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Chapter 1
General Introduction  

and Outline of  the Thesis
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General introduction

Over the past decades coronary artery disease (CAD) has remained one of the leading 
causes of mortality and morbidity in adults in developed countries [1, 2]. CAD is a complex 
inflammatory and pathological process characterized by atherosclerotic plaque build-up in 
the coronary arteries [3]. Due to its dynamic nature, the clinical presentation of patients 
with CAD may vary. The disease can have stable phases, in which patients can remain 
asymptomatic or experience angina pectoris which is stable in intensity. However, the 
disease may become unstable at any given moment, due to an acute atherothrombotic 
event, which is defined as an acute coronary syndrome (ACS) [4]. Acute chest discomfort 
is considered as a cardinal clinical feature in ACS [5]. However, clinical presentations vary, 
and include patients who are already symptom-free at presentation to the emergency 
department (ED) to patients who present with hemodynamic instability, cardiac arrest or 
mechanical heart complications. 

When evaluating patients with acute chest discomfort at the ED, physicians strive to achieve 
an effective but safe diagnostic work-up, as misdiagnoses can have serious consequences 
[6-8]. Besides patient history and physical examination, the electrocardiogram (ECG) is used 
to identify abnormalities which indicate the presence of myocardial ischemia, or to detect 
other findings that may be helpful for the diagnosis. In suspected ACS patients it is important 
to differentiate between patients with and without persistent ST-segment elevation on 
the ECG. Patients with persistent ST-segment elevation may have an acute coronary 
occlusion and should be treated with immediate reperfusion therapy. Patients without ST-
segment elevation on ECG are still at risk of having a non-ST-segment elevation ACS (NSTE-
ACS). Further management is largely dictated by the results of cardiac biomarkers, more 
specifically the high-sensitivity cardiac troponins (hs-cTn).

High-sensitivity cardiac troponin assays
Troponin is a complex consisting of three regulatory proteins, namely Troponins C, I and T, 
which plays a critical role in both skeletal and cardiac muscle contraction. It is important to 
note that cardiac troponin (cTn) I and T are products of specific genes that are only expressed 
in cardiac muscle and are distinct from troponin I and T expressed in skeletal muscle. This 
specificity has led to the use of cTnI and cTnT as serum biomarkers of myocardial injury in 
earlier conventional assays [9].

The introduction of hs-cTn assays in clinical practice has changed our perspective on what 
a myocardial infarction (MI) entails. Although widely used in Europe for many years in 
suspected ACS patients, hs-cTn assays have only recently been gaining traction in the United 
States (U.S.) after approval by the U.S. Food and Drug Administration in 2017. These new 
biomarkers quickly and more accurately detect acute myocardial injury of various origins 
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as compared to conventional troponin assays [10, 11]. In patients with serial low levels of 
hs-cTn, there is no myocardial injury and therefore the chances of finding MI are very low. 
These patients can be sent home safely after exclusion of other life-threatening conditions, 
and generally have a good prognosis [12, 13]. However, because myocardial injury is 
detected more easily there is a decreased specificity for the diagnosis of MI. Elevated hs-cTn 
levels indicate myocardial injury but not the underlying pathologic mechanism. To establish 
the diagnosis of MI injury of myocardium should occur in the setting of acute ischemia 
[14]. Physicians are more and more confronted with patients with (mildly) elevated hs-cTn 
levels who do not have a myocardial infarction, but injury through another mechanism. The 
management of myocardial infarction and injury is very different [5]. 

Rapid rule-out and rule-in strategies
International guidelines advocate the use of rapid rule-out and rule-in algorithms with hs-
cTn assays for early triage of suspected NSTE-ACS patients [5]. The European Society of 
Cardiology (ESC) 0/1-hour algorithm combines high safety for ‘rule-out’ and high accuracy 
for ‘rule-in’, thereby enabling definite triage in a major part of suspected NSTE-ACS patients. 
However, diagnostic uncertainty remains for a group of patients who do not qualify for rule-
out or rule-in, the so-called ‘non-conclusive’ category [5, 15]. These patients present with 
mildly elevated or low-range positive hs-cTn, without a rise or fall pattern that is characteristic 
for MI. Although the ‘non-conclusive’ group is known to be heterogeneous, some patients 
will eventually be diagnosed with NSTE-ACS [16]. Knowledge of their coronary anatomy is 
therefore of imperial importance.
 
Coronary computed tomography angiography (CCTA) is a non-invasive, anatomical diagnostic 
modality that rapidly visualises the coronary artery tree [17-19]. Plaque characteristics 
which are thought to be precursors of ACS also can be detected easily [20]. CCTA has an 
excellent negative predictive value and is therefore an ideal gatekeeper for invasive coronary 
angiography (ICA), which in itself is costly and due to its invasive character not without risk 
of complications. Patients with non-obstructive CAD on CCTA benefit from this information 
as it provides an opportunity to implement effective preventive measures [21]. Previously, 
CCTA has successfully been tested in the ED in the assessment of suspected ACS patients [22-
24], however these studies were performed in the era of conventional cTn assays. Shortly 
after the introduction of the hs-cTn assays, we assessed the value of CCTA in the ED in low-
risk suspected ACS patients in the multicentre randomized Better Evaluation of Acute Chest 
Pain with Computed Tomography Angiography (BEACON) trial [25]. This study showed that 
patients with normal hs-cTn have a very low risk for the occurrence of cardiovascular events 
and might not even require any testing at all. However, it would be interesting to investigate 
whether implementing CCTA in patients with mildly elevated or low-range positive hs-cTn, i.e. 
patients assigned to the ‘non-conclusive’ group, may help improve their diagnostic work-up. 
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Aim and outline of the thesis

Chapter 2 discusses the new role of non-invasive imaging, such as CCTA, as a gatekeeper for 
ICA in the era of hs-cTn assays. Chapter 3 gives an overview of the use of CCTA in suspected 
NSTE-ACS patients, including information with regard to proper patient selection, special 
considerations in acute chest pain patients and recommendations based on particular CCTA 
results.

Part 2 of the thesis focuses on a low-risk suspected NSTE-ACS population, namely 
patients included in the multicentre randomized BEACON trial. In chapter 4 we 
evaluated whether the limit of detection of the hs-cTnT assay can safely and efficiently 
be used as a gatekeeper for CCTA. In the same light, in chapter 5 we evaluated 
whether the History, ECG, Age, Risk factors, and Troponin (HEART) score, a rapid risk 
stratification tool, can safely be used as a gatekeeper for CCTA. Chapter 6 focuses on 
the differences between women and men regarding their clinical presentation, CCTA 
results and the subsequent effect on downstream healthcare utilization.  
 
Part 3 of the thesis focuses on the clinical value of new accelerated diagnostic protocols 
with hs-cTn assays for suspected NSTE-ACS patients and the role of CCTA in those with non-
conclusive work-up. In chapter 7 we evaluated the ability of serial hs-cTn measurements to 
correctly rule-out MI and the ability of a single high baseline hs-cTn measurement to correctly 
rule-in MI in suspected NSTE-ACS patients. In chapter 8 we assessed the clinical characteristics 
and management of patients assigned to the ‘non-conclusive’ zone of the ESC 0/1-hour 
algorithm and generated a model that is predictive of a coronary diagnosis. Finally, in chapter 
9 we describe a prospective, double-blind, observational, multicentre trial (COURSE trial) to 
investigate whether CCTA can improve the diagnostic work-up of patients with acute chest 
pain and non-conclusive elevated hs-cTn. The main results are presented in chapter 10.   
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The introduction of high-sensitivity troponin (hs-cTn) assays has changed our perspective 
on myocardial infarction (MI) and the way we practice medicine. These new assays detect 
smaller amounts of myocardial injury in a shorter time. Their role is essential in patients 
with acute chest pain and a normal or inconclusive electrocardiogram (ECG) [1]. In the 
case of serial low hs-cTn levels, one can assume that there is no myocardial injury and the 
chances of finding MI are therefore very low. Patients with serial low hs-cTn values and no 
other alarming findings can be sent home safely after exclusion of other life-threatening 
conditions, and generally they have a good prognosis [2, 3].

However, the improved sensitivity in detecting myocardial injury has come with a reduced 
specificity for the diagnosis of MI. Elevated hs-cTn levels indicate myocardial injury but not 
the underlying pathologic mechanism. MI, itself further divided in 5 subtypes, is part of the 
spectrum of myocardial injury [4]. Boundaries between infarction and injury have become 
more vague, and in patients with acute chest pain, slightly elevated troponin levels, and no 
other clinical clues, it can be challenging to determine the underlying aetiology. In these 
cases, it is important to differentiate between MI type 1 (caused by atherosclerotic plaque 
disruption), MI type 2 (oxygen supply and demand imbalance), and non-ischemic myocardial 
injury (structural myocardial disease not caused by ischemia) because each of these entities 
requires a different approach.

It is estimated that up to one-third of patients with acute chest pain and a normal or inconclusive 
ECG will still have an unclear diagnosis after hs-cTn sampling [5]. Performing invasive coronary 
angiography (ICA) routinely to test for the presence of significant coronary artery disease is 
not without risk and is costly. Most important, it is probably unnecessary because almost 
one-half of patients will have a diagnosis of type 2 MI or a non-ischemic myocardial injury [6]. 
Because the number of hs-cTn-positive patients is increasing and our medical resources have 
limits, we are compelled to seek a more efficient yet safe diagnostic approach.

An attractive strategy is to use non-invasive imaging up front as a gatekeeper for ICA. In this 
issue of the Journal, Smulders et al. [7] investigated whether a first-step diagnostic strategy 
with cardiac magnetic resonance (CMR) imaging or coronary computed tomography 
angiography (CTA) would improve diagnostic efficiency in patients with acute chest pain 
and elevated hs-cTn levels, but no indication for urgent ICA. The authors randomized 207 
patients to either routine care or 1 of the 2 non-invasive imaging arms. The results of CMR 
and coronary CTA were then sent to the respective patient’s attending physician with the 
expectation that patients with minimal or no obstructive coronary artery disease could 
avoid ICA. Implementing CMR or CTA as a first step reduced the rate of ICA to 87% and 
66%, respectively, without compromising safety (defined as all-cause mortality, recurrent 
MI, unplanned coronary revascularization after the index event, or heart failure requiring 
hospitalization within 1 year). Additionally, 33 of 49 patients (67%) in whom the diagnosis 
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remained unknown in the 2 non-CMR arms eventually also underwent CMR. A new and 
clinically relevant diagnosis was found in 16 patients. In the same way, 5 of 40 patients 
with no clear diagnosis in the non-CTA arms underwent CTA at a later stage, revealing 1 
new and clinically relevant diagnosis. A first-step strategy with coronary CTA was associated 
with a higher radiation dose (13.0 mSv vs. 4.1 and 4.9 mSv for the CMR and ICA groups, 
respectively).

It is of interest that a negative coronary CTA report was more effective than a similar CMR 
message at convincing attending physicians to forgo ICA, which in part might be explained 
by the fact that coronary CTA and ICA are both anatomic modalities. In patients with an 
unclear diagnosis after initial testing, CMR proved to be more useful because this functional 
modality also visualizes structural abnormalities resulting in myocardial injury.

The authors are to be congratulated on their work because they address an important 
clinical dilemma and open the floor for a discussion on this topic. Their study has a number 
of strengths such as the randomized assignment of patients to an initial non-invasive 
gatekeeping strategy while allowing a real-world process of clinical decision making to 
determine the diagnostic and treatment protocol for each patient. Potential weaknesses 
might be that the treatment strategy was not determined before randomization and the 
surprisingly high referral rate to ICA of 100% in the routine care arm. Also, individuals with 
known pre-existing coronary artery disease were excluded from the trial. These individuals 
should be the subject for a follow-up investigation in our opinion. Finally, a cost-benefit 
analysis would be of interest in determining how much economic benefit might accrue from 
similar “non-invasive study first” protocols.

Previous experiences with up-front non-invasive imaging largely date from the conventional 
troponin era, in which they were used to rule out MI in patients with acute chest pain and 
normal troponin levels [8, 9]. In the era of hs-cTn, ruling out of MI with non-invasive imaging 
has become redundant as the negative predictive value of serial low hs-cTn levels approaches 
100% [2, 10]. Non-invasive imaging is now gradually being used in low-risk, hs-cTn-positive 
patients with a normal or inconclusive ECG to try to avoid unnecessary referral to ICA. Future 
studies will determine whether this is safe and efficient. In this regard, it may be more 
sensible to combine the strengths of different non-invasive imaging modalities, rather than 
trying to appoint 1 gatekeeper. As an anatomic modality, coronary CTA is an attractive non-
invasive alternative for ICA. At the same time, CMR, with its tissue-characterization abilities, 
can assess for aetiologies that are not detected by coronary CTA or echocardiography. A 
stepwise non-invasive strategy consisting of echocardiography, coronary CTA, and CMR 
might well be the answer we are looking for.
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Abstract

Coronary CT angiography (CCTA) can be a valuable diagnostic tool in suspected acute 
coronary syndrome without ST-segment elevation. Patients in whom the initial clinical 
work-up including serial cardiac (high-sensitivity) troponins remains inconclusive are most 
suited to be interrogated with CCTA. This chapter provides an overview of the use of CCTA in 
suspected acute coronary syndrome without ST-segment elevation.

Key messages
• Low-to-intermediate risk patients with an inconclusive work-up are most suitable for CCTA.
• Patient preparation and adequate heart lowering measures are crucial. 
• Patients with no coronary plaque have an excellent prognosis and can safely be 

discharged to home after careful examination of other emergent conditions. 
• Patients with obstructive coronary artery disease, especially in combination with 

corresponding myocardial hypo-enhancement, deserve expedited investigation with 
invasive angiography.
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Introduction

Efficient and reliable evaluation of patients suspected of non-ST-elevation acute coronary 
syndrome (NSTE-ACS) remains a challenging task that is presented daily to physicians in 
emergency departments worldwide. The differential diagnosis is broad encompassing 
life-threatening as well as benign, self-terminating conditions (Table 1). Standard clinical 
evaluation typically incorporates patient history, physical examination and the results of 
serial ECGs and cardiac biomarkers. The main goal of this evaluation is to identify low-
risk patients that can be safely discharged home on one hand and to identify those whom 
symptoms are most likely due to a NSTE-ACS. However, the initial work-up is often not 
conclusive, as up to 30% of the patients do not qualify to be discharged or diagnosed with 
NSTE-ACS. Coronary CT angiography (CCTA) provides visualization of the coronary artery 
tree, myocardium and surrounding organs in a matter of minutes without the need to 
provoke ischemia. Its negative predictive value surpasses all non-invasive tests, approaching 
100%, and the positive predictive value is reasonable. Implementing early CCTA improves 
efficiency of standard clinical work-up in low-to-intermediate risk patients. Recently, new 
high-sensitivity troponin assays have been introduced that detect smaller amounts of 
myocardial injury in a shorter time-span. Experiences in the emergency department thus far 
show that patients with serial low values have an excellent prognosis and can be discharged 
safely without the need for further testing. Because of a decrease in specificity, there is 
now a substantial group of patients with detectable or slightly elevated troponins, often not 
demanding immediate action, for whom CCTA may provide guidance.
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Table 1. Differential diagnoses of acute coronary syndromes in the setting of acute chest pain

Cardiac Pulmonary Vascular Gastrointestinal Orthopaedic Other
Myopericarditis; 
cardiomyopathiesa

Pulmonary 
embolism

Aortic dissection Oesophagitis, 
reflux, or spasm

Musculoskeletal 
disorders

Anxiety 
disorders

Tachyarrhythmias (Tension)-
Pneumothorax

Symptomatic 
aortic aneurysm

Peptic ulcer, 
gastritis

Chest trauma Herpes 
zoster

Acute heart failure Bronchitis, 
pneumonia

Stroke Pancreatitis Muscle injury/ 
inflammation

Anaemia

Hypertensive 
emergencies

Pleuritis Cholecystitis Costochondritis

Aortic valve 
stenosis

Cervical spine 
pathologies

Takotsubo 
cardiomyopathy
Coronary spasm
Cardiac trauma

Bold: common and/or important differential diagnoses. aDilated, hypertrophic and restrictive cardiomyopathies 
may cause angina or chest discomfort.

Source: Roffi, M., et al., 2015 ESC Guidelines for the management of acute coronary syndromes in patients 
presenting without persistent ST-segment elevation: Task Force for the Management of Acute Coronary 
Syndromes in Patients Presenting without Persistent ST Segment Elevation of the European Society of Cardiology 
(ESC). Eur Heart J 2016. 37(3): p.267–315. Table reproduced with the permission of the publisher.

Special considerations in acute chest pain patients
• Generally higher heart rate and variability due to psychological or physical stress and a 

higher symptomatic drive. Adequate lowering and stabilization of heart rate with beta-
blocker is crucial, consider anxiolytics and practice breath hold beforehand. Prospective 
ECG-gated scan is preferred, although a retrospective ECG-gated scan might be 
preferable in high and variable heart rates despite medication.

• Consider non-coronary, but potentially life-threatening, conditions.  
• Non-enhanced imaging for calcium imaging is generally not accepted in acute chest 

pain, because of a higher probability of significant non-calcified plaque or embolic 
coronary events. Also, alternative causes for acute chest pain (pulmonary embolism, 
aortic dissection) will be missed without contrast-enhancement. 

Patient selection
• According to ESC guidelines, CCTA should be considered as an alternative to invasive 

angiography to exclude ACS when there is a low to intermediate likelihood of CAD and 
when cardiac troponin and/or ECG are inconclusive. 

• High clinical suspicion despite serial low (hs)-troponin values (Figure 1). Unfavorable 
risk profile, ECG changes, typical progressive symptoms or symptoms at rest.
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• Inconclusive work-up with slightly elevated (hs)-troponins without a characteristic rise 
or fall pattern in combination with a normal or non-diagnostic ECG.

• Low-risk patients that have been discharged might be scheduled to undergo CCTA in an 
outpatient setting.

• In addition, patient characteristics should be suitable for adequate data acquisition 
(chapter 1.4).

Figure 1. Patient selection. 

NSTE-ACS = non-ST-elevation acute coronary syndrome. CCTA = coronary CT angiography. 

CCTA results and recommendations
• No stenosis or plaque – associated with a very favorable prognosis, further assessment 

for coronary artery disease not needed. Consider other etiologies. 
• Non-obstructive CAD – associated with a favorable prognosis, further in-hospital 

assessment for coronary artery disease generally not needed. Consider risk modulation 
and pharmacotherapy with outpatient follow-up. In-hospital evaluation should be 
considered if clinical suspicion remains high, there are persistent symptoms or in the 
presence of high-risk plaque features (Figure 2). Pitfalls: Obstructive disease in small 
segments (<2 mm diameter) or distal embolization following a plaque rupture (Figure 
3). Always interpret together with clinical picture, ECG findings and biomarker results.
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Figure 2. High-risk plaque feature. 

* = Low-attenuation plaque. # = Spotty calcification. White arrow = Positive remodeling.

Figure 3. Left anterior descending artery (LAD) on coronary CT angiography of a 64-year-old woman presenting 
with acute chest pain triggered by an emotional event. 

Echocardiographic findings mimic Takotsubo. Blunt termination very distally is easily overlooked (especially when 
using automated curved MPR images) that is caused by plaque rupture and distal embolization of the proximal 
plaque. Note the apical LV thrombus on the right panel. 

White arrow = blunt termination of distal LAD. * = regional myocardial hypo-enhancement. # = apical LV thrombus. 
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• Obstructive CAD – NSTE-ACS is likely, patient should be admitted and receive guideline 
recommended therapy. Higher stenosis grade or acute occlusions, especially in 
combination with regional myocardial hypo-enhancement (Figure 4) make NSTE-
ACS very likely. Consider invasive angiography in these cases, also in the presence of 
obstructive 3 vessel disease or obstructive left main CAD (or its equivalent). Stress 
testing may be considered in the absence of elevated troponins. 

• Significant non-cardiac findings (Figure 5) – treatment according to underlying cause.

Figure 4. Acute occlusion of diagonal branch with corresponding regional myocardial hypo-enhancement. 

White arrow = acute occlusion of diagonal branch. * = regional myocardial hypo-enhancement.
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Figure 5. Collateral findings causing acute chest pain. 

A = Pericarditis with pericardial effusion. B = Aortic dissection. C = Pulmonary embolism.

Triple-Rule-Out protocol
In some patients with acute chest pain standard clinical evaluation does not produce a clear 
working diagnosis. When additional diagnoses besides ACS are considered, such as aortic 
dissection or pulmonary embolism, Triple-Rule-Out (TRO) may be considered. TRO allows 
assessment of the coronary arteries, thoracic aorta and pulmonary arteries with a single 
examination. TRO protocols are associated with higher radiation- and contrast agent dose 
when compared to a dedicated CCTA protocol, because of the wider thoracic coverage and 
opacification of both the right- and left-side circulations. Even more so than a dedicated 
CCTA protocol, image quality is highly dependent on local expertise, CT-scanner technology, 
adequate patient preparation, contrast agent injection technique and timing of image 
acquisition. Therefore, appropriate patient selection is crucial.

Conclusions

Coronary CT angiography has proven to be a valuable tool in suspected NSTE-ACS. Thorough 
patient preparation and adequate heart lowering measures are crucial. Low-to-intermediate 
risk patients with an inconclusive work-up are most suitable for CCTA. Patients with no 
coronary plaque have an excellent prognosis and can safely be discharged to home after 
careful examination of other emergent conditions. Patients with obstructive CAD, especially 
in combination with corresponding myocardial hypo-enhancement, deserve expedited 
investigation with invasive angiography. 
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Abstract

Objectives
The aim of this study was to characterize the safety and efficiency of a strategy employing 
the limit of detection (LoD) of high-sensitivity troponin T (hs-TnT) as a gatekeeper for 
coronary computed tomography angiography (CCTA) in suspected acute coronary syndrome 
(ACS) patients in the emergency department (ED).

Methods
We included suspected ACS patients who underwent CCTA and were evaluated with hs-TnT. 
Patients were categorized as below the LoD and at or above the LoD. The primary outcome 
was 30-day major adverse cardiac events (MACEs), defined as all-cause mortality, ACS, or 
coronary revascularization.

Results
The study population consisted of 177 patients (mean age 55 ± 10 years, 50.3% women), 
and 16 (9.0%) patients reached the primary outcome. None of the patients died, while 13 
had an adjudicated diagnosis of ACS, and 3 underwent elective coronary revascularization. 
There were 77 patients (44%) with an hs-TnT value below the LoD (MACEs; n = 1 [1.3%]) 
and 100 (56%) with at or above the LoD levels (MACEs; n = 15 [15%]). None of 67 patients 
with an hs-TnT value below the LoD and <50% stenosis on CCTA experienced MACEs. Out of 
the 10 patients with an hs-TnT value below the LoD and ≥50% stenosis on CCTA, 1 patient 
underwent elective percutaneous coronary revascularization. In patients with an hs-TnT 
value at or above the LoD, 74 patients had <50% stenosis on CCTA, and 2 patients (3%) were 
diagnosed with myocardial infarction without obstructive coronary artery disease confirmed 
on invasive angiography. Thirteen (50%) patients with an hs-TnT value at or above the 
LoD and ≥50% stenosis on CCTA experienced MACEs (11 ACS and 2 elective percutaneous 
coronary revascularizations).

Conclusion
Our findings support that implementing the LoD of hs-TnT as a gatekeeper may reduce the 
need for CCTA in suspected ACS patients in the ED.
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Introduction

Patients with symptoms suggestive of an acute coronary syndrome (ACS) are evaluated on 
a day-to-day basis in emergency departments (ED) worldwide [1-3]. Physicians aim for an 
efficient diagnostic workup while maintaining patient safety [2, 4]. High-sensitivity troponin 
T (hs-TnT) assay facilitates a more rapid and safe workup of suspected ACS patients [2, 5]. 
For this reason, many sites worldwide have transitioned to these new biomarkers. Recent 
cohort studies have suggested that using the hs-TnT assay’s limit of detection (LoD) as a 
cutoff permits the early and safe discharge of a considerable number of patients, thereby 
reducing downstream testing and resource utilization [6, 7].

Coronary computed tomography angiography (CCTA) is a valuable noninvasive imaging 
modality that has shown to accurately rule out ACS in the ED in large randomized trials [8-
11]. However, CCTA necessitates radiation exposure to patients and requires certain logistic 
utilities in the ED. Implementing the LoD of hs-TnT as a gatekeeper for CCTA may provide 
a more efficient diagnostic workup, where CCTA can be reserved for a selected group of 
patients. The aim of this study was to characterize the safety and efficiency of a strategy 
employing the LoD of hs-TnT followed by CCTA in the ED for the detection of 30-day major 
adverse cardiac events (MACEs).

Methods

Patient Population
The multicenter randomized Better Evaluation of Acute Chest Pain with Computed 
Tomography Angiography trial compared a diagnostic strategy with early CCTA to standard 
optimal care in patients presenting to the ED with symptoms suggestive of ACS. The 
methods, including study designs, and inclusion and exclusion criteria have previously been 
published [8]. In this secondary analysis, we included patients who underwent CCTA of 
diagnostic image quality and for whom a baseline hs-TnT value was available. The study 
was conducted according to the principles of the Declaration of Helsinki, approved by the 
local institutional review boards (reference number 2011-071). All patients provided written 
informed consent. The trial was registered at ClinicalTrials.gov (NCT01413282).

