


Risk stratification in chest pain patients 
© Judith Poldervaart, 2015, Utrecht, the Netherlands

ISBN: 978-94-6233-188-4
Cover design: Henkie de Jong
Lay-out: Gildeprint, Enschede, the Netherlands
Printed by: Gildeprint, Enschede, the Netherlands

Studies in this thesis were funded by the Netherlands Organization for Scientific Research.
Financial support by the Dutch Heart Foundation for the publication of this thesis is 
gratefully acknowledged. Financial support by Julius Center for Health Sciences and Primary 
care, ChipSoft and the Van Ruyven Stichting for the publication of this thesis is gratefully 
acknowledged.



Risk stratification in chest pain patients

Risicostratificatie in patiënten met pijn op de borst
(met een samenvatting in het Nederlands)

Proefschrift

ter verkrijging van de graad van doctor aan de Universiteit Utrecht
 op gezag van de rector magnificus, prof.dr. G.J. van der Zwaan,

ingevolge het besluit van het college voor promoties 
in het openbaar te verdedigen 

op donderdag 18 februari 2016 des middags te 2.30 uur

door 

Judith Maria Poldervaart
geboren op 21 januari 1986 te Hilvarenbeek



Promotoren: Prof.dr. A.W. Hoes
 Prof.dr. P.A. Doevendans

Copromotoren: Dr. J.B. Reitsma
 Dr. A.J. Six



“Medicine is a science of uncertainty and an art of probability”
William Osler (1849 – 1919)





CONTENTS

Chapter 1 General introduction 9

Chapter 2 Medical consumption compared for TIMI and HEART score in  19
 chest pain patients at the emergency department

Chapter 3 The impact of the HEART risk score in the early assessment of  37
 patients with acute chest pain: design of a stepped wedge, 
 cluster randomised trial

Chapter 4 Impact of using the HEART score in chest pain patients at the  53
 emergency department: a stepped wedge, cluster randomised trial

Chapter 5 Comparison of the performance of the GRACE, HEART and TIMI  81
 score to predict acute coronary syndrome in patients presenting 
 with chest pain at the emergency department

Chapter 6 No added value of novel biomarkers in the diagnostic assessment of  101
 patients suspected of acute coronary syndrome

Chapter 7  The predictive value of the exercise ECG for major adverse cardiac  121
 events in patients who presented with chest pain in the 
 emergency department

Chapter 8 Discussion 137
  
Appendix Summary 159
 Nederlandse samenvatting 161
 List of publications 167
 List of affiliations 171
 Dankwoord 177
 Curriculum vitae 187





General introduction

1



R1
R2
R3
R4
R5
R6
R7
R8
R9

R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39

Chapter 1

10



R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39

General introduction

11

1
Clinical case
A 48-year old man presents to the emergency department (ED) at 4 pm with chest pain, 
which started four hours ago when reading the newspaper at home. He has no palpitations 
or shortness of breath. The attending physician takes a full history, performs a physical 
examination, and orders an electrocardiography (ECG) as well as routine laboratory tests, 
including a high sensitive cardiac troponin (hs-cTn) measurement. All tests are within 
the normal range. Given the age, atypical history, normal ECG and negative troponin 
measurement, the risk for acute coronary syndrome (ACS) is very low for this patient. 
However, the physician orders a stress bicycle test for his patient, just to be sure. Since it 
is now after office hours, the patient has to stay overnight, to undergo his stress test in the 
morning. The next morning, the stress test is without abnormalities, but during the test, 
the patient did not achieve the maximum heart frequency required to have a conclusive 
test. The physician reexamines the patient: no further episodes of chest pain occurred 
and troponin levels are still normal. The physician wonders about the risks of discharging 
the patient without a conclusive stress test. He decides to perform a nuclear scan, which 
takes two separate days to perform, one for resting images and one for stress images. The 
nuclear scan shows no signs of cardiac ischemia or other cardiac abnormalities. The patient 
is discharged, after three days of admission.

Chest pain
In 2014 the Dutch public was put to vote by the Dutch Heart Foundation, asking which 
research themes need to be prioritized. One of the themes voted most for was the theme 
“earlier recognition of cardiovascular disease”1. Every day, 5 to 10 patients present with 
complaints of chest pain to an ED in the Netherlands2. In 20% of the cases, the underlying 
cause is an ACS; i.e. acute myocardial infarction (AMI) or unstable angina (UA)3, requiring 
prompt admission and treatment. This presents the treating physician with a dilemma: the 
majority of patients presenting with chest pain do not have any life-threatening condition, 
but missing an ACS can have fatal consequences. 

Current practice
Current practice differs between countries and even hospitals, but typically is rather defensive: 
up to 75% of patients is admitted to the hospital for observation and receives additional 
testing4. This is a time-consuming and costly strategy. Moreover, it implies unnecessary 
exposure of low-risk patients to the risk of complications due to some these diagnostic 
procedures (such as coronary angiography). International cardiac guidelines recommend a 
thoroughly taken history and physical examination, performing serial ECGs and serial testing 
of hs-cTn5. Still, there is a considerable number of patients with a non-conclusive or normal 
ECG and normal serial troponin test, who are at risk of developing an ACS. In Canada, which 
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has a comparable health care system to the Netherlands, the reported proportion of missed 
ACS events vary from 4.6% up to 6.4%6. These missed patients are at risk for acute cardiac 
death. This is especially the case with unstable angina, which per definition is devoid of 
cardiac damage and therefore cardiac biomarkers. Evidently, further risk stratification in this 
group of patients is necessary to reduce the number of false-negatives, without increasing 
the number of unnecessary admissions and diagnostic procedures.

Clinical prediction rules
Over the years, many diagnostic strategies have been developed7-14. One of these strategies is 
the use of a clinical prediction rule, which is designed to guide a physicians’ decision making, 
preferably at the bedside15. Clinical prediction rules consist of variables including history, 
physical examination and frequently also basic diagnostic tests, such as laboratory tests16. In 
the case of patients with chest pain, it can be used to estimate the risk of short-term major 
adverse cardiac events (MACE). Most prediction rules for ACS consist of readily available 
information from history taking, physical examination, ECG and cardiac biomarkers7-14. 

The HEART score
One of these clinical prediction rules for chest pain patients is the HEART score, developed 
in 2007 in the Netherlands by Jacob Six and Barbra Backus. The HEART score incorporates 
the clinical elements of History (H), ECG (E), Age (A), Risk factors (R) and Troponin (T), and 
appreciates each with 0, 1 or 2 points, resulting in a total score between 0 and 10 (Figure 
1). Most importantly, each individual HEART score provides a physician with a formal 
recommendation whether a patient should be admitted or not. The HEART score has been 
extensively validated in different countries and settings14,17-24. In a pooled analysis of 6,174 
patients, the occurrence of MACE in low-risk patients (HEART score below 3) was 1.6% (95% 
CI: 1.05-2.15)25. In addition, a small pilot study showed that when adhering to the HEART 
score, low-risk patients could be discharged from the ED after initial evaluation, improving 
patient flow at the ED and reducing the number of unnecessary diagnostic procedures and 
observations20,26. 

The next step: impact evaluation and implementation
After derivation and extensive internal and external validation, a clinical prediction rule is 
ready for the next step in model development: assessment of its impact in daily practice27. 
When really used as proposed and implemented in daily practice, is the clinical prediction 
rule yielding its promised safety and benefits? In practice, however, such an impact study is 
rarely done. A review by Hess and colleagues concluded that “Current prediction rules for ACS 
have substantial methodological limitations and have not been successfully implemented in 
the clinical setting”28. When performing an impact study, various outcomes are taken should 
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1
into account: not only safety (typically false-negatives), but also effects on quality of life, 
direct and indirect costs, and, in the case of the HEART score, patient flow at the ED. The key 
question is whether application and adherence to the HEART score in daily practice results 
in a significant reduction of patient burden, hospital admissions and health care costs, while 
not causing an increase in the occurrence of MACE (the latter as a measure of safety).

Figure 1. The HEART score for chest pain patients

Main objectives of this thesis
This thesis focusses on accurate and early detection of ACS in chest pain patients. The 
objectives of this thesis were two-fold. First, we aimed to investigate whether the validated 
HEART risk score is a safe and cost-effective method when evaluating chest pain patients at 
the ED, and whether it outperforms the two other worldwide commonly used risk scores 
(TIMI score and GRACE score) in terms of safely identifying the largest proportion of low-risk 
patients. Second, we evaluated the added diagnostic value of two other tests, namely stress 
bicycle testing and novel cardiac biomarkers in chest pain patients.
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Outline of this thesis
In Chapter 2 we performed an additional analysis on the prospective validation cohort of 
the HEART score and compared the TIMI score and the HEART score in terms of medical 
consumption. In Chapters 3 and 4 the design and results of the HEART-Impact trial are 
presented. In Chapter 3, we present the design of the HEART-Impact trial, which is a 
stepped wedge, cluster randomized trial in patients presenting with chest pain in 9 hospitals 
in the Netherlands. In Chapter 4 the findings of the HEART-Impact trial are reported. In 
this pragmatic trial we compared “HEART care” with “usual care” in terms of safety, use 
of medical resources and costs. The HEART care included a calculation of the HEART score 
in every individual patient and a recommendation of subsequent patient management. 
In Chapter 5 we compare the diagnostic performance of the HEART score with two other 
commonly used scores, namely the GRACE score and the TIMI score, in the population 
included in our HEART impact trial. In Chapter 6 we investigated the diagnostic value (on 
top of current practice, namely history taking, cardiac history, risk factors and ECG) of novel 
cardiac biomarkers, such as copeptin and myoglobin, for diagnosing ACS in chest pain 
patients. In Chapter 7 we evaluated the diagnostic value of stress bicycle testing, the most 
commonly used diagnostic procedure in chest pain patients presenting at the ED. In Chapter 
8 we discuss the implications of the findings of the studies presented in this thesis for the 
management of patients presenting with chest pain.
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ABSTRACT

Objective: We investigated which risk score (TIMI score or HEART score) identifies the 
largest population of low-risk patients at the emergency department (ED). Furthermore, 
we retrospectively calculated which score resulted in the largest decrease in medical 
consumption if patients would have been discharged from the ED. 

Methods: We performed analyses in two hospitals of the multicenter prospective 
validation study of the HEART score. Chest pain patients presenting to the ED were 
included and information was collected on major adverse cardiac events (MACE) and 
on hospital admissions and diagnostic procedures within 6 weeks. The TIMI and HEART 
score were calculated. 

Results: We analysed 640 patients (59% male, mean age of 60, cumulative incidence 
of MACE 17%). An estimated total of €763,468 was spent during follow-up on hospital 
admission and diagnostic procedures. 256 (40%) patients had a HEART score of 0 to 3 
and were considered low-risk, a total of €64,107 was spent on diagnostic procedures 
and hospital admission after initial presentation in this group. In comparison, 105 (16%) 
patients with TIMI score of 0 were considered low-risk, with a total of €14,670 spent on 
diagnostic procedures and initial hospital admission costs. 

