trial,6 with particular benefit observed in high-risk women identified by 
an elevated serum troponin. Thus, the benefit of an invasive strategy in women re-
mains unclear. However, individual trials have not been large enough to explore out-
comes reliably within subgroups. For this reason, we conducted a collaborative meta-
analysis of randomized trials to examine the benefits and risks of an invasive strategy 
in women vs in men with non–ST-segment elevation acute coronary syndromes (NSTE 
ACS). 
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METHODS 

Data Sources 

A computerized literature search was conducted from 1970 through April 2008 of 
the MEDLINE and Cochrane databases by using search terms that included invasive 
strategy, conservative strategy, selective invasive strategy, acute coronary syndromes, 
non-ST-elevation myocardial infarction, and unstable angina. No other search restric-
tions were applied. In addition, we contacted experts in the field and hand-reviewed 
abstracts from major cardiology meetings. 

Study Selection Criteria 

Trials considered for inclusion were those that enrolled individuals with a diagnosis of 
NSTE ACS (unstable angina or NSTEMI) and randomized patients to either an invasive 
or conservative treatment strategy. An invasive strategy was defined as the referral 
of all patients with NSTE ACS for coronary angiography followed by revascularization 
if deemed appropriate. A conservative treatment strategy was defined as a primary 
strategy of pharmacological management and subsequent coronary angiography re-
served only for those patients with recurrent symptoms of unprovoked ischemia or 
objective evidence of inducible ischemia on noninvasive testing. 

Trials were excluded from participation if they primarily enrolled patients with stable 
angina or acute ST-segment elevation myocardial infarction (STEMI). Trials were ex-
cluded if data were not previously peer-reviewed, fibrinolytic therapy was to be ad-
ministered in all patients, inadequate randomization was performed, coronary angiog-
raphy was required before patient enrollment, or reliable sex-specific outcome data 
were unavailable. 

End Points and Data Extraction 

The principal investigators (W.E.B., E.B., C.P.C., R.J.W., K.A.A.F., P.A.M., R.S., L.W.) for each 
participating trial provided the sex-specific incidence of death, nonfatal MI, and re-
hospitalization with ACS, and the composites of these end points. Outcomes were col-
lected from (1) randomization to hospital discharge, (2) hospital discharge to the end of 
12 months of follow-up, and (3) randomization to the end of 12 months of follow-up. For 
the TACTICS-TIMI 18 trial,7 follow-up data were available through 6 months of follow-
up. Outcomes were also substratified by the presence or absence of cardiac biomarker 
elevation (creatine kinase MB or troponin) and ST-segment deviation on electrocar-
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diogram. Patients without available biomarker or ST-segment deviation data were ex-
cluded from the respective high-risk subgroup analyses. Outcomes were collected for 
patients in each treatment group who ultimately underwent percutaneous coronary 
intervention or coronary artery bypass graft (CABG) surgery. 

For the purpose of the current meta-analysis, nonfatal MI (both procedure-related and 
non–procedure-related) and rehospitalization with ACS were defined as reported in 
each of the individual trials. In addition, as per their original manuscript, the investi-
gators from the ICTUS (Invasive vs Conservative Treatment in Unstable Coronary Syn-
dromes) trial8 provided incidence rates for nonfatal MI by applying the definitions of 
MI as used in the TACTICS-TIMI 18 and FRISC II trials.1, 7 

For patients randomized to an invasive strategy, data were collected on the extent of 
coronary artery disease (CAD) at the time of coronary angiography. A diseased vessel 
was defined as a major epicardial vessel or CABG with at least 50% stenosis. In the 
ICTUS trial8, data were provided for at least 70% stenosis in a major epicardial vessel 
or CABG. 

All of the collected data were verified by each of the participating investigators (W.E.B., 
E.B., C.P.C., R.J.W., K.A.A.F., P.A.M., R.S., L.W.). When required, participating investigators 
performed new analyses to generate tabular data from the original trials. 

Statistical Analyses 

A meta-analysis was performed of the relative odds for each trial, both overall and 
stratified by sex, and based on random-effects models using the method by Der Simo-
nian and Laird.9 Results are presented as odds ratios (ORs), with their 95% confidence 
intervals (CIs). Event rates for each trial individually and the pooled data are presented 
as frequencies. Heterogeneity between sex and between high-risk subgroups was as-
sessed by calculating the OR for the interaction term between treatment strategy and 
subgroup for each individual trial, combining these ORs in random-effects models, 
and calculating P values for the combined interaction effect. For the biomarker analy-
ses, the meta-analysis was restricted to those 5 trials that enrolled patients both with 
and without biomarker elevation (TIMI IIIB [Thrombolysis in Myocardial Infarction],10 
MATE [Medicine vs Angiography in Thrombolytic Exclusion],11 FRISC II,1 TACTICS-TIMI 18,7  
RITA 32) to enable us to examine the relative benefit of each strategy across these sub-
groups. 
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With the available sample size and event rates, our meta-analysis had 80% power to 
detect a 33% difference in the relative odds of death, MI, or rehospitalization with ACS 
in the invasive vs conservative groups between men and women. Corrections were not 
made for multiple hypothesis testing given the exploratory nature of the analyses. All 
statistical analyses were performed by using Stata/SE version 9.0 (StataCorp, College 
Station, Texas). All tests were 2-sided, with P < 0.05 considered signifi cant. 

 

Figure 1. Selection of Randomized Clinical Trials for Inclusion in Meta-analysis.
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Results
 
A total of 18 randomized clinical trials were identified through literature review (Fig-
ure 1).1-2,7-8,10-23 Of these trials, 10 trials were subsequently excluded from participa-
tion because fibrinolytic therapy was to be administered in all patients in 2 trials,15, 17 
coronary angiography was required before enrollment in 4 trials,12-14,16 patients were 
enrolled with stable angina in 1 trial,21 patients were randomized based on the day 
of the week in 1 trial,19 patients were referred in both treatment groups to undergo 
coronary angiography within 5 days of randomization in 1 trial,22 and 1 trial had not yet 
been peer-reviewed and published.23 A total of 8 remaining trials were determined to 
be eligible and were invited to collaborate (Table 1).1-2,7-8,10-11,18, 20 Of the 8 invited tri-
als, all the principal investigators agreed to participate in a collaborative meta-analysis 
and contributed sex-specific outcome data in tabular format. 

Glycoprotein IIb/IIIa inhibitors were available for use in 4 of the 8 trials1-2,7-8 and were 
required per-protocol in the TACTICS-TIMI 18 trial.7 In the ICTUS trial,8 all patients who 
underwent an interventional procedure during the index hospitalization were to be 
administered a glycoprotein IIb/IIIa inhibitor. All patients in the VANQWISH (Veterans 
Affairs Non-Q-Wave Infarction Strategies in Hospital),18 VINO (Value of First Day An-
giography/Angioplasty In Evolving Non-ST Segment Elevation Myocardial Infarction),20 
and ICTUS8 trials required cardiac biomarker elevation to be eligible for trial enroll-
ment. In the FRISC II trial,1 data on rehospitalization with ACS were available in pa-
tients enrolled in Denmark and Sweden, representing 97% of the study population. 

 32 

 

 

Table 1. Characteristics of trials included in the collaborative meta-analysis. 

Trial name Publication 
Year 

Male (n) Female 
(n) 

Median time to 
angiography in 

invasive arm 
(hours) 

Rate of angiography 
in conservative arm 

by hospital 
discharge 

TIMI IIIB
15

 1994 976 497 36 57% 

MATE
17

 1998 129 72 16 60% 

VANQWISH
18

 1998 896 24 48 23% 

FRISC II
1
 1999 1708  749  96 10% 

TACTICS-TIMI 18
8
 2001 1463 757 22 51% 

VINO
20

 2002 80 51 6.2 12% 

RITA 3
2
 2002 1128 682 48 16% 

ICTUS
7
 2005 880 320 23 53% 

 

 

Table 1. Characteristics of trials included in the collaborative meta-analysis.
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Baseline Characteristics 

These trials enrolled a total of 10 412 patients; sex-specific baseline characteristics are 
displayed in Table 2. Across all trials, the weighted mean age of patients was 64.1 years 
in women and 61.3 years in men. Women were significantly more likely to have base-
line comorbidities, including diabetes mellitus, hypertension, and hyperlipidemia. Men 
were significantly more likely to be active smokers and have a prior history of MI. The 
incidence of ST-segment depression was similar in both men and women; however, 
women were significantly more likely to have evidence of T-wave inversions on elec-
trocardiogram. Men were significantly more likely than women to have elevated car-
diac biomarkers (creatine kinase MB or troponin) at the time of randomization. 
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Table 2. Pooled baseline characteristics in women compared with men in the invasive and conservative arms 
of each trial (n=10,412). 
 

Women Men  

Invasive Arms 
n=1571 

Conservative Arms 
n=1581 

Invasive Arms 
n=3641 

Conservative Arms 
n=3619 

Age (weighted mean, 
years)* 

64.4 63.8 61.4 61.2 

Body mass index 
(weighted mean)

a 
27.6 27.8 27.4 27.5 

Current smoker 26.8% 
(421/1569) 

31.9% 
(503/1577) 

36.0% 
(1308/3638) 

35.5% 
(1285/3619) 

Diabetes mellitus 20.1% 
(292/1451) 

18.7% 
(273/1458) 

17.3% 
(592/3419) 

17.3% 
(586/3392) 

Hypertension 52.4% 
(821/1567) 

51.6% 
(816/1580) 

40.6% 
(1475/3637) 

41.2% 
(1487/3612) 

Prior MI 26.9% 
(422/1571) 

23.1% 
(366/1581) 

34.8% 
(1266/3641) 

33.8% 
(1224/3619) 

Hyperlipidemia 47.9% 

(737/1538) 

46.9% 

(725/1547) 

39.9% 

(1427/3576) 

38.6% 

(1377/3567) 
ST depression 39.0% 

(609/1561) 
38.6% 

(608/1574) 
37.6% 

(1352/3595) 
37.3% 

(1336/3580) 
T wave inversion 53.9% 

(841/1561) 
53.9% 

(849/1574) 
43.4% 

(1561/3594) 
43.3% 

(1550/3578) 
CK-MB or troponin 
elevation at 
randomization

b 

42.5% 
(550/1293) 

42.5% 
(550/1293) 

55.3% 
(1392/2518) 

53.7% 
(1353/2521) 

Extent of disease at 
angiography

c 

None 
1-vessel disease 
2-vessel disease 
3-vessel disease 

 
 
 

24% 
32% 
21% 
23% 

N/A 
N/A 
N/A 
N/A 

 
 
 

8% 
28% 
29% 
35% 

N/A 
N/A 
N/A 
N/A 

 

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); MI, 
myocardial infarction; NA, not available. 
a Standard deviation not available. 
b Baseline biomarker status was restricted to those trials that enrolled patients both with and without baseline 
elevation of creatine kinase MB or troponin. 
c  Diseased vessel defined as at least 50% stenosis in a major epicardial vessel or coronary artery bypass graft. 