High-Sensitivity Troponin T
Blood samples of each patient were obtained at the time of presentation to the ED. Cardiac 
troponin was measured with the fifth-generation Elecsys hs-TnT assay (Roche Diagnostics, 
Basel, Switzerland). The assay’s limit of blank is 3 ng/L, the LoD is 5 ng/L, and the 99th 
percentile is 14 ng/L with a coefficient of variation ≤10% at 13 ng/L. In the current sub-
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analysis, we only used baseline troponin values. Patients were categorized into 2 groups as 
follows: (1) below the LoD (<5 ng/L) and (2) at or above the LoD (≥5 ng/L).

Coronary Computed Tomography Angiography
Image acquisition was performed on 64-slice or newer computed tomography systems, 
using ECG-synchronized axial or spiral scan protocols combined with radiation minimizing 
measures, depending on local practices, available technology, and patient characteristics. 
Results of CCTA were locally evaluated and reported by certified radiologists with a 
minimum of 2 years of experience reading CCTA, thereby ensuring an expeditious workup. 
A combination of reconstruction methods was used, particularly the axial images and 
multiplanar reconstructions. The presence of coronary plaque and the degree of stenosis 
were visually assessed by eye-balling for each evaluable coronary segment. The degree of 
stenosis was divided on a patient level as non-obstructive coronary artery disease (CAD) 
(<50% stenosis) or obstructive CAD (≥50% stenosis), in line with the cutoff for consideration 
of invasive angiography in recent guidelines for patients with acute chest pain [12].

Clinical Endpoints
The primary outcome was MACEs at 30 days after discharge from the hospital, which was 
defined as all-cause mortality, ACS, or coronary revascularization. ACS was defined as acute 
myocardial infarction (MI) or unstable angina according to the third universal definition 
of AMI [13]. MI with non-obstructive arteries (MINOCA) was defined as a MI, dependent 
on serial hs-TnT assessment with at least 1 value above the 99th percentile, with non-
obstructive CAD on invasive coronary angiography (ICA) and no other clinically overt cause 
that could serve as an alternative diagnosis, based on ICA and echocardiography [14]. All 
clinical endpoints were adjudicated by 2 cardiologists who independently reviewed medical 
records of patients. Results of the CCTA were blinded to the cardiologists performing the 
event adjudication. Referral for ICA was at the discretion of the treating physician based on 
all available information, including the results of the CCTA.

Statistical Analysis
Continuous data are presented as mean ± SD or median (interquartile ranges), and categorical 
data are presented as proportions (percentages). Differences between independent groups 
were compared using the independent samples t test for continuous variables, and Fisher’s 
exact test or the Pearson’s χ2 test for categorical variables. All statistical analyses were 
performed using MedCalc Statistical Software version 18.10 (MedCalc Software bvba, 
Ostend, Belgium) and SPSS version 24.0 (IBM, Armonk, NY, USA). All tests were 2-tailed, and 
a p value <0.05 was considered statistically significant.
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Table 1. Baseline patient characteristics and outcomes at 30 days 

Total 
 
(n=177)

Hs-TnT <5 ng/L  
(Limit of Detection) 
 (n=77)

Hs-TnT ≥5 ng/L  
 
(n=100)

p-value

Mean age, years 55 ± 10 51± 9 58 ± 10 <0.001
Women 89 (50.3) 47 (61.0) 43 (43.0) 0.012
Medication
   Statin 45 (25.4) 18 (23.4) 27 (27.0) 0.58
   Aspirin 31 (17.5) 13 (16.9) 18 (18.0) 0.85
   Beta-blocker 31 (17.5) 15 (19.5) 16 (16.0) 0.55
   ACE-inhibitor 18 (10.2) 7 (9.1) 11 (11.0) 0.68
   Angiotensin receptor blocker 11 (6.2) 3 (3.9) 8 (8.0) 0.26
   Calcium-channel blocker 12 (6.8) 6 (7.8) 6 (6.0) 0.64
   Diuretic agent 23 (13.0) 9 (11.7) 14 (14.0) 0.65
Cardiovascular risk factors
   Hypertension 75 (42.4) 32 (41.6) 43 (43.0) 0.85
   Dyslipidemia 62 (35.0) 24 (31.2) 38 (38.0) 0.35
   Diabetes mellitus 15 (8.5) 6 (7.8) 9 (9.0) 0.78
   Smoking 63 (35.6) 30 (39.0) 33 (33.0) 0.41
   Family history positive for CAD 81 (45.8) 44 (57.1) 37 (37.0) 0.008
   Prior atherosclerotic disease 17 (9.6) 6 (7.8) 11 (11.0) 0.47
Blood pressure, mmHg
   Systolic 139.6 ± 19.4 138.8 ± 20.6 140.1 ± 18.5 0.67
   Diastolic 82.0 ± 12.0 82.4 ± 12.0 81.8 ± 12.1 0.74
Ischemic ECG abnormalities 45 (25.0) 20 (25.9) 25 (25.0) 0.88
Risk scores
   HEART score 4.0 ± 1.5 3.7 ± 1.3 4.3 ± 1.6 0.005
   GRACE score 84.0 ± 24.0 80.7 ± 24.1 90.7 ± 23.1 0.006
Time from symptom onset to first blood draw (hours) 3.0 [2.0-12.0] 3.0 [2.0-12.0] 3.0 [2.0-11.5] 0.74
Onset of symptoms below three hours 47 (26.6) 20 (25.9) 27 (27.0) 0.88
CCTA Assessment for CAD

   Non-obstructive CAD
No stenosis 88 (49.7) 47 (61.0) 41 (41.0)

0.02
1-49% stenosis 53 (29.9) 20 (26.0) 33 (33.0)

   Obstructive CAD   
50-69% stenosis 27 (15.3) 8 (10.4) 19 (19.0) 
≥70% stenosis 9 (5.1) 2 (2.6) 7 (7.0)

Outcomes at 30 days
   Invasive coronary angiography 25 (14.1) 4 (5.2) 21 (21.0) 0.004
   30-day MACEs 16 (9.0) 1 (1.3) 15 (15.0) 0.002
   All-cause mortality 0 (0.0) 0 (0) 0 (0) ns
   ACS 13 (7.3) 0 (0) 13 (13.0) 0.001
   PCI 14 (7.9) 1 (1.3) 13 (13.0) 0.004

Values are mean ± SD, median (interquartile ranges), or n (%). ECG abnormalities are defined as Q-wave or ST–T-
segment alterations suggestive of ischemia; ACS, acute coronary syndrome; ACE, angiotensin-converting enzyme; 
CAD, coronary artery disease; CCTA, coronary computed tomography angiography; ECG, electrocardiogram; 
Hs-TnT, high-sensitivity troponin T; PCI, percutaneous coronary intervention; ns, non-significant; ICA, invasive 
coronary angiography; HEART, history, ECG, age, risk factors, and initial troponin; GRACE, The Global Registry of 
Acute Coronary Events; MACEs, major adverse cardiac events.
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Results
A total of 177 patients had a baseline hs-TnT measurement and a CCTA of diagnostic image 
quality and were eligible for inclusion. Baseline characteristics of included patients are 
shown in Table 1. The mean age was 55 ± 10 years, and the proportion of women was 50.3%. 
Patients with hs-TnT at or above LoD were more often male and older. In patients with 
hs-TnT levels at or above the LoD, the median hs-TnT value was 7 (5-10) ng/L. The median 
time from symptom onset to the first blood draw was 3.0 (2.0–12.0) h. None of the patients 
died within 30 days. Thirteen patients had an adjudicated diagnosis of ACS, and 3 patients 
underwent coronary revascularization for stable CAD within 30 days (Table 1).

Figure 1. Frequency of 30-day MACEs according to baseline hs-TnT values and stenosis severity on CCTA.

Non-obstructive CAD was defined as <50% stenosis on CCTA, whereas obstructive CAD was defined as ≥50% 
stenosis on CCTA. MACEs is defined as all-cause mortality, ACS, or coronary revascularization. CAD, coronary 
artery disease; CCTA, coronary computed tomography angiography; Hs-TnT, high-sensitivity cardiac troponin T; 
MACEs, major adverse cardiac events; ACS, acute coronary syndrome.

Hs-TnT and CCTA
The results of CCTA showed that 141 (79.7%) patients had non-obstructive CAD, and 36 
(20.3%) patients had obstructive CAD (Table1). The MACEs rate in patients with hs-TnT below 
the LoD (n = 77; 44%) and at or above the LoD (n = 100; 56%) was 1.3% (n = 1) and 15% (n = 
15), respectively  (Figure 1). Below the LoD, 67 (87.0%) patients had non-obstructive CAD on 
CCTA, and 10 (13.0%) patients had obstructive CAD on CCTA. Out of the 67 patients, with an 
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hs-TnT value below the LoD and non-obstructive CAD on CCTA, 0 patients were referred to 
ICA, and 0 patients had 30-day MACEs. Out of the 10 patients, with an hs-TnT value below 
the LoD and obstructive CAD on CCTA, 4 patients underwent ICA, of whom 1 underwent 
elective percutaneous coronary revascularization. The remaining 6 patients were not 
referred for ICA, as they were deemed to have lesions for which PCI was not indicated (e.g., 
distal branches or lesions in small side branches). These patients were discharged from the 
ED and received further evaluation and medical treatment at the outpatient clinic.

At or above the LoD, 74 (74.0%) patients had non-obstructive CAD on CCTA, and 26 (26.0%) 
patients had obstructive CAD on CCTA. Out of the 74 patients, with a hs-TnT value at or 
above the LoD and non-obstructive CAD on CCTA, 3 patients underwent ICA, of whom 2 
patients (3%) experienced MACEs within 30 days. Both patients had non-obstructive 
coronary artery disease on invasive angiography and were diagnosed as MINOCA. Out of 
the 26 patients, with an hs-TnT value at or above the LoD and obstructive CAD on CCTA, 
18 (69%) patients were referred to ICA. Thirteen (50%) patients had a MACE within 30 
days, of whom 11 patients were diagnosed with ACS, and 2 patients underwent elective 
percutaneous coronary revascularization.

Discussion

In the current study, we explored the safety and efficiency of a strategy employing the 
LoD of hs-TnT as a gatekeeper for CCTA in suspected ACS patients in the ED and report 
several important findings. First, no patient with a baseline hs-TnT value below the LoD 
had ACS within 30 days. Second, in the ED setting, it may be sensible to omit performing 
CCTA regularly in suspected ACS patients with a baseline troponin value below the LoD, 
considering the low incidence of events. Third, patients with a baseline value of hs-TnT 
above LOD had a >10-fold higher incidence of 30-day MACEs. In this group, CCTA could 
accurately discriminate between patients with and without a coronary related condition.

Hs-TnT below the LoD
Several prospective studies have shown a promising role of a single baseline hs-TnT value 
to discriminate between patients with and without AMI [6, 7, 15]. Recently, investigators 
from the HISTORIC trial showed that an hs-TnT value below the LoD safely rules out the 
occurrence of cardiac death and AMI within 30 days, if the patient has had symptoms for at 
least 2 h [16]. The proportion of patients with baseline hs-TnT below the LoD is not trivial, 
in our study approaching half of the population (44%), which is in line with previous studies 
[6, 7]. Only 1 (1.3%) patient with an hs-TnT value below the LoD experienced an adverse 
event, namely an elective percutaneous coronary intervention. This was correctly identified 
by CCTA; however, because of the low incidence and questionable prognostic implications, 
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it may be sensible to omit performing CCTA in the ED setting regularly in suspected ACS 
patients with a baseline troponin value below the LoD. Further testing in an outpatient 
setting remains an attractive option.

Several factors should be considered when using a single baseline hs-TnT to discharge patients 
from the ED. First, considering the time dependency of troponin release, physicians should 
be cautious with the use of single baseline hs-TnT values for clinical decision-making in early 
presenters (<3 hours of chest pain onset) as late increases in cardiac troponin can occur in 
these patients. Currently, in early presenters it is recommended to perform a second blood 
draw 3 hours after symptom onset [16]. Second, the decision for early discharge should 
not solely be based on troponin levels but on the whole clinical picture as troponins are 
only a part of the diagnostic workup for suspected ACS patients. Third, the use of validated 
rapid risk stratification tools, such as the history, ECG, age, risk factors, and initial troponin 
(HEART) score [17], 2-hour accelerated diagnostic protocol to assess patients with chest 
pain symptoms using contemporary troponins as the only biomarker (ADAPT) [18], and 
Emergency Department Assessment of Chest Pain Score (EDACS) [19] pathways can aid the 
physician in the assessment of suspected ACS patients. Patients can be discharged safely 
if there are no alarming findings and other life-threatening conditions are excluded. The 
USA and Europe differ in the way that results for the Hs-TnT assay are reported in clinical 
practice. Per USA, Food and Drug Administration regulations results less than the limit of 
quantification (LoQ), which is 6 ng/L, are not reported in the USA. In our study population, 
103 patients (58% of the total population) had hs-TnT levels below the LoQ, with a MACEs 
rate of 2.9% (n = 3), of whom all 3 underwent elective PCI. Thus, the MACEs rate would 
increase when using the LoQ instead of the LoD. Nevertheless, we believe that the safety of 
such a strategy would not be compromised considering that none of these patients died or 
had an ACS within 30 days of discharge from the hospital.

Patients with Baseline Hs-TnT at or above the LoD
The first hs-TnT at the time of presentation enables early risk stratification, with a MACEs 
rate of 15.0% in patients with baseline hs-TnT at or above the LoD in our study. Implementing 
CCTA in patients with baseline hs-TnT at or above the LoD enables further risk stratification 
as 50% of patients with obstructive CAD on CCTA experienced MACEs compared to 3% with 
non-obstructive CAD on CCTA (both classified as MINOCA) [13]. Interestingly, no patient 
underwent coronary artery bypass grafting, which was most likely influenced by local 
revascularization practice and partially due to sheer coincidence. The introduction of high-
sensitivity troponins has changed our perspective on MI as these new biomarkers quickly 
and more accurately detect acute myocardial injury of various origins [20, 21]. More and 
more patients with elevated hs-TnT have non-obstructive CAD on invasive angiography 
[22, 23]. Some of these are categorized as MINOCA, while others have a non-ischemic 
reason altogether for their elevated cardiac markers. Importantly, noninvasive imaging with 
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CCTA is a trustworthy gatekeeper, also in our study, to safely defer patients from invasive 
angiography who do not need it.

Limitations
Several limitations should be mentioned. The current study is a secondary analysis of patients 
suspected of ACS that underwent CCTA in the ED, for which prior specific power analyses 
were not performed and should therefore be regarded as hypothesis generating. In the main 
Better Evaluation of Acute Chest Pain with Computed Tomography Angiography (BEACON) 
trial, in and exclusion criteria were set to ensure a low-risk suspected ACS population without 
any contraindications that prohibited them from undergoing CCTA, which may affect the 
generalizability of these results to a real-world acute chest pain population. Furthermore, 
patients were enrolled in both community hospitals and tertiary medical centers, where 
patients may present with varying a priori risk of ACS, leading to a more heterogeneous 
study population. Quality control protocols for the hs-TnT assays used at the various sites 
during the study period were not at our disposal and may have varied between these sites, 
thereby influencing our results. The study population consisted of patients in whom results 
of CCTA were used as part of their clinical workup which in turn might have introduced 
a workup bias. A substantial number of patients did not have a second troponin blood 
draw, which prohibited us from performing further meaningful analysis into the kinetics of 
troponin release in the entire population. In our study, a quarter of the patients presented 
to the ED within 2 hour of symptom onset. A second sample should be retrieved in these 
patients 3 hour after symptom onset, considering the time dependency of troponin release. 
While discharge seems feasible in patients with representative hs-TnT below the LoD, further 
screening in an outpatient setting should be considered, where CCTA remains an attractive 
diagnostic option for selected patients.

Conclusion
Our results support that implementing the LoD of hs-TnT as a gatekeeper in suspected ACS 
patients may reduce the need for CCTA in the ED. In our cohort of patients with a baseline 
hs-TnT value at or above the LoD, our findings indicate that CCTA may discriminate patients 
with and without a coronary related condition.
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Abstract

Aims
Coronary computed tomography angiography is increasingly employed in the emergency 
department for suspected acute coronary syndrome patients. The HEART score has 
been proposed for initial risk stratification in these patients. The aim of this study was to 
investigate the diagnostic value and efficiency of the HEART score before coronary computed 
tomography angiography.

Methods and results
We included patients suspected of acute coronary syndrome who underwent coronary 
computed tomography angiography in the emergency department. Based on the HEART 
score, patients were stratified as low-risk (HEART≤3), intermediate-risk (HEART4–6) and 
high-risk (HEART≥7). We assessed coronary computed tomography angiography for the 
presence of significant coronary artery disease (>50% stenosis). The primary outcome, the 
level of major adverse cardiac events, was a composite endpoint of all-cause mortality, 
acute coronary syndrome or coronary revascularisation within 30 days. The study 
population consisted of 340 patients (mean age: 55.6±10.1 years, 44.7% women), major 
adverse cardiac events occurred in 45 (13.2%) patients. The incidence of major adverse 
cardiac events in patients stratified as low-risk (35.0%), intermediate-risk (56.8%) and high-
risk (8.2%) was 3.4%, 12.4% and 60.7%, respectively. All four low-risk patients with major 
adverse cardiac events had a HEART score of three. An algorithm where coronary computed 
tomography angiography is reserved for patients with HEART 3–6 resulted in a sensitivity of 
97.8%, specificity of 84.1%, negative predictive value of 99.6% and positive predictive value 
of 48.4%, while reducing the need for coronary computed tomography angiography by 22% 
(n=75).

Conclusion
The predictive value of coronary computed tomography angiography for 30-day major 
adverse cardiac events in suspected acute coronary syndrome patients is good, and reserving 
coronary computed tomography angiography for HEART score 3–6 patients reduces the 
number of needed coronary computed tomography angiograms without affecting diagnostic 
accuracy.
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Introduction

Patients with symptoms of a possible acute coronary syndrome (ACS) are frequently seen 
at the emergency department (ED [1-3]. Physicians strive to achieve an effective but safe 
diagnostic work-up, as misdiagnoses can have serious consequences [2-4]. The HEART score, 
a clinical tool for rapid risk stratification, has been proposed to improve decision making in 
patients suspected of ACS [5-8] Based on history, electrocardiogram (ECG), age, risk factors 
and initial troponin levels, the HEART score provides the physician with recommendations 
for further management. Recent studies suggest that the HEART score permits safe 
discharge of a considerable number of patients, effectively reducing downstream testing 
[7]. At the same time, several randomised trials have shown that coronary computed 
tomography angiography (CCTA) allows safe and early discharge from the ED providing 
valuable prognostic information as well [5,9,10]. However, CCTA is a costly test and requires 
radiation exposure to the patient. Combining the HEART score with CCTA may provide a 
more efficient diagnostic work-up, where CCTA can be reserved for a subset of patients. The 
aim of this study was to investigate the diagnostic value and efficiency of the HEART score 
before CCTA in patients suspected of ACS in the ED.

Methods

Patient population
We conducted a secondary analysis of two prospective studies of patients presenting to the 
ED with symptoms suggestive of ACS. The methods, including study designs, inclusion and 
exclusion criteria have previously been published [9,11]. In the current analysis, we included 
patients who underwent CCTA of diagnostic image quality. Both studies were performed 
according to the principles of the Declaration of Helsinki, approved by the local institutional 
review boards and all patients provided written informed consent.

CCTA
Image acquisition was performed on 64-slice or newer computed tomography systems, 
using ECG-synchronised axial or spiral scan protocols combined with radiation minimising 
measures, depending on local practices, available technology, and patient characteristics. 
Results of CCTA were reported by certified radiologists with a minimum of two years of 
experience reading CCTA. The presence of coronary plaque and the degree of stenosis was 
assessed for each evaluable coronary segment. The degree of stenosis was quantified as: 
no stenosis, ≤50% stenosis (non-obstructive plaque) or >50% stenosis (obstructive plaque).
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HEART score
The HEART score, a clinical risk tool for rapid risk stratification of patients with acute chest 
pain, was calculated for each patient. The score consists of five components: History, ECG, 
Age, Risk factors and Troponin. Each of these components may be scored with 0, 1 or 2 points 
with a maximum score of 10 points [8]. Detailed information on the composition of the HEART 
score and how each component is scored can be found in Supplemental Material Table S1. 
Information regarding all components were retrieved from hospital records from the day of 
index presentation. As suggested by the original authors, patients were also categorised as: 
low risk (HEART ≤3), intermediate risk (HEART 4–6) and high risk (HEART ≥7) [8].

Supplemental Table S1. Detailed information on the composition of the HEART score.

Component 0 points 1 point 2 points
History1 Non-cardiac chest pain Atypical angina Typical angina
Electrocardiogram normal ECG abnormal ECG,  

with repolarization 
abnormalities2

abnormal ECG,  
with significant ST-deviation3

Age (years) less than 45 years age between 45 and 64 years 65 years or older
Risk Factors4 No known risk factors 1 to 2 risk factors 3 or more risk factors OR 

history of atherosclerotic 
disease

Initial troponin5 ≤ 99th percentile upper 
reference limit

1-3x times the 99th percentile 
upper reference limit

≥ 3x the 99th percentile upper 
reference limit

1. Typical angina: 

      (a) - Retrosternal pain/pressure; radiation to jaw/left shoulder/arms; duration 5–15 min

      (b) - initiated by exercise/cold/emotion; perspiration, nausea/vomiting

      (c) - Relieved by rest and/or nitrates within minutes. 

    Atypical angina: Meets two of the above characteristics. 

    Noncardiac chest pain: Meets one or none of the above characteristics.

2. Left bundle branch block, typical changes suggesting left ventricular hypertrophy, repolarization disorders

     suggesting digoxin or unchanged previously known repolarization disorders.

3. Significant ST-segment deviation without left bundle branch block, left ventricular hypertrophy, or digoxin.

4. Risk factors include hypertension, dyslipidemia, diabetes mellitus, obesity (Body Mass Index >30 kg/m²), 

    smoking (current, or smoking cessation ≤3 months), positive family history (parent or sibling with

    cardiovascular disease before age 65).

5. Corresponding to the 99th percentile Upper Reference Limit of normal (URL) of the locally used troponin assay.

    The 99th URL for each assay can be found in Supplemental Table S2.
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Clinical endpoints
The primary outcome was occurrence of major adverse cardiac events (MACEs) within 30 
days by analogy with prior publications on the HEART score [12,13]; a composite of all-cause 
mortality, ACS or coronary revascularisation (emergent or elective within 30 days). ACS 
was defined as acute myocardial infarction or unstable angina according to the universal 
definition of acute myocardial infarction [14,15]. All clinical endpoints were adjudicated by 
two cardiologists who independently reviewed medical records of patients. The result of the 
CCTA was blinded to the cardiologists performing the event adjudication.

Statistical analysis
Continuous data are presented as mean ± standard deviation (SD) or median (interquartile 
ranges), and categorical data are presented as proportions (percentages). Differences 
between independent groups were compared using analysis of variance or the Kruskal-
Wallis test for continuous variables, and the Fisher’s exact test or the Pearson’s chi-square 
test for categorical variables. Parameters of diagnostic accuracy, i.e. sensitivity, specificity, 
negative predictive value (NPV) and positive predictive value (PPV) for the prediction of 30-
day MACEs were calculated with their corresponding 95% confidence intervals using exact 
binomial confidence intervals. When evaluating the CCTA, >50% stenosis was considered 
a positive test. Areas under the curve (AUCs) were calculated and compared using the 
test of DeLong et al. [16]. All statistical analyses were performed using MedCalc Statistical 
Software version 18.10 (MedCalc Software bvba, Ostend, Belgium) and SPSS version 24.0 
(IBM, Armonk, New York, USA). All tests were two-tailed and a p-value <0.05 was considered 
statistically significant.

Results

Baseline characteristics and clinical endpoints
Of 500 patients included in the Better Evaluation of Acute Chest Pain with Computed 
Tomography Angiography (BEACON) trial, 229 patients underwent CCTA and had diagnostic 
image quality [9]. Additionally, 111 patients in the Rotterdam Acute Chest Pain cohort 
underwent CCTA of diagnostic image quality [11]. In total, 340 patients met eligibility and 
were included for the current study (Figure 1). The mean age was 56±10 years and the 
proportion of women was 44.7%. MACEs occurred in 45 (13.2%) patients within 30 days 
(Table 1). The adjudicated diagnosis of ACS was established in 42 (12.4%) patients: 27 
(7.9%) had myocardial infarction and 15 (4.4%) had unstable angina pectoris. Coronary 
revascularisation was performed in 38 (11.2%) patients. Seven patients with an adjudicated 
diagnosis of ACS did not undergo revascularisation within 30 days; Of these, two were 
managed medically and underwent revascularisation after 30 days and five were found 
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to have no significant stenosis on invasive coronary angiography (ICA). Additionally, three 
patients underwent elective percutaneous coronary intervention (PCI) for stable angina 
pectoris. Cardiac troponins were available in all patients. Troponins were measured with 
high-sensitive troponin assays in 180 (53%) patients, of whom 177 patients with the high-
sensitive Troponin T assay (Roche diagnostics). In the remaining 160 (47%) patients cardiac 
troponins were measured with conventional troponin assays. Supplemental Material Table 
S2 lists all troponin assays used, their characteristics and the algorithm in which they were 
implemented.