Conclusions: The HEART score identifies more patients as low-risk compared to the TIMI 
score, which may lead to a larger reduction in diagnostic procedures and costs in this 
low-risk group. Future studies should prospectively investigate whether adhering to the 
HEART score in clinical practice and early discharge of low-risk patients is safe and leads 
to a reduction in medical consumption.
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BACKGROUND

Each year, an estimated 6% of presentations at emergency departments (ED) are attributed 
to symptoms suspicious of acute coronary syndrome (ACS)1,2. Of all these patients, the 
majority has chest pain due to non-cardiac causes and only 15-20% of patients have an ACS3. 
Differentiating between low and high-risk patients for ACS remains a diagnostic challenge, 
since a normal electrocardiogram (ECG) and initially negative biomarkers do not exclude 
ACS. Therefore, the majority of low-risk patients are currently admitted to the hospital 
to undergo stress testing, regardless of low pre-test probability. However, often results 
of these performed tests are normal4. The question remains whether this conservative 
approach leads to better clinical outcomes for patients and there is discussion on optimal 
management in patients who are deemed safe to discharge from the ED5. 

Several risk stratification tools and prediction models have been developed over time. 
Currently, international cardiac guidelines recommend the use of a risk score for risk 
stratification6-7. The current study investigates two of these risk scores, namely the TIMI 
score and the HEART score. Firstly, the Thrombosis In Myocardial Infarction (TIMI) risk score 
is used to stratify risk in chest pain patients admitted to the cardiac care unit (CCU) and 
can be used to predict 30-day outcomes of mortality, myocardial infarction (MI) and severe 
recurrent ischemia requiring urgent revascularization8,9. The TIMI score is composed of 7 
elements as shown in Table 1. It is one of the two risk scores that are implemented in current 
international guidelines and well-known by most clinicians10. Secondly, the HEART score was 
developed in 2007 and has been validated to stratify the risk of short-term adverse cardiac 
events in chest pain patients at the ED9,11-16. The HEART score is an acronym for History, ECG, 
Age, Risk factors and Troponin. These components can be rated 0, 1 or 2 points each and 
results in a total HEART score between 0 and 10, as shown in Table 2. It has been specifically 
developed for chest pain patients and previous prospective studies indicated the HEART 
score as valid for patient stratification9,11,14,15,17-19.

Although both risk scores have been validated, they are mostly not yet actively 
used3,8,9,11,12,14-24; that is, no policy decision is made based on the individual risk score of 
a patient. Furthermore, none of these previous studies mentioned secondary outcome 
measurements such as clinical course or medical consumption. A pilot study of 122 patients 
by Six et al. analysed medical consumption of chest pain patients with a HEART score at 
the ED17. It concluded that, if the HEART score would be routinely applied on chest pain 
patients, diagnostic pathways for low-risk patients could be shortened which could lead to 
cost reduction. However, these were small numbers in a small non-academic hospital. 
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Our goal is to investigate the medical consumption in the low-risk TIMI and HEART score 
categories. Furthermore, we assessed which risk score is more efficient in identifying the 
largest number of low-risk patients, without compromising safety. 

Table 1. The TIMI (thrombosis in myocardial infarction) score for unstable angina/NSTEMI

Age ≥ 65 years 0
1

≥ 3 risk factors for CAD 0
1

Known CAD 0
1

Aspirin use in past 7 days 0
1

Recent severe angina 0
1

Elevated cardiac markers 0
1

ST deviation ≥ 0.5 mm 0
1

TOTAL 0-7

CAD: Coronary artery disease, NSTEMI: non-ST-segment elevation myocardial infarction

Table 2. The HEART score for chest pain patients

History Highly suspicious 2
Moderately suspicious 1
Slightly or non-suspicious 0

ECG Significant ST-depression 2
Nonspecific repolarization disturbance 1
Normal 0

Age ≥65 years 2
>45-<65 years 1
≤45 years 0

Risk factors ≥3 risk factors, or history of atherosclerotic disease 2
1 or 2 risk factors 1
No risk factors known 0

Troponin ≥3 x normal limit 2
>1-<3 normal limit 1
≤ Normal limit 0

Total 0-10

ECG: electrocardiogram
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METHODS

Study population
This is an additional analysis of 680 patients in two hospitals, using the data of a multicenter 
prospective validation study in 10 hospitals of the HEART score, which included a total of 
2,388 patients between 2008 and 200915. The ethics committees of all participating hospitals 
approved the study. Since it was an observational study and patients received standard 
care, at that time informed consent procedures were waived. Patients were informed of 
the registration of data and the follow-up policy and data was processed anonymously. 
Any patient with acute chest pain admitted to the (cardiac) ED was eligible, regardless 
of age or pre-hospital suspicion. Patients with ST-elevation myocardial infarction (STEMI) 
were immediately taken to the coronary intervention room, and therefore excluded. Two 
hospitals were chosen for this sub analysis on diagnostic procedures as it was anticipated 
that for these hospitals patient information of sufficient quality would be available. The first 
is a general hospital with a large specialised cardiology department, the second an academic 
hospital. Both are intervention centres and perform percutaneous coronary intervention 
(PCI) and coronary artery bypass surgery (CABG). 

Calculation of the TIMI and HEART score
ED residents of participating hospitals were instructed to fill out the Case Record Form 
(CRF), which consisted of patient history, cardiovascular risk factors, medication, physical 
examination and past medical history. Laboratory results, including conventional Troponin I 
or T, and the admission ECG were added to the CRF. The ECG was blindly classified afterwards 
by independent, experienced cardiologists. The HEART score was developed in 2007 and 
predicts the 6-week incidence of major adverse cardiac events (MACE), stratifying patients 
into a low-risk (HEART score 0-3), intermediate-risk (4-6) and high-risk (7-10) group12,15,16. 
The incidence of MACE in the previous validation studies has been 1.7% in low-risk patients, 
16.6% in intermediate-risk patients, and 50.1% in high-risk patients15. The classification into 
the different risk categories can be used to make a direct clinical decision for further patient 
evaluation. In the current study, the HEART score was calculated by the resident at the ED, 
without actively using the score for further management. Each of the 5 elements in the 
HEART score were given 0, 1 or 2 points, resulting in a score between 0 and 10, see Table 
2. The TIMI score was developed in 2000 for prediction at the CCU for 30-day outcomes 
of mortality, myocardial infarction (MI) and severe recurrent ischemia requiring urgent 
revascularization, with the following occurrence rates: 4.7% for TIMI 0/1, 8.3% for 2, 13.2% 
for 3, 19.9% for 4, 26.2% for 5 and 40.9% for 6-78. Only a TIMI score of 0 seems to identify 
patients to be safely discharged home from the ED without further testing19-23. In the current 
study, an algorithm was devised to calculate for the TIMI score automatically from admission 
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data, without interpretation by the investigators and blinded for the outcome. The score 
consists of 7 elements, and each of the 7 elements was given 0 or 1 point, resulting a total 
score between 0 and 7, see Table 1. 

Outcome measures
6-week occurrence of MACE
Information on the primary outcome of MACE was already collected during the original 
study15. The definition of MACE consisted of AMI, PCI, CABG, stenosis managed conservatively, 
and death due to any cause. The duration of follow-up was six weeks in all patients. The 
diagnosis of AMI was diagnosed by an adjudication committee according to the applicable 
guidelines at that time10. Further information on definition and assessment of MACE can be 
found in the main publication15.

Occurrence of MACE in low-risk group
Since we were particularly interested in the low-risk population, low-risk was defined as 
missed MACE in less than 5% of all patients with MACE in each total score. For the HEART 
score this resulted in a low-risk group of patients with a score from 0 to 3. For the TIMI score 
this low-risk group consisted of patients with a TIMI score of 0.

Admission, re-admission, ED revisits, out-patient clinic visits and diagnostic procedures
Additionally, information on whether or not patients were admitted after the initial 
presentation, length of admission, re-admissions, ED revisits, out-patient clinic visits 
and diagnostic procedures within six-weeks after initial presentation was collected. All 
information was retrieved from electronic patient files. Information on the following 
diagnostic procedures was collected: bicycle stress testing with exercise ECG, myocardial 
scintigraphy, cardiac MRI, coronary computed tomography angiography (CCTA) and coronary 
angiography (CAG). Standard (thoracic) CT-scans were not included, since these were mostly 
requested in the context of pulmonary disease. 

Costs
Costs of diagnostic procedures were based on rates as provided by a university medical 
centre28. These costs were up to date as of January 1st, 2015. Costs of hospital admission and 
ED visits were based on Dutch guidelines for medical cost analysis25.

Statistical analysis
Continuous variables are presented as means (± standard deviation, SD) or medians 
(interquartile range, IQR), while categorical variables are presented as numbers (percentage). 
From contingency tables, the incidence of MACE and distribution of the use of health care 
resources were extracted. Of the incidence of MACE the corresponding 95% confidence 
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intervals (CI) were calculated. All analyses were performed using Statistical Package for the 
Social Sciences for Windows 20.0 (SPSS Incl. Chicago, Illinois). 

RESULTS

Study population
The current study included 680 patients of two hospitals (28.5% of the initial study 
population). Attempts were made to track down follow-up data for patients receiving their 
follow-up in different hospitals than the study hospitals, however, in 25 patients (3.7%) 
we were unsuccessful and thus these patients were lost to follow-up. Additionally, 15 
(2.2%) patients were included twice in the original study and we considered only their first 
presentation. For an overview of patient selection with inclusion and exclusion, see Figure 
1. Eventually, 640 patients remained for analysis. Mean age was 60 years and 59% was male. 
Baseline characteristics are depicted in Table 3.

Table 3. Baseline characteristics
Total Patients 

without MACE
Patients 

with MACE
mean/n SD/% mean/n SD/% mean/n SD/%

Demographics
Study group 640 530 83% 110 17%
Age in years 60.0 15 59 16 67 11
Male 376 59% 298 56% 81 74%
Vital signs at presentation
Heart rate 76.5 19 77 19 76 17
Systolic blood pressure 139.0 22 138 21 142 23
Diastolic blood pressure 81.9 34 82 37 81 14
Cardiovascular risk factors
   Diabetes Mellitus 105 16% 84 16% 4 4%
   Hypertension 277 44% 225 42% 54 49%
   Hypercholesterolemia 235 37% 183 35% 55 50%
   Smoking 207 32% 167 32% 40 36%
   Family history of CVD 254 40% 202 38% 52 47%
   Obesity 131 21% 107 20% 24 22%
History of cardiovascular disease
   Myocardial infarction 118 19% 89 17% 31 28%
   CABG 60 9% 43 8% 18 16%
   PCI 131 21% 97 18% 35 32%
   CVA 241 38% 181 34% 63 57%
   PAD 23 4% 16 3% 7 6%
Mean HEART score 4.2 2 4 2 7 2
Mean TIMI score 2.4 2 2 2 4 1

n: number, SD: standard deviation, CV: cardiovascular, CABG: coronary artery bypass grafting, PCI: 
percutaneous coronary intervention, CVA: cerebrovascular accident, PAD: peripheral arterial disease, 
ECG: electrocardiogram
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Figure 1. Patient flow chart

MACE: major adverse cardiac events, AMI: acute myocardial infarction, PCI: percutaneous coronary 
intervention, CABG: coronary arterial bypass grafting; CAGcns: coronary angiography with significant 
stenosis, conservatively treated
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Six-week occurrence of MACE 
A total of 110 (17.2%) patients out of the 640 were diagnosed with MACE. Figure 1 and 
Table 4 give an overview of the distribution of the different conditions within MACE. Most 
common was the performance of PCI in 65 patients (59.1%). A diagnosis of AMI was made 
in 36 patients (32.7%), 24 patients received a CABG (21.8%) and 14 patients (12.7%) had 
a stenosis on CAG that could be managed conservatively. One patient died (0.9%), with a 
HEART score of 10 and a TIMI score of 7. This 85-year old male with NSTEMI was managed 
conservatively because of high age and comorbidity, however developed new cardiac 
ischemia and died shortly after. 