(restricted to patients in the invasive groups)

Table 2. Pooled baseline characteristics in women compared with men in the invasive 
and conservative arms of each trial (n=10,412).

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); MI, myo-
cardial infarction; NA, not available.
a Standard deviation not available.
b Baseline biomarker status was restricted to those trials that enrolled patients both with and without baseline elevation 
of creatine kinase MB or troponin.
c  Diseased vessel defined as at least 50% stenosis in a major epicardial vessel or coronary artery bypass graft. (re-
stricted to patients in the invasive groups)
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The extent of CAD was compared in men and women randomized to an invasive strat-
egy and who underwent coronary angiography. Women were more frequently found 
to have no significant CAD (<50% stenosis) at angiography than were men (24% vs 8%, 
P < 0.001) (Table 2), even if restricted to only those patients with ST-segment deviation 
on electrocardiogram (16% vs 6%, P < 0.001) or to those patients with elevated bio-
markers (14% vs 6%, P < 0.001). Conversely, men were more frequently found to have 
3-vessel or left main disease compared with women (35% vs 23%, P < 0.001). 
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Table 3. Summary of odds ratios and pooled event numbers for major outcomes both overall and by subject 
gender.  
 

Overall Invasive Strategy Conservative Strategy Odds Ratio (95% CI) 

Death, MI or 
rehospitalization with ACS 

1075/5083 (21.1%) 1313/5067 (25.9%) 0.78 (0.61-0.98) 

Death or MI 595/5212 (11.4%) 638/5200 (12.3%) 0.92 (0.69-1.23) 

Death 225/5212 (4.3%) 227/5200 (4.4%) 0.97 (0.71-1.32) 

Non-fatal MI 382/5212 (7.3%) 443/5200 (8.5%) 0.84 (0.63-1.12) 

Rehospitalization with 
ACS 

652/5083 (12.8%) 911/5067 (18.0%) 0.68 (0.55-0.84) 

    Female Invasive Strategy Conservative Strategy Odds Ratio (95% CI) 

Death, MI or 
rehospitalization with 
ACS 

324/1538 (21.1%) 385/1537 (25.0%) 0.81 (0.65-1.01) 

Death or MI 162/1571 (10.3%) 163/1581 (10.3%) 1.02 (0.67-1.55) 

Death 68/1571 (4.3%) 62/1581 (3.9%) 1.11 (0.72-1.70) 

Non-fatal MI 98/1571 (6.2%) 106/1581 (6.7%) 0.93 (0.59-1.45) 

Rehospitalization with 
ACS 

208/1538 (13.5%) 290/1537 (18.9%) 0.68 (0.54-0.85) 

    Male Invasive Strategy Conservative Strategy Odds Ratio (95% CI) 

Death, MI or 
rehospitalization with 
ACS 

751/3545 (21.2%) 928/3530 (26.3%) 0.73 (0.55-0.98) 

Death or MI 433/3641 (11.9%) 475/3619 (13.1%) 0.87 (0.61-1.23) 

Death 157/3641 (4.3%) 165/3619 (4.6%) 0.89 (0.58-1.35) 

Non-fatal MI 284/3641 (7.8%) 337/3619 (9.3%) 0.81 (0.59-1.11) 

Rehospitalization with 
ACS 

444/3545 (12.5%) 621/3530 (17.6%) 0.66 (0.54-0.82) 

 
There was no evidence of statistical heterogeneity between men and women for any of the examined endpoints 
(Death, MI or rehospitalization with ACS, P interaction = 0.26; Death or MI, P interaction = 0.17; Death, P interaction = 0.20; 
Non-fatal MI, P interaction = 0.41; Rehospitalization with ACS, P interaction = 0.48). 

Table 3. Summary of odds ratios and pooled event numbers for major outcomes both 
overall and by subject gender.

There was no evidence of statistical heterogeneity between men and women for any of the examined endpoints (Death, 
MI or rehospitalization with ACS, P interaction = 0.26; Death or MI, P interaction = 0.17; Death, P interaction = 0.20; 
Non-fatal MI, P interaction = 0.41; Rehospitalization with ACS, P interaction = 0.48).
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Figure 2. Death, MI, or Rehospitalization With ACS in Trials of an Invasive vs Conservative Treatment Strategy in NSTE ACS
ACS indicates acute coronary syndromes; CI, confidence interval; MI, myocardial infarction; NSTE, non–STsegment 
elevation. Size of data markers is weighted based on the inverse variance.



 Meta-analysis men vs. woman | 165

Overall Clinical Outcomes 

Data on the incidence of death, MI, or rehospitalization with ACS were available in  
10 150 patients, including 3075 women and 7075 men. In the overall population and irre-
spective of sex, the composite end point of death, nonfatal MI, or rehospitalization with 
ACS occurred in 1075 of 5083 patients (21.1%) in the invasive group and 1313 of 5067 patients 
(25.9%) in the conservative group by the end of 12 months of follow-up (OR, 0.78; 95% CI, 
0.61-0.98) (Figure 2 and Table 3). Compared with the conservative strategy, the OR for death 
with an invasive strategy was 0.97 (95% CI, 0.71-1.32), the OR for recurrent nonfatal MI was 
0.84 (95% CI, 0.63-1.12), the OR for death or MI was 0.92 (95% CI, 0.69-1.23), and the OR for 
rehospitalization with ACS was 0.68 (95% CI, 0.55-0.84) (Table 3). 

Patient Sex and Clinical Outcomes 

The end point of death, MI, or rehospitalization with ACS occurred in 709 of 3075 wom-
en (23%) and 1679 of 7075 men (24%) when pooled across treatment groups. The OR for 
the composite of death, MI, or rehospitalization with ACS with an invasive vs conserva-
tive strategy was 0.81 (95% CI, 0.65-1.01) in women and 0.73 (95% CI, 0.55-0.98) in men 
without statistically significant heterogeneity between sex (P for interaction = 0.26) 
(Figure 2 and Table 3). 

Figure 3. Death or Nonfatal MI for Index Hospitalization and Hospital Discharge to End of 12 Months of Follow-up in 
Trials of an Invasive vs Conservative Treatment Strategy in NSTE ACS

CI indicates confidence interval; MI, myocardial infarction; NSTE ACS, non–ST-segment elevation acute coronary syndromes. 
Odds ratios were generated from randomeffects models. Size of data markers is weighted based on the inverse variance.
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Of the individual elements of the composite end point, a routine invasive strategy was 
associated with a substantial 32% to 34% significant decrease in the odds of rehospi-
talization with ACS in both women and men (Table 3). In contrast, in women, an inva-
sive strategy had no significant effect on all-cause mortality (OR, 1.11; 95% CI, 0.72-1.70), 
nonfatal MI (OR, 0.93; 95% CI, 0.59-1.45), or the composite of death or MI (OR, 1.02; 95% 
CI, 0.67-1.55). 

In men, an invasive strategy was associated with a nonsignificant 11% lower odds of 
death (OR, 0.89; 95% CI, 0.58-1.35), a nonsignificant 19% lower odds of nonfatal MI (OR, 
0.81; 95% CI, 0.59-1.11), and a nonsignificant 13% lower odds of death or MI (OR, 0.87; 
95% CI, 0.61-1.23). 

Timing of Clinical Events 

We examined clinical event rates both before and after hospital discharge to evaluate 
the possible existence of an early hazard in women or men randomized to an invasive 
strategy (Figure 3). 

Before hospital discharge, an invasive strategy was associated with a nonsignificant 
higher incidence of death or recurrent MI in both women and men compared with 
those patients treated conservatively. Irrespective of sex, an invasive strategy was as-
sociated with a nonsignificant 37% increase in the odds of death or MI during index 
hospitalization compared with patients treated conservatively (OR, 1.37; 95% CI, 0.93-
2.02). Death or recurrent MI during the index hospitalization occurred in 6.2% women 
in the invasive group vs 4.2% women in the conservative group (OR, 1.49; 95% CI, 0.72-
3.09). In men, death or recurrent MI before first hospital discharge occurred in 6.5% 
men in the invasive group vs 4.8% men in the conservative group (OR, 1.33; 95% CI, 
0.93-1.89, P for interaction (sex) = 0.45). 
From the time of first hospital discharge through 12 months of follow-up, an invasive 
strategy was associated with a significant 28% lower odds of death or MI (OR, 0.72; 
95% CI, 0.52-0.99), irrespective of sex. The OR for the composite of death or MI from an 
invasive vs conservative strategy was 0.71 (95% CI, 0.48-1.07) in women and 0.70 (95% 
CI, 0.50-0.98) in men (P for interaction (sex) = 0.52). 
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High-Risk Subgroups 

Because current guidelines recommend that high-risk features be used to help iden-
tify patients who might benefit most from an invasive strategy,24-25 we performed an 
exploratory analysis stratified by the presence or absence of cardiac biomarker eleva-
tion or ST-segment deviation on electrocardiogram (Figure 4). Cardiac biomarkers (cre-
atine kinase MB or troponin) were available at the time of enrollment in 97% of men 
and women. Because serum troponin was only available in 69% of women and 66% 
of men, analyses were not restricted to this parameter. The presence or absence of ST-
segment deviation was available in 99.5% of women and 97% of men. 

Figure 4. Death, MI, or Rehospitalization With ACS for Biomarker Status and ST-Segment Deviation in Trials of an Inva-
sive vs ConservativeTreatment Strategy in NSTE ACS.

ACS indicates acute coronary syndromes; CI, confidence interval; MI, myocardial infarction; NSTE, non–ST-segment 
elevation. Odds ratios were generated from randomeffects models. Size of data markers is weighted based on the in-
verse variance. The odds ratios (ORs) and corresponding P values for the interaction terms for the efficacy of an invasive 
over a conservative strategy in biomarker-positive vs biomarker-negative patients were as follows: for all patients, OR 
for interaction, 0.79; P for interaction=0.18; for women, OR for interaction, 0.75; P for interaction=0.36; and for men, OR 
for interaction, 0.77; P for interaction=0.09. The analogous data for patients with vs without ST-segment deviation were 
as follows: for all patients, OR for interaction, 0.83; P for interaction=0.07; for women, OR for interaction, 0.87; P for 
interaction=0.76; and for men, OR for interaction, 0.79; P for interaction=0.07. VINO,20 VANQWISH,18 and ICTUS8 trials 
were excluded from the primary biomarker analysis because they only enrolled patients with elevated biomarkers thus 
precluding the comparison of biomarker-positive and biomarker-negative subgroups. The meta-analysis OR and 95% 
CIs for the efficacy of an invasive strategy vs conservative strategy if those 3 trials were also included were as follows: 
for all patients biomarker-positive, OR, 0.72; 95% CI, 0.53-0.98; for all patients biomarker-negative, OR, 0.79; 95% CI, 
0.60-1.03; for biomarker-positive men, OR, 0.71; 95% CI, 0.49-1.01; for biomarker-negative men, OR, 0.72; 95% CI, 
0.54-0.98; for biomarker-positive women, OR, 0.71; 95% CI, 0.56-0.91; and for biomarker-negative women, OR, 0.94; 
95% CI, 0.61-1.44.
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Irrespective of sex, the OR for death, MI, or rehospitalization with ACS with an invasive 
vs conservative strategy was 0.59 (95% CI, 0.51-0.69) for patients with elevated bio-
markers (creatine kinase MB or troponin) vs 0.79 (95% CI, 0.58-1.06) for those without 
(P for interaction = 0.18) (Figure 4). An invasive strategy was associated with a signifi-
cant 32% reduction in the odds of death or MI in patients with elevated biomarkers 
(OR, 0.68; 95% CI, 0.56-0.82), whereas there was no reduction in death or MI in those 
patients who were biomarker-negative upon presentation (OR, 1.01; 95% CI, 0.79-1.28; 
P for interaction = 0.03). 