Figure 1.  Flow diagram shows the enrolment process for the study population

CCTA= coronary computed tomography angiography
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Table 1. Baseline patient characteristics 

Total 
(n=340)

HEART 
Low risk(0-3) 
(n=119)

HEART 
intermediate(4-6) 
(n=193)

HEART 
high risk(7-10) 
(n=28)

p-value

Mean age, years 55.6 ± 10.1 51.3 ± 9.4 57.2 ± 9.5 63.3 ± 9.9 <0.001
women 152 (44.7) 52 (43.7) 90 (46.6) 10 (35.7) 0.53
Cardiovascular risk factors
Hypertension 170 (50.0) 39 (32.8) 110 (57.0) 21 (75.0) <0.001
Dyslipidaemia 116 (34.1) 14 (11.8) 80 (41.5) 22 (78.6) <0.001
Diabetes mellitus 44 (12.9) 5 (4.1) 32 (16.6) 7 (25.0) <0.001
Smoking 131 (38.5) 40 (33.6) 78 (40.4) 13 (46.4) 0.33
Family history positive for CAD 139 (40.9) 43 (36.1) 82 (42.5) 14 (50.0) 0.32
Prior atherosclerotic disease 40 (11.8) 4 (3.4) 28 (14.5) 8 (28.6) <0.001
Blood pressure
Systolic 141.7 ± 21.1 137.1 ± 18.6 143.9 ± 21.2 145.4 ± 27.0 0.01
Diastolic 81.9 ± 13.6 81.5 ± 12.7 82.7 ± 14.3 78.7 ± 12.1 0.32
CCTA Assessment for CAD
No stenosis 151 (44.4) 74 (62.2) 76 (39.4) 1 (3.6) <0.001
1-50% stenosis 103 (30.3) 32 (26.9) 67 (34.7) 4 (14.3) 0.05
>50% stenosis 86 (25.3) 13 (10.9) 50 (25.9) 23 (82.1) <0.001
Radiation dose, mSv 4.9 (3.1-8.8) 4.5(2.7-8.1) 5.3(3.3-9.4) 4.7(3.3-6.5) 0.05
Occurrence of MACE within 30 days of index visit
MACE 30days 45 (13.2) 4 (3.4) 24 (12.4) 17 (60.7) <0.001
All-cause mortality 1 (0.3) 0 (0) 0 (0) 1 (3.6) 0.08
ACS 42 (12.4) 3 (2.5) 23 (11.9) 16 (57.1) <0.001
Unstable angina 15 (4.4) 2 (1.7) 6 (3.1) 7 (25.0) <0.001
Myocardial infarction 27 (7.9) 1 (0.8) 17 (8.8) 9 (32.1) <0.001
Coronary revascularisation 38 (11.2) 4 (3.4) 21 (10.9) 13 (46.4) <0.001

Values are mean ± SD, median (interquartile ranges) or n (%).

ACS= acute coronary syndrome; CAD= coronary artery disease; CCTA= coronary computed tomography 
angiography; MACE= major adverse cardiac event, defined as all-cause mortality, ACS or coronary 
revascularisation; mSv= millisievert.
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Supplemental Table S2. Detailed information on the troponin assays used.

Assay N  
(%)

Infarction 
threshold 
(ng/L)

Management Intermediate 
range 
(ng/L)

Level of 
detection 
(ng/L)

99th 
percentile 
(ng/L)

10%  
Coefficient 
of variation 
(ng/L)

hs-cTnT  
Roche 
Elecsys

177 
(52)

50 Serial measurement (3h 
interval). 
Value above the pre-defined 
threshold OR a significant 
rise is regarded as infarction

14-50 5 14 13

TnT Gen 4  
Roche 
Elecsys 

152 
(45)

30 Serial measurement (6h 
interval). 
Value above the pre-defined 
threshold is regarded as 
infarction

10-30 10 10 30

cTnI  
Abbott 
ARCHITECT

6  
(2)

50 Serial measurement (6h 
interval). 
Value above the pre-defined 
threshold is regarded as 
infarction

28-50 10 28 32

hs-cTnI  
Abbott 
ARCHITECT

3  
(1)

34 Serial measurement (3h 
interval). 
Value above the pre-defined 
threshold or a significant 
rise is regarded as infarction

16-34 1.2 16 3

AccuTnI 
Gen 3 
enhanced 
Beckman 
Coulter

2  
(1)

60 Serial measurement (6h 
interval).  
Value above the pre-defined 
threshold is regarded as 
infarction

40-60 10 40 60

CCTA
When assessed for coronary artery disease (CAD), 151 (44.4%) patients had no stenosis, 103 
(30.3%) patients had 1–50% stenosis and 86 (25.3%) patients had >50% stenosis on CCTA 
(Table 1). The incidence of 30-day MACEs in patients with no stenosis, 1–50% stenosis and 
>50% stenosis was 0% (n=0), 1.9% (n=2) and 50% (n=43), respectively. Sensitivity, specificity, 
NPV and PPV of >50% stenosis on CCTA for the prediction of 30-day MACEs was 95.6% 
(84.9–99.5), 85.4% (80.9–89.2), 99.2% (97.0–99.8) and 50.0% (43.0–57.0), respectively. The 
AUC of >50% stenosis on CCTA for prediction of 30-day MACEs was 0.91 (0.87–0.93).
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HEART score
The HEART score classified 119 (35.0%) patients as low-risk, 193 (56.8%) as intermediate-
risk and 28 (8.2%) as high-risk. The incidence of 30-day MACEs in patients stratified as 
low-risk, intermediate-risk and high-risk was 3.4% (n=4), 12.4% (n=24), and 60.7% (n=17), 
respectively (Table 1). All patients (n=4) in the low-risk category with 30-day MACEs had a 
HEART score of three (Figure 2). Table 2 shows detailed characteristics of patients with a 
low HEART score (≤3) and MACEs within 30 days. All low-risk patients with 30-day MACEs 
had >50% stenosis on CCTA. Sensitivity, specificity, NPV and PPV of the HEART score for the 
prediction of 30-day MACEs at different cut-offs are shown in Table 3. The AUC of the HEART 
score for prediction of 30-day MACEs was 0.83 (0.78–0.87).

Figure 2. Frequency of 30-day major adverse cardiac events (MACEs) according to HEART score.

MACEs defined as all-cause mortality, acute coronary syndrome or coronary revascularisation.
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Table 2. Detailed characteristics of patients with a low HEART score (≤3) or CCTA ≤50% stenosis and MACE within 
30 days.

Patient
Age, 
years

Sex
HEART

Type of 
troponin 
assay

Initial 
troponin 

Highest 
Troponin

M
ACE

>50%
 

stenosis 
on CCTA

Additional inform
ation

History
ECG

Age
Risk Factors

Initial Troponin
Total

1
46

M
ale

2
0

1
0

0
3

TnT
N

egative
N

egative
UA; PCI

Yes
Patient adm

itted for 
ICA after positive 
ExECG 

2
63

Fem
ale

1
0

1
1

0
3

Hs-TnT
4 ng/L

4 ng/L
UA; PCI

Yes
Patient adm

itted for 
ICA after obstructive 
plaque on CCTA

3
63

Fem
ale

1
0

1
1

0
3

Hs-TnT
5 ng/L

5 ng/L
PCI

Yes
PCI after elective ICA

4
45

M
ale

2
0

1
0

0
3

TnT
N

egative
0.69 
μg/L

N
STEM

I; 
PCI

Yes
Patient adm

itted for 
ICA after significant 
rise of troponin

5
69

M
ale

1
0

2
2

1
6

Hs-TnT
24 ng/L

30 ng/L
M

IN
O

CA
N

o
Patients adm

itted for 
ICA. N

o significant 
stenosis detected 
during ICA

ECG: electrocardiogram
; ExECG: exercise stress electrocardiography; Hs-TnT: high-sensitivity troponin T; ICA: invasive coronary angiography; M

ACE: m
ajor adverse 

cardiac events; M
IN

O
CA: m

yocardial infarction w
ith nonobstructive coronary artery disease; N

STEM
I: non-ST segm

ent elevation m
yocardial infarction; PCI: 

percutaneous coronary intervention; TnT: troponin T; UA: unstable angina. 

M
ACEs defined as all-cause m

ortality, acute coronary syndrom
e or coronary revascularisation.
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Table 3. Predictive value of the HEART score for 30-day MACE at various cut-offs 

HEART score Number 
of patients 
ruled-out (%)

Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)

≥0 0 (0) 100.0 (92,1 - 100,0) 0.0 (0,0 - 1,2) 13.2 (13.2 – 13.2) NA
<1 3 (0.9) 100.0 (92.1 - 100.0) 1.0 (0.2 - 2.9) 13.4 (13.2 - 13.5) 100.0
<2 15 (4.4) 100.0 (92.1 - 100.0) 5.1 (2.9 – 8.3) 13.9 (13.5 – 14.2) 100.0
<3 47 (13.8) 100.0 (92.1 – 100.0) 15.9 (11.9 – 20.6) 15.4 (14.7 – 16.0) 100.0
<4 119 (35.0) 91.1 (78.8 – 97.5) 39.0 (33.4 – 44.8) 18.6 (16.7 – 20.6) 96.6 (91.8 – 98.7)
<5 205 (60.3) 80.0 (65.4 – 90.4) 66.4 (60.7 – 71.8) 26.7 (22.6 – 31.1) 95.6 (92.4 – 97.5)
<6 271 (79.7) 68.9 (53.4 – 81.8) 87.1 (82.8 – 90.7) 44.9 (36.4 – 53.8) 94.8 (92.2 – 96.6)
<7 312 (91.8) 37.8 (23.8 – 53.5) 96.3 (93.4 – 98.1) 60.7 (43.7 – 75.5) 91.0 (89.0 – 92.7)
<8 332 (97.6) 15.6 (6.5 – 29.5) 99.7 (98.1 – 100.0) 87.5 (46.9 – 98.2) 88.6 (87.2 – 89.8)
<9 339 (99.7) 2.2 (0.1 – 11.8) 100.0 (98.8 – 100.0) 100.0 87.0 (86.5 – 87.5)
>10 340 (100) 0.0 (0.0 – 7.9) 100.0 (98.8 – 100.0) NA 86.8 (86.8 – 86.8)

MACE= major adverse cardiac events, defined as all-cause mortality, ACS or coronary revascularisation; NA= not 
applicable; NPV= negative predictive value; PPV= positive predictive value.

HEART score and CCTA

The association between HEART risk categories and CCTA findings are shown in Table 1. In 
intermediate-risk patients, CCTA reclassified 143 (74.1%) patients to low-risk (<50% stenosis 
with a 30-day MACE rate 0.7%) and 50 (25.9%) patients to high-risk (>50% stenosis with a 30-
day MACE rate 46%). One intermediate-risk patient (HEART score six) with non-obstructive 
plaque on CCTA had an adjudicated diagnosis of myocardial infarction, however this was 
considered a myocardial infarction with non-obstructive coronary arteries (MINOCA) with a 
minimal rise pattern in cardiac troponin and no significant stenosis on subsequent ICA (Table 
2). The addition of CCTA to the HEART score was associated with a significant improvement 
of the diagnostic accuracy for 30-day MACEs (AUC 0.95 (0.92–0.97) vs 0.83 (0.78–0.87); 
p<0.001) (Figure 3). Sensitivity, specificity, NPV and PPV for the prediction of 30-day MACEs 
of an algorithm where CCTA is reserved for intermediate HEART scores (4–6) was 88.9% 
(76.0–96.3), 87.1% (82.8–90.7), 98.1% (95.7–99.2) and 51.3% (43.5–59.0), respectively. This 
algorithm reduces the need for CCTA by 43% (n=147). An algorithm where CCTA is reserved 
for HEART score 3–6 patients had a sensitivity, specificity, NPV and PPV for the prediction 
of 30-day MACEs of 97.8% (88.2–99.9), 84.1% (79.4–88.1), 99.6% (97.3–99.9) and 48.4% 
(41.8–55.0), respectively (Figure 4). This algorithm reduces the need for CCTA by 22% (n=75).
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Figure 3. Predictive value of coronary computed tomography angiography (CCTA), HEART score and HEART score 
combined with CCTA for 30-day major adverse cardiac events (MACEs)

Receiver-operating-characteristic curves show the predictive value of CCTA, the HEART score and the HEART 
score combined with CCTA for 30-day MACEs. MACEs defined as all-cause mortality, acute coronary syndrome or 
coronary revascularisation. AUC: area under the curve.
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Figure 4. Predictive value of the HEART score combined with coronary computed tomography angiography (CCTA) 
assessment in HEART scores 3–6 for 30-day major adverse cardiac events (MACEs)

MACEs defined as all-cause mortality, acute coronary syndrome or coronary revascularisation.

*One patient with a HEART score of six and ≤50% stenosis on CCTA had an adjudicated diagnosis of myocardial 
infarction, however this was considered a myocardial infarction with nonobstructive coronary arteries (MINOCA) 
with a minimal rise pattern in cardiac troponin and no significant stenosis on subsequent invasive coronary 
angiography. NPV: negative predictive value; PPV: positive predictive value.
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Discussion

In the current study, we investigated the predictive value and efficiency of the HEART score 
before CCTA for 30-day MACEs in suspected ACS patients in the ED and report several 
important findings. First, CCTA is a good predictor of 30-day MACEs in suspected ACS 
patients in the ED (AUC 0.91). Second, rule-out of 30-day MACEs based on the originally 
proposed low-risk HEART category (HEART score ≤3) is suboptimal (sensitivity 91.1% and 
NPV 96.6%). Third, addition of CCTA to the HEART score significantly improves the diagnostic 
accuracy for 30-day MACEs (AUC: 0.83 to 0.95; p<0.001). Finally, an algorithm where CCTA 
is reserved for patients with HEART score 3–6 reduces the need for CCTA by 22% (n=75) 
without compromising diagnostic accuracy or safety.

HEART score
In our study, the HEART score identified a large proportion (35%) of low-risk patients proposed 
for early discharge. However, the incidence of MACEs in low-risk patients was higher (3.4%) 
compared to previous reports, where the incidence ranged from 0.4–2.5% [8,12,13,17–19]. 
Using the originally proposed score of ≤3 resulted in a generally unacceptable sensitivity 
and NPV in this population [20]. Notably, all four low-risk patients with 30-day MACEs had a 
score of three, of whom only one was diagnosed with non-ST segment elevation myocardial 
infarction (NSTEMI). Lowering the cut-off value for discharge to HEART scores ≤2 increased 
the diagnostic accuracy to acceptable levels in our study, something that has been proposed 
previously [21]. Further improvement of the diagnostic accuracy can probably be achieved 
by modifying the HEART score to incorporate serial troponin measurements [22–24].

CCTA following HEART score
The addition of CCTA to the HEART score resulted in a substantial improvement in diagnostic 
accuracy, mainly by reclassifying intermediate-risk patients to their appropriate risk group. 
At the same time, using the HEART score to select patients that will benefit most from CCTA 
can result in a more efficient approach. Very low-risk HEART patients (score ≤2) did not 
experience 30-day MACEs in the current study and can be discharged safely from the ED, 
with further screening in an outpatient setting. High-risk HEART score patients, of whom 
60.7% experienced 30-day MACEs in the current study, probably benefit most from an 
approach with early ICA. The algorithm HEART 3–6+CCTA reduced the number of needed 
coronary computed tomography angiograms while maintaining a high diagnostic accuracy 
and identifying a large proportion (73%) of patients who are eligible for safe and early 
discharge from the ED. In a similar fashion to the PRospective Multicenter Imaging Study for 
Evaluation of Chest Pain (PROMISE) minimal risk tool in suspected stable angina patients, 
which identifies individuals with low risk of CAD, the HEART score is able to reduce the need 
for non-invasive testing without comprising safety [25].
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Limitations
The current study is a secondary analysis of patients suspected of ACS that underwent CCTA 
in the ED and should therefore be regarded as hypothesis generating. Our study population, 
which consisted mostly of low- to intermediate-risk patients, may not be representative of 
other populations of patients presenting with suspected ACS. The study population also 
consisted of patients in whom results of CCTA were used as part of their clinical work-up 
which in turn might have introduced a work-up bias. Furthermore, due to the heterogeneity 
of troponin assays implemented in current study, the results may be less applicable to 
individual troponin assays in clinical practice. In the current analysis, we were unable to 
investigate the diagnostic accuracy of the HEART pathway, an algorithm which incorporates 
serial troponin measurements into the HEART score, as serial troponin measurements were 
available in a minority of the patients. A disadvantage of CCTA is the exposure to radiation, 
however recent developments in scanner technology and dose-reducing protocols have led 
to a reduction in radiation exposure [9]. Furthermore, in the current analysis the HEART 
score helps reduce the number of coronary computed tomography angiograms performed, 
which also minimises the number of patients that are exposed to radiation.

Conclusion
The predictive value of CCTA for 30-day MACEs in suspected ACS patients is good and 
reserving CCTA for HEART score 3–6 patients reduces the number of needed coronary 
computed tomography angiograms without affecting diagnostic accuracy. 
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Abstract

Aim
The optimal diagnostic test in the work-up of suspected acute coronary syndrome (ACS) 
may differ between men and women. The aim of this study was to compare sex-associated 
differences between using a diagnostic strategy including early coronary computed 
tomography angiography (CCTA) and standard of care (SOC).

Methods
In total, 500 patients who presented with symptoms suggestive of ACS at the emergency 
department were randomised between a diagnostic strategy supplemented with early CCTA 
and SOC.

Results
Women were generally older than men (mean ± standard deviation 56 ± 10 vs 53 ± 10 
years, p < 0.01) and were less often admitted to hospital (33% vs 44%, p = 0.02). Obstructive 
coronary artery disease on CCTA (> 50% luminal narrowing) was less frequently seen in 
women (14% vs 26%, p = 0.02), and ACS was diagnosed less often in women (5% vs 10%, 
p = 0.03). Women underwent less outpatient testing when early CCTA was used in the 
emergency department evaluation of suspected ACS (p = 0.008).

Conclusion
Women had a lower incidence of obstructive CAD on CCTA and were less often admitted 
to hospital than men. They were subjected to less outpatient testing when early CCTA was 
used in the emergency department evaluation of suspected ACS.

What’s new?
• In this study in patients with suspected acute coronary syndrome (ACS), women 

had a lower incidence of obstructive coronary artery disease on coronary computed 
tomography angiography (CCTA) than men.

• Women were less often admitted to hospital than men.
• Women underwent less outpatient testing when early CCTA was used in the emergency 

department evaluation of suspected ACS than men.
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Introduction

There are distinct pathophysiological differences in coronary artery disease (CAD) between 
men and women. Men are more likely to have obstructive epicardial CAD, while women are 
more prone to have coronary microvascular dysfunction [1]. In addition, disease perception 
may differ, both from the physician’s perspective—leading to sex-specific referral bias—and 
the patient’s own perception of chest discomfort, both of which can result in underrecognition 
of the burden of CAD in women [2]. The optimal diagnostic test in the work-up of suspected 
acute coronary syndrome (ACS) may therefore be different for men and women [3].

In this prespecified subanalysis of the Better Evaluation of Acute Chest Pain with Coronary 
Computed Tomography Angiography (BEACON) trial, we compared the clinical presentation, 
coronary computed tomography angiography (CCTA) results and the subsequent effect on 
downstream healthcare utilisation in men and women with suspected ACS.

Methods

The study design, the criteria for enrolment and the primary results have been reported 
previously [4]. Briefly, in the BEACON trial, we randomised 500 patients suspected of having 
ACS (47% women, 79% of whom were evaluated with a high-sensitivity (hs) troponin assay) 
at the emergency department of seven hospitals to receive either standard of care (SOC) or a 
diagnostic strategy supplemented with early CCTA. In the SOC group, the attending physicians 
made clinical decisions regarding further testing, including repeated cardiac marker assessment, 
hospital admission, noninvasive tests and referral to invasive coronary angiography, according 
to relevant guidelines [5, 6]. The results of the main study showed that CCTA, which was applied 
early in the work-up of suspected ACS, is safe and is associated with less outpatient testing and 
lower costs. Data concerning particular endpoints, including coronary angiography, coronary 
revascularisation, hospital admission, length of stay, repeat emergency department visit and 
outpatient testing, were collected within 30 days of follow-up.

In the current analysis, non–sex-specific 99th percentile upper reference limits of normal 
were used for all troponin assays, conventional or high-sensitivity, with the exception of the 
Hs-TnI assay (Abbott ARCHITECT, Abbott Laboratories, Chicago, IL, USA), for which vendor-
recommended sex-specific cut-off values were used. ACS was defined as either unstable angina 
pectoris or myocardial infarction (MI), according to the Third Universal Definition of MI [7].
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Statistical analysis
Continuous data are presented as mean ± standard deviation or median (interquartile 
range), and categorical data are presented as proportion (percentage). Differences between 
independent groups were compared using the analysis of variance or the Mann-Whitney U 
test for continuous variables, and the Fisher’s exact test or the Pearson’s chi-square test for 
categorical variables. All tests were two-tailed and a p-value < 0.05 was considered statistically 
significant. The study was conducted according to the principles of the Declaration of 
Helsinki and approved by the local institutional review boards. All patients provided written 
informed consent. The trial was registered at ClinicalTrials.gov (NCT01413282).

Results
In the BEACON trial, women were generally older than men (56 ± 10 vs 53 ± 10 years, 
p < 0.01), less often active smokers and received less pharmacological treatment (Table 
1). Table S1 in the Electronic Supplementary Material lists all troponin assays used, their 
characteristics and the algorithm with which they were implemented. ACS was less often 
diagnosed in women than in men (5% vs 10%, p = 0.03), and obstructive CAD on CCTA (> 50% 
luminal narrowing) was less frequently seen in women (14% vs 26%, p < 0.02).

Women were admitted less often (33% vs 42%, p = 0.04). The use of invasive coronary 
angiography (11% vs 17%, p = 0.07) and the rate of coronary revascularisation (6% vs 9%, 
p = 0.25) were not statistically different between women and men, although referral to 
invasive coronary angiography was numerically higher in men (Table 1).
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Table 1. Baseline characteristics and study outcomes 

Women 
(n=236)

Men 
(n=264)

p-value

Age, years ± SD 56 ± 10 53 ± 10 <0.01
Medication
     Statin 43 (18) 73 (28) 0.01
     Aspirin 35 (15) 48 (18) 0.32
     Beta-blocker 45 (19) 36 (14) 0.10
     ACE-inhibitor 23 (10) 35 (13) 0.22
     Angiotensin receptor blocker 23 (10) 12 (5) 0.02
     Calcium-channel blocker 21 (9) 16 (6) 0.23
     Diuretic agent  37 (16) 22 (8) 0.01
Cardiovascular risk factors
     Diabetes mellitus 25 (11) 39 (15) 0.16
     Hypertension 102 (43) 119 (45) 0.68
     Dyslipidemia 76 (32) 101 (38) 0.15
     Smoking (active) 65 (28) 106 (40) <0.01
     Family history 101 (43) 109 (41) 0.73
GRACE score 85 ± 24 85 ± 25 0.96
CCTA assessment for CAD 0.02
    

     Non-obstructive CAD

No stenosis 59 (48) 49 (39)
<20% stenosis 13 (11) 12 (10)
20-49% stenosis 23 (19) 23 (18)

     Obstructive CAD 50-69% stenosis 13 (11) 23 (18) 
>70 stenosis 4 (3) 10 (8)

     Non-diagnostic 10 (8) 8 (6)
Outcomes
Coronary angiography 27 (11) 45 (17) 0.07
Coronary revascularisation 15 (6) 24 (9) 0.25
ACS 12 (5) 27 (10) 0.03
      Unstable angina 5 (2) 6 (2) 0.91
      Myocardial infarction 7 (3) 21 (8) 0.02
Hospital admission 77 (33) 110 (42) 0.04
Length of stay(hours) 6.1 [4.5-15] 7.0 [4.7-24.5] 0.21
Repeat ED visit 17 (7) 15 (6) 0.49
Outpatient testinga 18 (8) 18 (7) 0.74
Baseline troponin ≥ 99th percentile and non-
obstructive cad on CCTA

1 4 1.00

Values are mean ± standard deviation, n (%) or median (interquartile range).

ACE angiotensin-converting enzyme, GRACE Global Registry of Acute Coronary Events, CCTA coronary computed 
tomography angiography, CAD coronary artery disease, ACS acute coronary syndrome, ED emergency department
a Outpatient testing consists of following cardiac tests: exercise electrocardiography, single-photon emission 
computed tomography, cardiac magnetic resonance imaging, coronary computed tomography angiography and 
invasive coronary angiography
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Table 2. Study outcomes stratified by diagnostic group

SOC-arm (n=250)

Women (n=113); 
Men (n=137)

CCTA-arm (n=250)

Women (n=123); 
Men (n=127)

p-value

Coronary angiography
Women 11 (9.7) 16 (13.0) 0.43
Men 20 (14.6) 25 (19.7) 0.26
Coronary revascularisation
Women 6 (5.3) 9 (7.3) 0.53
Men 11 (8.0) 13 (10.2) 0.52
ACS at discharge
Women 5 (4.4) 7 (5.7) 0.66
Men 12 (8.8) 15 (11.8) 0.41
Unstable angina at discharge
Women 1 (0.9) 4 (3.3) 0.21
Men 2 (1.5) 4 (3.1) 0.36
Myocardial infarction at discharge
Women 4 (3.5) 3 (2.4) 0.62
Men 10 (7.3) 11 (8.7) 0.68
Hospital admission
Women 40 (35.4) 37 (30.1) 0.38
Men 64 (46.7) 49 (38.6) 0.33
Length of stay
Women 6.0 [4.4-21.9] 6.3 [4.7-10.6] 0.58
Men 7.1 [4.5-27.1] 6.3 [4.8-17.4] 0.78
Repeat ED visit
Women 11 (9.7) 6 (4.9) 0.15
Men 8 (5.8) 7 (5.5) 0.91
Outpatient testinga

Women 14 (12.4) 4 (3.3) 0.008
Men 12 (8.8) 6 (4.8) 0.2

Values are n (%) or median (interquartile range).