Occurrence of MACE across risk score categories
A patient was defined as low-risk when MACE cumulative incidence of missed MACE was 
less than 5% of all 110 patients with MACE (Table 4). This resulted in a low-risk group of 
patients with a HEART score of 0 to 3 (n=256, cumulative MACE incidence in this low-risk 
group: 1.6%; 95% CI: 0.6 to 4.0%) or TIMI score of 0 (n=105, cumulative MACE incidence in 
this low-risk group: 0%; 95% CI: 0 to 3.5%). 
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Admission, re-admission, ED revisits and diagnostic procedures
A total of 226 patients (35%) were admitted to the hospital after presentation at the ED, 
a total of 57 patients (9%) were re-admitted and 49 patients (8%) revisited the ED within 
6 weeks. In total 246 exercise ECG tests were performed, 41 myocardial scintigraphies, 8 
cardiac MRIs, 5 CCTAs, and 89 CAGs. 

Within the low-risk TIMI group, 5 patients (5%) were admitted after ED presentation, 
compared to 28 patients (11%) in the low-risk HEART group. Furthermore, within 6 weeks 
10 patients (10%) revisited the ED 11 times within the low-risk TIMI group and 22 patients 
(9%) from the low-risk HEART group revisited the ED 27 times. Within the low-risk TIMI 
group, 44 exercise ECG tests (42%), 2 myocardial scintigraphies (2%), 1 cardiac MRI (1%), 1 
CCTA (1%), and no CAGs were administered. In the low-risk HEART group 106 bicycle stress 
tests (41%), 5 myocardial scintigraphies (2%), 4 cardiac MRIs (2%), 4 CCTAs (2%), and 7 CAGs 
(3%) were performed. Further information on use of health care resources is found in Table 
5 and Table 6. 

Costs
In total an estimated €763,468 was spent during the 6 weeks of follow-up on 640 patients, of 
which €544,287 (71%) on hospital admission and re-admission costs and €219,181 (29%) on 
diagnostic procedures (Table 7). This €544,287 consisted of admissions at initial ED visit by 
226 patients being admitted for a total of 1,191 days. The total costs of diagnostic procedures 
consisted of costs for the bicycle stress tests (€36,654; 17%), myocardial scintigraphy 
(€29,725; 14%), cardiac MRI (€3,384; 2%), CCTA (€1,500; 1%), and CAG (€147,918; 67%). 
Concerning the costs in the low-risk population, in the low-risk HEART patients, a total of 
€33,945 was spent on diagnostic procedures and an additional €30,162 on admission during 
initial presentation, resulting in a total cost of €64,107 (8.4% of the mentioned total costs 
of €763,468). On the other hand, in the low-risk TIMI patients, a total of €8,729 was spent 
on diagnostic procedures and €5,941 on hospital admission, resulting in potential savings of 
€14,670 (1.9% of total costs).
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DISCUSSION

This additional analysis on medical consumption in 640 chest pain patients shows that 
admission, re-admission and ED revisit rates increase with higher TIMI and HEART scores. 
Diagnostic procedure rates were similar between HEART and TIMI within low-, intermediate- 
and high-risk groups. Only the use of bicycle stress tests declined as TIMI and HEART 
increased whereas use of CAG increased with increasing scores. However, the HEART score 
with a score between 0 and 3 identifies more low-risk patients at the ED than the TIMI score 
with a score of 0.

In the current study, 40% of chest pain patients received a low HEART score of 0 to 3, with 
a cumulative incidence of MACE of 1.6%. It remains unsure whether diagnostic procedures 
with limited predictive values are going to detect this 1.6% population. In this specific group 
with a low pre-test probability, reduction of diagnostics could diminish patient burden 
and hospital costs. The same goes for the low-risk TIMI group, however in this group the 
reduction of diagnostics is limited as only 105 (16%) patients with TIMI 0 are considered low-
risk. This is due to the conservative nature of the TIMI score, resulting in a MACE incidence 
of 0% in its low-risk group. When including TIMI scores of 1 into the low-risk group, the 
number of patients will increase, however, the occurrence of MACE will increase as well. It is 
to be debated what is an acceptable yet achievable missed event rate for chest pain patients 
in our current health care system with ED overcrowding5.

Our findings are consistent with other studies in terms of demonstrated safety of the 
HEART score for risk-stratification and its possible use in determining further policy to 
reduce medical consumption, especially in low-risk patients9,11,14,15,18,19,26. However, literature 
discussing TIMI and its incidence of MACE shows some discrepancy with our results. The 
TIMI low-risk group in this study consisted of patients with TIMI 0 and had an incidence of 
MACE of 0% within 6 weeks of follow up. Several studies found that even with a TIMI score 
of 0, patients did experience a risk of MACE up to 2.4%9,24. 

Chest pain patients often receive multiple diagnostic tests, with a risk of iatrogenic damage 
and furthermore are prone to false-positive or false-negative results, especially the exercise 
ECG test. Especially low-risk patients are a group in which medical consumption could be 
reduced. In our study, a total of €33,945 could have been saved on diagnostic procedures 
alone and an additional €30,162 could have been saved if patients with a HEART score of 0 
to 3 had been reassured and discharged early from the ED. The possible total cost reduction 
amounted to €64,107 (8.4% of the mentioned total costs of €763,468). If the TIMI score 
would have been used to stratify risk categories and the low-risk TIMI group be discharged 



R1
R2
R3
R4
R5
R6
R7
R8
R9

R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39

Chapter 2

32

with reassurance, a total of €8,729 would have been saved in diagnostic procedures and 
another €5,941 in hospital admission costs, resulting in potential savings of €14,670 (1.9% 
of total costs). Extrapolating our results from two hospitals with a total of 2,102 beds to 
all hospitals in the Netherlands (with a total of 45,000 beds17), the implementation of the 
HEART score as a risk stratifying tool could result in savings of €1,372,414, which is more 
than a fourfold increase compared to the TIMI score, which could reduce costs in the 
Netherlands with €314,058.

When discharging patients based solely on a score to reduce redundant medical consumption, 
it remains the question whether the rate of missed MACE is acceptable. In this study, four 
patients in the low-risk HEART score group experienced MACE within 6 weeks. The first of 
these patients (HEART score 3) had already been scheduled for CABG prior to presentation. 
The other two patients with a HEART score of 3, as well as the one patient with HEART 2, 
were diagnosed immediately with ACS at the ED and received elective PCIs in a later stage, 
indicating mild severity of disease in these patients. These cases show that the HEART score 
should not be blindly followed, but rather be used as a risk stratification tool. 

Our study may have several limitations. Firstly, any decisions on diagnostic testing and 
admissions were left to the clinicians. This should be taken into account when interpreting 
the results. However, because of the observational nature of our research question, this is 
surmountable. Secondly, since this is a sub analysis, a group of patients was selected from 
a larger sample, making estimation less definitive, especially in terms of safety. However, 
all patients who met the initial inclusion criteria were included in the original study, making 
selection bias less evident. Thirdly, we could have underestimated medical consumption 
because patients also received follow-up in other hospitals than where they had their 
initial presentation. However, we assume that most patients mention co-treatment in other 
hospitals to their physician at the ED, who reports this in the discharge letter, and thus was 
apparent to us. Lastly, a conventional troponin assay was used, since high-sensitive troponin 
was not yet introduced during the original study. 

Our findings support previous studies that the HEART score aids medical decision-making in 
terms of risk stratification. The HEART score identifies more patients as low-risk compared 
to the TIMI score, which may lead to a reduction in diagnostic procedures and hospital 
admission in this low-risk group and thus in possible savings. Future studies should 
prospectively investigate whether adhering actively to the HEART score with an early 
discharge from the ED of low-risk patients, is indeed safe and leads to a reduction in the use 
of health care resources. 
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ABSTRACT

Background: Chest pain remains a diagnostic challenge: physicians do not want to miss 
an acute coronary syndrome (ACS), but, they also wish to avoid unnecessary additional 
diagnostic procedures. In approximately 75% of the patients presenting with chest pain 
at the emergency department (ED) there is no underlying cardiac cause. Therefore, 
diagnostic strategies focus on identifying patients in whom an ACS can be safely ruled 
out based on findings from history, physical examination and early cardiac marker 
measurement. The HEART score, a clinical prediction rule, was developed to provide 
clinicians with a simple, early and reliable predictor of cardiac risk. We set out to 
quantify the impact of the use of the HEART score in daily practice on patient outcomes 
and costs.

Methods: We designed a prospective, multicenter, stepped wedge, cluster randomised 
trial. Our aim is to include a total of 6600 unselected chest pain patients presenting 
at the ED in 10 Dutch hospitals during an 11-month period. All clusters (i.e. hospitals) 
start with a period of ‘usual care’ and are randomised in their timing when to switch to 
‘intervention care’. The latter involves the calculation of the HEART score in each patient 
to guide clinical decision; notably reassurance and discharge of patients with low scores 
and intensive monitoring and early intervention in patients with high HEART scores. 
Primary outcome is occurrence of major adverse cardiac events (MACE), including acute 
myocardial infarction, revascularisation or death within 6 weeks after presentation. 
Secondary outcomes include occurrence of MACE in low-risk patients, quality of life, 
use of health care resources and costs.

Discussion: Stepped wedge designs are increasingly used to evaluate the real-life 
effectiveness of non-pharmacological interventions because of the following potential 
advantages: (a) each hospital has both a usual care and an intervention period, 
therefore, outcomes can be compared within and across hospitals; (b) each hospital 
will have an intervention period which enhances participation in case of a promising 
intervention; (c) all hospitals generate data about potential implementation problems. 
This large impact trial will generate evidence whether the anticipated benefits of using 
the HEART score will indeed be achieved in real-life clinical practice.