In men with an elevated cardiac biomarker, an invasive strategy compared with a con-
servative strategy was associated with a significant 44% lower odds of death, MI, or 
rehospitalization with ACS (OR, 0.56; 95% CI, 0.46-0.67) and a 36% lower odds of death 
or MI (OR, 0.64; 95% CI, 0.51-0.81). In men without biomarker elevation, the quantita-
tive benefit of an invasive strategy was numerically smaller for both the triple (OR, 
0.72; 95% CI, 0.51-1.01) and double composite end points (OR, 0.87; 95% CI, 0.61-1.25), 
although the relative difference was not statistically significant (P = 0.09 and P = 0.28 
for interaction, respectively). 

Among women with an elevated cardiac biomarker, an invasive strategy significantly 
decreased the odds of death, MI, or rehospitalization with ACS by 33% (OR, 0.67; 95% CI, 
0.50-0.88), which was comparable with the benefit observed overall in men. In contrast, 
there was less apparent benefit with an invasive strategy in women in the absence of 
biomarker elevation (OR, 0.94; 95% CI, 0.61-1.44), although the test for heterogene-
ity did not meet statistical significance (P for interaction = 0.36). An invasive strategy 
was associated with a nonsignificant 23% lower odds of death or MI in women with 
elevated biomarkers (OR, 0.77; 95% CI, 0.47-1.25), whereas an invasive strategy was as-
sociated with a nonsignificant 35% higher odds of death or MI in biomarker-negative 
women (OR, 1.35; 95% CI, 0.78-2.35; P for interaction = 0.08). 

In addition, the presence of ST-segment deviation also identified those patients at 
higher risk and with modest but not statistically significant greater benefit from an 
invasive strategy (Figure 4). 
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Outcome by Treatment Received 

In both the invasive and conservative treatment groups, men were more likely than 
women to undergo coronary revascularization, largely due to a higher rate of CABG 
surgery (Table 4). As an exploratory analysis, we compared outcomes between women 
and men by type of revascularization performed after randomization, while recog  ni-
zing the limitation that treatment strategy was not randomized and that it is not pos-
sible to ascertain whether observed differences in patient outcomes can be explained 
by differences in baseline comorbidities or presenting features. Overall, the risk of 
death, MI, or rehospitalization was 23% for women and 24% for men at 12 months 
of follow-up. Across treatment groups, there were no significant differences in the 
subsequent odds of death, MI, or rehospitalization with ACS in women vs men who 
underwent coronary revascularization by percutaneous coronary intervention (pooled 
event rates, 31% vs 30%; random effects: OR, 1.14; 95% CI, 0.96-1.35). There were signifi-
cantly higher odds of death, MI, or rehospitalization with ACS in women vs men who 
required CABG surgery by the end of follow-up (33% vs 26%; OR, 1.44; 95% CI, 1.15-1.81). 
Conversely, there was a nonsignificantly lower event rate in women who were treated 
medically without coronary revascularization compared with men (16% vs 20%; OR, 
0.91; 95% CI, 0.66-1.22). 

     

Table 4.  Rates of coronary revascularization overall and by gender after randomization 

               Overall               Women                  Men 

 Invasive 
Arms 

Conservative 
Arms 

Invasive 
Arms 

Conservative 
Arms 

Invasive 
Arms 

Conservative 
Arms 

Revascularization during 
index hospitalization 

60.6% 25.0% 55.4% 22.8% 62.9% 

 
Revascularization by 12 
months’ follow-up 

 
65.7% 

 
42.7% 

 
57.8% 

 
38.5% 

 
69.1% 

25.9% 
 
 

44.5% 

 
Percutaneous intervention 
by 12 months’ follow-up 

 
42.1% 

 
25.2% 

 
41.2% 

 
24.7% 

 
42.5% 

 
25.4% 

 
CABG by 12 months’ 
follow-up 

 
26.3% 

 
19.1% 

 
19.9% 

 
15.3% 

 
29.0% 

 
20.7% 

Table 4.  Rates of coronary revascularization overall and by gender after randomization.
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Heterogeneity Between Trials 

There was evidence of heterogeneity between trials for the composite end points of 
death or MI (heterogeneity χ2 = 34.5, P < 0.001) and death, MI, or rehospitalization with 
ACS in men (heterogeneity  χ2 = 39.7, P < 0.001), and death or MI in women (heterogene-
ity  χ2 = 17.0, P = 0.02). Sensitivity analyses suggested that several trials contributed to 
this heterogeneity with the largest contribution provided by the ICTUS,8 VANQWISH,18 

and VINO20 trials. Importantly, heterogeneity did not appear to be explained by the 
year of publication or concomitant therapies alone. When the primary composite end 
point of death, MI, or rehospitalization with ACS was reanalyzed applying alternate 
definitions of MI for the ICTUS trial8 as defined in TACTICS-TIMI 187 and FRISC II,1 the 
heterogeneity between trials was not eliminated. 
 
Comment 

The findings of our meta-analysis suggest that both men and high-risk women, de-
fined by elevated biomarkers of necrosis, have a comparable benefit from an invasive 
strategy in unstable angina and NSTEMI for reducing the odds of death, MI, or rehos-
pitalization with ACS. In contrast, an invasive strategy does not appear to substantially 
benefit women in the absence of biomarker elevation and moreover may potentially 
increase the risk of death or MI. Our data provide evidence to support the updated 
American College of Cardiology/American Heart Association guidelines that now rec-
ommend that a conservative strategy be used in low-risk women with NSTE ACS.24 
Prior sex subgroup analyses within individual trials have yielded disparate findings.4-6 
These conflicting data have led to controversy regarding the optimal treatment strat-
egy in women with NSTE ACS. Despite an overall benefit for patients randomized to 
an invasive strategy in RITA 32 and FRISC II1 trials, subgroup analyses within these tri-
als suggested that an invasive strategy may not benefit women and may potentially 
increase their risk of death or MI. In the FRISC II trial1, the higher event rate observed 
in women compared with men in the invasive group appeared to be largely due to a 
marked increase in death (9.9% vs 1.2%) and recurrent MI (12% vs 5%) in women who 
required CABG surgery.4 To that end, there is continuing debate as to whether women 
are inherently at increased risk of adverse outcomes after CABG surgery, or whether 
this apparent increase in risk is explained by body size and comorbidities.26-31 Recent 
studies now suggest a more favorable prognosis than in the past for women with ACS 
undergoing CABG surgery.32-34 
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Methods of risk stratification, including cardiac biomarkers of necrosis, ST-segment 
changes, and risk scores, have been previously shown to help identify high-risk pa-
tients who might benefit most from an invasive strategy.8, 24, 35 In both the RITA 32 and 
FRISC II1 trials, women overall had a more favorable prognosis compared with men. In 
addition, women in the RITA 3 trial2 were at lower risk than women in the TACTICS-TIMI 
18 trial.5 A larger proportion of lower-risk patients may help to explain the reduced 
benefit from an invasive strategy in women observed in some trials and may also 
highlight procedural risk. To that end, in the TACTICS-TIMI 18 trial,5 the benefit from 
an invasive strategy appeared to be restricted to women with an elevated troponin T 
(OR, 0.56; 95% CI, 0.32-0.97), whereas there was a trend toward harm from an invasive 
strategy in women who were troponin negative (OR, 1.46; 95% CI, 0.78-2.72). 
In our meta-analysis, we found that women with elevated biomarkers at randomiza-
tion had a significant 33% lower odds of death, MI, or rehospitalization with ACS (OR, 
0.67; 95% CI, 0.50-0.88) and a directionally consistent but nonsignificant 23% lower 
odds of death or MI with an invasive strategy (OR, 0.77; 95% CI, 0.47-1.25), benefits 
that were similar to the overall benefit observed in men. In contrast, women with-
out biomarker elevation did not appear to have a significant benefit from an invasive 
strategy and had a nonsignificant higher odds of death or MI compared with those 
treated conservatively. Although the relative difference between biomarker-positive 
and biomarker-negative women was not statistically significant, tests for interaction 
are conservative and may miss a true difference when one does in fact exist. It may 
be challenging to detect a statistically significant difference between subgroups due 
to their inherently smaller sample size. Our findings emphasize the need for larger 
prospective trials to specifically examine the benefit of an invasive strategy in women 
both overall and within high-risk subgroups. 

We found that regardless of sex, the benefit of an early invasive strategy was largely 
due to a significant reduction in rehospitalization with ACS, with more modest effects 
on death or MI. Consistent with prior analyses,3 we observed a signal toward an early 
hazard with an invasive strategy such that patients randomized to an invasive strat-
egy had a higher rate of death or MI before first hospital discharge, but subsequently 
had a significant reduction in death or MI following hospital discharge compared with 
patients treated conservatively. 

We also observed that women are significantly less likely than men to have obstruc-
tive CAD at the time of angiography despite a clinical presentation consistent with 
NSTE ACS. Overall, 24% of women randomized to an invasive strategy had no evidence 
of significant epicardial CAD at angiography vs only 8% of men. When restricted to 
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only those patients with elevated biomarkers of necrosis, the incidence of obstructive 
CAD marginally increased in women and men; however, 14% of women still had no 
evidence of significant CAD. These findings may reflect a greater burden of microvas-
cular disease or abnormal vasodilatory reserve in women resulting in subendocardial 
ischemia, coronary vasospasm, or possibly other acute disease states that mimic ACS 
secondary to obstructive CAD.30, 36-37 Because only a select subset of patients in the 
conservative group of each trial underwent coronary angiography, it is not possible 
to explore the relative benefit of an invasive or conservative strategy in patients who 
were found to have obstructive CAD due to the risk of selection bias. 