SOC standard of care, CCTA coronary computed tomography angiography, ACS acute coronary syndrome, ED 
emergency department
a Outpatient testing consists of following cardiac tests: exercise electrocardiography, single-photon emission 
computed tomography, cardiac magnetic resonance imaging, coronary computed tomography angiography and 
invasive coronary angiography

Table 2 shows the study endpoints when comparing both diagnostic groups based on sex. 
Women underwent less outpatient testing when early CCTA was used in the emergency 
department evaluation of suspected ACS (p = 0.008). Table 3 shows the study endpoints 
when comparing both sexes within each diagnostic group. In the CCTA arm, men were more 
likely to be diagnosed with MI at discharge than women (p = 0.03). Furthermore, although 
not statistically significant, in the SOC arm, women were less likely to be admitted to hospital 
(p = 0.07) and had a shorter length of stay (p = 0.08) than men.
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Table 3. Study outcomes stratified by sex

Women (n=236)

SOC-arm (n=113); 
CCTA-arm(n=123)

Men (n=264)

SOC-arm (n=137); 
CCTA-arm (n=127)

p-value

Coronary angiography
SOC-arm 11 (9.7) 20 (14.6) 0.25
CCTA-arm 16 (13.0) 25 (19.8) 0.15
Coronary revascularisation
SOC-arm 6 (5.3) 11 (8.0) 0.40
CCTA-arm 9 (7.3) 13 (10.3) 0.40
ACS at discharge
SOC-arm 5 (4.4) 12 (8.8) 0.18
CCTA-arm 7 (5.7) 15 (11.8) 0.09
Unstable angina at discharge
SOC-arm 1 (0.9) 2 (1.5) 0.68
CCTA-arm 4 (3.3) 4 (3.1) 0.96
Myocardial infarction at discharge
SOC-arm 4 (3.5) 10 (7.3) 0.20
CCTA-arm 3 (2.4) 11 (8.7) 0.03
Hospital admission
SOC-arm 40 (35.4) 64 (46.7) 0.07
CCTA-arm 37 (30.1) 49 (38.6) 0.16
Length of stay
SOC-arm 6.0 [4.4-21.9] 7.1 [4.5-27.1] 0.08
CCTA-arm 6.3 [4.7-10.6] 6.3 [4.8-17.4] 0.70
Repeat ED visit
SOC-arm 11 (9.7) 8 (5.8) 0.25
CCTA-arm 6 (4.9) 7 (5.5) 0.82
Outpatient testinga

SOC-arm 14 (12.4) 12 (8.8) 0.35
CCTA-arm 4 (3.3) 6 (4.8) 0.54

Values are n (%) or median (interquartile range).

SOC standard of care, CCTA coronary computed tomography angiography, ACS acute coronary syndrome, ED 
emergency department
a Outpatient testing consists of following cardiac tests: exercise electrocardiography, single-photon emission 
computed tomography, cardiac magnetic resonance imaging, coronary computed tomography angiography and 
invasive coronary angiography
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Discussion

In this pre-specified analysis of the BEACON trial, women had a lower incidence of obstructive 
CAD on CCTA and were less often admitted to hospital than men. Women also underwent 
less outpatient testing when early CCTA was used in the emergency department evaluation 
of suspected ACS. Although not statistically significant, in the SOC arm, women were less 
likely to be admitted to hospital and had a shorter length of stay than men.

The presence of sex differences in the pathophysiology of ischaemic heart disease is 
becoming increasingly apparent [8, 9]. Previously, it has been shown that early CCTA may be 
a more efficient work-up for suspected ACS, especially in women. In a study by Truong et al., 
women showed a greater reduction in length of stay and hospital admission than men when 
early CCTA was used in the emergency department evaluation of suspected ACS [10]. The 
lower burden of CAD in women was thought to be a likely explanation for this difference, as 
physicians felt less need to perform downstream tests in patients with non-obstructive CAD 
on CCTA [10]. Although, we did not see similar reductions in hospital admission and length 
of stay, women underwent less outpatient testing than men when early CCTA was used. 
This reduction may also be due to the fact that women had a lower burden of CAD on CCTA, 
which in turn more often reassured physicians not to perform outpatient testing compared 
with men.

Although patients with angina without obstructive CAD have a better prognosis than 
those with obstructive epicardial CAD, they are still at higher risk of cardiovascular disease 
outcomes than the background population. Therefore, physicians should be vigilant in 
patients with recurring angina without obstructive epicardial CAD, especially in women, and 
initiate further evaluation of microvascular disease and treat accordingly.

A novelty in our study was the availability of hs-troponins for clinical decision-making in 
most of the patients. The introduction of hs-troponin assays has altered our perspective on 
MI and the way we practice medicine. These new cardiac biomarkers pick up myocardial 
injury fast and very precisely; serial low values almost certainly exclude MI [11, 12]. In the 
current study, the majority of the patients with available hs-troponins (> 90%) had normal 
levels (< 99th percentile of the upper limit of normal), which reassured treating physicians 
to discharge patients expeditiously, regardless of sex.

However, the improved sensitivity of these new biomarker assays has led to an increasing 
number of patients being diagnosed with myocardial injury causa ignota. Myocardial injury 
can be the result of type I MI associated with coronary plaque disruption or other types of 
MI, non-coronary heart disease or even non-cardiac diseases. Myocardial injury, irrespective 
of the cause, is associated with a less favourable prognosis and there are also sex-specific 
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differences regarding the cause of injury [13,14,15]. Although this type of conclusions 
cannot be drawn from our own data, it is believed that women more often have other 
conditions than obstructive epicardial CAD that cause myocardial injury, such as coronary 
vasospasm or dissection [16, 17]. As a noninvasive anatomical modality, CCTA can serve as a 
gatekeeper of traditional coronary angiography by discriminating between obstructive and 
non-obstructive epicardial CAD.

Study limitations
The current study does have some limitations that need to be highlighted. We have 
presented short-term data, but outpatient testing could also have taken place more than 
30 days after the index presentation. In addition, the heterogeneity of troponin assays 
implemented in the current study could have impacted the diagnostic process and the 
downstream healthcare utilisation for both women and men. Finally, due to conflicting 
evidence and a lack of universally accepted sex-specific 99th percentile cut-offs, we were 
unable to implement sex-specific cut-offs for certain assays used in this study, with the 
exception of the hs-TnI assay (Abbott ARCHITECT).

Conclusion
Compared with men, women had a lower incidence of obstructive CAD on CCTA, were less 
often admitted and underwent less outpatient testing when early CCTA was used in the 
emergency department evaluation of suspected ACS.
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Abstract

Aims
The purpose of this study was to determine (a) the ability of serial high-sensitivity cardiac 
troponin T measurements to rule-out acute myocardial infarction and (b) the ability of a single 
high baseline high-sensitivity cardiac troponin T measurement to rule-in acute myocardial 
infarction in patients presenting to the emergency department with acute chest pain.

Methods and results
Embase, Medline, Cochrane, Web of Science and Google scholar were searched for 
prospective cohort studies that evaluated parameters of diagnostic accuracy of serial serial 
high-sensitivity cardiac troponin T to rule out acute myocardial infarction and a single 
baseline high-sensitivity cardiac troponin T of >50 ng/L to rule in acute myocardial infarction. 
The search yielded 21 studies for the systematic review, of which 14 were included in the 
meta-analysis, with a total of 11.929 patients and an overall prevalence of acute myocardial 
infarction of 13.0%. For rule-out, six papers presented the sensitivity of serial measurements 
<14 ng/L. This cut-off classified 60.1% of patients as rule-out and the pooled sensitivity 
was 96.7% (95%CI: 92.3-99.3). Three studies presented the sensitivity of a 1-hour algorithm 
with a baseline high-sensitivity cardiac troponin T value < 12 ng/L and Δ1 hour < 3 ng/L. 
This algorithm classified 60.2% of patients as rule-out and the pooled sensitivity was 98.9% 
(96.4-100). For rule-in, six studies reported the specificity of baseline high-sensitivity cardiac 
troponin T value >50 ng/L. The pooled specificity was 94.6% (91.5-97.1).

Conclusion
Serial high-sensitivity cardiac troponin T measurement strategies to rule out acute 
myocardial infarction perform well, and a single baseline high-sensitivity cardiac troponin T 
value>50 ng/l to rule in acute myocardial infarction has a high specificity.
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Introduction

In recent years, increasing number of hospitals worldwide have adopted the high-sensitivity cardiac 
troponin T (hs-cTnT) assay as the reference marker of myocardial necrosis. These new cardiac 
biomarkers have proven to be more sensitive and faster in detecting myocardial damage [1].

These features are especially desirable in patients who present at the emergency department 
(ED) with non-differentiated acute chest pain, where a timely diagnosis is essential. Acute 
chest pain is the second most common reason for visits to the ED[2,3] Only 10–20% of these 
patients are eventually diagnosed with acute myocardial infarction (AMI). However, missing 
this diagnosis may have grave consequences [1,4] Various strategies have been suggested for 
safe and early discharge of patients based on serial or a single low value of hs-cTnT balanced 
with the clinical presentation. In conjunction with these rule-out strategies, a direct rule-in 
strategy has also been proposed for patients with highly abnormal baseline hs-cTnT values [5].

The aim of this systematic review and meta-analysis was to determine (a) the ability of serial hs-
cTnT measurements to correctly rule out AMI and (b) the ability of a single high baseline hs-cTnT 
measurement to correctly rule in AMI in patients presenting to the ED with acute chest pain.

Methods

We conducted a systematic review and meta-analysis of the literature in agreement with the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [6].

Search strategy
The following databases were searched on 12 April 2017: Embase, Medline Ovid, Cochrane 
CENTRAL, Web of Science and Google scholar, without a restriction on the publication date. 
Only articles in English were included. The strategies for the literature search are provided in 
the Supplementary Material Table S1. Reference lists of relevant papers including systematic 
reviews were hand searched for potentially relevant additional studies.

Study inclusion
Titles and abstracts were independently screened by two investigators (MA and EAD) and 
selected for further evaluation if they met the following criteria: (a) the publication was a 
prospective cohort study published in a peer-reviewed journal; (b) patients were adults; (c) 
patients presented to the ED with symptoms suggestive of an acute coronary syndrome; (d) 
the diagnostic accuracy of the Roche Elecsys hs-cTnT was evaluated; (e) the primary endpoint 
was an admission diagnosis of AMI based on the universal definition of AMI [7]. Full-text 
articles were then retrieved and independently screened for inclusion by both investigators 
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(MA and EAD). In case of disagreement, a consensus was reached by joint reading. There 
were no restrictions on the type of troponin assay used as part of the reference standard. 
Studies were excluded if they missed diagnostic accuracy data relevant to our research 
questions or if there were insufficient data for the derivation of 2×2 contingency tables. 
The screening process was performed with the reference manager Endnote X7 using the 
method proposed by Bramer et al [8].

Methodological quality assessment
The methodological quality of the included articles was independently assessed by two 
investigators (MA and EAD) using the Quality Assessment of Diagnostic Accuracy Studies 
(QUADAS-2) tool [9] In case of disagreement, consensus was reached by joint reading or by 
consulting a third investigator (AD).

Data extraction and statistical analysis
Using a standardised data extraction form, one investigator (MA) extracted relevant details 
concerning the study design (e.g. study population, inclusion period, target condition and 
reference standard), the patient characteristics and study results relevant to our research 
questions. The extracted data were then verified by two investigators (EAD and AD).

First, we were interested in the capability of serial hs-cTnT measurements to correctly rule 
out AMI. For studies reporting the diagnostic accuracy of serial measurements, the timing 
of the troponin measurements and the reported cut-offs were extracted. Subsequently, the 
extracted data were assessed on appropriateness for quantitative analysis. If appropriate, 
2×2 contingency tables were constructed for the individual studies and thereafter the 
sensitivity was calculated with 95% confidence intervals (CIs). In the case of overlapping 
samples, only the publication with the largest cohort was included in the quantitative 
analysis.

Second, we were interested in the capability of a single high baseline measurement to 
correctly rule in AMI. A single high baseline measurement was defined as a baseline hs-cTnT 
value> 50 ng/l. This cut-off was chosen because it resembles the cut-off point for direct 
rule-in recommended by the European Society of Cardiology (ESC).5 After constructing 2×2 
contingency tables, the specificity for each study was calculated with 95% CI.

Statistical analysis
Because of our dual research question, we were primarily interested in obtaining the pooled 
estimate of sensitivity of serial hs-cTnT measurements to rule out AMI, and the pooled 
estimate of specificity of a single high hs-cTnT value to rule in AMI. In addition, we also 
calculated the other parameters of diagnostic accuracy for both research questions, i.e. 
negative predictive value (NPV), specificity and positive predictive value (PPV) for serial hs-
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cTnT measurements; and PPV, sensitivity and NPV for a single high baseline hs-cTnT value. 
To this end, a meta-analysis for proportions was performed by applying random effects 
models. Briefly, the Freeman-Tukey double arcsine method was used to transform the 
sensitivity, NPV, specificity and PPV estimates for each study [10,11]. These were then used 
to calculate weighted pooled estimates and their 95% CIs under the random effects model 
[12]. Heterogeneity was assessed with the I2 statistic [13,14].

Due to the limited number of studies in the quantitative analyses (<10), subgroup analyses 
and meta-regression were not performed. Publication bias was not investigated, because 
of suboptimal performance of standard tests and funnel plots in diagnostic test accuracy 
(DTA) studies and little evidence of the existence of publication bias in DTA studies to this 
date [15]. All statistical analyses were performed using Microsoft Excel 2010 (Microsoft 
Corporation, Redmond, Washington State, USA) and MedCalc statistical software version 18 
(MedCalc Software bvba, Ostend, Belgium).

Results

The systematic literature search generated 625 potentially relevant citations. An additional 
article was identified through a hand search of reference lists of relevant papers. After 
titles and abstracts screening, 539 studies were excluded. The remaining 87 articles 
were assessed in full-text, after which 66 studies were excluded for various reasons 
(Figure 1). Of the 21 articles discussed in the present systematic review (Table 1), [16–
36] 14 studies were included in the meta-analysis with a total of 11,929 patients and an 
overall prevalence of AMI of 13.0% (range 3.6–56%) [17,19,20,24–27,29–33,35,36].  
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Figure 1. Flow diagram: Study inclusion process for the systematic review and meta-analysis.

AMI = acute myocardial infarction; hs-cTnT = high-sensitivity cardiac troponin T
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Study
Study type, Country

N
um

ber 
of patients 
included

Target 
condition

Reference assay

Age, year 
m

ean ± SD 
or m

edian 
(IQ

R)

M
ale 

sex 
%

Tim
e to 

presentation+, 
hours 
m

ean ±SD or 
m

edian (IQ
R) 

Study group
Author, Year

APACE
Reichlin et al., 2012 (31)

M
ulti-center, Sw

itzerland 
872

N
STEM

I
hs-cTnT

64(51-75)
67

N
A

APACE
Reichlin et al., 2015 (32)

M
ulti-center, Sw

itzerland, 
Spain and Italy

1320
N

STEM
I

hs-cTnT
60(49-73)

69.3
N

A

APACE
Reiter et al., 2011 (33)

M
ulti-center,  Sw

itzerland, 
Spain

406 
(subgroup 
>70 years)

AM
I

cTnI, cTnT
78(74-82)

54
N

A

TU
SCA

Santalo et al., 2013 (34)
M

ulti-center, Spain
358

N
STEM

I
cTnT

69(27-93)
67.9

N
A

Slagm
an et al., 2017 (35)

Single-center, Germ
any

3423
N

STEM
I

hs-cTnT, PO
C-TnT

61(45-73)
57.2

N
A

Lund
Thelin et al., 2013 (36)

Single-center, Sw
eden

478
N

STEM
I

hs-cTnT
66(55-76)

63
N

A

AM
I: acute m

yocardial infarction; cTnI: cardiac troponin I; cTnT: cardiac troponin T; hs-cTnT: high-sensitivity cardiac troponin T; IQ
R: interquartile range; N

A: not available; 
N

STEM
I: non-ST segm

ent elevation m
yocardial infarction; PO

C-TnT: point-of-care troponin; SD: standard deviation; +tim
e from

 chest pain onset to ED presentation; TI-
AM

O
: High sensitive Troponin T and I to diagnose Acute M

yocardial Infarction, a prospective O
bservational study; TRAPID-AM

I: High Sensitivity Cardiac Troponin T Assay for 
Rapid Rule-out of Acute M

yocardial Infarction; APACE: Advantageous Predictors of Acute Coronary Syndrom
es Evaluation; TU

SCA: U
ltrasensitive Troponin in Acute Coronary 

Syndrom
e.
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Study and patient characteristics
In studies that reported time to presentation, the median time to presentation ranged 
from one hour [27] to 6.3 hours (Table 1) [18,19]. The proportion of women varied from 
30.7% [32] to 51% [20]. Fourteen out of 21 studies excluded patients with ST-segment 
elevation myocardial infarction (STEMI) from the analysis. Four studies had a hs-cTnT 
threshold>14 ng/l as part of their inclusion criteria [21–23,28]. (see Supplementary Material 
Table S2). Eleven studies used the hs-cTnT assay as part of their reference standard [20–
23,25,26,28,31,32,35,36]. Additional characteristics of all included studies, such as the 
reported cut-offs and the timing of the troponin measurements for serial measurement 
strategies can be found in Supplementary Material Tables S2, S3 and S5.

Methodological quality assessment
The results of the QUADAS-2 methodological quality assessment are provided in Supplementary 
Material Table S4. Eight studies consecutively enrolled patients presenting to the ED [17,20–
24,34,35]. Eleven studies used the hs-cTnT assay as part of their reference standard and 
were considered as high risk for incorporation bias [20–23,25,26,28,31,32,35,36]. Seven 
studies did not exclude STEMI patients, [16,17,25,27,29,30,33] thus raising concerns about 
applicability. All studies formally re-adjudicated the final diagnoses, except the study by 
Slagman et al. [35] in which the initial clinical diagnosis was used to establish the endpoints. 
Reference assay cut-offs used for defining the endpoint differed between the various papers 
that used a standardised adjudication process (see Supplementary Material Table S4).

Meta-analysis

Serial measurements of hs-cTnT for rule-out of AMI
Out of the 14 studies that were included in the meta-analysis, nine studies reported the 
diagnostic accuracy of serial measurements [17,19,20,26,27,30–32,36]. Six of these 
studies presented the sensitivity of serial hs-cTnT measurements <14 ng/l (99th percentile) 
[17,19,20,26,30,36]. The median time of serial troponin measurement was 2.5 hours (range, 
two to 6–24 hours). The prevalence of AMI ranged from 7.3–56%. Applying the 99th percentile 
as cut-off classified 60.1% (range, 32.0–77.7%) of patients as rule-out (see Supplementary 
Material Table S6). The pooled sensitivity of serial hs-cTnT measurements <14 ng/l was 
96.7% (95% CI: 92.3–99.3; I2=82.1) (Figure 2). The NPV’s of the individual studies varied 
from 94.7% to 100% (see Supplementary Material Figure S1). For completeness, the pooled 
estimates of NPV, specificity and PPV are provided in Supplementary Material Figures S1–S3. 
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Figure 2. Forest plot displaying the pooled estimate of sensitivity of serial hs-cTnT measurements < 14ng/L (99th 
percentile).

AMI: acute myocardial infarction; CI: confidence interval; cTnI: cardiac troponin I; FN: false negative; NSTEMI: 
non-ST segment elevation myocardial infarction; TP: true positive.

The remaining three studies used a one-hour algorithm for serial measurements and 
presented the sensitivity of a baseline hs-cTnT value<12 ng/l and delta (Δ) 1 h<3 ng/l 
[27,31,32]. The prevalence of AMI was comparable between the studies, ranging from 16.6–
17.3%. The one-hour algorithm classified 60.2% (range, 56.3–63.4%) of patients as rule-out 
(see Supplementary Material Table S6). The pooled sensitivity for this algorithm was 98.9% 
(95% CI: 96.4–100; I2=77.5%) (Figure 3). The NPV’s of the individual studies varied from 99.1% 
to 100% (see Supplementary Material Figure S4). For completeness, the pooled estimates 
of NPV, specificity and PPV are provided in Supplementary Material Figures S4–S6.  

Figure 3. Forest plot displaying the pooled estimate of sensitivity of hs-cTnT < 12 ng/L and Δ1 hour < 3 ng/L. 

AMI: acute myocardial infarction; CI: confidence interval; cTnI: cardiac troponin I; FN: false negative; NSTEMI: 
non-ST segment elevation myocardial infarction; TP: true positive.
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Single high baseline measurement of hs-cTnT for rule-in of AMI
Six out of 14 studies reported the specificity of a single high baseline measurement 
[24,25,29,32,33,35] (Figure 4). The prevalence of AMI differed considerably between the 
studies, ranging from 3.6–24%. The pooled specificity of a high baseline hs-cTnT value was 
94.6% (95% CI: 91.5–97.1; I2=95.5%). Sensitivity analysis, performed by removing the two 
studies that used cut-offs other than 50 ng/l, produced a pooled specificity of 95.2% (91.6–
97.9%). The PPV’s of the individual studies varied from 28.3–86.5% (see Supplementary 
Material Figure S7). For completeness, the pooled estimates of PPV, sensitivity and NPV are 
provided in Supplementary Material Figures S7–S9.

Figure 4. Forest plot displaying the pooled estimate of specificity of a baseline hs-cTnT value of > 50 ng/L.

AMI: acute myocardial infarction; CI: confidence interval; cTnI: cardiac troponin I; cTnT: cardiac troponin T; FP: 
false positive; NSTEMI: non-ST segment elevation myocardial infarction; POC-TnT: point-of-care troponin T; TN: 
true negative.
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Discussion

Novel cardiac biomarkers such as the hs-cTnT have become increasingly important in the 
diagnostic pathway and risk stratification of patients presenting with acute chest pain to the 
ED. They are a central part of clinical decision algorithms recommended by the current ESC 
guidelines [5]. The present systematic review and meta-analysis demonstrates that: (a) the 
two most frequently reported serial hs-cTnT measurement strategies have a high sensitivity 
to rule out AMI, while triaging a similarly large proportion of patients towards rule-out and 
(b) a direct rule-in strategy with a single baseline hs-cTnT value>50 ng/l has a high specificity.

Serial measurements for rule-out of AMI
Several meta-analyses have previously assessed the ability of a hs-cTnT assay to rule out 
AMI. Four articles examined a single baseline hs-cTnT measurement for rule-out of AMI at 
various diagnostic cut-offs [37–40] The 99th percentile was shown to have modest sensitivity 
for rule-out of AMI [37,39,40] however when the cut-off for rule-out of AMI was set below 
the limit of detection, i.e. <5 ng/l for the hs-cTnT assay, the sensitivities were generally 
high [38–40]. It has been suggested that serial measurement of hs-cTnT is more accurate 
and informative than a single measurement for rule-out of AMI. As serial measurements 
provide information on rise and fall patterns, they are more informative for discrimination 
of acute from chronic myocardial injury [19]. A serial measurement strategy is particularly 
necessary in early presenters as they might have normal initial troponin values due to the 
time dependency of troponin release [41,42]. A subgroup analysis performed by Mueller 
et al. showed that in early presenters (chest pain onset to presentation <2 h) the one-hour 
algorithm reached a NPV comparable to late presenters (chest pain onset to presentation ⩾2 
h) to the emergency room [27]. Adding copeptin, a marker which is released very early after 
onset of symptoms, to hs-cTnT has also been suggested for early presenters in particular 
[43]. A recent meta-analysis by Shin et al. showed that adding copeptin to hs-cTnT improved 
the sensitivity for rule-out of AMI [44].

Our meta-analysis exclusively investigated the ability of the hs-cTnT assay to rule out AMI 
with the two most frequently reported serial measurement strategies. We found similar 
diagnostic accuracy for rule-out of AMI with serial high-sensitivity troponin measurements 
<99th percentile compared to the study by Lipinski et al [37].

Recently, Badertscher et al. directly compared the one-hour algorithm with the three-hour 
algorithm, which uses a fixed cut-off (the 99th percentile) at presentation and three hours 
in conjunction with clinical criteria (Global Registry of Acute Events (GRACE) score <140 and 
the requirement to be pain free). While both ESC recommended algorithms had comparable 
NPVs for rule-out, the one-hour algorithm allowed the rule-out of significantly more patients 
[45]. Contrastingly, the results of our study do not suggest a difference between the two 
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rule-out strategies in the proportion of patients that are triaged towards rule-out. However, 
it is important to note that the serial measurement strategy with a fixed 99th percentile 
cut-off described in our study lacked the clinical criteria which are a key part of the ESC 
three-hour algorithm [5].