Trial registration: ClinicalTrials.gov 80-82310-97-12154.
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BACKGROUND

Patients presenting with chest pain at the emergency department (ED) pose a diagnostic 
challenge. Chest pain can be a symptom of an acute coronary syndrome (ACS), i.e. acute 
myocardial infarction (AMI) or unstable angina, which is the case in approximately 20% of the 
patients and requires prompt treatment. In the remaining 80%, chest pain is caused by many 
other, usually not life-threatening, conditions1. Unfortunately, decision-making in chest pain 
patients is hampered by limited predictive power of patient characteristics, including signs, 
symptoms and additional tests1-3. Therefore, physicians face the challenge of not wanting to 
miss an ACS on the one hand, while avoiding too many unnecessary diagnostic procedures 
that can be time-consuming and patient burdening on the other hand. Currently, the fear 
of missing a relevant cardiac condition makes physicians cautious and, to be on the safe 
side, a large proportion of patients are kept in the hospital from several hours to days for 
monitoring or additional testing.

Diagnostic strategies in patients with chest pain therefore focus on identifying patients 
in whom ACS can be safely ruled out based on readily available clinical findings from 
history, physical examination and early marker measurement of cardiac damage. Recent 
guidelines suggest the use of well-developed and validated risk scores to stratify patients 
in the emergency room4-6. Several prognostic risk scores have been developed for patients 
diagnosed with ACS, such as the TIMI (Thrombolysis in Myocardial Infarction) risk score 
and the GRACE (Global Registry of Acute Cardiac Events) risk score7-9. However, scores that 
identify ACS in patients suspected of ACS in the emergency setting and predict short-term 
mortality or coronary intervention are not available. The HEART score has been specifically 
developed for risk stratification in all patients with chest pain presenting at the ED.

The HEART score incorporates all five important elements of clinical judgement in chest 
pain patients: History, ECG (electrocardiogram), Age, Risk factors and Troponin (see Table 
1). Similar to the Apgar score, applied worldwide to assess the need for intensive care in 
newborns10, each of the five elements is appreciated with 0, 1 or 2 points. The sum of all five 
elements results in a score between 0–10, which can easily be calculated. The HEART score 
has been externally validated in various patient populations with a total of 6174 patients 
and its predictive effectiveness has been demonstrated11-14. Table 2 depicts an overview of 
these validation studies. In the Dutch multicenter validation study, major adverse cardiac 
events (MACE) occurred in 1.7% (95% CI 1.2-2.2) of all patients with a HEART score of 3 or 
lower. This is comparable with the around 2% incidence of ACS among discharged chest 
pain patients reported in the literature15,16. Importantly, none of the patients in the low-risk 
HEART category experienced unexpected sudden cardiac death in our validation studies. 
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MACE occurred in 16.6% of all patients with intermediate HEART scores (4–6), and in 50.1% 
of all patients with high HEART scores (7–10). Similar results were observed in relevant 
patient subgroups, such as women, elderly or diabetics12. Notwithstanding these promising 
validation results, the impact of the use of the HEART score in daily clinical practice remains 
to be established. The HEART score provides the physician with a formal risk score and 
a recommendation whether a chest pain patient should be admitted or not. A safe and 
early discharge could potentially result in a significant reduction of patient burden, hospital 
admissions and health care costs. Therefore, we designed the HEART Impact study to 
investigate whether the use of the HEART score in the management of chest pain patients 
indeed leads to these positive health effects, while not causing an increase in the occurrence 
of MACE.

Table 1. Elements to calculate HEART score for chest pain patients at the emergency department

History Highly suspicious 2
Moderately suspicious 1
Slightly or non-suspicious 0

ECG Significant ST-depression 2
Nonspecific repolarization disturbance 1
Normal 0

Age ≥ 65 years 2
>45 – <65 years 1
≤ 45 years 0

Risk factors ≥ 3 risk factors*, or history of atherosclerotic disease^ 2
1 or 2 risk factors 1
No risk factors known 0

Troponin ≥ 3x normal limit 2
>1 - <3x normal limit 1
≤ normal limit 0

Total
Range: 0-10

*Risk factors include: currently treated diabetes mellitus, current or recent smoker, diagnosed and/
or treated hypertension, diagnosed hypercholesterolemia, family history of coronary artery disease 
(CAD), obesity (body mass index (BMI) >30)
^History of atherosclerotic disease include: coronary revascularization, myocardial infarction, stroke, 
or peripheral arterial disease, irrespective of the risk factors for CAD
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METHODS

Study design: stepped wedge randomised trial
We will use a prospective, stepped wedge cluster randomised trial17,18. Our aim is to 
include 6600 unselected chest pain patients from 10 hospitals in the Netherlands during an 
11-month period. Key study design features are shown in Figure 1 and Figure 2. In a stepped 
wedge design, there is no randomisation at patient level, but hospitals will be randomised 
with respect to the timing at which they introduce the HEART score. See Figure 1. During 
the first month, all chest pain patients presenting to the ten hospitals will receive usual care. 
Then, during a 10-month period, each month one randomly allocated hospital will start to 
apply the HEART score (HEART care period) and continue to do so until the end of the study. 
During the last month of the inclusion period all 10 hospitals will be using the HEART score.

Figure 1. The stepped wedge design for the HEART Impact study
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Figure 2. Flow of study and data collection in usual care period and in HEART care period

ED: emergency department, QoL: quality of life, EQ-5D: EuroQol Five-Dimensional, SF-36: short-form 
36, iPCQ: productivity cost questionnaire, MACE: major adverse cardiac events

‘Usual care’ and ‘HEART care’ period
Usual care is defined as ‘daily practice of the cardiologist or attending emergency physician 
to diagnose a patient with chest pain’. In this period, attending physician assess the risk 
based on their clinical skills, previous experiences, gut feeling and various other criteria 
(for example, described in European Society of Cardiology Guidelines6), without using the 
HEART score. No attempt was made to explicitly standardise usual care across all hospitals. 
The assessment will typically include: gender, age, medical (cardiac) history, symptoms, risk 
factors, and current drug use, physical examination with special attention for the heart and 
lungs, blood pressure, heart rate, blood tests, ECG, and any other diagnostic procedures 
the physician considers necessary. The standard blood tests include measurements of 
troponin, glucose levels, creatinin levels (with a calculated estimated glomerular filtration 
rate (eGFR) according to MDRD (modification of diet in renal disease)), haemoglobin, and 
any other blood test required. A standard 12-lead ECG is recorded by a trained employee of 
the ED and classified by a single cardiologist according to the Minnesota coding criteria. All 
investigations take place in the ED.

During the HEART care period, the HEART score will be formally determined in all patients. 
Decision-making about whether to admit a patient, any further testing or treatment 
decisions will be carried out similarly to usual care, with the exception of the availability of 
the HEART score in each individual patient and the recommendations linked to that score. 
This is also known as “directive use” of a prediction rule, as opposed to “assistive use” where 
only the predicted risk is given to the physician19. The recommendation for patients with a 
HEART score of 3 or lower will be reassurance and discharge. In those low-risk patients who 
are discharged, a second troponin will be performed at home to identify any missed ACS. 
A similar approach of home visits performed by ambulatory lab services was successfully 
applied in our earlier study in suspected ACS in primary care20. Obviously, in accordance 
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with daily practice, the attending physician may decide to overrule the recommendation 
corresponding to a low HEART score and admit a patient. In such a case, information 
about the reasoning for this escape will be collected. Patients with a HEART score in the 
intermediate range (4–6), will generally be admitted to the hospital for further observation 
and investigation. The high-risk group (7–10) will typically receive prompt (invasive) 
treatments.

Study population and recruitment
All patients above 18 years presenting with chest pain to the (cardiac) ED of 10 participating 
hospitals are eligible. Only patients presenting with evident ST-segment elevation 
myocardial infarction (STEMI) will be excluded, since there is no diagnostic dilemma in these 
patients. Typically, such patients are directly taken to the intervention room. In both study 
periods, information about the study procedure will be provided by the treating physician 
and written consent for the use of data and follow-up is obtained at the first appropriate 
moment after presentation at the ED. In the HEART care period, no consent from the patient 
is needed for the use of the HEART score, for several reasons. First, the number of additional 
procedures for patients is minimal since the HEART score consists of elements that are 
collected routinely. Furthermore, the HEART score is proven to be safe, and is a decision 
support tool rather than a real intervention, with the possibility for physicians to override 
the recommendations provided by the rule. The study was approved by the Institutional 
Review Board, and subsequently by the Boards of the participating hospitals.

Outcome measures
The HEART impact trial aims to measure both the intended positive changes as well as any 
unintended negative effects associated with the use of the HEART score. Patient outcomes, 
use of health care resources and costs will be determined in both periods.

Primary outcome: occurrence of MACE
The primary outcome is the 6-week occurrence of major adverse cardiac events (MACE), 
consisting of the following events: acute myocardial infarction (AMI), Percutaneous Coronary 
Intervention (PCI), Coronary Artery Bypass Grafting (CABG) surgery, or death due to any 
cause. To identify MACE after discharge, a phone-call will be made to all patients at home 
after 3 months. Any information that could indicate to possible endpoints will be further 
investigated through hospital charts, hospital discharge letters and information obtained 
from the patient’s general practitioner (GP). In addition, the Central Bureau for Statistics 
(CBS) will be consulted for information on vital status as the cause of death of participants. 
All cases with possible endpoints are reviewed by two independent adjudicators for 
endpoint classification. This adjudication committee will evaluate all relevant information 
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to decide, using ESC guidelines, whether MACE occurred. In case of disagreement between 
two adjudicators, the case is discussed in a plenary adjudication committee meeting until 
consensus is reached.

Secondary outcomes include the following:
• The occurrence of MACE in the specific subgroup of patients with a low HEART score.
• Use of health care resources. The number of hospital admissions/discharges, duration 

of hospital stay, duration of stay on the ED, number of readmissions and GP visits after 
discharge will be collected.

• Health-related quality of life. This will be determined in a subset of approximately 1000 
patients, in both time periods in five of the participating hospitals. Data on health-related 
quality of life are collected at baseline (at ED) using the EuroQol Five-Dimensional (EQ-
5D) questionnaire, and a 2-week and at 3-month follow-up using the short form-36 
(SF-36) and the EQ-5D questionnaires. SF-36 is a short-form health survey with only 
36 questions. For this study, we will only use the 11 questions addressing Health. EQ-
5D comprises the following 5 dimensions: mobility, self-care, usual activities, pain/
discomfort and anxiety/depression. Furthermore, the EQ VAS (visual analogue scale) 
records the respondent’s self-rated health on a vertical, visual analogue scale where 
the endpoints are labelled ‘Best imaginable health state’ and ‘Worst imaginable health 
state’. Higher scores are associated with a better health-related quality of life.

• Direct and indirect costs. These will be determined in a subset of approximately 1000 
patients, in both time periods in five of the participating hospitals. Actual medical costs 
using a health-care provider’s perspective are obtained in both the time periods. Medical 
resource use is extracted from the electronic hospital patient files. Unit cost prices will 
be determined in two participating hospitals, one academic and one peripheral hospital, 
using micro-costing if possible and top down costing otherwise. The iPCQ (Productivity 
Cost Questionnaire) will be used to collect quantitative data on the relation between 
illness, treatment and work performance. The iPCQ is divided into 3 modules: (1) 
reduced productivity at paid work due to work absenteeism, (2) reduced productivity at 
paid work without absence from work and (3) unpaid labour production.