The relative paucity of obstructive CAD in women may dilute the treatment benefit 
of an invasive strategy and may in part explain the signal toward harm observed in 
some trials from an invasive strategy in women, because patients without significant 
epicardial disease are unlikely to obtain benefit from coronary angiography. Although 
biomarkers of necrosis may be useful for helping to predict the presence of obstructive 
CAD, consideration should be given to identify additional high-risk features or novel 
biomarkers that may prove to be useful for predicting the benefit of an invasive strat-
egy in women.35 

There are limitations to our analysis that warrant consideration. None of the trials were 
individually powered to examine outcomes within specific subgroups, and subgroup 
analyses inherently increase the risk that the findings might be explained by chance or 
uncontrolled confounding.38-39 In addition, because we did not find any effect modifi-
cation by sex alone, further analysis within high-risk subgroups can only be performed 
on an exploratory basis and these results should be confirmed with prospective trials. 
Because directional consistency was not observed across the individual elements of 
the composite end points, the secondary end points should be interpreted as hypoth-
esis generating. Finally, as with any meta-analysis, limitations to the methods include 
heterogeneity between trials and the possibility of publication bias. In particular, there 
are differences across the trials in terms of populations, adjunctive pharmacotherapy, 
invasive treatment options, and outcome measures.40 However, with regard to the 
latter, our findings did not qualitatively differ when alternate definitions for MI were 
applied to the ICTUS trial population.8 

In our meta-analysis, we did not have access to patient-level data so it is not possible 
to assess whether differences in outcomes by sex can be explained by variations in 
baseline characteristics or presenting features. In addition, bleeding events were not 
collected in all trials, so we cannot ascertain whether women may be at increased risk 
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of bleeding following angiography or revascularization. The meta-analysis spans trial 
publication dates of more than 10 years. Since the publication of the first trial, there 
have been several advances in the treatment of patients with ACS, including the rou-
tine use of glycoprotein IIb/IIIa inhibitors, thienopyridines, and evolutions with stent 
and surgical technologies. The use of these agents may differ both between trials and 
treatment groups. Moreover, the proportion of patients undergoing angiography and 
revascularization in the conservative groups varied widely across trials and may have 
contributed to the observed heterogeneity. More intensive background medical thera-
py may be present in more recent trials. However, importantly, heterogeneity between 
trials did not appear to be explained by publication date or concomitant therapies 
alone. 

This is to our knowledge the first large-scale and collaborative meta-analysis that ex-
amines the association between sex and outcomes with an invasive or conservative 
treatment strategy in NSTE ACS across all of the major randomized trials. Combination 
of these data enabled us to explore the association of sex with outcomes both overall 
and within high-risk subgroups, whereas individual studies may be insufficiently pow-
ered in this regard. Future investigations should include novel methods for identify-
ing women at high-risk of adverse outcomes after NSTE ACS and whose risk could be 
modifiable with an invasive approach. 
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Acute coronary syndromes

ACS describes the spectrum of clinical manifestations which follow disruption of a 
coronary arterial plaque, complicated by thrombosis, embolization and varying de-
grees of obstruction to myocardial perfusion. The clinical features depend upon extent 
and severity of myocardial ischemia. In the clinical setting the term ‘acute coronary 
syndrome’ is used as an initial working diagnosis. The 12-lead electrocardiogram (ECG) 
segregates patients into those presenting with ST-segment elevation (approximately 
one third), and those presenting without ST-segment elevation (approximately two 
third). Patients with ST-segment elevation are likely to have acute, total occlusion of 
a coronary artery which will eventually lead to extensive myocardial ischemia and 
transmural myocardial infarction. These patients should be considered for immediate 
percutaneous coronary intervention in order to open the occluded coronary artery and 
restore perfusion. In patients without ST-segment elevation (nSTE-ACS), severe myo-
cardial ischemia will result in subendocardial myocardial infarction which can be de-
tected by measuring concentration of markers of myocardial injury such as troponin 
T and CK-MB in a blood sample. The release of these sensitive markers of myocardial 
necrosis is regarded as indicative of myocardial cell necrosis and fulfills the definition 
of non ST-elevation myocardial infarction (NSTEMI). If no rise in markers is detected, 
the term unstable angina is used and non-cardiac differential diagnoses must be con-
sidered. 

The therapeutic management is guided by the final diagnosis and risk assessment. 
The management of nSTE-ACS and NSTEMI patients includes four therapeutic tools: 
antiplatelet agents (e.g. aspirin, clopidogrel), anticoagulants (e.g. heparin), anti- 
ischemic agents (e.g. beta-blockers) and coronary revascularization. 

The ICTUS trial

In the ICTUS trial 1200 patients with nSTE-ACS and an elevated cardiac troponin were 
enrolled from 42 hospitals in the Netherlands. Patients were randomly assigned either 
to an early invasive strategy, including early routine catheterisation and revasculari-
sation where appropriate, or to a more selective invasive strategy, where catheteri-
sation was done if the patient had refractory angina or documented ischemia on a 
pre-discharge exercise test. Patients received aspirin daily, enoxaparin for 48 hours, 
and abciximab at the time of percutaneous coronary intervention. The use of clopi-
dogrel and intensive lipid-lowering therapy starting at the time of randomization was 
recommended. The primary end point was a composite of death, nonfatal myocardial 
infarction (procedure-related and spontaneous MI), or rehospitalization for anginal 
symptoms within one year after randomization.
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The main results of the ICTUS trial

The main result of the ICTUS study (chapter 2) showed that we could not demon-
strate that an early invasive strategy was superior to a selectively invasive strategy in 
nSTE-ACS patients with an elevated cardiac troponin T level. The cumulative rate of 
the primary end-point was 22.7% in the early invasive group and 21.2% in the selec-
tive invasive group (relative risk, 1.07; 95% confidence interval, 0.87 to 1.33; P=0.33). 
Mortality was the same in the two groups (2.5%). Myocardial infarction was signifi-
cantly more frequent in the group assigned to early invasive management (15.0 % vs. 
10.0 %, P=0.005). The higher incidence of myocardial infarction in the early invasive 
group was driven in large part by relatively small infarctions related to percutaneous 
coronary intervention. Rehospitalization for anginal symptoms was less frequent in 
the early invasive group (7.4 % vs. 10.9 %, P=0.04). 

Long-term follow-up of the ICTUS trial (chapter 3 and 4) confirmed our findings at 
one year and did not show that an early invasive strategy is better than a more selec-
tive invasive strategy. The estimated 3-year cumulative event rate for the composite 
end-point death, myocardial infarction, or rehospitalisation for anginal symptoms was 
similar in the two treatment groups (30.0% in the early invasive vs. 26.0% in the selec-
tive invasive group; p=0.09). At 4-year follow-up no difference in death from all causes 
or cardiovascular death was seen between the two strategies. The 3-year event rate of 
myocardial infarction was higher in the early invasive group than in the selective in-
vasive group. This difference was entirely due to the occurrence of more procedural re-
lated myocardial infarctions in the early invasive strategy group. The cumulative event 
rate for spontaneous myocardial infarction was similar, with 7.4% in the early invasive 
group and 7.2% in the selective invasive group (p=0.94). 

Long-term follow up is only available from the FRISC-II, RITA-3 and ICTUS study. When 
long-term results from these three trials are combined, there is only a non-significant 
trend towards fewer deaths with an (early) invasive strategy in patients with nSTE-
ACS. In contrast, post-hoc analyses from several large observational studies have dem-
onstrated that revascularization in hospital is associated with a substantial reduction 
in mortality compared with medical treatment. In chapter 5, we performed a retro-
spective analysis with the data from the ICTUS trial as if the data had been obtained by 
means of an observational study. Similar to retrospective analyses from observational 
studies, actual revascularization during hospital admission was associated with lower 
mortality and fewer MIs in ICTUS, even after the use of appropriate risk adjustment 
techniques. This apparent discrepancy is primarily driven by the poor prognosis in  
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patients who underwent angiography but were not revascularized because of co-mor-
bidities and anticipated high procedure-related risks. Thus, patients with non-STE-ACS 
that are not revascularized form a heterogeneous group of patients that either have 
no significant coronary artery disease or have very extensive or diffuse coronary artery 
disease or significant co-morbidities that make revascularization unattractive. There-
fore, whether an early invasive strategy leads to a better outcome than a selective 
invasive strategy cannot be inferred from the retrospective observation that revascu-
larized patients have a better prognosis in non-randomized studies.

There are several possible explanations for the observed apparent differences in out-
come between the present study and previous trials. One reason that could explain 
our results is the high percentage of patients that were revascularized in the selective 
invasive group compared with the other trials. In the FRISC-II study, the revasculariza-
tion rate during initial hospitalization was 13% in the non-invasive group and 76% in 
the invasive treatment group; in the RITA 3 10% and 44%; and in the ICTUS study 40% 
and 76%. Thus, the revascularization rate in the invasive treatment group of the RITA 
3 study is nearly identical to the revascularization rate in the non-invasive treatment 
group in the ICTUS study (44% versus 40%). Instead of comparing an invasive strategy 
to a non-invasive strategy, the ICTUS trial compared routine, early revascularization to 
less aggressive, delayed intervention.

Our results and those from the FRISC-II and RITA 3 trials differ in the incidence of myo-
cardial infarctions in both treatment strategies. The rate for spontaneous myocardial 
infarction was lower in the selective invasive group of the ICTUS trial compared to the 
non-invasive group of the FRISC-II trial. The low rate of spontaneous myocardial infarc-
tions in ICTUS could be due to the compliance to early and long-term medical treat-
ment in our study. Patients in the ICTUS trial were treated with aspirin, enoxaparin, 
intensive lipid-lowering therapy and glycoprotein IIb/IIIa inhibitors at the time of PCI. 
In the early invasive treatment strategy we observed a high incidence of myocardi-
al infarction, particularly during hospitalization, confirming previous findings of the 
FRISC II researchers that there is an early hazard associated with early revasculariza-
tion. As in FRISC II, most myocardial infarctions in the early-invasive-strategy group 
in our study were relatively small procedure-related myocardial infarctions that were 
detected with carefully timed and frequent measurements of CK-MB levels.
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Additional risk stratification

In chapters 6 - 9 we described our analyses into whether additional risk stratification can 
identify patients that may benefit most from an early invasive treatment strategy.

In chapter 6, we showed that the standard 12-lead admission ECG remains as an easy, 
readily available, inexpensive method of risk stratifying patients with nSTE-ACS. Cumu-
lative ST-segment deviation of at least 1 mm on the admission ECG identifies patients 
at risk for subsequent adverse cardiac events. We showed that patients with cumula-
tive ST-segment deviation of at least 1 mm, more frequently fail medical therapy and 
are at increased risk of spontaneous MI after discharge when no coronary angiography 
was performed during initial hospitalization. 
 
In Chapter 7 we showed that NT-proBNP is a strong independent predictor of mortality 
by 1 year, but we found no association between NT-proBNP and recurrent MI. Sudden 
death and progression of congestive heart failure were important causes of death in 
the highest quartile of NT-proBNP. However, we could not demonstrate a benefit of 
an early invasive strategy in patients who have nSTE-ACS with both an elevated NT-
proBNP and cTnT. 