It is important to highlight that the majority of the studies, including the studies in this meta-
analysis, have only examined the performance of the hs-cTnT assay in patients presenting 
with acute chest pain and free from major comorbidities. Few prospective studies have 
assessed the performance of this assay in lower-risk patients, e.g. women presenting 
with atypical symptoms, and higher-risk patients, e.g. patients with renal failure, to better 
reflect the cohort of patients in clinical practice. Biener et al. demonstrated that in patients 
presenting with atypical symptoms the sensitivity of a rule-out strategy with hs-cTnT was 
lower than in patients with typical chest pain [22]. Twerenbold et al. showed that in patients 
with renal failure a rule-out strategy based on hs-cTnT had a comparably high sensitivity and 
NPV to patients without renal failure, however they found that the efficacy of the strategy 
was substantially lower [46]. The underlying cause is the increased baseline troponin value 
in patients with renal failure, which decreases the possibility of a rule-out when using the 
same cut-off values [47].

Single high baseline measurement for rule-in of AMI
To our knowledge, this is the first systematic review and meta-analysis to report the specificity 
and PPV of a direct rule-in strategy with baseline hs-cTnT value>50 ng/l. The prevalence of 
AMI differed considerably between the studies; in the study by Slagman et al. the prevalence 
of AMI was 3.6%, whereas in the study by Reiter et al. the prevalence was 24% [33,35]. The 
specificity of the direct rule-in strategy was consistently high between the individual studies. 
At the same time the PPV differed considerably; in studies with a low prevalence of AMI, we 
observed a lower PPV, which is in concordance with the theorem of Bayes [48]. We conclude 
that the applicability of a direct rule-in strategy with baseline hs-cTnT value>50 ng/l is highly 
dependent on the pre-test probability of disease and this stresses the importance of assessing 
the individual pre-test probability for clinicians. Patients with a low pre-test probability or a 
very atypical presentation might suffer from other conditions that also give rise to hs-cTnT. 
In such cases, serial hs-cTnT measurements can increase the probability of AMI when a rise 
and fall pattern is present [49]. If after serial sampling AMI is deemed unlikely, other causes 
of troponin elevations should be investigated as elevated troponins are associated with an 
unfavourable prognosis even in the absence of an AMI [50].

Recommendations for further research
The 2015 ESC one-hour algorithm has distinct cut-offs for ‘rule-out’ and ‘rule-in’ and patients 
not meeting these criteria are placed in the ‘observational zone’. This concerns a considerable 
number of patients (20–30%) who are known to have an unfavourable prognosis [51].  
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They are now faced with prolonged observational periods in the hospital, with or without 
invasive testing. Further research is needed to determine the optimal diagnostic approach. It 
has been suggested that advanced cardiac imaging may be useful for better risk stratification 
in these patients [52,53].

Study limitations
Our study has several limitations. The studies included in the current analysis had different 
methods for adjudication of the final diagnosis. Some used conventional assays, whereas 
others used high-sensitivity assays for the reference standard. In addition, studies that used 
the same assay frequently had different cut-offs for adjudication of the final diagnosis. The 
use of high-sensitivity assays as opposed to conventional assays as the reference standard 
can influence the diagnostic accuracy parameters of the test being evaluated. Because of 
its higher sensitivity, the high-sensitivity assay detects more patients with myocardial injury 
not due to NSTEMI when compared to conventional assays. Moreover, we were not able to 
validate and examine the performance of the official ESC 0/1 hour algorithm for rule-out 
and rule-in, because of the limited number of distinct cohorts that were in studies with 
this algorithm. Due to lack of individual patient data and the limited number of studies we 
could not perform meta-regression or subgroup analysis to investigate the effects of certain 
patient and study characteristics, such as age, cardiac risk factors, target condition, time of 
chest pain onset to obtaining the first blood sample, assay used for reference standard and 
prevalence of AMI.

Conclusion
Serial hs-cTnT measurement strategies to rule out AMI perform well and can classify 60% of 
patients for rule-out, while a direct rule-in strategy with a baseline hs-cTnT value >50 ng/l 
has a high specificity.



HS-TNT FOR TRIAGE OF AMI: A SYSTEMATIC REVIEW AND META-ANALYSIS 95

7

References

1. Reichlin T, Hochholzer W, Bassetti S, Steuer S, Stelzig C, Hartwiger S, Biedert S, Schaub N, 
Buerge C, Potocki M, Noveanu M, Breidthardt T, Twerenbold R, Winkler K, Bingisser R, Mueller 
C. Early diagnosis of myocardial infarction with sensitive cardiac troponin assays. N Engl J Med 
2009;361(9):858-67.

2. Goodacre S, Cross E, Arnold J, Angelini K, Capewell S, Nicholl J. The health care burden of acute 
chest pain. Heart 2005;91(2):229-30.

3. Pitts SR, Niska RW, Xu J, Burt CW. National Hospital Ambulatory Medical Care Survey: 2006 
emergency department summary. Natl Health Stat Report 2008(7):1-38.

4. Than M, Cullen L, Reid CM, Lim SH, Aldous S, Ardagh MW, Peacock WF, Parsonage WA, Ho HF, 
Ko HF, Kasliwal RR, Bansal M, Soerianata S, Hu D, Ding R, Hua Q, Seok-Min K, Sritara P, Sae-
Lee R, Chiu T-F, Tsai K-C, Chu F-Y, Chen W-K, Chang W-H, Flaws DF, George PM, Richards AM. A 
2-h diagnostic protocol to assess patients with chest pain symptoms in the Asia-Pacific region 
(ASPECT): a prospective observational validation study. The Lancet 2011;377(9771):1077-1084.

5. Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, Bax JJ, Borger MA, Brotons C, 
Chew DP, Gencer B, Hasenfuss G, Kjeldsen K, Lancellotti P, Landmesser U, Mehilli J, Mukherjee 
D, Storey RF, Windecker S, Baumgartner H, Gaemperli O, Achenbach S, Agewall S, Badimon L, 
Baigent C, Bueno H, Bugiardini R, Carerj S, Casselman F, Cuisset T, Erol C, Fitzsimons D, Halle M, 
Hamm C, Hildick-Smith D, Huber K, Iliodromitis E, James S, Lewis BS, Lip GY, Piepoli MF, Richter 
D, Rosemann T, Sechtem U, Steg PG, Vrints C, Luis Zamorano J, Management of Acute Coronary 
Syndromes in Patients Presenting without Persistent STSEotESoC. 2015 ESC Guidelines for 
the management of acute coronary syndromes in patients presenting without persistent ST-
segment elevation: Task Force for the Management of Acute Coronary Syndromes in Patients 
Presenting without Persistent ST-Segment Elevation of the European Society of Cardiology 
(ESC). Eur Heart J 2016;37(3):267-315.

6. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, Clarke M, Devereaux PJ, 
Kleijnen J, Moher D. The PRISMA statement for reporting systematic reviews and meta-analyses 
of studies that evaluate health care interventions: explanation and elaboration. PLoS Med 
2009;6(7):e1000100.

7. Thygesen K, Alpert JS, White HD, Joint ESCAAHAWHFTFftRoMI, Jaffe AS, Apple FS, Galvani M, 
Katus HA, Newby LK, Ravkilde J, Chaitman B, Clemmensen PM, Dellborg M, Hod H, Porela P, 
Underwood R, Bax JJ, Beller GA, Bonow R, Van der Wall EE, Bassand JP, Wijns W, Ferguson TB, 
Steg PG, Uretsky BF, Williams DO, Armstrong PW, Antman EM, Fox KA, Hamm CW, Ohman 
EM, Simoons ML, Poole-Wilson PA, Gurfinkel EP, Lopez-Sendon JL, Pais P, Mendis S, Zhu JR, 
Wallentin LC, Fernandez-Aviles F, Fox KM, Parkhomenko AN, Priori SG, Tendera M, Voipio-Pulkki 
LM, Vahanian A, Camm AJ, De Caterina R, Dean V, Dickstein K, Filippatos G, Funck-Brentano 
C, Hellemans I, Kristensen SD, McGregor K, Sechtem U, Silber S, Tendera M, Widimsky P, 
Zamorano JL, Morais J, Brener S, Harrington R, Morrow D, Lim M, Martinez-Rios MA, Steinhubl 
S, Levine GN, Gibler WB, Goff D, Tubaro M, Dudek D, Al-Attar N. Universal definition of 
myocardial infarction. Circulation 2007;116(22):2634-53.



96 CHAPTER 7

8. Bramer WM, Milic J, Mast F. Reviewing retrieved references for inclusion in systematic reviews 
using EndNote. Journal of the Medical Library Association : JMLA 2017;105(1):84-87.

9. Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, Leeflang MM, Sterne 
JA, Bossuyt PM, Group Q-. QUADAS-2: a revised tool for the quality assessment of diagnostic 
accuracy studies. Ann Intern Med 2011;155(8):529-36.

10. Freeman MF, Tukey JW. Transformations Related to the Angular and the Square Root. The 
Annals of Mathematical Statistics 1950;21(4):607-611.

11. Miller JJ. The Inverse of the Freeman-Tukey Double Arcsine Transformation. The American 
Statistician 1978;32(4):138-138.

12. DerSimonian R, Laird N. Meta-analysis in clinical trials. Controlled Clinical Trials 
1986;7(3):177-188.

13. Borenstein M, Higgins JPT, Hedges LV, Rothstein HR. Basics of meta-analysis: I2 is not an 
absolute measure of heterogeneity. Research Synthesis Methods 2017;8(1):5-18.

14. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. 
BMJ : British Medical Journal 2003;327(7414):557-560.

15. van Enst WA, Ochodo E, Scholten RJPM, Hooft L, Leeflang MM. Investigation of publication 
bias in meta-analyses of diagnostic test accuracy: a meta-epidemiological study. BMC Medical 
Research Methodology 2014;14:70-70.

16. Aldous S, Pemberton C, Richards AM, Troughton R, Than M. High-sensitivity troponin T for early 
rule-out of myocardial infarction in recent onset chest pain. Emerg Med J 2012;29(10):805-810.

17. Aldous SJ, Florkowski CM, Crozier IG, Elliott J, George P, Lainchbury JG, Mackay RJ, Than M. 
Comparison of high sensitivity and contemporary troponin assays for the early detection of acute 
myocardial infarction in the emergency department. Ann Clin Biochem 2011;48(3):241-248.

18. Aldous SJ, Richards AM, Cullen L, Than MP. Early dynamic change in high-sensitivity cardiac 
troponin T in the investigation of acute myocardial infarction. Clin Chem 2011;57(8):1154-1160.

19. Aldous SJ, Richards M, Cullen L, Troughton R, Than M. Diagnostic and prognostic utility of early 
measurement with high-sensitivity troponin T assay in patients presenting with chest pain. 
CMAJ 2012;184(5):E260-E268.

20. Bahrmann P, Christ M, Bahrmann A, Rittger H, Heppner HJ, Achenbach S, Bertsch T, Sieber CC. 
A 3-hour diagnostic algorithm for non-ST-elevation myocardial infarction using high-sensitivity 
cardiac troponin T in unselected older patients presenting to the emergency department. J Am 
Med Dir Assoc 2013;14(6):409-416.

21. Biener M, Mueller M, Vafaie M, Jaffe AS, Widera C, Katus HA, Giannitsis E. Diagnostic 
performance of rising, falling, or rising and falling kinetic changes of high-sensitivity cardiac 
troponin T in an unselected emergency department population. Eur Heart J Acute Cardiovasc 
Care 2013;2(4):314-322.

22. Biener M, Mueller M, Vafaie M, Katus HA, Giannitsis E. Impact of leading presenting symptoms 
on the diagnostic performance of high-sensitivity cardiac troponin T and on outcomes in 
patients with suspected acute coronary syndrome. Clin Chem 2015;61(5):744-751.



HS-TNT FOR TRIAGE OF AMI: A SYSTEMATIC REVIEW AND META-ANALYSIS 97

7

23. Biener M, Mueller M, Vafaie M, Keller T, Blankenberg S, White HD, Katus HA, Giannitsis E. 
Comparison of a 3-hour versus a 6-hour sampling-protocol using high-sensitivity cardiac 
troponin T for rule-out and rule-in of non-STEMI in an unselected emergency department 
population. Int J Cardiol 2013;167(4):1134-1140.

24. Chenevier-Gobeaux C, Meune C, Freund Y, Wahbi K, Claessens YE, Doumenc B, Zuily S, Riou B, Ray 
P. Influence of Age and Renal Function on High-Sensitivity Cardiac Troponin T Diagnostic Accuracy 
for the Diagnosis of Acute Myocardial Infarction. Am. J. Cardiol. 2013;111(12):1701-1707.

25. Goorden SMI, van Engelen RA, Wong LSM, van der Ploeg T, Verdel GJE, Buijs MM. A novel 
troponin I rule-out value below the upper reference limit for acute myocardial infarction. Heart 
2016;102(21):1721-1727.

26. Melki D, Lind S, Agewall S, Jernberg T. Diagnostic value of high sensitive troponin T in chest pain 
patients with no persistent ST-elevations. Scandinavian Cardiovascular Journal 2011;45(4):198-204.

27. Mueller C, Giannitsis E, Christ M, Ordonez-Llanos J, deFilippi C, McCord J, Body R, Panteghini 
M, Jernberg T, Plebani M, Verschuren F, French J, Christenson R, Weiser S, Bendig G, Dilba 
P, Lindahl B, Investigators T-A. Multicenter Evaluation of a 0-Hour/1-Hour Algorithm in the 
Diagnosis of Myocardial Infarction With High-Sensitivity Cardiac Troponin T. Ann Emerg Med 
2016;68(1):76-87.e74.

28. Mueller M, Biener M, Vafaie M, Doerr S, Keller T, Blankenberg S, Katus HA, Giannitsis E. 
Absolute and relative kinetic changes of high-sensitivity cardiac troponin T in acute coronary 
syndrome and in patients with increased troponin in the absence of acute coronary syndrome. 
Clin Chem 2012;58(1):209-218.

29. Mueller-Hennessen M, Mueller C, Giannitsis E, Biener M, Vafaie M, DeFilippi CR, Christ M, 
Ordóñez-Llanos J, Panteghini M, Plebani M, Verschuren F, Melki D, French JK, Christenson RH, 
Body R, McCord J, Dinkel C, Katus HA, Lindahl B. Serial sampling of high-sensitivity cardiac troponin 
T may not be required for prediction of acute myocardial infarction diagnosis in chest pain patients 
with highly abnormal concentrations at presentation. Clin Chem 2017;63(2):542-551.

30. Parsonage WA, Greenslade JH, Hammett CJ, Lamanna A, Tate JR, Ungerer JP, Chu K, Than M, 
Brown AFT, Cullen L. Validation of an accelerated high-sensitivity troponin T assay protocol in an 
Australian cohort with chest pain. Med J Aust 2014;200(3):161-165.

31. Reichlin T, Schindler C, Drexler B, Twerenbold R, Reiter M, Zellweger C, Moehring B, Ziller 
R, Hoeller R, Rubini Gimenez M, Haaf P, Potocki M, Wildi K, Balmelli C, Freese M, Stelzig C, 
Freidank H, Osswald S, Mueller C. One-hour rule-out and rule-in of acute myocardial infarction 
using high-sensitivity cardiac troponin T. Arch Intern Med 2012;172(16):1211-1218.

32. Reichlin T, Twerenbold R, Wildi K, Rubini Gimenez M, Bergsma N, Haaf P, Druey S, Puelacher 
C, Moehring B, Freese M, Stelzig C, Krivoshei L, Hillinger P, Jäger C, Herrmann T, Kreutzinger 
P, Radosavac M, Weidmann ZM, Pershyna K, Honegger U, Wagener M, Vuillomenet T, 
Campodarve I, Bingisser R, Miró Ò, Rentsch K, Bassetti S, Osswald S, Mueller C. Prospective 
validation of a 1-hour algorithm to rule-out and rule-in acute myocardial infarction using a high-
sensitivity cardiac troponin T assay. CMAJ 2015;187(8):E243-E252.



98 CHAPTER 7

33. Reiter M, Twerenbold R, Reichlin T, Haaf P, Peter F, Meissner J, Hochholzer W, Stelzig C, Freese 
M, Heinisch C, Breidthardt T, Freidank H, Winkler K, Campodarve I, Gea J, Mueller C. Early 
diagnosis of acute myocardial infarction in the elderly using more sensitive cardiac troponin 
assays. Eur Heart J 2011;32(11):1379-89.

34. Santalo M, Martin A, Velilla J, Povar J, Temboury F, Balaguer J, Munoz M, Calmarza P, Ortiz C, 
Carratala A, Gich I, Merce J, Jaffe AS, Ordonez-Llanos J. Using high-sensitivity troponin T: the 
importance of the proper gold standard. Am J Med 2013;126(8):709-717.

35. Slagman A, von Recum J, Möckel M, Holert F, Meyer zum Büschenfelde D, Müller C, Searle J. 
Diagnostic performance of a high-sensitive troponin T assay and a troponin T point of care 
assay in the clinical routine of an Emergency Department: A clinical cohort study. Int J Cardiol 
2017;230:454-460.

36. Thelin J, Melander O, Ohlin B. Early rule-out of acute coronary syndrome using undetectable 
levels of high sensitivity troponin T. Eur Heart J Acute Cardiovasc Care 2015;4(5):403-9.

37. Lipinski MJ, Baker NC, Escarcega RO, Torguson R, Chen F, Aldous SJ, Christ M, Collinson PO, 
Goodacre SW, Mair J, Inoue K, Lotze U, Sebbane M, Cristol JP, Freund Y, Chenevier-Gobeaux C, 
Meune C, Eggers KM, Pracon R, Schreiber DH, Wu AH, Ordonez-Llanos J, Jaffe AS, Twerenbold 
R, Mueller C, Waksman R. Comparison of conventional and high-sensitivity troponin in patients 
with chest pain: a collaborative meta-analysis. Am Heart J 2015;169(1):6-16 e6.

38. Pickering JW, Than MP, Cullen L, Aldous S, Ter Avest E, Body R, Carlton EW, Collinson P, Dupuy 
AM, Ekelund U, Eggers KM, Florkowski CM, Freund Y, George P, Goodacre S, Greenslade JH, 
Jaffe AS, Lord SJ, Mokhtari A, Mueller C, Munro A, Mustapha S, Parsonage W, Peacock WF, 
Pemberton C, Richards AM, Sanchis J, Staub LP, Troughton R, Twerenbold R, Wildi K, Young J. 
Rapid Rule-out of Acute Myocardial Infarction With a Single High-Sensitivity Cardiac Troponin 
T Measurement Below the Limit of Detection: A Collaborative Meta-analysis. Ann Intern Med 
2017;166(10):715-724.

39. Zhelev Z, Hyde C, Youngman E, Rogers M, Fleming S, Slade T, Coelho H, Jones-Hughes T, 
Nikolaou V. Diagnostic accuracy of single baseline measurement of Elecsys Troponin T 
high-sensitive assay for diagnosis of acute myocardial infarction in emergency department: 
systematic review and meta-analysis. Bmj 2015;350:h15.

40. Sethi A, Bajaj A, Malhotra G, Arora RR, Khosla S. Diagnostic accuracy of sensitive or high-
sensitive troponin on presentation for myocardial infarction: a meta-analysis and systematic 
review. Vasc Health Risk Manag 2014;10:435-50.

41. Bandstein N, Ljung R, Johansson M, Holzmann MJ. Undetectable high-sensitivity cardiac 
troponin T level in the emergency department and risk of myocardial infarction. J Am Coll 
Cardiol 2014;63(23):2569-2578.

42. Morrow DA. Clinician’s Guide to Early Rule-Out Strategies With High-Sensitivity Cardiac 
Troponin. Circulation 2017;135(17):1612-1616.

43. Mueller C, Mockel M, Giannitsis E, Huber K, Mair J, Plebani M, Thygesen K, Jaffe AS, Lindahl B, 
Association ESCSGoBiCotACC. Use of copeptin for rapid rule-out of acute myocardial infarction. 
Eur Heart J Acute Cardiovasc Care 2018;7(6):570-576.



HS-TNT FOR TRIAGE OF AMI: A SYSTEMATIC REVIEW AND META-ANALYSIS 99

7

44. Shin H, Jang BH, Lim TH, Lee J, Kim W, Cho Y, Ahn C, Choi KS. Diagnostic accuracy of adding 
copeptin to cardiac troponin for non-ST-elevation myocardial infarction: A systematic review 
and meta-analysis. PLoS One 2018;13(7):e0200379.

45. Badertscher P, Boeddinghaus J, Twerenbold R, Nestelberger T, Wildi K, Wussler D, Schwarz J, 
Puelacher C, Rubini Giménez M, Kozhuharov N, du Fay de Lavallaz J, Cerminara SE, Potlukova 
E, Rentsch K, Miró Ò, López B, Martin-Sanchez FJ, Morawiec B, Muzyk P, Keller DI, Reichlin T, 
Mueller C. Direct Comparison of the 0/1h and 0/3h Algorithms for Early Rule-Out of Acute 
Myocardial Infarction. Circulation 2018;137(23):2536-2538.

46. Twerenbold R, Badertscher P, Boeddinghaus J, Nestelberger T, Wildi K, Puelacher C, Sabti 
Z, Rubini Gimenez M, Tschirky S, du Fay de Lavallaz J, Kozhuharov N, Sazgary L, Mueller D, 
Breidthardt T, Strebel I, Flores Widmer D, Shrestha S, Miro O, Martin-Sanchez FJ, Morawiec 
B, Parenica J, Geigy N, Keller DI, Rentsch K, von Eckardstein A, Osswald S, Reichlin T, Mueller 
C. 0/1-Hour Triage Algorithm for Myocardial Infarction in Patients With Renal Dysfunction. 
Circulation 2018;137(5):436-451.

47. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, White HD, Group ESCSD. Fourth 
universal definition of myocardial infarction (2018). European Heart Journal 2018:ehy462-ehy462.

48. Baron JA. Uncertainty in Bayes. Medical Decision Making 1994;14(1):46-51.
49. Reichlin T, Irfan A, Twerenbold R, Reiter M, Hochholzer W, Burkhalter H, Bassetti S, Steuer S, 

Winkler K, Peter F, Meissner J, Haaf P, Potocki M, Drexler B, Osswald S, Mueller C. Utility of 
absolute and relative changes in cardiac troponin concentrations in the early diagnosis of acute 
myocardial infarction. Circulation 2011;124(2):136-45.

50. Roos A, Bandstein N, Lundback M, Hammarsten O, Ljung R, Holzmann MJ. Stable High-
Sensitivity Cardiac Troponin T Levels and Outcomes in Patients With Chest Pain. J Am Coll 
Cardiol 2017;70(18):2226-2236.

51. Nestelberger T, Wildi K, Boeddinghaus J, Twerenbold R, Reichlin T, Gimenez MR, Puelacher 
C, Jaeger C, Grimm K, Sabti Z, Hillinger P, Kozhuharov N, du Fay de Lavallaz J, Pinck F, Lopez 
B, Salgado E, Miro O, Bingisser R, Lohrmann J, Osswald S, Mueller C. Characterization of the 
observe zone of the ESC 2015 high-sensitivity cardiac troponin 0h/1h-algorithm for the early 
diagnosis of acute myocardial infarction. Int J Cardiol 2016;207:238-45.

52. Hoffmann U, Truong QA, Schoenfeld DA, Chou ET, Woodard PK, Nagurney JT, Pope JH, Hauser 
TH, White CS, Weiner SG, Kalanjian S, Mullins ME, Mikati I, Peacock WF, Zakroysky P, Hayden 
D, Goehler A, Lee H, Gazelle GS, Wiviott SD, Fleg JL, Udelson JE, Investigators R-I. Coronary CT 
angiography versus standard evaluation in acute chest pain. N Engl J Med 2012;367(4):299-308.

53. Ferencik M, Liu T, Mayrhofer T, Puchner SB, Lu MT, Maurovich-Horvat P, Pope JH, Truong QA, 
Udelson JE, Peacock WF, White CS, Woodard PK, Fleg JL, Nagurney JT, Januzzi JL, Hoffmann 
U. hs-Troponin I Followed by CT Angiography Improves Acute Coronary Syndrome Risk 
Stratification Accuracy and Work-Up in Acute Chest Pain Patients: Results From ROMICAT II 
Trial. JACC Cardiovasc Imaging 2015;8(11):1272-1281.





Murat Arslan, Eric Boersma, Admir Dedic, Eric A. Dubois

Chapter 8

Cardiology 2022;147:251–260

Development and Internal Validation 
of  a Practical Model to Identify 

Observe Patients of  the European 
Society of  Cardiology 0/1-Hour 

Algorithm at Low Risk  
of  a Coronary Diagnosis.



102 CHAPTER 8

Abstract

Background
Patients with suspected non-ST-elevation acute coronary syndrome (NSTE-ACS) assigned to 
the “observe” zone of the European Society of Cardiology (ESC) 0/1-h algorithm form a 
heterogeneous group known to have an unfavourable prognosis. We aim to elucidate the 
clinical characteristics and management of these patients and generate a model that is 
predictive of a coronary diagnosis at index visit to the emergency department (ED). 

Methods
A retrospective observational cohort study, including adult patients presenting to the 
ED with suspected NSTE-ACS assigned to the “observe” zone of the ESC 0/1-h algorithm. 
Multivariable logistic regression analysis was performed for the prediction of a coronary 
diagnosis. Internal validation was performed using bootstrap resampling.