Statistical analyses
The 6-week cumulative incidence of MACE in both the intervention and usual care period 
will be analysed at the patient level using a generalised linear mixed model (GLMM)21. Risk 
differences with corresponding 95% CIs will be estimated from this model. No baseline 
differences in prognostic factors between patients included in both periods are expected, 
but in case these do occur, covariates will be added to the GLMM model to adjust for these 
baseline differences. Differences in health-related quality of life at baseline, 2 weeks and 
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at 3 months will also be assessed, separately for the different questionnaires. Costs per 
patient will be calculated according to Dutch guidelines for pharmaco-economic analyses22, 
and costs of drugs prescribed will be based on Dutch formulary cost-prices.

Sample size
The aim of the HEART study is to evaluate whether the use of the HEART score streamlines 
the further management of chest pain patients, in particular whether it can identify low-
risk patients who can be discharged sooner than usual. However, these benefits become 
only relevant if the use of the HEART score does not lead to an increase in adverse cardiac 
events. Our sample size calculation is therefore based on demonstrating that proportion 
of patients with MACE is not inferior to the proportion observed with usual care. The 
proportion MACE expected during usual care is 17%. The non-inferiority margin is based on 
clinical judgement and available literature as 3%, thus accepting an upper limit of the 95% 
confidence interval (CI) during the intervention period of 20%. With 10 hospitals, inclusion 
of 60 patients per hospital per month, a between-hospital variation in incidence of 16 to 
18%, a one-sided alpha of 5% and a power of 80%, 6600 patients with chest pain should be 
included in total. Taken into account our inclusion rates of previous validation studies and 
with special attention and encouragement for inclusion, we expect a realistic inclusion rate 
of 60 patients per hospital per month.

Cost-effectiveness analysis
A cost-effectiveness analysis will be performed from a societal perspective, for a 3-month 
and a life-time time horizon. The 3-month time horizon corresponds to the actual follow-up 
period and will consider the observed differences in costs and quality of life. A GLMM will 
be used to assess cost-effectiveness, accounting for the randomisation of clusters instead of 
patients. Uncertainty will be addressed through the GLMM model which will be extended 
with cluster and patient-level covariates if baseline characteristics are imbalanced. The life-
time horizon will be applied to account for long-term costs and effects of the observed MACE. 
Here, the observed risks of MACE, as well as the direct treatment cost and productivity losses 
estimated using the friction cost approach, will serve as input for a Markov decision-analytic 
model23. If necessary, additional evidence on long-term costs and effects of adverse events 
will be obtained from the literature. Monte Carlo simulation will be applied to simulate the 
course of hypothetical patients through the model, and to estimate the number of quality-
adjusted life years and costs of both strategies. Costs will be discounted with 4% per annum, 
and effects with 1.5% per annum, according to Dutch guidelines. The incremental cost-
effectiveness ratio and the net monetary benefit (for various willingness to pay thresholds) 
will be estimated for the HEART score compared with usual care. Uncertainty will be 
assessed with probabilistic sensitivity analysis24, and results will be presented in incremental 
cost-effectiveness planes and cost-effectiveness acceptability curves.
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Regulation statement
This study will be conducted according to the principles of the current version of the 
declaration of Helsinki and in accordance with the Dutch law on Medical Research Involving 
Human Subjects Act (WMO).

Ethics committee approval
The study was approved by the Institutional Review Board (medical ethical committee of the 
University Medical Center Utrecht, the Netherlands), and subsequently by the Boards of the 
participating hospitals.

DISCUSSION

Clinical prediction rules, like any other health care intervention, need proper evaluation 
before wide-spread use in clinical practice. Two key steps in this evaluation include 
external validation and impact assessment. External validation studies can reveal several 
problematic issues associated with the use of a clinical prediction rule25-27. Firstly, the rule 
has been developed on a dataset that was too small in relation to the number of variables 
that have been considered. This increases the risk that particularities of the dataset will be 
modeled rather than robust relationships. The consequence is that the performance of the 
model will decrease when applied to new patients (external validation). This is known as 
over-fitting. Secondly, the rule has been derived in a population which does not match the 
population where clinicians would like to use the rule. Here, your prediction model may 
be developed statistically sound, but applied to a new population the performance may 
decrease meaningfully. However, even after proper development and good performance 
in validation studies, often clinical prediction rules are hardly or incorrectly used in daily 
practice, because of difficulties in application or because physicians are not convinced of its 
usefulness in clinical practice. This is especially the case when the outcome used in the rule 
has no direct relevance for clinical practice. For all these reasons, it is of vital importance to 
study the impact of a clinical prediction rule when applied in real-life practice. Increasingly, 
stepped wedge designs are applied to measure the impact of clinical decision rules in clinical 
practice28.The stepped wedge design combines elements of both the cluster randomised 
trial and the before-after design (see Figure 1). The stepped wedge design has several 
features that make this design attractive for such impact studies. These characteristics are 
outlined in Table 3. We chose the stepped wedge design as an informative, efficient and 
valid design to examine whether expected improvements in patient outcomes, use of health 
care resources, and costs can be achieved when implementing a health care intervention on 
a large scale.
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Table 3. Overview of key characteristics of the stepped wedge design

(i) Stepped wedge design has features of cluster randomisation, i.e. during a specific time 
period only type of intervention (usual care or HEART score) is administered

a. this reduces the risk of contamination
b. the effect of clustering needs to be taken into account in the statistical analysis

(ii) Stepped wedge design has features of a one direction cross-over trial, i.e. each hospital 
contributes data from both usual care and HEART score in a fixed order.

a. allows for comparison of results within hospitals which may be less confounded by 
differences in case mix than between hospitals

b. the fixed order from usual care to HEART score further reduces the risk of contamination as 
the HEART score is relatively simple to calculate.

c. due to the cross-over, each hospital will provide data about the (problems in) implementation 
of the HEART score

(iii) Switch from usual care to HEART score in hospitals is evenly and randomly distributed over 
calendar time

a. this reduces the impact of potential changes over time in other factors than the intervention
b. it facilitates the close monitoring and logistic of all activities surrounding the switch

(iv) Gradual implementation of new strategy is carried out, thereby providing data about the 
process itself.

CONCLUSION

It is of importance to generate valid evidence that the use of the HEART score compared 
to usual care is safe and leads to fewer admissions and diagnostic procedures in real-life 
clinical practice. Using the stepped wedge design, we can also monitor the process of 
implementation of a clinical support tool at the ED across hospitals that vary in size and 
population. Patient inclusion has started July 1st of 2013.
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ABSTRACT

Background: The HEART score is a simple instrument to stratify chest pain patients 
according to their probability of acute coronary syndrome, but its impact in daily 
practice is not known. We designed the HEART-Impact trial to measure the impact of its 
use on clinical outcomes and use of health care resources.

Methods: In a stepped wedge, cluster randomized trial, we included chest pain patients 
presenting at emergency departments (ED) in 9 Dutch hospitals between 2013 and 2014. 
All hospitals started with a ‘usual care’ period and over time hospitals consecutively 
switched to ‘HEART care’ in a randomly assigned order. During HEART care, the score was 
calculated by the treating physician for each patient with corresponding management 
recommendations for admission or discharge. For safety, a non-inferiority margin was 
set at an absolute increase in the 6-week incidence of major adverse cardiac events 
(MACE) of 3% during HEART care. Main other outcomes included use of health care 
resources, quality of life, and cost effectiveness. 

Results: In total 3,648 patients were included, 1,827 receiving usual care and 1,821 
HEART care. Six-week incidence of MACE during HEART care was 1.3% lower than during 
usual care (upper limit 95% CI: +2.0%). In low-risk patients (HEART score ≤3), MACE 
occurred in 2.0% (95% CI: 1.2-3.3) of the patients. The proportion of early discharge 
within 4 hours after initial presentation was higher during HEART care (34.4 vs. 30.6%, 
difference after adjustment for clustering and time steps 0.7%; 95% CI: -10.6 to +11.9%). 
No difference in readmissions, recurrent ED visits or GP visits occurred, but out-patient 
clinic visits increased, although not statistically significant. 

Conclusion: The use of the HEART score during initial assessment of chest pain patients 
is safe but the impact on the use of health care resources was limited, probably due to 
hesitations to base patient management on the score. 

Trial registration: ClinicalTrials.gov 80-82310-97-12154.
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BACKGROUND

Patients presenting with chest pain account for 6% of all emergency department (ED) 
visits1, corresponding with 8 million visits to EDs in the US each year2,3. In around 20% of 
these patients, the chest pain is caused by an acute coronary syndrome (ACS) and requires 
prompt admission and treatment. However, in the remaining 80%, the underlying condition 
is non-cardiac and mostly not life-threatening4: these patients could be discharged from 
the ED, and managed further by a general practitioner (GP) or at the out-patient clinic. 
The diagnosis of ACS can be challenging. Approximately 50% of the patients do not have 
classical symptoms of ACS5, and coronary angiography (CA) as the reference standard of 
investigation is invasive, costly and carries the risk of complications. Current management 
in the Netherlands as well as worldwide is rather conservative, with two thirds of patients 
being admitted or monitored at the ED, and often receiving unnecessary additional testing, 
which puts a large burden on health care resources1. Despite the current, conservative 
management, around 2% up to 6% of patients with ACS are still being missed6,7.

International guidelines advise the use of risk stratifying instruments in chest pain patients, 
as these are superior to clinical assessment alone8. However, the impact on patient 
outcomes of the use of these instruments has not been investigated8. Over the years several 
instruments have been developed, such as the TIMI score, the GRACE score and the HEART 
score, the latter being specifically developed for chest pain patients9. The HEART score is 
based on five key elements in the initial work-up of patients with chest pain: History, ECG, 
Age, Risk factors and Troponin (see Figure 1). Each of the five elements is scored as 0, 1 
or 2 points, leading to a maximum score of 10. Calculation of the HEART score provides 
the physician with a formal recommendation for admission, observation or discharge in 
individual patients. The HEART score showed promising results in external validation studies 
in various countries and types of hospitals10-17. We determined whether the use of the 
HEART score reduced patient burden, hospital admissions and health care costs, while not 
leading to an increase in the occurrence of adverse cardiac events. 
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Figure 1. HEART score for chest pain patients

METHODS

Study design 
The design of our trial has been previously described in detail18. We conducted a 
prospective, stepped wedge cluster randomized trial, see Figure 219. In this stepped wedge 
design all hospitals (clusters) started with an initial period of usual care. Subsequently, at 
regular intervals (“steps”) each hospital switched to “HEART care”, i.e. the use of the HEART 
score. At the end of the trial all hospitals had crossed over to using the HEART score. The 
order in which hospitals switch is randomized. A total of nine hospitals in the Netherlands 
participated. In none of these hospitals the HEART score was implemented or used before 
start of the trial. Characteristics of participating hospitals and the used troponin assays are 
shown in Appendix 1 and Appendix 2. 
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Figure 2. Stepped wedge design in the participating hospitals for the HEART-Impact trial

Inclusion period: 1st of July 2013 – 31st of August 2014
* inclusion numbers in usual care period
** inclusion numbers in HEART care period

Study population
All chest pain patients above 18 years presenting with chest pain to the (cardiac) ED of nine 
participating hospitals were eligible. Exclusion criteria were evident ST-segment elevation 
myocardial infarction (STEMI), language barriers, unable or unwilling to give informed 
consent. Patients were informed on the aim of the study by the treating physician and written 
consent for the use of data and follow-up was obtained. The study was conducted according 
to the principles of the current version of the declaration of Helsinki and in accordance with 
the Dutch law on Medical Research Involving Human Subjects Act (WMO). The trial was 
approved by the Institutional Review Board of the University Medical Center Utrecht, the 
Netherlands, and subsequently by the Boards of the participating hospitals.