Cystatin C (a novel marker for kidney function) was shown to be a potential marker to 
improve risk stratification in our study population (Chapter 8). Patients were stratified 
according to tertiles of cystatin C concentration at baseline. Mild to moderate renal 
dysfunction (third tertile) was associated with a higher risk of death or spontaneous 
MI during long-term follow-up. We compared the effect of an early invasive strategy to 
a selective invasive strategy in each tertile of cystatin C for descriptive purpose. In pa-
tients with mild to moderate renal dysfunction (third tertile), a non-significant trend 
was seen in favor of the selective invasive strategy. We observed a lower event rate in 
the middle tertile for an early invasive strategy, but given the relatively small sample 
size, these results should be regarded with caution. Our findings and the findings of 
other trials suggest that there might be an altered risk versus benefit ratio in nSTE-ACS 
patients with impaired renal function undergoing invasive procedures. 

Despite an overall benefit for patients randomized to an invasive strategy in the FRISC 
II and the RITA 3 trials, subgroup analyses from these studies showed that an invasive 
strategy may be associated with a higher risk of death or MI in women. For this reason, 
we conducted a collaborative meta-analysis to examine the benefits and risks of an 
invasive strategy in women vs. in men with nSTE-ACS. In chapter 9, we showed that an 
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invasive strategy has a comparable benefit in men and high-risk women for reducing 
the composite end-point of death, MI, or rehospitalization with ACS. In contrast, an 
invasive strategy does not appear to substantially benefit women in the absence of 
biomarker elevation and moreover may potentially increase the risk of death or MI. 
Our data provide evidence to support the updated American College of Cardiology— 
American Heart Association guidelines that now recommend that a conservative 
strategy should be used in low-risk women with NSTE ACS. 

Impact of our findings

After publication of the results of the ICTUS trial the guidelines of the American Col-
lege of Cardiology–American Heart Association but not the European Society of Car-
diology have been changed. In the most recent ACC/AHA guidelines it is now stated: 
In initially stabilized patients, an initially conservative (i.e., a selective invasive) strat-
egy may be considered as a treatment strategy for nSTE-ACS patients (without serious 
comorbidities or contraindications to such procedures) who have an elevated risk for 
clinical events,  including those who are troponin positive. The decision to implement 
an initial conservative (vs. initial invasive) strategy in these patients may consider phy-
sician and patient preference (Class IIb, Level of Evidence: C).

Recommendations for clinical practice

Since the publication of the ICTUS trial results, physicians may feel more confident 
that an early invasive strategy and a selectively invasive strategy are equivalent and 
accepted treatment options in nSTE-ACS patients with an elevated troponin T. 
For clinical decision-making and subsequent patient management, risk stratification 
of nSTE-ACS patients is essential. An early invasive strategy is indicated in nSTE-ACS 
patients who have refractory angina or hemodynamic or electrical instability. 
An early invasive and a selective invasive treatment strategy are equivalent treatment 
strategies in nSTE-ACS patients with an elevated troponin T, even if these patients have 
high levels of NT-proBNP at admission or if they have mild to moderate renal dysfunc-
tion. In these patients, the treatment strategy chosen in daily clinical practice can de-
pend on physician preference, patient preference and co-morbidity. More recently, two 
randomized trials (TIMACS and ABOARD) addressed the question of timing of invasive 
procedures. These trials compared a strategy of immediate intervention compared 
with a strategy of intervention deferred to the next working day. These trials showed 
that early intervention did not differ greatly from delayed intervention in preventing 
major cardiac events.  



 Summary and findings of the thesis | 183

Regardless of the treatment strategy ultimately selected, the medical therapy for 
nSTE-ACS patients should include the early use of aspirin, a thienopyridine, an antico-
agulant, beta blockade, statin therapy, intravenous nitroglycerin (in the early phase), 
and probably an angiotensin-converting enzyme (ACE) inhibitor. Platelet-glycoprotein 
IIb/IIIa inhibitors may not be required during initial medical management. 
The results of the ICTUS trial suggest that patients with nSTE-ACS with an elevated 
troponine T who stabilize on medical therapy can safely wait for an invasive proce-
dure. But the question remains: is it worth the wait? In other words, do patients who 
wait for angiography have equally good outcomes and levels of satisfaction as those 
managed with upfront angiography? Until further research is completed, a dualistic 
approach will dominate the management of nSTE-ACS. 

Directions for future research

In the new era of comparative effectiveness research, costs and quality metrics should be 
measured alongside hard clinical outcomes to ultimately define how various strategies 
reduce resource utilization and achieve optimal benefits for patients with NSTEMI. 

All the major strategy trials excluded patients older than 75-80 years of age and  
patients with moderate to severe impaired renal function. With changing demo-
graphics, it is important to investigate whether an early invasive strategy in nSTE-ACS  
patients older than 80 years of age reduces the Incidents of death or morbidity com-
pared to a selective invasive strategy. In the decades to come, these patients will rap-
idly grow in numbers. 

Also, little is known about the effect of an early invasive strategy among patients with 
renal impairment since these patients are most often excluded. Future research should 
investigate whether there is an altered risk versus benefit ratio in nSTE-ACS patients 
with impaired renal function undergoing invasive procedures.
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Samenvatting van het proefschrift

Dit proefschrift beschrijft de resultaten van de ‘Invasive versus Conservative Treatment 
in Unstable Coronary Syndromes’ (ICTUS) studie. Deze studie vergelijkt twee verschil-
lende behandelingstrategieën bij patiënten met acute pijn op de borst zonder ST ele-
vaties op het elektrocardiogram (nSTE-ACS patiënten). Bij deze patiënten is een krans-
slagader gedeeltelijk afgesloten door een stolsel bovenop een bestaande vernauwing. 
Soms is de gedeeltelijke afsluiting van een kransslagader zeer ernstig, met als gevolg 
dat er zuurstofgebrek (ischemie) in de hartspier optreedt. Bij langdurige ischemie kan 
een stukje hartspier afsterven; in het bloed uit dit zich als een verhoogde troponine-T-
waarde (positieve troponine).
Wij hebben de ICTUS studie opgezet en uitgevoerd om te onderzoeken of bij nSTE-ACS 
patiënten met een verhoogde troponine-T-waarde, een routinematige hartkatheteri-
satie gevolgd door eventuele revascularisatie (dotteren of opereren) beter is dan een 
initieel medicamenteuze behandeling.

Uitvoering ICTUS onderzoek

In 42 Nederlandse ziekenhuizen werden 1200 nSTE-ACS patiënten met een verhoogde 
troponine-T-waarde gerandomiseerd voor een vroeg-invasieve of selectief invasieve 
strategie. De vroeg-invasieve groep onderging een hartkatheterisatie en eventuele 
revascularisatie binnen 48 uur. De selectief invasieve groep werd aanvankelijk alleen 
medicamenteus behandeld; hartkatheterisatie werd alleen verricht na refractaire an-
gina pectoris of in geval van gedocumenteerde ischemie. Alle deelnemende patiënten 
kregen bij aankomst in het ziekenhuis 300 mg acetylsalicylzuur, daarna tenminste 75 
mg acetylsalicylzuur per dag, en ook tweemaal per dag enoxaparine gedurende ten-
minste 48 uur na randomisatie. Nadat clopidogrel in 2002 door de Nederlandse au-
toriteiten werd goedgekeurd als plaatjesaggregatieremmer bij nSTE-ACS patiënten, 
werd aanbevolen om vroeg te starten met de toediening van dit medicijn (300 mg 
bolus, gevolgd door 75 mg per dag). De bloedplaatjes aggregatieremmer abciximab 
(GPIIb/IIIa-receptorantagonist) werd aan de deelnemende ziekenhuizen verstrekt voor 
toediening aan de patiënten gedurende alle dotterprocedures. Het protocol raadde 
aan om vroegtijdig te beginnen met een intensief cholesterolverlagende therapie, bij 
voorkeur met 80 mg atorvastatine of een andere statine in gelijkwaardige dosis, en 
om deze therapie voor onbepaalde tijd te continueren.
De primaire uitkomstmaat was de samengestelde uitkomstmaat ‘sterfte, myocardin-
farct en heropname wegens angina pectoris’ na 1 en na 3 jaar, en sterfte na 4 jaar fol-
low-up.
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ICTUS resultaten korte en lange termijn

De ICTUS studie liet na 1 jaar follow-up zien dat een vroeg-invasieve strategie niet beter 
is dan een selectief invasieve strategie bij patiënten met een acuut coronair syndroom 
zonder ST-elevatie met een verhoogde troponine-T-waarde (hoofdstuk 2). De cumulatieve 
incidentie van de primaire uitkomstmaat, was 22,7% in de vroeg-invasieve groep en 
21,2% in de selectief invasieve groep, resulterend in een relatief risico van 1,07 (95%-
BI: 0,87-1,33; p = 0.33). De sterfte in beide groepen was gelijk (2,5%). De incidentie van 
myocardinfarct in de vroeg-invasieve groep was significant hoger dan in de selectief 
invasieve groep (15,0% vs. 10,0%, p = 0.005). Dit verschil was geheel toe te schrijven 
aan de hogere incidentie van met de procedure gerelateerde infarcten in de vroeg-
invasieve groep. Heropname wegens angina pectoris kwam minder vaak voor in de 
vroeg-invasieve groep (7,4%) dan in de selectief invasieve groep (10,9%) (p = 0.04).

De follow-up studie na 4 jaar (hoofdstuk 3 en 4) toonde aan dat er op de lange ter-
mijn eveneens geen verschil was tussen beide behandelstrategieën. De totale sterfte 
na 4 jaar was vergelijkbaar in beide groepen. De incidentie van myocardinfarcten was 
significant hoger in de vroeg-invasieve groep, maar dit werd geheel verklaard door 
de hogere incidentie van met de procedure (dotter of bypass operatie) gerelateerde 
myocardinfarcten in de vroeg-invasieve groep. Spontane myocardinfarcten kwamen in 
beide groepen even vaak voor. Heropname wegens angina pectoris kwam minder vaak 
voor in de vroeg-invasieve groep dan in de selectief invasieve groep, maar dit verschil 
was niet significant.

Wanneer de lange termijn resultaten van de ICTUS studie met FRISC-II en RITA-3 worden 
gecombineerd, wordt een niet significante trend gezien ten aanzien van sterfte ten 
gunste van de invasief behandelde nSTE-ACS patiënten. Echter, post-hoc analyses van 
verschillende grote observationele studies lieten zien dat revascularisatie tijdens de 
initiële ziekenhuisopname geassocieerd is met een substantiële reductie van sterfte 
in vergelijking met een louter medicamenteuze behandeling. 

In hoofdstuk 5 hebben we een ‘retrospectieve analyse’ met de data van de ICTUS studie 
uitgevoerd zoals deze zou worden verricht bij een observationele studie. Net als bij 
retrospectieve analyses van andere observationele studies, is revascularisatie tijdens 
de initiële ziekenhuisopname geassocieerd met lagere sterfte en minder myocardin-
farcten in de ICTUS populatie.
Deze schijnbaar tegenstrijdige resultaten worden verklaard door de slechte progno-
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se van patiënten die een hartkatheterisatie ondergingen, maar niet konden worden 
gerevasculariseerd wegens ernstige comorbiditeit of sterk verhoogd risico op te 
verwachten complicaties. nSTE-ACS patiënten die niet worden gerevasculariseerd vor-
men namelijk een heterogene groep met patiënten zonder significant coronairlijden 
en patiënten met zeer ernstig coronairlijden of ernstige comorbiditeit waarbij revas-
cularisatie niet mogelijk of erg onaantrekkelijk is. 