Results
A total of 750 patients were included; mean age 66 ± 13 years, 35% women, 50% with prior 
history of coronary artery disease (CAD). In 372 (50%) patients a diagnosis was established 
within 30 days of index presentation, of whom 169 (45%) patients had a coronary-related 
event. Multivariable logistic regression analysis generated a 12-point risk score incorporating 
5 variables for the prediction of such event, including type of angina, chest pain occurring 
during inspiration, prior history of CAD, ST-segment deviation on electrocardiogram, and 
estimated glomerular filtration rate <60. The final model had an optimism-corrected 
c-statistic of 0.78 (95% confidence interval [CI]: 0.74–0.82). A score <6 ruled out a coronary 
event in 276 (37%) patients, with a sensitivity and negative predictive value of 90% (95% CI: 
84–94) and 94% (91–96), respectively. 

Conclusion
A score <6 identifies patients at low risk of a coronary diagnosis and can guide clinical 
decision-making in choosing the appropriate diagnostic test.
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Introduction

The introduction of high-sensitivity cardiac troponins (hs-cTn) has led to accelerated 
diagnostic protocols for the assessment of suspected non-ST-elevation acute coronary 
syndrome (NSTE-ACS) [1-3]. In the recent European Society of Cardiology (ESC) guideline on 
the management of patients with a suspected ACS without persistent ST-segment elevation, 
the use of a 0/1-h algorithm in centres with hs-cTn assays is recommended [4]. The ESC 0/1-
h algorithm has two separate thresholds for “rule-out” and “rule-in” to optimize diagnostic 
accuracy and efficacy on both sides of the spectrum.

However, a substantial number of patients do not qualify for either category after repeated 
hs-cTn testing and are assigned to the “observe” zone. These patients are known to have an 
unfavourable prognosis, with 1-year survival rates comparable to patients assigned to the 
“rule-in” category [5, 6]. Management of these patients remains challenging, and hospital 
admission and additional (non)invasive testing are often necessary. A more individual 
approach is recommended where management decisions should be based on the degree 
of clinical suspicion of NSTE-ACS on a case by case basis [4]. The aim of this study was to 
elucidate the clinical characteristics and management of patients assigned to the “observe” 
zone and to generate a model that is predictive of a coronary diagnosis.

Methods

This retrospective observational cohort study included 750 consecutive adult patients with 
suspected NSTE-ACS and acute chest pain as principal symptom. Patients presented to the 
emergency department (ED) at the Erasmus MC, University Medical Centre, Rotterdam, an 
academic tertiary referral hospital, between February 1, 2012, and January 31, 2020. Patients 
were included if they were aged 18 years and older and assigned to the “observe” zone of the 
ESC 0/1-h algorithm based on repeated hs-cTn measurements. The start date of February 1, 
2012, was chosen as this corresponded with the introduction of the fifth-generation Elecsys 
hs-cTnT (hs-TnT) assay (Roche Diagnostics) in our centre. Although the 0/1-h algorithm 
was first recommended in the 2015 ESC guideline on the management of patients with a 
suspected ACS without persistent ST-segment elevation, we have also included patients that 
presented at the ED prior to this recommendation, with repeated hs-cTn measurements 
which would assign them to the “observe” zone based on current guidelines. Data regarding 
clinical characteristics, symptoms and signs, electrocardiogram (ECG) data, laboratory results, 
downstream testing, patient management, and diagnosis were obtained from electronic 
patient records. This study was conducted according to the principles of the Declaration of 
Helsinki and was approved by the local institutional review board.
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Diagnostic Procedure
Patients were categorized into three diagnostic groups if the diagnosis was established by 
treating physicians within 30 days of presentation to the ED: (1) coronary (including NSTE-
ACS, chronic coronary syndromes, spontaneous coronary artery dissection, and coronary 
vasospasm); (2) cardiac, non-coronary (including non-ischemic cardiomyopathies, valvular 
heart disease, brady- and tachyarrhythmias, and [peri] myocarditis); (3) non-cardiac 
(containing all relevant non-cardiac diagnosis such as pulmonary embolism, anaemia, 
infections, malignancies, and malignant hypertension).

Study Endpoint
The primary outcome was a coronary diagnosis at index visit to the ED, established by the 
treating physician, based on all available clinical data.

Statistical Analysis
Continuous data are presented as mean ± SD or median (interquartile ranges), and categorical 
data are presented as proportions (percentages). We used logistic regression analysis for 
the prediction of a coronary diagnosis. Initially, univariable analysis was performed to 
evaluate the ability of chosen variables to predict a coronary diagnosis. We examined 29 
potential predictors, including sex, age, cardiovascular risk factors, medication, symptoms, 
ECG findings, and laboratory results. Variables with a p < 0.10 entered the multivariate 
stage, and a multivariable logistic regression model was constructed to predict a coronary 
diagnosis, using the stepwise backward selection method, with a value of p = 0.05 as a 
model-entry criterion. Variables were checked for multicollinearity using correlations and 
variance inflation factors to avoid redundancy in the prediction model. Dichotomization 
of the continuous variable estimated glomerular filtration rate (eGFR) was based on the 
clinically relevant threshold for kidney disease. The relative magnitude of the model 
regression coefficients from statistically significant variables in the final multivariable model 
was used to calculate an individual patient’s risk score for the prediction of a coronary 
diagnosis. Each point assigned to covariates in the final multivariable model was rounded 
to the nearest integer to simplify the calculation of the final score in clinical practice. The 
model discrimination abilities were evaluated by the c-statistic of the final multivariate 
model. For further internal validation, 1,000 bootstrap samples were obtained, and an 
optimism-corrected c-statistic was calculated [7]. The optimal cut-off value for the risk score 
was chosen after visual inspection of the diagnostic accuracy parameters at various cut-
offs, with the aim to optimize the efficacy (defined as the number of patients ruled out) 
of the score while maintaining high sensitivity and negative predictive value (NPV) for the 
prediction of a coronary diagnosis. Receiver-operating characteristic curve analysis of the 
computed risk score was compared with a validated risk score, namely the History, ECG, 
Age, Risk factors, and Troponin (HEART) score [8, 9].
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Survival data of all patients were acquired using in-hospital medical records and municipal 
civil registry. Cumulative survival of up to 1-year follow-up was calculated and stratified by 
diagnostic categories, i.e., (1) coronary; (2) cardiac, non-coronary, and (3) non-cardiac, with 
corresponding 95% confidence intervals and plotted using Kaplan-Meier curves. The log-
rank test was used to examine differences between diagnostic categories in the Kaplan-
Meier analyses, correcting for multiple comparisons using the Bonferroni method.

All statistical analyses were performed using SPSS version 24.0 (IBM, Armonk, NY, USA) and 
R version 4.0.2 (R Project for statistical computing, Vienna, Austria). All tests were two-
tailed, and a p value <0.05 was considered statistically significant.

Results

Between February 1, 2012, and January 31, 2020, 4,370 consecutive adult patients 
presented with suspected NSTE-ACS and acute chest pain, of whom 2,928 patients were 
triaged towards “rule-out” and 692 patients as “rule-in” by the ESC 0/1-h algorithm. In 
total, 750 suspected NSTE-ACS patients were assigned to the “observe zone” of the ESC 
0/1-h algorithm and comprised the study population (Figure 1). Baseline characteristics of 
included patients are shown in Table 1. The mean age was 66 ± 13 years and the proportion 
of women was 35%. Half of the patients had a prior history of coronary artery disease (CAD). 
In 32% of the patients first blood draw was performed within 3 h of chest pain onset. The 
median hs-TnT value in the study cohort at baseline was 18 (14–25) and the second median 
hs-TnT value was also 18 (14–25). Patients with a coronary diagnosis were more often male 
with pre-existing CAD and more often had ischemic ECG abnormalities as compared to the 
rest of the cohort (Table 1).
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Table 1. Baseline characteristics of patients assigned to the ‘observe zone’ of the ESC 0/1-hour algorithm 

Study cohort  
 
(n=750)

Cardiac, 
coronary 
(n=169)

Rest of the 
cohort 
(n=581)

p-value

Age, years 66 ± 13 66 ± 12 65 ± 13 0.33
Female sex 259 (34.5) 43 (25.4) 216 (37.2) 0.005
Risk factors
Active smoker 126 (16.8) 28 (16.6) 98 (16.9) 0.93
Hypertension 479 (63.9) 121 (71.6) 358 (62.0) 0.02
Dyslipidemia 448 (59.7) 117 (69.2) 331 (57.0) 0.004
Diabetes Mellitus 227 (30.3) 59 (34.9) 168 (29.0) 0.14
Family history for CAD 188 (25.1) 53 (31.4) 135 (23.2) 0.03
PAD 65 (8.7) 11 (6.5) 54 (9.3) 0.28
Prior stroke/TIA 105 (14.0) 20 (11.8) 85 (14.6) 0.36
Prior history of CAD 375 (50.0) 120 (71.0) 255 (43.9) <0.0001
Medication
Aspirin 321 (42.8) 95 (56.2) 226 (38.9) <0.0001
Oral anticoagulation 217 (36.1) 45 (26.6) 172 (29.6)  0.45
ACE inhibitor or ARB 416 (55.5) 98 (58.0) 318 (54.7) 0.45
P2Y12 inhibitor 164 (21.9) 46 (27.2) 118 (20.3) 0.06
Statin 449 (59.9) 115 (68.0) 334 (57.5) 0.02
Beta blocker 414 (55.2) 99 (58.5) 315 (54.2) 0.33
Diuretics 247 (32.9) 47 (27.8) 200 (0.34) 0.11
CCB 181 (24.1) 55 (32.5) 126 (21.7) 0.004
Symptoms and signs
Chest pain*
• Typical angina
• Atypical angina
• Non-anginal chest pain

122 (16.3)
346 (46.1)
282 (37.6)

61 (36.1)
82 (48.5)
26 (15.4)

61 (10.5)
264 (45.4) 
256 (44.1)

<0.0001

Chest pain occurring with inspiration 51 (6.8) 2 (1.2) 49 (8.4) 0.001
Blood pressure (mmHg)
Systolic 145.5 ± 42.0 145.7 ± 23.2 144.1 ± 26.4 0.48
Diastolic 82.2 ± 15.3 83.2 ± 14.8 82.1 ± 15.0 0.40
ECG
Sinus rhythm 622 (82.9) 147 (87.0) 475 (81.8) 0.11
Heart rate (per min) 75 ± 18 73 ± 14 77 ± 20 0.03
Left ventricular hypertrophy 39 (5.2) 5 (3.0) 34 (5.9) 0.17
ST-segment deviation# 87 (11.6) 36 (21.3) 51 (8.8) <0.0001
T wave inversion 193 (25.7) 48 (28.4) 145 (25.0) 0.37
Pathological Q waves 79 (10.5) 26 (15.4) 53 (9.1) 0.02
Laboratory
Time from chest pain onset to first blood draw
• <3 hours
• >3 hours
• >24 hours

238 (31.7)
337 (50.3)
155 (20.7)

51 (30.2)
71 (42.0)
44 (26.0)

187 (32.2)
266 (45.8)
111 (19.1)

0.23

eGFR 69 ± 22.8 72 ± 21 68 ± 23 0.04
Risk scores
HEART score 5.3 ± 1.6 6.1 ± 1.6 5.1 ± 1.5 0.0001
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Study cohort  
 
(n=750)

Cardiac, 
coronary 
(n=169)

Rest of the 
cohort 
(n=581)

p-value

TIMI score 2.9 ± 1.5 3.6 ± 1.5 2.7 ± 1.4 0.0001
GRACE score 118 ± 29.7 119 ± 29.3 118 ± 29.8 0.66

Patients with ECGs suggestive of a ST-elevation myocardial infarction were excluded from this analysis. 
ACE= angiotensin-converting-enzyme; ARB= angiotensin II receptor blocker; CAD= coronary artery disease; 
CCB= calcium channel blocker; DOAC= direct oral anticoagulant; ECG= electrocardiogram; eGFR= estimated 
glomerular filtration rate; ESC= European society of cardiology; GRACE= The Global Registry of Acute Coronary 
Events; HEART= History, EKG, Age, Risk factors, and troponin; PAD= peripheral arterial disease; TIA= transient 
ischemic stroke; TIMI= the thrombolysis in myocardial infarction; VKA= vitamin K antagonist. * Categorized 
according to the Diamond and Forrester classification [10]. # ST-segment deviation was defined as ≥ 1 mm ST-
segment deviation in one or more leads [11].

Figure 1. Flowchart of the study population. 

NSTE-ACS= non-ST-elevation acute coronary syndrome
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Resource Use in the Observe Group
Non-invasive ischemia testing was performed in 54 (7%) patients within 30 days of index 
presentation and revealed signs of myocardial ischemia or infarction in 31 patients (Table 
2). Invasive coronary angiography (ICA) was performed in 151 (20%) patients, of whom 
92 (12%) patients underwent percutaneous coronary intervention and 3 (0.4%) patients 
underwent coronary artery bypass grafting within 30 days of index presentation. 263 (35%) 
patients were admitted to the hospital after evaluation at the ED and 411 (55%) patients 
were sent home with an appointment at the outpatient clinic (Table 2).

Table 2. Use of diagnostic modalities and management of patients assigned to the ‘observe zone’ of the ESC 0/1-
hour algorithm within 30 days of index presentation

(Non)-invasive diagnostic 
modalities used

Entire 
cohort 
(n=750)

Various results per diagnostic modality

[n= Number of patients]

Non-invasive ischemia testing 54 (7.2) Evidence of ischemia [22]

Evidence of infarction [9]

Non-diagnostic [4]

Normal exam [19]
CT pulmonary embolism 35 (4.7) Evidence of pulmonary embolism [3]
CT thorax angiography 18 (2.4) Evidence of aortic dissection [1]
Coronary CTA 27 (3.6) Normal or non-obstructive CAD (<50% stenosis) [18]

1 vessel disease [2]

2 vessel disease [4]

3 vessel disease [3]
ICA 151 (20.1) Normal or non-obstructive CAD (<50% stenosis) [38]

1 vessel disease [43]

2 vessel disease [28]

3 vessel disease [42]
Management of patients
Admission to hospital ward 263 (35.1)
Return to outpatient clinic 411 (54.8)
Revascularization
• PCI
• CABG

92 (12.3)
3 (0.4)

Non-invasive ischemia testing included: Stress ECG, Stress echocardiography, SPECT and cardiac MRI. CABG= 
coronary artery bypass grafting; CAD= coronary artery disease; CTA= coronary computed tomography 
angiography; ESC= European society of cardiology; ICA= invasive coronary angiography; PCI= percutaneous 
coronary revascularization; 
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Final Diagnosis
In 372 (50%) patients, a clinically relevant diagnosis related to index visit was established, 
based on all available clinical data (Figure 2). The remaining 378 (50%) patients were 
discharged from the ED after exclusion of acute significant pathologies and had no 
obvious diagnosis after 30 days that explained their chest pain. Among the patients with 
an established diagnosis, the most common diagnosis was coronary disease, followed by 
“cardiac, non-coronary” diseases and finally non-cardiac diseases.

Figure 2.  Figure depicting the proportion of patients with an established diagnosis related to index visit, based on 
all available clinical data with their corresponding diagnostic categories. 

Prediction of a Coronary Diagnosis
Univariable regression analysis of the relationship with a coronary diagnosis identified an 
association with female sex, hypertension, prior history of CAD, aspirin use, statin use, P2Y12 
inhibitor use, calcium channel blocker use (a)typical angina, chest pain occurring during 
inspiration, heart rate, ST-segment deviation, and pathological Q waves on ECG and eGFR 
<60 (Table 3). Of these, prior history of CAD, (a)typical angina, chest pain occurring during 
inspiration, ST-segment deviation on ECG, and eGFR <60 remained significant independent 
predictors of a coronary diagnosis in the multivariable analysis. The final multivariate model 
had a c-statistic of 0.78 (0.74–0.82). Bootstrap internal validation revealed an optimism-
corrected c-statistic of 0.77 (0.73–0.81).
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Table 3. Univariable analysis and adjusted multivariable analysis for the prediction of a coronary diagnosis.

Covariate           Univariable analysis 
OR (95% CI) 

P-value Multivariable analysis OR (95% CI) P-value

Female sex 0.58 (0.39-0.85) 0.005
Age (per 1-year increase) 1.007 (0.99-1.02) 0.32
Risk factors
Smoking 0.94 (0.59-1.49) 0.80
Hypertension 1.54 (1.06-2.24) 0.023
Dyslipidemia 1.32 (0.98-1.76) 0.067
Diabetes Mellitus 1.31 (0.91-1.89) 0.14
Family history for CAD 1.42 (0.98-2.05) 0.064
PAD 0.68 (0.35-1.33) 0.26
Prior stroke/TIA 0.78 (0.47-1.32) 0.36
Prior history of CAD 3.1 (2.16-4.54) <0.0001 2.64 (1.75-3.98) <0.0001
Medication
Aspirin 2.02 (1.43-2.85) <0.0001
Oral anticoagulation 0.86 (0.59-1.27) 0.45
ACE inhibitor or ARB 1.14 (0.81-1.61) 0.45
P2Y12 inhibitor 1.47 (0.99-2.18) 0.06
Statin 1.61 (1.11-2.31) 0.011
Beta blocker 1.21 (0.86-1.72) 0.28
Diuretics 0.73 (0.50-1.07) 0.11
CCB 1.74 (1.19-2.54) 0.004
Symptoms 
Chest pain*
     Non-anginal 1 (reference)
     Atypical angina 3.06 (1.91-4.91) <0.0001 3.06 (1.84-5.09) <0.0001
     Typical angina 9.85 (5.75-16.85) <0.0001 8.55 (4.77-15.33) <0.0001
Chest pain occurring during 
inspiration

0.130 (0.03-0.54) 0.005 0.18 (0.042-0.80) 0.02

ECG
AF 1.49 (0.91-2.45) 0.11
Heart rate (per min) 0.99 (0.98-0.999) 0.03
Left ventricular hypertrophy 0.49 (0.19-1.27) 0.14
ST-segment deviation# 2.81 (1.76-4.49) <0.0001 3.00 (1.75-5.14) <0.0001
T-wave inversion 1.19 (0.81-1.75) 0.39
Pathological Q waves 1.80 (1.08-2.98) 0.023
Laboratory results
eGFR <60 0.71 (0.49-1.03) 0.07 0.56 (0.37-0.86) 0.008

Patients with ECGs suggestive of an ST-elevation myocardial infarction were excluded from this analysis. ACE, 
angiotensin-converting-enzyme; AF, atrial fibrillation or atrial flutter; ARB, angiotensin II receptor blocker; CAD, 
coronary artery disease; CCB, calcium channel blocker; DOAC, direct oral anticoagulant; ECG, electrocardiogram; 
eGFR, estimated glomerular filtration rate; ESC, European Society of Cardiology; OR, odds ratio; PAD, peripheral 
arterial disease; TIA, transient ischemic stroke; VKA, vitamin K antagonist. * Categorized according to the 
Diamond and Forrester classification [10]. # ST-segment deviation was defined as ≥ 1 mm ST-segment deviation in 
one or more leads [11].
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Points assigned to the five covariates in the final multivariable model are depicted in Table 
4. From the final multivariable model, a 5-item risk score was generated with a score from 
0 to 12. Prior history, ECG, kidney function, and type of chest pain (PEKT) score is composed 
of prior history of CAD (2 points), acute chest pain: atypical angina (2 points) or typical 
angina (4 points), chest pain occurring during inspiration (−3 points), ST-segment deviation 
(2 points), and eGFR <60 (−1 point), with all patients receiving an additional 4 points 
regardless of their symptoms at presentation. The median score in the study cohort was 6 
(5-8). Sensitivity, specificity, positive predictive value, and NPV according to the PEKT score 
risk score are presented in Table 5. Bootstrap internal validation of the PEKT score revealed 
an optimism-corrected c-statistic of 0.78 (0.74–0.82). A PEKT score lower than 6 identified 
276 (37%) patients at low risk of having a coronary diagnosis, with a sensitivity and NPV of 
89.9 (84.4–94.0) and 93.8 (90.6–96.0), respectively. In comparison, the HEART score had a 
c-statistic of 0.69 (0.64–0.74) (Figure 3).

Table 4. Individual variable scores of the multivariable model for the prediction of a  coronary diagnosis.

Variables OR (95% CI) Beta Coefficient Score 
Prior history of CAD 2.65 (1.75-4.03) 0.969 2
Chest pain*
      Non-anginal 1 (reference) 0
      Atypical angina 2.62 (1.58-4.37) 1.117 2
      Typical angina 8.44 (4.69-15.17) 2.146 4
Chest pain occurring during inspiration 0.18 (0.042-0.79) -1.702 -3
ST-segment deviation# 2.83 (1.64-4.87) 1.098 2
eGFR <60 0.61 (0.40-0.94) -0.578 -1

In the final score all patients receive an additional 4 points regardless of their symptoms at presentation. 

* Categorized according to the Diamond and Forrester classification [10]. # ST-segment deviation was defined as ≥ 
1 mm ST-segment deviation in one or more leads [11]. Patients with ECG’s suggestive of a ST-elevation myocardial 
infarction were excluded from this analysis. CAD= coronary artery disease; CCB= calcium channel blocker; eGFR= 
estimated glomerular filtration rate; OR= odds ratio.
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Table 5. Predictive value of the “derived” risk score for coronary events at various cut-offs 

Criterion
Criterion

N
um

ber of patients ruled-out (%
)

Sensitivity (95%
 CI)

Specificity (95%
 CI)

PPV (95%
 CI)

N
PV (95%

 CI)
≥0

≥0
0 (0)

100.0 (97.8 - 100.0)
0.0 (0.0 - 0.6)

22.5 (22.5 - 22.5)
N

A
>0

<1
3 (0.4)

100.0 (97.8 - 100.0)
0.5 (0.1 - 1.5)

22.6 (22.5 - 22.7)
100

>1
<2

14 (1.9)
100.0 (97.8 - 100.0)

2.4 (1.3 - 4.0)
23.0 (22.7 - 23.2)

100
>2

<3
24 (3.2)

100.0 (97.8 - 100.0)
4.1 (2.7 - 6.1)

23.3 (23.0 - 23.6)
100

>3
<4

75 (10.0)
98.8 (95.8 - 99.9)

12.6 (10.0 - 15.5)
24.7 (24.1 - 25.4)

97.3 (90.1 - 99.3)
>4

<5
170 (22.7)

95.3 (90.9 - 97.9)
27.9 (24.3 - 31.7)

27.8 (26.6 - 29.0)
95.3 (91.0 - 97.6)

>5
<6

276 (36.8)
89.9 (84.4 - 94.0)

44.6 (40.5 - 48.7)
32.1 (30.2 - 34.0)

93.8 (90.6 - 96.0)
>6

<7
438 (58.4)

74.0 (66.7 - 80.4)
67.8 (63.8 - 71.6)

40.1 (36.6 - 43.7)
90.0 (87.3 - 92.1)

>7
<8

515 (68.7)
62.1 (54.4 - 69.5)

77.6 (74.0 - 81.0)
44.7 (40.0 - 49.5)

87.6 (85.3 - 89.6)
>8

<9
643 (85.7)

37.3 (30.0 – 45.0)
92.4 (90.0 - 94.4)

58.9 (50.4 - 66.9)
83.5 (81.8 - 85.1)

>9
<10

680 (90.7)
26.6 (20.1 - 34.0)

95.7 (93.7 – 97.2)
64.3 (53.2 - 74.0)

81.8 (80.3 - 83.1)
>10

<11
739 (98.5)

4.7 (2.1 - 9.1)
99.5 (98.5 - 99.9)

72.7 (41.7 - 90.9)
78.2 (77.6 - 78.8)

>11
<12

743 (99.1)
3.6 (1.3 - 7.6)

99.8 (99.0 - 100.0)
85.7 (42.1 - 98.0)

78.1 (77.6 - 78.6)
>12

<13
750 (100)

0.0 (0.0 - 2.2)
100 (99.4 - 100.0)

N
A

77.5 (77.5 - 77.5)

CI: confidence interval; N
A: not applicable; N

PV: negative predictive value; PPV: positive predictive value.
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Figure 3. Receiver-operating characteristic curves of risk scores for the prediction of a coronary diagnosis.

AUC= Area under the curve; HEART score= History, ECG, Age, Risk factors, and Troponin score; PEKT score= Prior 
history, ECG, Kidney function and Type of chest pain score

Survival
The overall 30-day and 1-year cumulative survival in patients assigned to the “observe zone” 
were 0.98 (0.97–0.99) and 0.92 (0.90–0.94), respectively. The 30-day cumulative survival 
in patients with “no diagnosis,” “coronary,” “cardiac, non-coronary,” and “non-cardiac” 
diagnoses were 0.98 (0.97–0.99), 0.99 (0.98–1.00), 0.99 (0.97–1.00), and 0.97 (0.93–1.00), 
respectively. The 1-year cumulative survival in patients with “no diagnosis,” “coronary,” 
“cardiac, non-coronary,” and “non-cardiac” diagnoses were 0.92 (0.89–0.95), 0.96 (0.94–
0.99), 0.91 (0.86–0.96), and 0.88 (0.81–0.95), respectively. Figure 4 shows the Kaplan-
Meier plots stratified by diagnostic categories. Pairwise log-rank tests revealed a significant 
difference in 1-year cumulative survival between the cardiac, coronary group as compared 
to the non-cardiac group (p = 0.007, α = 0.008).
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Figure 4. One-year Kaplan-Meier survival curves in patients assigned to the ‘observe zone’ of the European 
Society of Cardiology 0h/1h algorithm stratified based on diagnostic categories

Discussion

In this retrospective observational study, we investigated the clinical characteristics and 
management of suspected NSTE-ACS patients assigned to the “observe” zone of the ESC 0/1-
h algorithm and we developed and internally validated the PEKT score, a simple 5-item tool 
to identify patients at low risk of a coronary diagnosis. We hereby report several important 
findings.