‘Usual care’ versus ‘HEART care’ (Figure 3)
“Usual care” was defined as ‘daily practice of the cardiologist or attending emergency 
physician to evaluate a patient with chest pain’. In this period, attending physicians assessed 
the risk at the ED based on their clinical expertise, previous experiences, gut feeling and 
(inter)national clinical guidelines8, without the calculation and use of the HEART score. 

“HEART care” consisted of routine initial work-up with additionally the HEART score being 
formally determined in all patients and then linked to specific recommendations for further 
management (so called directive use20). The recommendation for patients with a HEART 
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score of 3 or lower was reassurance and discharge, without further diagnostic testing. In 
those low-risk patients who were discharged without a representative troponin, a second 
troponin was performed the same or next day at home to identify any missed ACS. If this 
approach was logistically not feasible, a second troponin was performed during their stay at 
the ED. Recommendations for patients with a HEART score in the intermediate-risk group 
(4-6) and for the high-risk group (score 7-10) were admission to the hospital for further 
observation and investigation, and prompt (invasive) treatments, respectively. In accordance 
with daily practice, the attending physician could decide to overrule the recommendation 
corresponding to the HEART score and for example admit a patient with a low score. In such 
cases, information about the reasons for not following the recommendation was collected. 
We prepared our participating hospitals before the start of inclusion with presentations 
during morning meetings, and personal instruction of the residents, nurses and cardiologists. 
Residents, nurses and cardiologists were informed about the timing of the switch to HEART 
care, just one week before the actual switch, with a meeting reviewing patient cases and 
exercises on calculation of the HEART score. 

Figure 3. Study protocol of the HEART-Impact trial
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Outcome measures 
Primary outcome
The primary outcome was the “safety” outcome: i.e. the 6-week occurrence of major 
adverse cardiac events (MACE), consisting of the following events: ST-segment elevation 
myocardial infarction (STEMI), non-ST-segment elevation myocardial infarction (NSTEMI), 
unstable angina (UA), percutaneous coronary intervention (PCI), coronary arterial bypass 
grafting (CABG), or death due to any cause. All these endpoints were defined according to 
recent guidelines8,21. To identify MACE after discharge, all patients were contacted by phone 
at home after 3 months. If we were not successful after multiple attempts, contact by e-mail 
was sought or the patient’s GP was contacted. Any information indicative of a relevant 
endpoint or use of health care resources was further investigated through consulting 
electronic hospital medical files and hospital discharge letters. All episodes indicating 
to a potential safety endpoint were reviewed by two independent cardiologists for final 
classification. These adjudicators evaluated all relevant information to decide whether 
MACE occurred or not, based on the definitions included in the relevant ESC (European 
Society of Cardiology) guidelines. In case of disagreement between two adjudicators, the 
case was discussed in a consensus meeting with at least three cardiologists being present.

Use of health care resources 
The number and causes of initial admissions, readmissions, recurrent ED visits, out-patient 
clinic visits within three months after the initial presentation were recorded in all patients. 
The number and reason of GP visits were asked during the telephone call with the patient. 
It was decided in advance to collect detailed data on the use of different cardiac diagnostic 
and therapeutic procedures in five of the nine participating hospitals. 

Quality of life 
Quality of life data were collected in patients from the same five participating hospitals 
during both usual and HEART care, at baseline, and at 2-week and at 3-month follow-up 
using the EuroQol Five-Dimensional (EQ-5D) questionnaire18. 

Direct costs
Health care resource use was extracted from the electronic hospital patient files from the 
same five participating hospitals. Unit cost prices were determined using the available 
literature22. 
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Statistical analyses
The 6-week cumulative incidence of MACE was analyzed using generalized linear models 
(GLM). The generalized estimating equation (GEE) approach was applied to take clustering 
of outcomes within hospitals into account19,23. Risk differences with corresponding 95% 
confidence intervals (CI) were estimated in order to evaluate non-inferiority of the main 
safety outcome of MACE. To directly estimate risk differences we used the identity link and 
the binomial distribution within the GLM. Our main model included type of care (usual 
care and HEART care) and steps (time) as a categorical variable. In subsequent models we 
adjusted for the following prognostic factors that could act as confounders: age, gender, any 
cardiovascular history and risk factors for CVD. We pre-specified three relevant subgroups 
to investigate whether the effect of HEART with respect to the incidence of MACE differed 
in men vs. women, above vs. below 75 years of age, diabetics vs. non-diabetics. A formal 
test of interaction was performed by adding the subgroup-by-treatment interaction to the 
model. The same modelling approach was applied for other binary outcomes: proportion of 
patients with early discharge; discharged from ED, readmitted; out-patient clinic visits; ED 
revisits; and diagnostic tests.

Sample size
The sample size calculation was based on demonstrating that the use of the HEART score 
would not lead to an absolute increase in the incidence of MACE of more than 3%. This non-
inferiority margin was based on clinical judgement and available literature. Therefore, the 
95% one-sided upper limit of the CI of the difference in MACE between HEART and usual 
care should not exceed 3%. The proportion MACE expected during usual care was 17%, 
and correlation in outcomes within hospitals was estimated at 16 to 18%. Based on these 
numbers, and a stepped wedge design with 10 clusters, the total sample size was calculated 
at 6,60018. 

Cost-effectiveness analysis
Differences in health-related quality of life at baseline, 2 weeks and at 3 months were 
assessed for the EQ-5D questionnaire. Costs per patient were calculated according to Dutch 
guidelines for pharmaco-economic analyses22. Bootstrapping (n=2,500) was used to obtain 
95% CIs around differences in quality of life estimates and costs. A cost-effectiveness analysis 
was performed, more information on this specific analysis was previously described18. 
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RESULTS

Patient characteristics
Between July 1, 2013 and August 31, 2014, a total of 3,666 patients met our inclusion and 
exclusion criteria and agreed to participate. Reasons for exclusion are depicted in Figure 4. 
Three patients (0.1%) withdrew from the study within 6 weeks and a total of 15 (0.4%) were 
lost to follow up. A total of 3,648 patients were included in the analysis: 1,827 in usual care 
and 1,821 in HEART care. Mean age was 62 years and 54% were male (Table 1). A low HEART 
score was calculated in 715 (39%) patients, an intermediate HEART score in 861 (47%), and 
a high HEART score in 190 (11%) of the patients. The HEART score was not calculated in 55 
(3%) patients during HEART care.

Figure 4. Patient flow chart of the HEART-Impact trial – according to CONSORT guidelines
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Table 1. Baseline characteristics of patients in the HEART-Impact trial

HEART care
(N=1,821)

Usual care
(N=1,827)

Demographics
Male 975 (54%) 1005 (55%)
Mean age (SD) 62 (14) 62 (14)
Vital signs at presentation
Mean systolic blood pressure in mm Hg (SD) 144 (24) 143 (24)
Mean diastolic blood pressure in mm Hg (SD) 81 (13) 81 (13)
Mean heart frequency (SD) 73 (15) 74 (17)
Killip class I 1796 (99%) 1809 (99%)
Cardiac risk factors
Diabetes Mellitus 285 (16%) 301 (16%)
Obesity (BMI>30) 327 (18%) 253 (14%)
Hypercholesterolemia 585 (32%) 683 (37%)
Hypertension 879 (48%) 926 (51%)
Positive family history 651 (36%) 599 (33%)
Current smoking 452 (25%) 444 (24%)
History of cardiovascular disease 596 (33%) 670 (37%)
History of AMI 288 (16%) 351 (19%)
History of PCI 344 (19%) 416 (23%)
History of CABG 131 (7%) 162 (9%)
History of CVA/TIA 101 (6%) 131 (7%)
History of peripheral artery disease 69 (4%) 77 (4%)
Laboratory results at presentation
Mean creatinin (SD) 80 (33) 82 (31)
Medication at presentation
Aspirin 621 (34%) 671 (37%)
P2Y12-inhibitor (clopidogrel) 109 (6%) 132 (7%)
Vitamin K antagonists (coumarin) 168 (9%) 190 (10%)
Other (Dipyridamol, Ticagrelor, DOAC) 69 (4%) 84 (5%)
HEART score
HEART score 0-3 (low risk) 715 (39%) -
HEART score 4-6 (intermediate risk) 861 (47%) -
HEART score 7-10 (high risk) 190 (11%) -
HEART score missing 55 (3%) -

SD: standard deviation, mm Hg: millimetres of mercury, BMI: Body Mass Index, AMI: acute myocardial 
infarction, PCI: percutaneous coronary intervention, CABG: coronary arterial bypass grafting, CVA: 
cerebrovascular attack, TIA: transient ischemic attack, DOAC: direct oral anticoagulant

Safety
The cumulative 6-week incidence of MACE was 18.9% during HEART care and 22.3% during 
usual care. The difference in MACE incidence (HEART care minus usual care) after adjustment 
for time steps and clustering was -1.3%, with a 95% one-sided upper confidence limit of 
+2.0%, demonstrating non-inferiority of HEART care as the non-inferiority margin was set at 
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3% (Figure 5). Adjustment for other prognostic factors did not meaningfully change the risk 
difference and none of the pre-specified subgroup analyses (women, elderly and diabetics) 
showed a statistically significant different effect of HEART care with respect to the incidence 
of MACE (data not shown). A total of 5 (0.3%) deaths occurred during HEART care and 9 
(0.5%) during usual care. Further details on the components of MACE are provided in Table 
2. The incidence of MACE in low-risk HEART patients was 2.0%, with one death of unknown 
cause occurring four weeks after initial presentation. This patient presented with atypical 
complaints and ECG and two troponin measurements were normal; the HEART score was 
calculated as 3, but should have been 4, since the patient was over 65 years and known 
with stroke. Detailed information on MACE in low-risk HEART care patients are provided in 
Appendix 3. The non-MACE group consisted of 2,900 (80%) patients, with a final diagnosis 
of this initial presentation of stable angina in 231 patients, rhythm disorders in 208 patients, 
heart failure 37 patients, pericarditis in 58 patients, and aspecific non-cardiac chest pain in 
2,366 patients. 