De vraag of een vroeg-invasieve strategie tot een betere uitkomst leidt dan een selec-
tief invasieve strategie kan dus niet worden beantwoord door retrospectieve, observa-
tionele studies.

Interpretatie van de ICTUS resultaten

Wij konden met de ICTUS studie niet aantonen dat een vroeg-invasieve strategie beter 
is dan een selectief invasieve bij patiënten met een ACS zonder ST-elevatie en met een 
verhoogde troponine-T-waarde.

Verklaringen voor de verschillen tussen de ICTUS resultaten en die van eerder uitge-
voerde onderzoeken die wel een voordeel van vroeg-invasieve behandeling lieten zien, 
zijn complex. Zo zijn er verschillen in studieopzet, het risicoprofiel van de patiënten, het 
medicamenteuze beleid, de definitie van myocardinfarct en de technische aspecten 
van revascularisatieprocedures, zoals het gebruik van stents en het gebruik van GPIIb/
IIIa-receptorantagonisten. 

Bij de ICTUS populatie onderging 76% van de vroeg-invasieve en 40% van de selectief 
invasieve patiënten tijdens de initiële ziekenhuisopname een revascularisatie, terwijl 
in andere onderzoeken de revascularisatiepercentages aanmerkelijk lager waren. In de 
FRISC-II-studie onderging slechts 13% van de selectief invasieve patiënten een revascu-
larisatie tijdens de initiële ziekenhuisopname en in de RITA-3-studie werd slechts 44% 
van de invasieve groep en 10% van de selectief invasieve groep gerevasculariseerd. De 
mate van revascularisatie in de invasieve groep in de RITA-3-studie was dus bijna iden-
tiek aan die in de selectief invasieve groep van de ICTUS studie.  Onze studie vergeleek 
dus een routinematige vroege revascularisatie met een minder agressieve ‘uitgestel-
de’ revascularisatie, in plaats van een revascularisatie versus een niet-revascularisatie 
strategie. 
Onze resultaten en de resultaten van de FRISC-II en RITA 3 studies verschillen van elkaar 
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qua incidentie van myocardinfarcten in beide strategieën. De incidentie van spontane 
myocardinfarcten was in de selectief invasieve groep in de ICTUS studie lager dan in 
de ‘niet-invasieve’ groep van de FRISC-II studie. De lage incidentie van spontane myo-
cardinfarcten in de selectief invasieve groep in de ICTUS studie kan mogelijk worden 
verklaard door de toegepaste medicamenteuze therapie vlak na randomisatie (met 
acetylsalicylzuur, enoxaparine, clopidogrel en hooggedoseerde statines). Ook de inten-
sieve secundaire preventie tijdens de follow-up biedt een mogelijke verklaring.

In de vroeg-invasieve strategie van de ICTUS populatie was er een hoge incidentie van 
myocardinfarcten, met name tijdens de eerste ziekenhuisopname. Dit is in lijn met de 
bevindingen in de FRISC-II studie die ook een hoge incidentie van mycoardinfarcten 
liet zien bij patiënten in de invasieve groep. Net als in de FRISC-II studie, waren de 
meeste myocardinfarcten in de vroeg-invasieve groep in onze studie relatief kleine, 
procedure gerelateerde infarcten die middels zorgvuldig getimede en frequente CK-
MB metingen konden worden gedetecteerd.  

Risicostratificatie

In hoofdstuk 6 tot en met 9 worden de analyses beschreven die we hebben verricht 
om te onderzoeken of additionele risicostratificatie patiënten kan identificeren die de 
meeste baat hebben bij een vroeg-invasieve strategie.

In hoofdstuk 6 lieten we zien dat het standaard 12-afleidingen ECG een eenvoudige, 
snelle en goedkope manier van risicostratificeren van nSTE-ACS patiënten blijft. (ST-
segment deviatie is een maat voor ischemie in de hartspier; hoe meer ST-segment de-
viatie, hoe meer ischemie.) Cumulatieve ST-segment deviatie van tenminste 1 mm op 
het opname ECG is geassocieerd met een verhoogd risico op sterfte en myocardinfarct. 
We lieten zien dat een medicamenteuze therapie vaker faalt bij patiënten met cumu-
latieve ST-segment deviatie van tenminste 1 mm. Verder lieten we zien dat patiënten 
met cumulatieve ST-segment deviatie van tenminste 1 mm een hogere incidentie heb-
ben van spontane myocardinfarcten na ontslag uit het ziekenhuis, als zij tijdens de 
eerste ziekenhuisopname geen hartkatheterisatie ondergingen.

In hoofdstuk 7 konden we aantonen dat NT-proBNP (een molecuul dat vrijkomt bij 
hartfalen en ischemie) een sterke onafhankelijke voorspeller is van sterfte na 1 jaar 
follow-up, maar we vonden geen associatie tussen NT-proBNP en myocardinfarct. De 
belangrijkste redenen van overlijden bij patiënten met een verhoogde NT-proBNP 
(hoogste quartiel) waren plotse dood en hartfalen. We konden echter niet aantonen 
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dat onze patiëntenpopulatie met een verhoogde NT-proBNP concentratie baat heeft 
bij een vroeg-invasieve strategie.

Cystatine C (een biomerker voor de nierfunctie) bleek in onze studiepopulatie een 
bruikbare merker te zijn voor additionele risicostratificatie (hoofdstuk 8). 
Patiënten werden op basis van hun cystatine C concentratie bij opname verdeeld in 3 
tertielen: tertiel 1, normale nierfunctie; tertiel 2, lichte nierdysfunctie en tertiel 3, mil-
de tot matige nierdysfunctie. Het derde en hoogste tertiel was geassocieerd met een 
hoger risico op sterfte en spontaan myocardinfarct tijdens langdurige follow-up. Ter 
illustratie vergeleken we het effect van een vroeg-invasieve strategie met een selec-
tief invasieve strategie in ieder tertiel. We observeerden een niet-significante trend in 
het voordeel van de selectief invasieve strategie bij patiënten in het derde tertiel. We 
observeerden echter een lagere incidentie van sterfte en spontane myocardinfarcten 
in het middelste tertiel bij patiënten in de vroeg-invasieve groep. Gezien de relatief 
kleine groepen moeten deze resultaten voorzichtig worden geïnterpreteerd. Echter, 
onze resultaten en de resultaten die voortkomen uit andere studies suggereren dat er 
een andere ‘risico versus baat’ ratio is bij nSTE-ACS patiënten met een milde tot matige 
nierdysfunctie die een invasieve procedure ondergaan. 

Subgroep analyses van de FRISC-II en RITA-3 studies lieten zien dat bij vrouwen een 
vroeg-invasieve strategie geassocieerd is met een hoger risico op sterfte of myocardin-
farct bij vrouwen, terwijl mannen juist baat hebben bij een vroeg-invasieve strategie. 
Om de risico’s en baten van een invasieve strategie bij mannen versus vrouwen met 
nSTE-ACS beter te onderzoeken hebben we een meta-analyse verricht. In hoofdstuk 9 
laten we zien dat een invasieve strategie een vergelijkbaar voordeel laat zien ten aanzien 
van de reductie van de samengestelde uitkomstmaat: dood, myocardinfarct en hero-
pname wegens ACS. Echter, bij vrouwen wordt er geen baat gezien van een invasieve 
strategie als zij geen verhoogde biomerker hebben bij opname. Bij deze vrouwen vin-
den we zelfs een verhoogd risico op dood en myocardinfarct als zij een invasieve pro-
cedure ondergaan.

Onze bevindingen steunen de meest recente ACC/AHA richtlijnen die nu een conser-
vatieve (selectief invasieve) strategie aanraden bij vrouwen met een nSTE ACS met een 
laag risicoprofiel. 
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Impact van de ICTUS studie

Na de publicatie van de resultaten van de ICTUS studie werden de richtlijnen van The 
American College of Cardiology–American Heart Association (ACC/AHA) (maar niet de 
richtlijnen van The European Society of Cardiology) veranderd.  

De meest recente ACC/AHA richtlijnen: bij gestabiliseerde nSTE-ACS patiënten kan 
een initiële conservatieve (selectief invasieve) strategie worden overwogen, ook als 
deze patiënten een verhoogd risicoprofiel hebben, inclusief die patiënten met een ver-
hoogde troponine concentratie (Class IIb, Level of Evidence: B). Bij de beslissing om een 
initieel conservatieve strategie (versus initieel invasieve strategie) te implementeren 
kan de voorkeur van de behandelend arts en de voorkeur van de patiënt een rol spelen 
(Class IIb, Level of Evidence: C). 

Aanbevelingen voor de klinische praktijk

Na de publicatie van de resultaten van de ICTUS studie, hebben behandelaars meer 
vertrouwen gekregen in het feit dat een vroeg-invasieve en een selectief invasieve 
strategie gelijkwaardige en geaccepteerde behandelingsmethoden zijn bij nSTE-ACS 
patiënten met een verhoogde troponine-T-waarde. 

Voor de dagelijkse, klinische praktijk is risicostratificatie van nSTE-ACS patiënten essen-
tieel. Een vroeg-invasieve strategie is geïndiceerd bij patiënten met refractaire angina 
pectoris, bij hemodynamisch instabiele patiënten of bij patiënten met ernstige hartrit-
mestoornissen. Vroeg-invasieve en selectief invasieve behandelingen zijn gelijkwaar-
dige behandelingsstrategieën bij nSTE-ACS patiënten met een verhoogde troponine-
T-waarde, zelfs als deze patiënten ook een hoge NT-proBNP concentratie of milde tot 
matige nierdysfunctie hebben bij opname in het ziekenhuis. Bij deze patiënten kan 
de keuze voor een te voeren behandelingsstrategie afhangen van de voorkeur van de 
behandelaar, de voorkeur van de patiënt en eventuele comorbiditeit.

De timing van een invasieve behandeling van nSTE-ACS patiënten is recent onderzocht 
in twee gerandomiseerde studies (TIMACS en ABOARD). Deze trials vergeleken een 
onmiddellijke invasieve strategie met een uitgestelde invasieve strategie, waarbij de 
hartkatheterisatie en eventuele dotterbehandeling wordt uitgesteld tot de volgende 
werkdag. Deze trials toonden geen belangrijk verschil tussen beide strategieën. 
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Ongeacht de gekozen behandelstrategie behoort de medicamenteuze therapie van 
nSTE-ACS patiënten te bestaan uit aspirine, nitroglycerine, een anticoagulant, een 
thienopyridine, een bètablokker, een statine en een ACE-remmer.