First, “observe” patients were generally elderly men with a prior history of CAD. Second, 
a clinically relevant diagnosis related to index visit at the ED was established in only 50%, 
with CAD being the most commonly established diagnosis. Third, cumulative 1-year survival 
in “observe” patients was 92% and patients with a coronary diagnosis appeared to have a 
relatively better survival outcome as compared to patients in other diagnostic categories.

Previous data from the Advantageous Predictors of Acute Coronary Syndromes Evaluation 
group portrayed similar clinical characteristics of “observe” patients as found in our study 
cohort, with the population generally being older men and with known pre-existing CAD [6, 
12]. The proportion of men in our study was even higher in patients with a coronary-related 
diagnosis. Interestingly, in half of the patients, NSTE-ACS or a life-threatening condition 
was excluded, however, an underlying cause for their symptoms was not found within 
30 days of presentation at the ED. Patients without a diagnosis still have an unfavourable 
prognosis beyond 30 days of presentation, representing a heterogeneous group of patients 
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with complex (non-)cardiac causes of troponin leakage. Patients with a coronary diagnosis 
seem to have a better outcome when compared to other diagnostic categories. A possible 
explanation is that patients with a coronary diagnosis had a more readily treatable and 
simple event as compared to other diagnostic categories. In addition, we cannot rule out 
that patients without a coronary diagnosis may have had undiagnosed CAD, which untreated 
may have contributed to the survival differences.

Resource Use
Our data shows that the treating physician had a preference for ICA as compared to other 
imaging modalities, such as coronary computed tomography angiography (CCTA), in patients 
assigned to the “observe zone.” The reason may be a combination of available expertise built 
over the years of using ICA and a lack of evidence for the usefulness of CCTA in the “observe 
zone.” Previous trials in low-risk patients with suspected NSTE-ACS have shown the efficacy 
of CCTA; however, this still remains to be seen for patients assigned to the observe zone 
[13, 14]. Currently, we are in the final phase of a prospective, double-blind, observational, 
multicentre study (COURSE trial) that aims to determine the usefulness of CCTA in patients 
with low-range positive troponins [15].

PEKT Score
Patients in the “observe” group with pre-existing CAD have a more than 2-fold increase in 
the incidence of a coronary diagnosis when presenting to the ED with acute chest pain. 
Considering that in our study a large proportion of “observe” patients have pre-existing CAD, 
this is an important risk factor to take into consideration in further patient management 
decisions at the ED.

Acute chest pain plays a central role in our novel risk score, with typical angina having 
the greatest weight in predicting a coronary diagnosis among all 5 predictors. However, 
patients with chest pain which specifically worsened during inspiration have a clearly lower 
likelihood of having a coronary diagnosis. This highlights the importance of proper history 
taking in patients with chest pain complaints and its downstream effect on the decision to 
perform an ICA.

Patients in the “observe” group presenting with impaired renal function defined as eGFR 
<60 were less likely to have a coronary diagnosis as compared to patients with normal renal 
function. This phenomenon is partially ascribed to non-ischemic elevation of troponin levels 
in patients with kidney disease, as opposed to myocardial necrosis leading to a rise of troponin 
levels in patients with myocardial infarction [16, 17]. In patients with renal dysfunction, 
diagnostic protocols such as the ESC 0/1-h algorithm, also have a decreased specificity for 
type 1 myocardial infarction [18-20], i.e., even if patients with renal dysfunction develop 
myocardial infarction, it is less likely to have a coronary cause.
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The PEKT score performed well and was able to discriminate between patients that need 
further coronary investigation and those that do not. A PEKT score lower than 6 identifies 
patients at low risk of coronary diagnosis with a relatively high NPV. In these patients treating 
physicians may consider an alternative diagnosis. It is important to note that our risk score 
warrants prospective external validation prior to use in daily clinical practice. The HEART 
score, which has been developed and validated in patients with suspected NSTE-ACS, was a 
relatively good predictor of a coronary diagnosis in our cohort but did not perform as well.

Our scoring system is simple and composed of easily obtainable clinical characteristics. The 
PEKT score may provide clinicians at the ED an opportunity to simplify their decision-making 
and may help reduce variability in patient management for the “observe” group.

Limitations
The present study has several limitations that should be acknowledged. First, its single-centre, 
retrospective design has some inherent limitations, such as selection bias. Thus, the study 
sample may not be a true representation of “observe” patients, which limits generalizability. 
Second, the final diagnosis was established by treating physicians as opposed to a central 
adjudication process of final diagnoses. Lack of final diagnosis adjudication in turn may have 
affected the developed risk score, considering that a potential change in final diagnosis after 
adjudication would alter the outcome of our diagnosis-based risk score.

Conclusion
Patients assigned to the “observe” group were in general elderly men with known pre-
existing CAD. A substantial proportion of patients do not have an established diagnosis 
after 30 days and patients with a coronary diagnosis seem to have a better outcome when 
compared to other diagnostic categories. A PEKT score <6 identifies patients at low risk of 
a coronary diagnosis and may obviate the need for further coronary investigation in up to 
40% of patients in our cohort.
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Abstract

Introduction
Current evaluation of patients suspected of a non-ST-elevation acute coronary syndrome 
(NSTE-ACS) involves the use of algorithms that incorporate clinical information, 
electrocardiogram (ECG) and high-sensitivity cardiac troponins (hs-troponins). While 
primarily designed to rule out NSTE-ACS safely, these algorithms can also be used for rule 
in of NSTE-ACS in some patients. Still, in a substantial number of patients, these algorithms 
do not provide a conclusive work-up. These patients often present with an atypical clinical 
profile and low-range positive hs-troponin values without a characteristic rise or fall pattern. 
They represent a heterogeneous group of patients with various underlying conditions; only 
a fraction (30%–40%) will eventually be diagnosed with a myocardial infarction. Uncertainty 
exists about the optimal diagnostic strategy and their management depends on the clinical 
perspective of the treating physician ranging from direct discharge to admission for invasive 
coronary angiography. Coronary CT angiography (CCTA) is a non-invasive test that has been 
shown to be safe, fast and reliable in the evaluation of coronary artery disease. In this study, 
we will determine the usefulness of CCTA in patients with acute chest pain and low-range 
positive hs-troponin values.

Methods and analysis
A prospective, double-blind, observational, multicentre study conducted in the Netherlands. 
Patients aged 30–80 years presenting to the emergency department with acute chest 
pain and a suspicion of NSTE-ACS, a normal or non-diagnostic ECG and low-range positive 
hs-troponins will be scheduled to undergo CCTA. The primary outcome is the diagnostic 
accuracy of CCTA for the diagnosis of NSTE-ACS at discharge, in terms of sensitivity and 
negative predictive value.

Ethics and dissemination
This study was approved by the Medical Research Ethics Committee of Erasmus Medical 
Center in Rotterdam, the Netherlands (registration number MEC-2017-506). Written 
informed consent to participate will be obtained from all participants. This study’s findings 
will be published in a peer-reviewed journal.
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Strengths and limitations of this study
• The double-blind nature of this study will enable the assessment of potential policy 

change(s) that would arise from the use of coronary CT angiography (CCTA) in the 
emergency department.

• Final diagnosis of non-ST-elevation acute coronary syndrome will be adjudicated by 
independent cardiologists who are blinded to the results of the CCTA, thereby avoiding 
the occurrence of incorporation bias.

• This study excludes patients with a history of acute myocardial infarction, percutaneous 
coronary intervention or coronary artery bypass graft, which has to be taken into 
account when generalising the results of this study.

Introduction

Chest pain is the principal symptom of a non-ST-elevation acute coronary syndrome 
(NSTE-ACS), a broad clinical spectrum ranging from unstable angina pectoris to myocardial 
infarction (MI). Every year, an estimated 15–20 million patients in Europe and the USA 
present to the emergency department (ED) with chest pain possibly due to an NSTE-ACS 
and missing this diagnosis can have grave consequences as these patients have higher 
mortality and morbidity rates if not treated properly [1 2] At present, evaluation involves a 
clinical examination, ECG and sampling of biomarkers, in the majority of cases of cardiac-
specific troponins. Recent years have seen the introduction of new high-sensitivity assays 
for cardiac troponins, with the capability of detecting smaller amounts of myocardial injury. 
International guidelines recommend specific clinical algorithms for the evaluation of NSTE-
ACS incorporating high-sensitivity troponin (hs-troponin) values (figure 1) [3].
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Figure 1. Adopted from the European Society of Cardiology 2020 guidelines. Proposed 0-hour/1-hour algorithm 
for the diagnostic work-up of suspected non-ST-elevation acute coronary syndrome.

CCTA= coronary computed tomography angiography; CCU= coronary care unit; Hs-cTn= high-sensitivity cardiac 
troponin; NSTE-ACS= non-ST-elevation acute coronary syndrome; *= Only applicable if chest pain onset >3 hours;  
∆= delta

However, the current approach does not lead to a conclusive work-up in a substantial number 
of patients, which fall into the ‘indeterminate’ category [3 4] These patients present with 
low-range positive hs-troponins, without a rise or fall pattern that is characteristic for MI [5] 
They represent a heterogeneous group of patients with various underlying conditions; only 
a fraction (30%–40%) will eventually be diagnosed with an MI. Knowledge of the coronary 
status is preferred, because missing an MI has grave consequence. However, performing 
invasive coronary angiography (ICA) routinely is inefficient and burdensome because of 
its potential complications. At this moment, it is unclear what the optimal strategy is in 
these patients. Some will face a prolonged observational period in the hospital and will be 
exposed to potential risks of medical therapy and invasive testing, other might wrongfully 
be discharged with a missed NSTE-ACS.

Coronary CT angiography (CCTA) is a non-invasive alternative that accurately detects 
coronary artery disease and can serve as a gatekeeper for coronary angiography [6–8] The 
aim of this study is to investigate whether CCTA can improve the diagnostic work-up of 
indeterminate hs-troponin patients suspected of NSTE-ACS.
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Methods and analysis

The Coronary CT Angiography for Improved Assessment of Patients with Acute Chest Pain 
and Low-Range Positive High-Sensitivity troponins (COURSE) Study will be conducted 
according to the principles of the Declaration of Helsinki (10th version, October 2013) and in 
accordance with the Medical Research Involving Human Subjects Act. The study is approved 
by the local institutional review board.

Study design
This study is a prospective, double-blind, observational, multicentre study. The study 
began in February 2018 and is currently ongoing. Patients will be recruited at secondary 
and tertiary care hospitals in the Netherlands. Patients with acute chest pain, a normal or 
non-diagnostic ECG and low-range positive hs-troponins will be scheduled to undergo CCTA 
(either at the ED or at the outpatient clinic). The usefulness and potential impact of CCTA on 
patient management will be evaluated. Patients will be recruited from the emergency ward. 
Follow-up contacts will take place at 30 days, 6 months, 1 year and 2 years (figure 2).  

Figure 2. Study design

Observational group refers to patients who do not meet the criteria for either ‘rule-out’ or ‘rule-in’. CCTA= 
coronary computed tomography angiography; ICA= invasive coronary angiography; Dx= diagnosis; Rx=  
medication 

Inclusion and exclusion criteria
Patients aged 30–80 years presenting to the ED with acute chest pain and a suspicion of 
NSTE-ACS will be eligible. Patients eligible for inclusion are those with low-range positive 
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hs-troponins who do not fulfil criteria for either ‘rule-in’ or ‘rule-out’ of NSTE-ACS (figure 3). 
Exclusion criteria are summarised in Table 1.

Figure 3. Rule-out and rule-in algorithm, adopted from the European Society of Cardiology 2020 guidelines for 
the diagnostic work-up of non-ST-elevation acute coronary syndrome 

‘0 h/1 h’ rule-out and rule-in algorithms using high-sensitivity cardiac troponin assays. # = ‘0 h/3 h’ algorithm is 
only used as a substitute in cases where the standard ‘0 h/1 h’ algorithm is not feasible. 0 h, 1 h and 3 h refer to 
the time(in hours) from first blood draw. NSTE-ACS= non-ST-elevation acute coronary syndrome. Hs-cTnT= high-
sensitivity cardiac troponin T; hs-cTnI= high-sensitivity cardiac troponin I; ∆= delta
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Table 1. Exclusion criteria

· Inability or unwillingness to provide informed consent.
· History of proven CAD, defined as documented prior myocardial infarction, PCI or CABG surgery.
· Previous examination with either invasive angiography or CCTA in the last 3 years.
· Clinical instability: clinical heart failure, hemodynamic instability, severe chest pain.
· CCTA-specific contraindications: Allergy to iodine contrast media

Pregnancy
Impaired renal function: eGFR <45 ml/min
Severe arrhythmia likely to affect image interpretation 
BMI > 40 kg/m2 
Inability to cooperate during the examination. 

BMI= body mass index; CAD= coronary artery disease; CABG= coronary artery bypass graft; CCTA= coronary 
computed tomography angiography; eGFR= estimated glomerular filtering rate; PCI= percutaneous coronary 
intervention;

Recruitment and consent
Eligible patients presenting to the ED will be informed about the study and asked for 
informed consent. An independent physician will be available for consultation. Patients 
willing to participate will provide informed consent in writing.

CT study protocol
Coronary calcium scan: An ECG-triggered CT scan without contrast medium to assess 
the presence and quantity of calcified coronary plaque. Using the Agatston method, 
the total amount of calcium will be determined using semiautomated software [9].  

Coronary CT angiography: An ECG-triggered, contrast-enhanced CT scan to image the 
coronary artery lumen and detect the presence of obstructive coronary disease will be 
performed. The default scan protocol will be a prospectively ECG-triggered axial CT scan 
protocol. Retrospective gating may be used with prospectively ECG-triggered tube modulation 
in patients with an irregular or very fast heart rate. Oral or intravenous metoprolol will be 
given shortly before the scan for patients with high heart rates, depending on local expertise 
and CT scanner type, and repeated if necessary. Nitroglycerin sublingual will be given in all 
patients for vasodilation a few minutes before the scan, in the absence of contraindications.

After the scan is performed, the supervising CT reader, at the local hospital, will form a 
preliminary report. The treating clinician and patient are blinded to the CT results, except in 
the case of important findings. The results can be classified into the following groups:

1. CCTA reveals findings that do not mandate unblinding of the results.
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2. CCTA reveals coronary findings that are shown to have important prognostic implications 
(significant left main artery disease, significant proximal left anterior descending artery 
disease, significant three vessel disease). These specific findings will be revealed to the 
treating physician and patient.

3. CCTA reveals other cardiac (non-coronary) findings that have important prognostic 
implications, which will be revealed to the treating physician and patient.

4. CCTA reveals significant non-cardiac findings warranting further management or follow-
up. Findings will be revealed to the treating physician and patient.

All CT scans which are still blinded to the treating physician at the ED will be systematically 
read by two experienced CT readers at the initiating site at a later stage for final reading.

Questionnaires: Patients will be asked to fill in a questionnaire after 6 months, 1 year 
and 2 years (or interviewed by telephone when preferred). This is a non-standardised 
questionnaire to help determine the occurrence of any late major cardiovascular events, 
medical consumption and current medical therapy. If necessary, patients will be contacted 
by telephone to clarify their responses at follow-up. With written permission from the 
participants, information concerning possible medical events will be requested from other 
healthcare providers if needed.

Outcome measurements
Primary outcome: Diagnostic accuracy of ≥50% stenosis on CCTA to identify patients with 
NSTE-ACS associated with coronary plaque disruption, in terms of sensitivity and negative 
predictive value.

The diagnosis of NSTE-ACS is established by consensus of two independent cardiologists 
using all available clinical information including initial clinical presentation, ECG changes, 
serial laboratory results, (non)-invasive testing and information from the 30-day follow-up. 
This is considered an acceptable approach considering previous studies with conventional 
troponins with similar design [10, 11] All medical testing will be performed as indicated 
by treating physician and is not dependent on study participation. Because of ethical 
considerations, patients will not undergo standard invasive testing to determine final 
diagnosis when clinically not indicated. Results of CCTA will not be disclosed to the two 
independent cardiologists who establish the definitive clinical diagnosis.
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Secondary outcome(s)
• Diagnostic accuracy of ≥70% stenosis for all coronary segments, except left main 

(≥50% stenosis), on CCTA to identify patients with NSTE-ACS, in terms of sensitivity and 
negative predictive value.

• The prevalence of atherosclerosis, extent and type, by qualitative analysis.
• Predictive value of CCTA for major adverse cardiac events: death, non-fatal MI and 

coronary revascularisation at 6 months, 1 year and 2 years.
• Diagnostic accuracy of coronary artery calcium scoring in comparison with CCTA.
• Potential improvement of diagnostic accuracy with fractional flow reserve-computed 

tomography (FFR-CT) in the diagnosis of NSTE-ACS. FFR-CT results will be acquired at a 
later stage and will not be used for clinical decision-making.

• Subgroup analyses: age, sex, ethnicity and risk scores.

Sample size calculation
Previous studies show that approximately 40% of all patients with an inconclusive diagnostic 
work-up eventually turn out to have NSTE-ACS.5 Based on these observations, we assume 
that the pretest probability of NSTE-ACS will be 40% in this population. A total of 240 patients 
are required to demonstrate a negative predictive value of 97% with a lower margin of 90%, 
considering an α=0.05 and β=0.8 and a drop-out rate of 10%.

Adverse events
Adverse events occurring during the CCTA examination include allergic reactions and renal 
dysfunction. Clinical guidelines apply to avoid complications, and trained personnel are 
available to handle urgent situations. Although we do not expect the CCTA approach to be 
associated with an increase in adverse events, we will ask patients to inform us should any 
unexpected cardiovascular events occur. All adverse events reported spontaneously by the 
subject or observed by the investigator or his staff will be recorded.

Statistical analysis
Results will be reported as mean with SD or median with IQRs as appropriate. Data will 
be presented as categorical or continuous variables, as appropriate. Differences between 
independent data will be compared using the Student’s t-test or the Pearson Χ2 test, while 
the paired t-test or the McNemar Χ2 test will be used for dependent data. Receiver operating 
characteristic curves with their corresponding areas under the curve (ie, c-statistic) will be 
constructed to assess the performance of CT. In addition, sensitivity, specificity, negative 
predictive value and positive predictive value will be calculated with their corresponding 
95% CIs to assess the performance of CT. Variables with <5% missing data will be described 
unchanged, those with 5%–10% using imputation methods. In the case of considerable 
missing data, this variable will not be analysed.
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Discussion

The COURSE trial is a prospective, double-blind, multicentre, observational study to 
investigate whether CCTA can improve the diagnostic work-up of patients with suspected 
NSTE-ACS with indeterminate hs-troponins.

The definition of MI has gradually changed with the advent of high-sensitivity cardiac 
troponin assays. These assays are able to detect very small amounts of myocardial injury 
or necrosis, with a turnaround time that is much shorter than conventional troponin assays 
[3]. In patients with normal and serial low levels of hs-troponins, MI can be ruled out with 
a negative predictive value that is close to 100%. On one hand, this enables early discharge 
from the ED of patients with suspected ACS; on the other hand, it allows for expedite 
detection and treatment of alternative life-threatening causes of acute chest pain. Therapy 
for an ongoing MI is initiated more swiftly in the case of highly elevated hs-troponins and/or 
a typical rise or fall pattern during serial sampling [12].

However, it is estimated that 20%–30% of the patients who present with chest pain suggestive 
of a cardiac origin do not fulfil the criteria of contemporary algorithms for either rule-in or 
rule-out of NSTE-ACS.4 These patients typically present with a normal or inconclusive ECG 
and low-range positive hs-troponin values without a typical rise or fall pattern during serial 
sampling. Elevated hs-troponins indicate myocardial injury, however they do not differentiate 
the underlying aetiology, which includes atherosclerotic plaque disruption (type 1 MI), 
oxygen supply and demand imbalance (type 2 MI), and non-ischaemic myocardial injury [13]. 
Differentiating between these conditions may be challenging, but is crucial as they require 
a different therapeutic approach. Considering that ICA is a costly procedure which carries 
risks and that eventually less than half of these patients will turn out to have NSTE-ACS, it is 
sensible to look for more efficient and non-invasive alternatives [5].
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Figure 4. Exemplary case showcasing the use of CCTA as a gatekeeper for patients with low-range positive hs-
troponin levels in the emergency department.  

Non-invasive evaluation of coronary artery disease with CCTA
CCTA is a well-established diagnostic modality that detects and quantitates coronary 
artery disease very accurately in a matter of minutes [6–8]. Currently, it is being employed 
worldwide as an anatomical alternative to functional testing [14–16]. Previously, CCTA has 
successfully been tested in the ED in the assessment of patients suspected of NSTE-ACS [17–
19]. Litt et al showed that a CCTA-based strategy in low-risk patients with acute chest pain 
allowed for a safe and expedited discharge as compared with standard clinical evaluation 
[18]. The Rule Out Myocardial Infarction/Ischemia Using Computer Assisted Tomography II 
trial reinforced these results by showing that early CCTA in low-risk patients with suspected 
ACS shortened the length of stay in the hospital, while maintaining patient safety. However, 
this strategy was associated with an increase in downstream testing and did not lead to 
decrease in cost of care [17]. It is important to note that these studies were performed in 
the era of conventional cardiac troponin assays. Since then, hs-troponins have been adopted 
as the preferred cardiac biomarker and clinical care has changed substantially. Previously, in 
the Better Evaluation of Acute Chest Pain with Computed Tomography Angiography trial, we 
assessed the value of CCTA in the era of hs-troponins for the first time [20]. Mainly focused 
on patients with hs-troponins levels beneath the upper reference limit, we found that early 
CCTA was feasible and resulted in less outpatient testing and lowered direct medical costs. 
However, it became evident that patients with hs-troponins beneath the upper reference 
limit are at very low risk of cardiovascular events and might not even require any testing at 



132 CHAPTER 9

all. It has been suggested that CCTA might be more beneficial in patients with higher risk [21]. 
In patients with low-range positive hs-troponin levels, CCTA might provide a more effective 
diagnostic work-up. With its excellent negative predictive value, CCTA is an ideal gatekeeper 
for invasive coronary angiography and might detect other conditions that cause acute chest 
pain and low-range positive hs-troponin levels (figure 4). Although its diagnostic accuracy 
slightly declines in patients of older age, CCTA remains a very reliable diagnostic modality 
[22]. As an anatomical modality, CCTA does not rely on the provocation of ischaemia, 
which is unattractive in the case of elevated hs-troponins. Detection of non-obstructive 
atherosclerotic plaque, considered to be a prerogative for future cardiovascular events and 
undetected by other diagnostic modalities, provides an opportunity for better prevention 
measures [23]. Recently, the Very Early vs Deferred Invasive Evaluation Using Computerized 
Tomography in Patients With Acute Coronary Syndromes trial, a randomised controlled trial 
in patients with confirmed NSTE-ACS, showed that CCTA has a high diagnostic accuracy to 
rule out clinically significant coronary artery disease. In contrast, our observational study 
will examine whether CCTA can improve the diagnostic work-up of patients presenting with 
low-range positive hs-troponins, without a rise or fall pattern that is characteristic for MI.

Ethics and dissemination
This study was reviewed and approved by the Medical Research Ethics Committee of Erasmus 
Medical Center in Rotterdam, the Netherlands (registration number MEC-2017-506). This 
study will be conducted according to the principles of the Declaration of Helsinki and in 
accordance with the Medical Research Involving Human Subjects Act. Written informed 
consent to participate will be obtained from all participants. The experimental data will be 
entered into an electronic case report form. Confidentiality of all participants will be protected 
by deleting participant identification and privacy information from all study documents. After 
data storage, only researchers directly involved in the data analysis will be permitted access 
to the final trial dataset. During the study, local independent data monitoring committees for 
the various participating centres will be responsible for monitoring the safety, progress, study 
integrity and design aspects of the trial. This study’s findings will be published in scientific 
peer-reviewed journals and presented at scientific meetings.

Trial status
Protocol number: version 4-18.07.2019. Recruitment began in February 2018 and is currently 
ongoing. Expected study completion date: June 2021.
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Summary and general discussion

In this thesis the interplay between high-sensitivity cardiac troponin T (hs-cTnT) and coronary 
computed tomography angiography (CCTA) in the assessment of patients presenting with 
acute chest pain to the emergency department (ED) is evaluated.

Part I
In chapter 2, we discuss the role of CCTA and cardiovascular magnetic resonance imaging 
(CMR), and their additive role as a gatekeeper for invasive coronary angiography (ICA) in 
the current era of high-sensitivity troponins in patients with suspected acute coronary 
syndrome (ACS). Briefly, CCTA is a non-invasive anatomic modality which can serve as an 
alternative to ICA in the assessment of coronary artery disease (CAD). Meanwhile, CMR is 
capable of evaluating cardiac structure and tissue characteristics and excluding other non-
ischemic causes of acute chest pain.