Figure 5. Non-inferiority of HEART care versus usual care
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Use of health care resources
No major differences between HEART care and usual care were observed (Table 3). The 
proportion of early discharge at the ED within 4 hours was slightly higher during HEART care 
(34.37 vs. 30.64%, leading to a difference after adjustment for clustering and time steps 
0.7%; 95% CI: -10.6 to +11.9%), but there was no difference in median length of stay (both 4 
hours). In the low-risk patients, 648 (91%) were discharged from ED after initial presentation, 
although 232 (36%) of those were discharged after prolonged observation (>4h). Of the 9% 
low-risk HEART patients admitted to the hospital, 42 received a final diagnosis of aspecific 
chest pain, 18 patients a non-cardiac diagnosis (e.g. cholangitis or pleuritic pain) and 7 
patients were diagnosed with cardiac ischemia. The total number of days of admission 
(3,085 vs. 3,365 days) and total number of initial admissions to the CCU during HEART care 
(355 vs. 430 admissions), as well as the median duration of stay after initial presentation 
(3 vs. 4 days) were lower in the HEART care than in the usual care group. After adjustment 
for clustering and time steps, no difference in readmissions, recurrent ED visits, or GP visits 
occurred. During HEART care an increase in out-patient clinic visits occurred (69.1 vs. 59.4%, 
leading to a difference adjusted for time steps and clustering of 1.9%; 95% CI: -6.2 to 8.5%). 
This increase consisted of visits to the cardiologist, but also to other out-patient clinics such 
as internal medicine. In addition, a small decrease in stress bicycle testing, nuclear testing 
and coronary angiography were observed during HEART care: this was not statistically 
significant after adjustment for clustering and time (Table 4). 

Adherence to the HEART score policy
Physicians were asked to adhere to the formal recommendation of each HEART risk category, 
unless they felt this was not feasible or unsafe. Non-adherence meant (1) no discharge in 
low-risk patients, (2) no observation or non-invasive testing, or immediate invasive testing, 
in intermediate-risk patients, and (3) no intention for invasive treatment and diagnostic 
procedures in high-risk patients. In total, non-adherence occurred in 605/1,778 (34%) 
HEART care patients. This non-adherence occurred in 244/715 (34%) low-risk patients, in 
314/861 (36%) intermediate-risk patients, and 47/190 (25%) high-risk patients. Reasons for 
non-adherence in low-risk patients were not given in 117 patients (47%), “gut feeling” in 70 
patients (29%), alternative diagnosis being more probable in 33 patients (13%) and logistics 
in 27 patients (11%).
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Quality of life, costs, and cost-effectiveness analysis
Quality of life scores obtained from the EQ-5D at baseline, 2 weeks and 3 months were 0.71, 
0.73, 0.77 for HEART care and 0.70, 0.71, 0.73 for usual care, respectively. Health outcomes 
over the full 3 months following initial presentation, expressed as Quality-Adjusted Life Years 
(QALYs) per patient were 0.172 and 0.165 for HEART and usual care: a difference of 0.007 
QALYs, 95%CI (0.001 to 0.012). QALYs calculated using the VAS scores were lower, but the 
difference was similar. Mean direct health care costs per patient were €3061 (95% CI: €2623 
to 3527) and €3258 (95% CI: €2827 to 3762) for HEART and usual care: a difference of €−197 
(95% CI: € −876 to 450). Given the improvement in health outcomes and the reduction 
in costs, HEART care was cost-effective and dominated usual care. However, differences 
in health outcomes and costs were small, with substantial remaining uncertainty. The 
probability that HEART dominated usual care equaled 71.0%, the probability that HEART 
was cost-effective for a Willingness-to-Pay (WTP) threshold of €20,000/QALY equaled 99.4%. 
Appendix 4 shows the results of the cost-effectiveness analysis.

DISCUSSION

In our stepped wedge cluster randomized trial comparing the application of the HEART 
score with usual care in chest pain patients, non-inferiority for the safety outcome MACE 
was demonstrated with a difference in the incidence of -1.3%, with a 95% one-sided 
upper confidence limit of +2.0%. More patients were discharged early within 4 hours after 
initial presentation (34.4% vs. 30.6%; difference after adjustment for clustering and time 
steps 0.7%; 95% CI: -10.6 to +11.9%). After adjustment for clustering and time steps, no 
difference in readmissions, recurrent ED visits, out-patient clinic visits, GP visits or diagnostic 
procedures occurred.

Our findings on safety are in line with several previous studies of the HEART score, in 
which the MACE incidences in the low-risk patients ranged from 0.6 to 1.7%9-17. Than et 
al. as well as Kline et al. describe false-negative rates of <1% or <2% to be acceptable for 
clinicians24,25. Although other risk scores have been developed and validated26-29, to our 
knowledge none of them was tested in an impact study in daily practice. Advantages of 
the HEART score are that it is a very simple score (5 items, each with a score of 0, 1 or 2), 
and that it was developed specifically for chest pain patients. Furthermore, it identifies the 
largest proportion of patients as “low risk” eligible for early discharge from the ED without 
compromising safety11,13-15. Mahler et al. showed that the HEART score identified 20% of all 
patients (95% CI: 18–23%) for early discharge with 99% (95% CI: 97–100%) sensitivity for 
ACS13. In a small trial of 282 patients Mahler et al. compared the use of the HEART score to 



R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39

Impact of HEART score in chest pain patients: results of the HEART-Impact trial

69

4

usual care: objective cardiac testing at 30 days decreased by 12.1% (68.8% versus 56.7%; 
P=0.048) and length of stay by 12 hours (9.9 versus 21.9 hours; P=0.013). Early discharges 
increased by 21.3% (39.7% versus 18.4%; P<0.001). No patients identified for early discharge 
had MACE within 30 days15. 

Our trial has several strengths. This large impact trial included patients in a multicenter 
collaboration with several types of hospitals, making our results highly generalizable. 
Furthermore, this pragmatic trial is a reflection of the current real-life effect of the 
implementation of the HEART score, taking into account all possible intended and 
unintended effects of its use. Additionally, we had a complete follow-up in all but few 
patients (99.2%). Another feature of our study is the use of the stepped wedge design30. 
This design allows for the adjustment of changes occurring over time, which is not the case 
in a standard cluster randomized trial. The design also reduces the risk of contamination, 
compared to a trial including randomization at the patient level. Another strength of the 
study is that we ensured no HEART score was calculated during the usual care by instructing 
hospitals that they were going to switch to the HEART score very shortly before the actual 
switch to the HEART score. Additionally, we checked all admission charts and did not find 
documentation of HEART scores during usual care. Last, we included unstable angina and 
all revascularization procedures in our definition of MACE, since we wished to have a broad 
clinically relevant endpoint. Excluding unstable angina and elective revascularization would 
have decreased our low-risk MACE incidence to 1.0% (7/715). 

Our study has several limitations. First, there may have been selective inclusion of patients 
during the HEART care and the usual care period which may affect the difference of MACE 
incidence between study periods, in case the selection process differs. This latter is, however, 
very unlikely. We did observe small changes in estimates when taking the effect of time into 
account. Adjustment for other known prognostic factors of MACE did not have an impact on 
the difference in MACE between HEART care and usual care. Second, we did not reach the 
number of patients calculated in our initial sample size calculations. This was mainly caused 
by withdrawal of one large participating hospital one week before the start of the trial and 
by the time constraints experienced at the ED to ask for informed consent. Also, the stepped 
wedge leads to a fixed number and length of steps reducing flexibility to add clusters or 
increase the inclusion period. Despite the lower number of inclusions, our study was still 
able to show non-inferiority: the non-inferiority margin was not exceeded. Also, there is no 
consensus on the optimal way to calculate the sample size for stepped wedge designs31,32. 
Third, since this was a pragmatic trial, usual care was not explicitly standardized. In order to 
partially account for this, we chose participating hospitals of various types and sizes. 
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There may be several possible reasons explaining the limited effect on health care utilization 
we observed. First, physicians calculated the score, but did not always adhere to the score’s 
recommendation. A possible explanation for this non-adherence can be the difficulty to 
change behaviour. Getting familiar with calculations and adherence to a new algorithm takes 
time. The impact of the HEART score on health care utilization may become more prominent 
if it had been used for a longer period, with more low-risk patients being discharged at an 
earlier stage. In addition, there may have been a lack of trust in the safety of the score. 
This could also explain the increase of out-patient clinic visits during HEART care (although 
this was not statistically significant). Earlier studies showed that in patients with chest pain 
the rate of false-negatives is 6.4%7, and the estimated incidence of unexpected sudden 
death is around 0.05-0.1%33. Accepting this inevitable risk is becoming less achievable in 
daily practice and poses a dilemma for both physician, patient and society34. A final reason 
for non-adherence to the recommendations could be the financial incentives of admission, 
testing and out-patient clinic visits. 

Other types of protocols with cardiac markers or imaging have been advocated in the 
literature, for example a troponin protocol, in which the time interval to the second troponin 
assessment can be shortened to one hour after admission8,35,36. However, they include only 
myocardial infarction and death in their MACE definition, and, most importantly, the impact 
of the use of these protocols in real-life practice has not been studied. A possible adjustment 
of the HEART score to meet the current hesitation or skepticism to use the HEART score, 
would be to combine the calculation of the HEART score with this 1-hour troponin protocol. 
The use of coronary computed tomographic angiography (CCTA), a more invasive approach, 
has shown to reduce the length of stay37,38, but CCTA does not result in better clinical 
outcomes than functional testing39, and has not shown to date to be cost-effective when 
already a high-sensitive troponin (current daily practice) is used8. Moreover, a comparison of 
these and other studies with our study is difficult, since different populations were included 
and outcomes definitions or follow-up time varied. 