Vrij vertaald, suggereren de resultaten van ICTUS studie dat nSTE-ACS patiënten met 
een verhoogde troponine-T-waarde veilig kunnen wachten op een eventuele invasieve 
procedure. De vraag die overblijft is: Is het de moeite waard om te wachten? Hebben 
patiënten die een selectief invasieve strategie ondergaan een even goede prognose 
en hebben zij dezelfde mate van tevredenheid over hun behandeling als patiënten die 
vrijwel direct invasief worden behandeld?

Advies voor toekomstig onderzoek

In de toekomst zullen nieuwe studies die behandelstrategieën vergelijken, naast klinis-
che eindpunten, ook patiënttevredenheid en kosteneffectiviteit moeten meewegen. 
Alle belangrijke studies die behandelingsstrategieën vergeleken bij nSTE-ACS patiënt-
en sloten patiënten ouder dan 75 of 80 jaar en patiënten met matige tot ernstige ni-
erdysfunctie uit van deelname. Met de vergrijzing in het vooruitzicht, is het belangrijk 
om te onderzoeken of een vroeg-invasieve strategie sterfte en morbiditeit kan voorko-
men bij nSTE-ACS patiënten van 80 jaar en ouder. In de komende decennia zal deze 
patiëntengroep namelijk sterk groeien. 

NSTE-ACS patiënten met een gestoorde nierfunctie hebben een hoog risico op hart en 
vaatlijden. Bovendien hebben deze patiënten meer kans op complicaties ten gevolge 
van invasieve ingrepen. Het is van groot belang om te onderzoeken of patiënten met 
een gestoorde nierfunctie baat hebben bij een vroeg-invasieve strategie.  
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Woord van Dank

Op de kaft van dit proefschrift staat alleen mijn naam, maar dat doet alle mensen die 
de ICTUS studie en dit proefschrift mogelijk hebben gemaakt ernstig tekort. Om be-
langrijke klinische vraagstukken te kunnen onderzoeken is medewerking van patiënt-
en van cruciaal belang. Alle patiënten die hebben meegedaan aan het ICTUS onder-
zoek wil ik bedanken voor hun belangeloze inzet en medewerking. Ik dank alle artsen, 
onderzoekers en research nurses voor hun bijdrage aan het tot stand komen van het 
ICTUS onderzoek. 
Het ICIN heeft een doorslaggevende rol gespeeld bij de opzet, financiering en real-
isatie van het onderzoek. Zonder ICIN, geen ICTUS. Het ICTUS onderzoek kon alleen 
slagen door een uitstekende samenwerking tussen verwijzende centra en centra met 
PCI en CABG faciliteiten. Een belangrijk deel van de verwijzende centra is aangesloten 
bij de WCN. De steun van de WCN is van cruciaal belang geweest voor het slagen van 
ICTUS.

Mijn promotoren
Prof. dr. R.J. de Winter, prof. dr. J.G.P. Tijssen 
Beste Rob, ik prijs me gelukkig jou als promotor te hebben. We zijn samen in 2000 be-
gonnen aan de ICTUS studie; een ambitieus project dat na vallen en opstaan een groot 
succes is geworden. Je liet me vrij als jonge onderzoeker en stuurde bij waar nodig. Je 
hebt mij het idee gegeven een volwaardig lid te zijn van het ICTUS team en hebt van 
mij een echte onderzoeker gemaakt. 
Beste Jan, jouw tactisch inzicht is van groot belang geweest voor het slagen van de IC-
TUS studie. Ik kijk met veel plezier terug aan die vele momenten van overleg en brain-
stormen, en natuurlijk ook aan de jaarlijkse congressen. Ik kan met recht zeggen dat ik 
veel van je heb geleerd.

Mijn co-promotoren
Prof. dr. F.W.A. Verheugt, dr. J.H. Cornel 
Beste professor Verheugt, u heeft een belangrijke rol gespeeld bij de opzet van de IC-
TUS studie en u heeft altijd geloofd in een goede afloop. Zelfs na de publicatie van de 
GUSTO IV trail, toen het ICTUS project wankelde, bleef u optimistisch. 
Beste Jan Hein, ik ben bij jou in 1999 begonnen in het Medisch Centrum Alkmaar als 
agnio. Jij hebt me voorgesteld aan Jan en Rob, toen het ICTUS project nog in de kinder-
schoenen stond. Ik dank je voor deze transfer en voor je inzet om de WCN klinieken te 
interesseren voor het ICTUS project. 
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De overige leden van mijn promotiecommissie
Prof. dr. P.J. de Feyter, prof. dr. M.M. Levi, prof. dr. R.J.G. Peters, prof. dr. A. Sturk, prof. dr. E.E. 
van der Wall en dr. R.B.A. van den Brink wil ik hartelijk danken voor hun bereidheid mijn 
proefschrift te beoordelen en zitting te nemen in mijn promotiecommissie.

Prof. dr. G.T.B. Sanders, beste Gerard, 
Een belangrijk deel van dit proefschrift is gewijd aan risicostratificatie met behulp van 
biomerkers. Dankzij jou was het mogelijk om in alle deelnemende centra bedside tro-
ponine T testen te verrichten en is het na veel lobbyen gelukt bloedmonsters te laten 
afnemen om later in het AMC te analyseren.

Dr. K.T. Koch, beste Karel, 
Jouw adviezen rondom de PCI’s van ICTUS patiënten zijn zeer waardevol geweest. 
Bovendien heb je een groot deel van de ICTUS patiënten die in ons verzorgingsgebied 
waren geïncludeerd eigenhandig gedotterd.

Alexander Hirsch, beste Alex, 
Zonder jou was dit proefschrift onmogelijk geweest. Jouw tomeloze inzet, inzicht en 
statistische kennis waren goud waard. Bovendien ben je in de loop der jaren een echte 
vriend geworden en sta jij straks als paranimf aan mijn zijde.

Marc van der Zee, beste Marc, 
Jij hebt de inclusie van patiënten in het AMC voor je rekening genomen, terwijl je ook 
bezig was met je eigen onderzoeksproject. In een nek-aan-nekrace met het voorma-
lige Sint Ignatius ziekenhuis heb je toch de koppositie weten te houden; grote klasse! 
Bovendien heb jij het bijna vier jaar uitgehouden met mij op een klein kamertje op 
B2.

Gijs Nollen, beste Gijs,
Bijna dagelijks zeggen verpleegkundigen: “Hoi Gijs!” tegen me, terwijl jij vijf jaar ouder 
bent dan ik en veel minder haar hebt! Toch zie ik het als een compliment en ik ben er 
trots op dat jij mijn paranimf wilt zijn!
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Margriet Klees, beste Margriet, 
Als ik denk aan de tijd dat we samen in de 306 door het land trokken, krijg ik weer een 
glimlach op mijn gezicht. Tijdens onze reizen naar alle hoeken van het land deelden 
we lief en leed. Je gedrevenheid en je doorzettingsvermogen kenden geen grenzen. 
Stinkende kamertjes, een ontplofte motor op de brug bij Nijmegen, een CRF waar niets 
juist is ingevuld; niets bracht je van je stuk. 

De Research afdeling Cathkamer AMC
Beste Ineke Radder en Wilma van der Wateren, bedankt voor jullie hulp bij het moni-
toren. Karla Mulder bedank ik voor het bouwen en beheren van de ICTUS database. 
Verder dank ik Esther, Volkert en Wim voor hun ondersteunend werk.

De afdeling Cardiologie van het AMC
In het AMC zijn meer dan 100 patiënten ingesloten in de ICTUS studie. Een groot deel 
van dit succes is te danken aan de tomeloze inzet van de verpleegkundigen op de eerste 
harthulp, CCU en F3 zuid. Na mijn onderzoekstijd ben ik begonnen aan de opleiding tot 
cardioloog. Zonder mensen tekort te willen doen wil ik een aantal mensen extra be-
danken: Mieke Vlug en Ronald Schmeddes, Marc (het zonnetje in huis), Martin (is dat 
nou warm zo’n snor?), Caroline (beste roddel van 2000-2009; tevens toekomstig haar-
styliste van meisje Lara), Willeke (koningin voetverzorging, kampioen typen), Vincent 
(Vincente!), Rob (“Zet die Lucas d’r maar op”), Femke (de vakantie-vrouw), Wim (“Lekker 
hoor!”) en Judith (“Hoedoedegijdah, hoedoedegijdah, hoeheddegijdahgedoan”).

De afdeling Hartcatheterisatie
Er is in het kader van de ICTUS studie een onwaarschijnlijk groot aantal procedures 
verricht, dankzij de inzet van de interventie cardiologen (Marije Vis, José Henriques, 
Jan Baan, René van der Schaaf), cathkamer verpleegkundigen, toenmalig hoofd van 
de afdeling professor Jan Piek en Fokje. Patiënten die in ons verzorgingsgebied vroeg 
invasief hadden geloot werden daadwerkelijk vroeg invasief behandeld, ook als dit 
betekende dat er een procedure op vrijdagmiddag of in het weekend moest worden 
verricht. Ik dank jullie voor jullie inzet en support! Beste Martin, inmiddels ben je weer 
terug op ‘onze kamer’, die je weer als vanouds hebt ‘ingericht’. Ik denk met veel plezier 
terug aan de tijd dat we samen de sollicitatiegesprekken voor research medewerkers 
organiseerden. 

Beste Regina, Anita en Lieve, bedankt voor jullie hulp door de jaren heen.
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De afdeling Klinische Chemie
Beste Jan van Straalen (Juan de los Rayos) en dr. Johan Fischer, ik dank jullie voor al het 
werk dat moest worden verzet om in het AMC core lab de biomerkers te meten. Jullie 
werk heeft tot mooie publicaties geleid.

De afdeling Cardio-thoracale Chirurgie
Ik dank jullie voor de vele CABG’s die zijn verricht in het kader van de ICTUS studie. 

De onderzoekers
Ik begon mijn tijd als onderzoeker tegenover ‘de kloppende spier’, de roemruchte 
onderzoekerskamer op B2 van Steven, Niels, Martijn, Rob en Michiel. Nog geen week 
na mijn aanstelling maakten we een legendarische congresreis naar New Orleans. In 
de tijd dat een ‘hurricane’ nog een heel andere betekenis had en Jan Piek een sensatie 
op de dansvloer was. Dankzij de pioniers van de kloppende spier was ik snel ingeburg-
erd in het AMC.
Dank aan alle collega’s van B2 (de oude garde): Anouk, Igor, Lilian (meisje Meijboom), 
Lea, Michiel Winter (nooit te beroerd om een hotelkamer te delen), Thomas Ooster-
hof, Mariëlle, Jacobijne (de enige die letterlijk en figuurlijk promoveerde met vallen en 
opstaan), Pieter Bot (literair geweten en eeuwig jonge hond) en Saskia. Dank aan de 
nieuwe garde: Ivo, Krischan, Harald, Marcel, Miranda, Pieter P., Jeroen, Margo, Annema-
rie, Joost en Niels.
Beste Peter, jij hebt het ICTUS project overgenomen en inmiddels heb je een zeer fraaie 
publicatie op je naam staan. Ik weet zeker dat er nog veel mooie stukken zullen vol-
gen.