Next, in chapter 3 we provide a general background on the use of CCTA in patients presenting with 
acute chest pain to the ED. We elaborate on the proper way to select patients, discuss the various 
results which may be obtained by performing a CCTA and finally we give recommendations for 
patient management based on the different findings that CCTA can reveal.

Part II - Risk stratification with CCTA in low-risk suspected acute coronary 
syndrome population 
Acute chest pain is one of the most common reasons for ED visits in western society [1]. 
Proper evaluation is essential as missing an ACS may lead to increased morbidity and 
mortality. At the same time, physicians aim for an efficient, safe and cost-effective diagnostic 
work-up to reduce the burden on our health care system, as many patients presenting with 
suspected ACS are found to have non-specific chest pain without a serious underlying 
disease. Proper risk stratification is paramount to achieve this goal. In chapters 4-6 we 
investigated various risk stratification strategies and sex-associated differences in a low-risk 
suspected ACS population [2]. 

In chapter 4, we evaluated whether the limit of detection (LoD), i.e. 5 ng/L, of the hs-
cTnT assay can safely and efficiently be used as a gatekeeper for CCTA in 177 suspected 
ACS patients. Patients with a baseline hs-cTnT value below the LoD had a much lower 
major adverse cardiac event (MACE) rate, defined as all-cause mortality, ACS, or coronary 
revascularization within 30 days, compared to patients with hs-cTnT values at or above the 
LoD (1.3% vs. 15%, respectively). Furthermore, none of the patients with a baseline hs-cTnT 
value below the LoD experienced an ACS within the first 30 days. Based on these results, we 
conclude that CCTA may safely be omitted in patients with baseline hs-cTnT values below the 
LoD, especially those presenting several hours after onset of symptoms. On the other hand, 
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in patients with baseline hs-cTnT values at or above the LoD, CCTA may help to discriminate 
between patients with and without a coronary related condition. Our results are in line 
with previous studies examining the role of a single baseline hs-cTnT value in patients with 
suspected ACS [3, 4]. More recently, the HISTORIC trial demonstrated that in suspected 
ACS patients presenting to the ED at least 2 hours or more after symptom onset, a hs-cTnT 
value below the LoD safely rules out cardiac death or myocardial infarction occurring within 
30 days of index presentation [5]. It is important to note that cardiac troponins are only 
a part of the clinical work-up at the ED and should be integrated with the overall clinical 
presentation to decide whether early discharge from the ED is suitable.  

Validated rapid risk stratification tools such as the History, ECG, Age, Risk factors, and Troponin 
(HEART) score can aid the decision making at the ED in patients with acute chest pain. In 
chapter 5, we investigated whether the HEART score can be used safely as a gatekeeper for 
CCTA in 340 suspected ACS patients. An algorithm where CCTA is reserved for a subset of 
patients, namely patients with a HEART score between 3-6, resulted in a sensitivity of 97.8% 
and a negative predictive value of 99.6% for the occurrence of MACEs, defined as all-cause 
mortality, ACS or coronary revascularization within 30 days. Thus, the HEART score was able 
to reduce the need for CCTA without compromising safety. A key difference in the use of the 
HEART score between our study and the creators of the HEART score was the chosen cut-
off score for the identification of low-risk patients. The proposed threshold for low-risk of 
HEART score ≤3 by the creators revealed a higher incidence (3.4%) of MACE in our cohort as 
compared to previous studies [6-9]. By lowering the cut-off for low-risk to HEART score ≤2, 
as proposed by a prior study [10], we were able to lower the 30-day MACE risk to 0%, albeit 
at the cost of efficiency.  Serial troponin levels were not available in our cohort, however 
they would potentially be able to improve the diagnostic accuracy and efficiency of the 
HEART score and subsequently improve its ability to act as a gatekeeper for CCTA  [11, 12]. 

In Chapter 6, a prespecified sub-analysis of the prospective, randomized BEACON trial [2] 
is described in which the differences between men and women regarding their clinical 
presentation, results of CCTA and downstream effects on healthcare usage was assessed. 
We found that women were generally older than men, had a lower incidence of obstructive 
CAD on CCTA and were less often admitted. Some of our findings are in line with a previous 
study by Truong et al [13]. However, in contrast to the study by Truong et al, we did not 
find an additional beneficial effect of CCTA in the reduction of length of stay or hospital 
admission of women. A possible explanation for this finding is that our study was conducted 
in the era of high-sensitivity troponins, whereas  Truong et al. used conventional troponins. 
Most patients (> 90%) in our study had normal high-sensitivity troponin levels (< 99th 
percentile of the upper limit of normal, i.e. 14 ng/L), which reassured treating physicians to 
discharge patients quickly, regardless of sex. Along with several other studies, our findings 
allude to sex-specific differences in the pathophysiology of ischaemic heart disease [13-
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15]. Obstructive epicardial CAD is more common in men, whereas women more often tend 
to have coronary microvascular dysfunction [16]. Women with anginal symptoms without 
obstructive epicardial CAD have up to a 4-fold increased risk of cardiovascular events as 
compared to asymptomatic women and should undergo further evaluation [17].

Part III - Rapid rule-out and rule-in algorithms
High-sensitivity troponins play a central role in newly developed rapid rule-out and rule-
in algorithms which are used for diagnostic evaluation of patients presenting with acute 
chest pain and a normal or inconclusive ECG. These strategies potentially allow safe and 
expeditious discharge of a considerable number of patients with low baseline or serial low 
high-sensitivity troponins on the one hand, while also identifying patients at high risk of an 
ACS based on high baseline high-sensitivity troponins or a rise and fall pattern with serial 
troponin measurement. In chapter 7, we present a systematic review and meta-analysis on the 
diagnostic accuracy of currently used algorithms incorporating serial hs-cTnT measurements 
for rule-out and a high baseline hs-cTnT measurement for rule-in of myocardial infarction 
(MI) in patients presenting to the ED with acute chest pain. For rule-out of MI, six studies 
presented the sensitivity of serial measurements <14 ng/L. A meta-analysis of these studies 
showed a pooled sensitivity of 96.7%. Furthermore, three studies presented the sensitivity 
of the European Society of Cardiology (ESC) 0/1-hour algorithm with a baseline hs-cTnT 
value <12 ng/L and delta 1 hour <3 ng/L. Pooled sensitivity of this algorithm was 98.9%. 
Both strategies were able to triage 60% of patients as rule-out. For rule-in, we identified 
six studies that presented the specificity of a baseline hs-cTnT value >50 ng/L with a pooled 
specificity of 94.6%. Based on these data, we concluded that serial hs-cTnT measurements 
safely and efficiently rule-out MI in an acute chest pain population, while a single baseline 
hs-cTnT value of >50 ng/L has high accuracy for detecting MI. To the best of our knowledge, 
our meta-analysis was the first study to focus on the two most frequently reported serial 
hs-cTnT measurement strategies for rule-out of patients presenting with acute chest pain, 
namely the fixed 99th percentile cut-off and the ESC 0/1-hour algorithm. In contrast, other 
meta-analyses looked into the ability of a single baseline hs-cTnT to safely rule-out MI 
and showed that a 99th percentile, i.e. 14 ng/L, baseline hs-cTnT value  had a suboptimal 
sensitivity, while lowering the cut-off  to the LoD, i.e. 5 ng/L, improved the sensitivity 
considerably [18-21]. It has been shown that serial troponin sampling is vital, particularly in 
patients presenting early to the ED with acute chest pain, i.e. within 2-3 hours of symptom 
onset, considering the time dependency of troponin release [22]. 

The 0/1-hour algorithm endorsed by the ESC, allows for safe and effective triage of a large 
proportion of suspected ACS patients. However, 20-30% of suspected ACS patients do not 
fulfil rule-in or rule-out criteria; the so-called “non-conclusive group” of the ESC 0/1-hour 
algorithm [23]. These patients pose a diagnostic challenge for physicians at the ED, due to 
their heterogeneous composition. Furthermore, they are known to have an unfavourable 
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prognosis, with survival rates that are similar to patients triaged towards the ‘rule-in’ group 
[23]. These patients with non-conclusive elevated hs-cTnT face prolonged monitoring at 
the hospital with potentially unnecessary invasive testing. In the current ESC guidelines an 
individual approach is recommended based on the entire work-up and clinical suspicion of 
ACS [24]. In chapter 8, which was a retrospective, observational, single-centre, cohort study, 
we assessed the clinical characteristics and management of 750 suspected ACS patients 
assigned to the ‘non-conclusive group’. Patients assigned to the ‘non-conclusive group’ were 
in general elderly men with known pre-existing CAD, of whom a substantial proportion did 
not have a newly established diagnosis after 30 days. In addition, we generated a score, 
namely the Prior history, ECG, Kidney function and Type of chest pain (PEKT) score that 
enabled the identification of patients at low-risk of a coronary-related event at the index 
visit to the ED, thereby obviating the need for further (non)-invasive imaging in up to 40% 
of patients. For comparison, we also evaluated the ability of the HEART score to predict a 
coronary diagnosis in patients with a non-conclusive work-up and found that the HEART 
score was a relatively good predictor (C-statistic with 95% confidence interval: 0.69 [0.64-
0.74]), however it did not perform as well as the PEKT score (C-statistic with 95% confidence 
interval: 0.78 [0.74-0.82]. It is important to note that the PEKT score, although internally 
validated, needs further prospective external validation.  Following prospective validation, 
the PEKT score can be a valuable tool in the assessment of patients with acute chest pain 
and non-conclusive elevated high-sensitivity troponins and function as a gatekeeper for 
further (non)-invasive diagnostic testing.

Another relevant finding in our study was that the treating physician generally had a 
preference for ICA in patients with acute chest pain and non-conclusive elevated hs-cTnT, 
i.e. in 20% of the entire cohort, as compared to other non-invasive (ischemia) testing, such 
as CCTA, which was performed in 4% of the study population. The rationale behind this 
approach could be twofold. First, the decision for ICA could be based on expertise gathered 
over the years of using this modality and second an absence of evidence up until this moment 
for the efficacy of CCTA in this specific population. Previously, several studies have shown 
the efficacy of CCTA in low-risk suspected ACS patients, mainly in the era of conventional 
troponin assays [25-28]. However, until now data regarding the efficacy of CCTA in suspected 
ACS patients with non-conclusive elevated hs-cTnT was lacking.

In chapter 9 and 10 we describe the rationale for and present the main results of a 
prospective, double-blind, observational, multicentre trial (COURSE trial).  We investigated 
whether CCTA can improve the diagnostic work-up of patients presenting to the ED with 
acute chest pain and non-conclusive elevated hs-cTnT. A total of 106 patients were enrolled 
of whom 20 patients (19%) had an adjudicated diagnosis of type 1 non-ST-segment elevation 
acute coronary syndrome. We found that the absence of ≥50% stenosis on CCTA is a good 
threshold for the rule-out of type 1 non-ST-elevation acute coronary syndrome (NSTE-ACS), 
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especially when only coronary segments with a diameter ≥2mm are considered. In addition, 
in 75 (72%) patients CCTA enabled the detection of sub-clinical (or asymptomatic) CAD 
that provides an opportunity for more strict primary prevention therapies. Important non-
coronary findings were detected in 8 (8%) patients. In conclusion, our results suggest that 
CCTA can safely discriminate between a coronary or non-coronary cause in patients with 
acute chest pain and non-conclusive elevated hs-cTnT, which means that patients with non-
obstructive CAD on CCTA can safely forego ICA. It is important to highlight that the COURSE 
trial was stopped before the predefined target sample size was reached. This was partly 
due to financial reasons and partly due to slow inclusion owing to restrictions on clinical 
research because of the global COVID-19 pandemic. 

Future perspective
Findings of the COURSE trial suggest that CCTA can safely discriminate between a coronary 
or non-coronary cause in patients with acute chest pain and non-conclusive elevated hs-
cTnT, Future randomized trials should reveal whether a CCTA-driven strategy in the ‘non-
conclusive group’ is better and more cost-effective than current standard care. 

Advancements in high-sensitivity troponins and CCTA
The recent advancements in cardiac biomarkers, specifically high-sensitivity cardiac 
troponins (hs-cTn), and CCTA have created new avenues for physicians to improve the 
diagnostic work-up of patients with suspected ACS. With its excellent sensitivity, laboratory-
based hs-cTn assays enable the earlier detection of myocardial injury, which in turn also 
helps reduce the length of stay in the ED for suspected ACS patients. An interesting concept 
that is being explored is the use of point-of-care (POC) troponin testing. Newer iterations of 
POC troponin assays which are classified as hs-cTn assays, promise similar analytical accuracy 
and precision as laboratory-based hs-cTn assays [29-31]. With its shorter turnaround time, 
it would be interesting to investigate whether the POC hs-cTn assays can help reduce length 
of stay in the ED as compared to laboratory-based hs-cTn assays. Furthermore, POC hs-cTn 
assays may improve triage of suspected ACS patients in the prehospital setting. Depending 
on troponin results in the prehospital setting, patients may be directly transferred to a 
hospital with the availability of a cardiac catheterization lab. 

In a similar fashion, a number of innovations still could further improve the diagnostic 
accuracy of CCTA in suspected ACS patients. CT angiography derived fractional flow reserve 
(CT-FFR) could improve the specificity of CCTA by additionally providing information on 
the hemodynamic significance of coronary artery stenosis. Previous studies have already 
shown improvements in specificity in patients with suspected stable CAD [32, 33]. It would 
be interesting to examine the feasibility of CT-FFR in an ED setting for suspected ACS 
patients with non-conclusive elevated high-sensitivity troponins and its ability to improve 
the specificity of CCTA in these patients. Another exciting innovation is the introduction 
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of  photon-counting CT. Compared to current available top of the line energy integrating 
detector scanners, photon-counting CT technology offers an even better spatial resolution, 
soft-tissue contrast and reduction of artefacts. This is because photon-counting CT detectors 
have a fundamentally different design with smaller detector elements that independently 
register the energy of each photon [34, 35]. Recently, a first-in-human study showed 
that photon-counting CTs enabled vast improvements in image and diagnostic quality for 
CCTA as compared to conventional dual-source CT [36].  Combining photon-counting CT 
technology with CT-FFR has the potential to further improve the ability of CCTA to function 
as a gatekeeper for ICA. However, successful implementation of CCTA in the ED is not only 
dependent on the available CCTA technology, but also on the presence of sufficiently trained 
staff, both dedicated cardiac technicians and CT readers, and time for preparation and 
optimisation of the CCTA procedure. A previous study showed that these conditions are not 
easily met 24 hours per day, 7 days per week and that CCTA quality outside office hours is 
diminished in suspected ACS patients  [37].

Conclusion
In this thesis we focused on the role of hs-cTnT and CCTA in the assessment of patients 
presenting with acute chest pain to the ED. We showed that rapid rule-out and rule-in 
algorithms incorporating hs-cTnT safely and effectively triage a large proportion of suspected 
ACS patients. In addition, we demonstrated that hs-cTnT can safely be used as a gatekeeper 
for CCTA, both as a single measurement or as part of a rapid risk stratification tool, namely 
the HEART score. In patients presenting with acute chest pain and non-conclusive elevated 
hs-cTnT, we developed the PEKT score, which allows the identification of patients at low-risk 
of coronary events. Finally, we assessed the role of CCTA in these patients and concluded 
that CCTA safely and accurately rules out type 1 NSTE-ACS, while also detecting other 
relevant non-coronary conditions that cause the presenting symptoms. 
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In dit proefschrift onderzochten wij de waarde van hoog-sensitief cardiale troponine T (hs-
cTnT) en coronaire CT angiografie (CCTA) in het diagnostisch proces van patiënten die zich 
presenteren met acute pijn op de borst op de spoedeisende hulp (SEH). 

In hoofdstuk 2 bespreken we de rol van CCTA en cardiale MRI en hun toegevoegde 
diagnostische waarde als poortwachter voor hartkatheterisatie in het huidige tijdperk 
van hoog-sensitief cardiale troponines in patiënten met een verdenking op acuut coronair 
syndroom (ACS). Samenvattend is CCTA een non-invasieve anatomische modaliteit die kan 
dienen als een alternatief voor hartkatheterisatie ter beoordeling van de aanwezigheid van 
coronairlijden. Cardiale MRI is geschikt om cardiale structuren en weefsel karakteristieken 
te beoordelen en daarmee overige niet ischemische ziektes van het hart te onderzoeken die 
acute pijn op de borst kunnen veroorzaken.

Vervolgens wordt in hoofdstuk 3 een algemene introductie gegeven over het gebruik van 
CCTA bij patiënten die zich presenteren met pijn op de borst op de SEH. We gaan dieper 
in op de juiste manier om patiënten te selecteren voor dit onderzoek en we bespreken 
de verschillende resultaten die verkregen kunnen worden met een CCTA. Tot slot doen we 
aanbevelingen op basis van de verkregen CT-resultaten.

Risicostratificatie met CCTA in een laag risico populatie met verdenking op 
acuut coronair syndroom.
Acute pijn op de borst is een van de meest voorkomende redenen voor SEH-bezoeken in 
de westerse samenleving. De juiste diagnostiek is essentieel, omdat het missen van een 
ACS kan leiden tot een verhoogde morbiditeit en mortaliteit. Tegelijkertijd streven artsen 
naar efficiënt diagnostisch onderzoek om de belasting op ons gezondheidszorgsysteem te 
verminderen, aangezien veel patiënten met verdenking op ACS aspecifieke pijn op de borst 
blijken te hebben zonder een ernstige onderliggende ziekte. Een goede risicostratificatie 
is om die reden van groot belang. In hoofdstukken 4 t/m 6 onderzochten we verschillende 
strategieën voor risicostratificatie en geslacht gerelateerde verschillen in een laag risico 
populatie met verdenking op ACS.

Hoofdstuk 4
In deze studie, waarin 177 patiënten met verdenking op ACS werden geïncludeerd, hebben 
we geëvalueerd of de detectielimiet (LoD) van de hs-cTnT test veilig en efficiënt kan worden 
gebruikt als poortwachter voor CCTA. Patiënten met een hs-cTnT uitgangswaarde onder de 
LoD hadden een veel lager aantal eindpunten, zoals dood, ACS of coronaire revascularisatie, 
vergeleken met patiënten met hs-cTnT uitgangswaarden gelijk of groter dan de LoD (1,3% 
vs. 15%, respectievelijk). Bovendien maakten geen van de patiënten met een hs-cTnT 
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uitgangswaarde onder de LoD een ACS door binnen 30 dagen. Op basis van deze resultaten 
concluderen we dat een CCTA veilig kan worden overgeslagen bij patiënten met hs-cTnT 
uitgangswaarden onder de LoD, met name bij patiënten die zich meer dan 3 uur na de start 
van de symptomen presenteren. Bij patiënten met hs-cTnT uitgangswaarden gelijk of groter 
dan de LoD kan een CCTA helpen om onderscheid te maken tussen patiënten met wel of 
geen coronairlijden.

Hoofdstuk 5
De History, electrocardiogram (ECG), Age, Risk factors, and Troponin (HEART) score, 
bestaande uit medische voorgeschiedenis, ECG, leeftijd, risicofactoren en initiële troponine 
uitslag, is een gevalideerd hulpmiddel voor risicostratificatie dat van toegevoegde waarde 
kan zijn bij het nemen van beslissingen op de SEH bij patiënten met acute pijn op de borst. 
In deze studie hebben we onderzocht of de HEART-score veilig kan worden gebruikt als 
poortwachter voor CCTA bij 340 patiënten met verdenking op ACS. Een algoritme waarbij 
CCTA werd verricht bij patiënten met een HEART-score tussen 3-6, resulteerde in een 
sensitiviteit van 97,8% en een negatief voorspellende waarde van 99,6% voor het optreden 
van dood, ACS of coronaire revascularisatie. Concluderend was de HEART-score in staat om 
het gebruik van aanvullende diagnostiek middels CCTA te verminderen, zonder de veiligheid 
van patiënten in gevaar te brengen.

Hoofdstuk 6
In deze vooraf gespecificeerde sub-analyse, van de prospectieve, gerandomiseerde BEACON-
studie, hebben we de verschillen tussen mannen en vrouwen onderzocht met betrekking tot 
hun klinische presentatie, resultaten van CCTA en het gebruik van aanvullende diagnostiek 
naderhand. Uit dit onderzoek bleek dat vrouwen over het algemeen ouder waren dan 
mannen, een lagere incidentie van obstructieve kransslagvatziekte (CAD) hadden op CCTA en 
minder vaak werden opgenomen in het ziekenhuis. Bovendien kregen vrouwen poliklinisch 
minder aanvullend onderzoek in vergelijking met mannen, wanneer CCTA werd gebruikt als 
onderdeel van de diagnostiek op de SEH.

Snelle rule-out en rule-in algoritmen
Hoog-sensitief troponines hebben een centrale rol in nieuw ontwikkelde snelle rule-out 
en rule-in algoritmen die worden gebruikt voor de diagnostiek van patiënten met acute 
pijn op de borst en een normaal of inconclusieve ECG. Het 0/1-uurs algoritme welke 
wordt aanbevolen door de European Society of Cardiology (ESC), zorgt voor een veilige en 
effectieve triage van een groot deel van de patiënten met verdenking op ACS.

Hoofdstuk 7
In dit hoofdstuk presenteren we een systematisch overzicht van de bestaande literatuur 
over de diagnostische nauwkeurigheid van huidige algoritmen met seriële hs-cTnT metingen 



11

SUMMARY IN DUTCH | NEDERLANDSE SAMENVATTING 167

voor rule-out en een hoge hs-cTnT uitgangsmeting voor rule-in van een myocardinfarct (MI) 
bij patiënten die zich presenteren op de SEH met acute pijn op de borst. Een meta-analyse 
van zes studies die de sensitiviteit van seriële metingen <14 ng/L presenteerden, liet een 
gepoolde sensitiviteit zien van 96.7%. Verder presenteerden drie studies de sensitiviteit van 
het ESC 0/1-uursalgoritme met een baseline hs-cTnT-waarde <12 ng/L en delta 1 uur <3 
ng/L. De gepoolde sensitiviteit van dit algoritme was 98,9%.  Beide strategieën waren in 
staat om 60% van de patiënten te triëren richting rule-out. Voor rule-in liet een meta-analyse 
van zes studies die de specificiteit van een baseline hs-cTnT waarde >50ng/L presenteerden 
een gepoolde specificiteit zien van 94,6%. Op basis van deze gegevens concluderen we dat 
seriële hs-cTnT-metingen veilig en efficiënt MI uitsluiten in een populatie met acute pijn op 
de borst en een enkele baseline hs-cTnT uitgangsmeting een hoge nauwkeurigheid heeft 
voor het aantonen van een acuut MI. 

Hoofdstuk 8
In deze studie hebben we ons gericht op patiënten met verdenking op ACS die volgens het 
ESC 0/1-uurs algoritme niet voldoen aan de rule-in of rule-out criteria; de zogenaamde 
observatiepatiënten. Deze patiënten met acute pijn op de borst voldoen niet aan de criteria 
voor rule-out of rule-in en vormen daarmee een diagnostische uitdaging voor artsen op 
de SEH. In deze retrospectieve, observationele, single-centre, cohortstudie hebben we 
de klinische kenmerken en de behandeling van 750 patiënten met verdenking op ACS 
beoordeeld die aan de observatiegroep waren toegewezen. Deze observatie patiënten 
waren over het algemeen oudere mannen met reeds bekende CAD, waarvan een aanzienlijk 
deel geen nieuwe diagnose had gekregen 30 dagen na bezoek aan de SEH. Daarnaast 
hebben we een score gegenereerd, namelijk de Prior history, ECG, Kidney function and Type 
of chest pain (PEKT) -score die het mogelijk maakte om patiënten met een laag risico op een 
coronair-gerelateerde aandoening te identificeren tijdens het eerste bezoek aan de SEH. 
Hierdoor werd verdere (niet)-invasieve beeldvorming in 40% van de patiënten overbodig.

In hoofdstuk 9 en 10 beschrijven we de rationale en presenteren we de belangrijkste 
resultaten van een prospectieve, dubbelblinde, observationele, multicentre studie (COURSE-
studie). We hebben onderzocht of CCTA de diagnostiek kan verbeteren van patiënten die zich 
op de SEH presenteren met acute pijn op de borst en die volgens het ESC 0/1-uurs algoritme 
niet voldoen aan de rule-out of rule-in criteria; de zogenaamde observatiepatiënten. Van de 
106 patiënten die waren geïncludeerd in deze studie werden uiteindelijk 20 (19%) patiënten 
gediagnosticeerd met een type 1 acuut coronair syndroom zonder ST-segment elevatie (NSTE-
ACS). Wij vonden dat de afwezigheid van ≥50% vernauwing in één van de kransslagvaten 
op CCTA een goede drempelwaarde is voor het uitsluiten van type 1 NSTE-ACS. Met name 
wanneer alleen de kransslagvatsegmenten met een diameter ≥2 mm worden beoordeeld. 
Bovendien maakte CCTA bij 75 patiënten (72%) de detectie mogelijk van subklinische 
(of asymptomatische) CAD die strengere primaire preventietherapieën rechtvaardigen. 
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Bovendien maakte CCTA de detectie mogelijk van belangrijke niet-kransslagvat gerelateerde 
bevindingen bij 8 patiënten (8%). Concluderend suggereren onze resultaten dat CCTA veilig 
onderscheid kan maken tussen het wel of niet hebben van kransslagvatziekte bij patiënten 
met acute pijn op de borst en inconclusieve hs-cTnT waarden.
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