Assistenten en Staf Cardiologie
Graag bedank ik alle assistenten en stafleden voor hun steun tijdens de inclusie en 
follow-up fase van de ICTUS studie. Het zal jullie niet verbazen dat ik de laatste jaren 
met veel plezier de opleiding tot cardioloog heb gevolgd. Een belangrijke voorwaarde 
voor een goed opleidingsklimaat is collegialiteit en humor; dank jullie wel!

Dr. R.B.A. van den Brink, beste Renée, 
Je bent als opleider en ervaren clinicus van onschatbare waarde voor mij geweest. Een 
betrokkener opleider is ondenkbaar. Je voorliefde voor beeldspraak is ongeëvenaard. 
De top drie: 1. “Ik ben ook maar een broodetende profeet.” 2. “Als dit geen ernstige MI is 
dan laat ik me hangen.” 3. “Dit is als een koe op glad ijs.”
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Research nurses
Op de laatste pagina’s van mijn proefschrift staan alle ziekenhuizen en de daarbij be-
horende onderzoekers vermeld die aan de ICTUS studie hebben deelgenomen. Ook de 
research nurses in de deelnemende ziekenhuizen zijn enorm belangrijk geweest voor 
het slagen van de ICTUS studie. Ik wil jullie allemaal ontzettend bedanken voor jullie 
inzet en gastvrijheid. 

Vrienden 
Speciale dank aan mijn jaarclubvrienden: Van Geelen (“Valt er in de cardiologie dan 
helemaal niks te upsellen?”), Hans (Eindhoven de gekste!), Marcel (Koos of prof. dr. M.J. 
Broersma), Bennie (Remko), Bas (outback Bas-Bert), Maurice (alaaf!) en Roel (Ransuil en 
mede grondlegger van de huidige wereldwijde crisis). 
Dank aan Martin (Morty) en Geralda (Carola), onze ‘vakantievrienden’ (“IJburg is gerust 
wel een beetje Amsterdam”).
Dank aan de (ex-) UPC-ers, Stephan, Wendy (hoofd-borrels), Inge (“Ja, ik zit er nog 
steeds”), Stefanie (met zit-schoentjes), Sissel (maar die is er waarschijnlijk toch niet 
bij), Remco (tijgerbroek kan altijd) en Ard (promoveren valt niet mee, maar is nog altijd 
stukken relaxter dan werken voor Joop van den Ende). Jullie hebben al die jaren mijn 
verhalen over mijn promotietraject moeten aanhoren en gaven de hoop op een feestje 
nooit op.

Dank aan de Carola’s, dankzij jullie kan mijn meisje stralen op het podium. Ik dank jul-
lie voor al die voorstellingen, maar vooral voor jullie vriendschap. 

Lieve Martine en Ruben,
Jullie zijn echt een dynamisch duo! Jullie stromen allebei over van creativiteit, ijver en 
vakmanschap. Maar veel belangrijker, jullie staan altijd voor ons klaar! Het boekje ziet 
er echt prachtig uit!

Mijn lieve schoonfamilie,
Lieve Cor en Ria, mijn “werkstuk” (aldus Ria) is nu eindelijk af. Heerhugowaard is inmid-
dels mijn tweede thuis geworden en ik ben nu helemaal ingewijd in de Indonesische 
gebruiken en tradities. Jullie onvoorwaardelijke steun en liefde na de geboorte van 
onze dochter heeft diepe indruk op mij gemaakt. 
Lieve Robin, Elza en Marcia, lievere oom en tantes kan mijn kleine meid zich niet wensen.
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Ward Windhausen
Beste Ome Ward, ik ben je zeer dankbaar voor het prachtige ontwerp van de kaft van 
mijn proefschrift.

Mijn zus Margo, 
Lieve Muis, de laatste jaren zijn we steeds meer naar elkaar toegegroeid. Je zorgt altijd 
voor spektakel, met jou is het allesbehalve saai. Lara boft maar met zo’n tante!
 
Mijn lieve ouders,
Het heeft een paar generaties geduurd, maar nu is er toch weer een Windhausen 
gepromoveerd. Ik dank jullie voor een onbezorgde jeugd en voor jullie liefde, adviezen 
en hulp de afgelopen jaren. Jullie stonden altijd voor mij klaar en bleven geloven in een 
goede afloop. Dit boekje is voor jullie!

Mijn lieve vrouw Ilse,
Vanaf het eerste moment dat ik je zag wist ik het zeker; jij bent mijn droomvrouw! 
Je schoonheid, grapjes en liefde brengen me nog dagelijks in vervoering. Je hebt lang  
moeten wachten, maar nu is het werk eindelijk gedaan. De weekenden zullen niet 
langer worden opgeslokt door het proefschrift. Zonder jouw onvoorwaardelijke steun 
had ik dit proefschrift nooit kunnen afronden. Dank je wel, liefde van mijn leven!

Lieve Lara,
Als ik dit schrijf ben je vier maanden oud. Mijn hart stroomt over van geluk als je naar 
me lacht. De laatste tijd brabbel je er al stevig op los; dat belooft wat voor de toekomst! 
Je wilt nu al overal bij zijn en alles met je eigen ogen zien. Overdag slapen? Pfff… dat is 
meer iets voor kleine meisjes!
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ICTUS investigators and research coordinators

The following investigators and research coordinators, all in the Netherlands, participated 
in the ICTUS trial (total number of patients recruited are indicated in parentheses):

Academisch Medisch Centrum, Amsterdam (105) — R.J.G. Peters
Amphia Ziekenhuis, Breda (101) — P.H.J.M. Dunselman
Universitair Medisch Centrum St. Radboud, Nijmegen (78)—F.W.A. Verheugt
Westfries Gasthuis, Hoorn (74) — C.L. Janus
Medisch Centrum Alkmaar, Alkmaar (72) — V. Umans
Elkerliek Ziekenhuis, Helmond (65) — P.E.F. Bendermacher 
Catharina Ziekenhuis, Eindhoven (59) — H.R. Michels 
Flevoziekenhuis, Almere (48) — A. Sadée
Canisius-Wilhelmina, Nijmegen (46) — D. Hertzberger
Maasziekenhuis, Boxmeer (40) — J. Peters
Ziekenhuis Hilversum, Hilversum (40) — P.A.R.M. de Miliano
Oosterschelde Ziekenhuis, Goes (38) — A.H. Liem
Rijnstate Ziekenhuis, Arnhem (38) —R. Tjon Joe Gin
Christelijk Ziekenhuis Nij Smellinghe, Drachten (36) — M. van der Linde
Deventer Ziekenhuis, Deventer, (36) — D. Lok
Ziekenhuis Gooi-Noord, Blaricum (35) — G. Hoedemaker
Boven IJ Ziekenhuis, Amsterdam (28) — M. Pieterse
Scheperziekenhuis, Emmen (27) — L. van den Merkhof
Jeroen Bosch Ziekenhuis, Den Bosch (25) — M. Daniëls
Groene Hart Ziekenhuis, Gouda (20) — M. van Hessen
St. Elisabeth Ziekenhuis, Tilburg (19) — W. Hermans
Slotervaart Ziekenhuis, Amsterdam (18) — C.E. Schotborgh 
AZM, Maastricht (18) — C. de Zwaan
Diakonessenhuis, Utrecht (17) — A. Bredero
Universitair Medisch Centrum, Utrecht (17) — P. de Jaegere/J Winter
Kennemer Gasthuis, Haarlem (14) — M. Janssen
Medisch Spectrum Twente, Enschede (11) — J. Louwerenburg
St. Franciscus, Rotterdam (11) — M. Veerhoek
LUMC, Leiden (11) — M. Schalij
Gemini Ziekenhuis, Den Helder (10) — A. de Porto
UMCG, Groningen (10) — F. Zijlstra
Tweesteden Ziekenhuis, Tilburg (10) — J. Winter
Erasmus MC, Rotterdam (8) — P. de Feyter
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Ziekenhuis Leyenburg Den Haag (7) — R. Robles de Medina
Reinier de Graaf Gasthuis, Delft (6) — P. Withagen 
Bronovo Ziekenhuis, Den Haag (5) —M. Sedney
Maxima Medisch Centrum, Veldhoven (4) — H. Thijssen
Rijnland Ziekenhuis, Leiderdorp (3) — C. van Rees 
Streekziekenhuis Zevenaar, Zevenaar (2) —P. van den Bergh
VUMC, Amsterdam (1) — C. de Cock
Isala klinieken, Zwolle— A. van ’t Hof
St. Antonius Ziekenhuis, Nieuwegein — M.J. Suttorp
Trial Steering Committee: R.J. de Winter (chair), F. Windhausen, J.H. Cornel, J.G.P. Tijssen, 
F.W.A. Verheugt, P.H.J.M. Dunselman, P.J. de Feyter, H.R. Michels
Executive Committee:  R.J. de Winter, F. Windhausen, J.G.P. Tijssen
End Point Adjudication Committee: D.Düren, K. Liem
Data Center and Monitoring:  Academisch Medisch Centrum, Amsterdam;
Clinical Chemistry Core Laboratory: Academisch Medisch Centrum, Amsterdam, Labo-
ratory of Clinical Chemistry, G.T.B. Sanders, J. Fischer, J. van Straalen, A Sturk.
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Curriculum Vitae

Fons Windhausen werd op 14 juli 1973 geboren in het Laurentius ziekenhuis te Roer-
mond. Tijdens zijn kleutertijd blonk hij voornamelijk uit als huttenbouwer; niets wees 
op een proefschrift over behandelingsstrategieën van acute coronaire syndromen. Op 
de basisschool Pius X speelde hij de sterren van de hemel als trefballer, zijn slinger-
worp is tot op heden zelden geëvenaard. Op 13-jarige leeftijd verhuisde hij naar Zut-
phen, waar hij een aantal jaren later met vlag en wimpel slaagde voor zijn VWO β.

In 1992 begon hij zijn studie Geneeskunde in Groningen om vervolgens in 1999 te 
beginnen als arts Interne Geneeskunde in het Medisch Centrum Alkmaar. Het lot 
had echter anders bepaald; hij werd geplaatst op de hartbewaking en was meteen 
verkocht. Een jaar later werd hij op voorspraak van dr. Jan Hein Cornel aangenomen 
als arts onderzoeker voor het ICTUS project onder leiding van prof. dr. Rob de Winter en 
prof. dr. Jan Tijssen.

In 2005 begon hij aan zijn opleiding tot cardioloog onder de bezielende leiding van dr. 
Renée van den Brink, prof. dr. Arthur Wilde en prof. dr. Jan Piek die hij in oktober 2010 
zal afronden. Tijdens zijn opleiding werd hij voorzitter van de Amsterdamse assisten-
tenvereniging en bleek er een waar vakbondsleider in hem te schuilen.