We conclude that the HEART score is an accurate risk stratification instrument, and safe to 
use when assessing patients with chest pain. The full potential of the HEART score in terms 
of considerable reductions in health care costs was not achieved in our trial. This is possibly 
due to hesitance to refrain from admitting patients and additional testing in case of patients 
with low scores. If such barriers are addressed and patient management would be guided by 
the HEART score, a more considerable effect on health care costs might be achieved. 
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Appendix 1. Characteristics of troponin kits and cut-offs of hospitals in the HEART-Impact trial

Hospital Type of troponin Type of troponin 
T or I

Analyzer Cut-off value

Hospital 1 conventional I Siemens dimension vista 45 ng/l
Hospital 2 conventional I Beckman Coulter DxI 40 ng/l
Hospital 3 high sensitive T Roche modular 14 ng/l
Hospital 4 high sensitive T Roche Cobass 10 ng/l
Hospital 5 conventional I Beckman Coulter DxI 60 ng/l
Hospital 6 high sensitive T Roche Cobass 14 ng/l
Hospital 7 high sensitive T Roche Cobass 30 ng/l + delta >8ng
Hospital 8 high sensitive T Roche modular 50 ng/l
Hospital 9 high sensitive T Roche Cobass 14 ng/l

Appendix 2. Characteristics of participating hospitals in the HEART-Impact trial

Hospital Type Size: number of beds Revascularation options in own hospital
Hospital 1 peripheral 505* No
Hospital 2 peripheral 262* No
Hospital 3 academic 733 PCI and CABG
Hospital 4 peripheral 1,230** PCI
Hospital 5 academic 1,042** PCI and CABG
Hospital 6 peripheral 1,102 PCI and CABG
Hospital 7 peripheral 550** PCI and CABG
Hospital 8 peripheral 378** No
Hospital 9 peripheral 255 No

* in 2012
** in 2013
PCI: percutaneous coronary intervention, CABG coronary arterial bypass grafting, ED Emergency 
department
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Quality of life is shown for complete cases and after imputation with a bootstrap sample of 2500 
bootstraps. 
a) Utility – EQ5D

N=1768 0 weeks 2 weeks 12 weeks
Complete cases N=1655 N=1211 N=1128
Mean CC Usual Care (sd) 0.71 (0.26) 0.71 (0.25) 0.73 (0.25)
Mean CC HEART 0.71 (0.24) 0.74 (0.24) 0.77 (0.23)
Mean difference* 0.01 0.02 0.04
Missing values USUAL 64 (6.1%) 324 (30.7%) 391 (37.1%)
Missing values HEART 49 (6.9%) 233 (32.6%) 249 (55.9%)
Multiple imputation (m=10)
Mean usual 0.70 0.71 0.73
Mean heart 0.71 0.73 0.77
Mean difference* 0.005 0.022 0.042
Bootstrap (x=2500)
SE of difference* 0.012 0.014 0.014
95 % quantile (difference*) (-0.018; 0.028) (-0.005; 0.049) (0.013;0.069)

* Difference is defined as heart intervention − usual care

b) VAS score

N=1768 0 weeks 2 weeks 12 weeks
Complete cases N=1630 N=1210 N=1127
Mean Usual Care (sd) 58.53 (18.0) 67.30 (18.85) 68.89 (18.24)
Mean CC HEART 58.55 (16.6) 67.37 (19.10) 70.69 (16.76)
Mean difference* 0.02 0.07 1.80
Missing values USUAL 88 (8.3% ) 325 (30.8%) 394 (37.3%)
Missing values HEART 50 (7.0%) 233 (32.6%) 247 (55.7 %)
Multiple Imputation (m=10)
Mean usual 58.53 66.97 68.45
Mean heart 58.74 66.47 70.37
Mean difference* 0.204 -0.504 1.919
Bootstrap (x=2500)
SE of difference* 0.849 1.132 1.055
95 % quantile (difference*) (-1.469; 1.874) (-2.651; 1.695) (-0.156; 3.975)

* Difference is defined as heart intervention − usual care
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c) Quality adjusted life months/years

N=1768 QoL after 12 weeks QALYs
Complete cases N=942 N=942
Mean CC Usual Care (sd) 8.66 0.16
Mean CC HEART 8.99 0.17
Mean difference* 0.33 0.0062
Missing values USUAL 487 (46.2%) 487 (46.2%)
Missing values HEART 339 (47.5%) 339 (47.5%)
Multiple imputation (m=10)
Mean usual 8.60 0.165
Mean heart 8.96 0.172
Mean difference* 0.35 0.007
Bootstrap (x=2500)
SE of difference* 0.142 0.003
95 % quantile (difference) (0.063; 0.615) (0.001; 0.012)
Number of ED visits for chest pain problems; 200000 (2013) (10% of the 2.0 million ED visits in 2013 
in the Netherlands)

d) Costs

N=1768 After 12 weeks
Multiple imputation (m=10)
Mean usual 3258.39
Mean heart 3061.31
Mean difference* -197.08
Bootstrap (x=2500)
SE of difference* 335.78
95 % quantile (difference*) (-876.20; 450.39)

e) Cost-effectiveness

Probability
Better and cheaper 0.710
Better and more expensive 0.284
Worse but cheaper 0.003
Worse and more expensive 0.004
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ABSTRACT

Background: Cardiac risk scores have been developed to improve risk stratification in 
patients presenting with chest pain at the emergency department (ED). We compared 
the performance of the GRACE, HEART and TIMI scores in predicting the probability of 
acute coronary syndrome (ACS) in patients presenting with chest pain at the ED.

Methods: Patients presenting with chest pain at the ED, included in the HEART-impact 
trial in nine Dutch hospitals, were included in the analysis. The primary outcome was 
major adverse cardiac events (MACE) within 6 weeks. The HEART score was determined 
by the treating physician during presentation at the ED. The GRACE and TIMI score 
were calculated based on routinely collected data. The performance of the scores was 
compared by calculating areas under the ROC curves (AUC). In addition, we compared 
the number of low-risk patients identified by each score as well as the safety (i.e. the 
incidence of MACE in low-risk patients), defining safety as missing no more than 5% 
of all patients with MACE (scenario I) or missing no more than 2% of all patients with 
MACE (scenario II).

Results: In total, 1,748 (54% male, mean age 62) were included. The 6-week cumulative 
incidence of MACE was 19%. The AUC of GRACE, HEART, and TIMI were, 0.73 (95% CI: 
0.70-0.76%), 0.86 (95% CI: 0.84-0.88%) and 0.80 (95% CI: 0.78-0.83%), respectively. The 
differences in AUC were highly statistically significant. At an absolute level of safety of 
missing no more than 5% of all patients with MACE, the GRACE score identified 334 
patients as “low risk” while in 12/334 (3.6%) patients a MACE was missed; the HEART 
score identified 708 patients as “low risk” with 14/708 (2.0%) missed MACE. The TIMI 
score identified 439 “low risk” patients with 15/439 (3.4%) missed MACE. 

Conclusion: The HEART score outperformed the GRACE and TIMI scores in discriminating 
between those with and without ACS in patients with chest pain. In addition, the HEART 
score identifies the largest group of low-risk patients without compromising safety. 
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BACKGROUND

Up to 6.3% of emergency department (ED) visits are related to chest pain1. An urgent question 
in these patients is whether they have acute coronary syndrome (ACS), as any delay in 
diagnosis and treatment can have a negative impact on their prognosis2-4. Normal values 
of troponin and a normal electrocardiogram (ECG) still do not exclude ACS completely. 
As a result, the majority of patients presenting with chest pain are currently hospitalized 
and extensively evaluated with non-invasive stress testing or imaging, or with an invasive 
coronary angiography5. However, of all chest pain patients less than 25% will have an ACS5. 
If patients at low risk for ACS could be recognized early in the diagnostic process, it has the 
potential to reduce patient burden, length of stay at the ED, frequency of hospitalization 
and costs6-8. 

To diagnose ACS, physicians use patient history, ECG abnormalities, cardiac markers (notably 
troponin) and several other potential variables2,9. International cardiac guidelines state that 
chest pain patients presenting to the ED should be assessed with a risk stratification tool or 
risk score2,10,11 and over the years, a number of tools have been developed12-20. Three well-
known risk scores are the GRACE score, the HEART score and the TIMI score, see Table 1 
and Appendix 115,16,19. Risk scores combine and weigh various predictors to calculate the risk 
of ACS for an individual patient. They are based on readily available information collected 
during the initial work-up of chest pain patients.

Studies directly comparing the performance of risk scores in the same population of 
chest pain patients are rare and typically, the sample sizes of these studies are small21-24. 
Furthermore, it is unclear which risk score performs best in identifying patients at low risk of 
ACS, as these patients are candidates for early discharge from the ED (triage role). Therefore, 
we compared the performance of the GRACE, HEART and TIMI risk scores in identifying ACS 
in patients presenting with chest pain at the ED.

METHODS

Study population
Our study population consisted of patients participating in the HEART-impact trial. In short, 
this trial investigated the impact of the use of the HEART score in daily practice on safety, 
quality of life and use of health care resources. The trial was designed as a pragmatic, 
stepped wedge, cluster randomized trial and compared usual care with HEART score care 
(i.e. calculation of the HEART score and adherence to recommended patient management 
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depending on the score; see Appendix 2 and25. Any patient with chest pain presenting to 
the ED was eligible for inclusion. Patients that were directly recognized as having STEMI 
were excluded, because of the lack of diagnostic uncertainty. All included patients provided 
written informed consent. Further details can be read in the published study protocol25. 
For our current study, we only analyzed patients who were included during the HEART care 
period (half of the original study population), since specific measures were taken during the 
usual care period of the HEART-Impact trial to ensure the HEART score was not calculated. 

Endpoints
The main endpoint in our study was major adverse cardiac events (MACE) within 6 weeks 
after the initial ED presentation. MACE consisted of unstable angina (UA), non-ST elevation 
myocardial infarction (NSTEMI), ST-elevation myocardial infarction (STEMI), percutaneous 
coronary intervention (PCI), coronary arterial bypass grafting (CABG), stenosis managed 
conservatively, cardiovascular death, non-cardiovascular death and death with unknown 
cause. The potential occurrence of MACE was identified by means of a phone call with 
each patient at 3 months after presentation25. In case the patient could not be contacted, 
the patient’s general practitioner was contacted and the electronic hospital records were 
investigated. All information possibly indicating MACE was further investigated by examining 
medical records from the hospital and/or the general practitioner. All potential events were 
then adjudicated by two independent cardiologists and it was decided whether a MACE 
occurred or not. The adjudication was done blinded for the GRACE, HEART and TIMI scores25.

Calculation of the risk scores
All variables used in the risk scores were collected at time of presentation at the ED and are 
depicted in Table 1. The GRACE score and TIMI score were calculated automatically from the 
recorded data, without interpretation by the investigators. The HEART score was calculated 
by physicians at the moment of admission at the ED during the HEART care period25. 

Statistical analysis
Continuous variables were presented as means with standard deviations, categorical 
variables were presented as absolute number of patients with corresponding percentages. 
Cut-off values of troponin were provided by all participating hospitals to assess whether 
the level of this cardiac marker was elevated. We compared the discrimination of the 
three scores by examining their ROC curves and calculating the areas under the ROC curve 
(AUCs), also known as the c-statistic, and the corresponding 95% confidence intervals (CI). 
To compare the c-statistics we used the method of DeLong26, which takes into account the 
paired nature of our data as all three scores were determined in each patient. One of the 
key roles of these risk scores is to identify patients at low risk for MACE. Therefore, we 
compared the number of patients identified as “low risk” at a fixed level of safety. In our 
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baseline scenario we calculated the cut-off for each risk score with an absolute safety level 
of no more than 5% of all patients with MACE being missed. The risk score with the highest 
number of patients identified as low risk considering this safety level can then be considered 
the most efficient score. We considered an alternative scenario with an absolute safety level 
of missing not more than 2% of all patients with MACE. Both the baseline and alternative 
scenario of safety levels were based on the first measurement of troponin at the ED. To 
reflect current clinical practice most closely, we also calculated all three scores based on 
the first and (when available) second troponin measurement and again assessed the scores’ 
efficiency and safety. Furthermore, to facilitate comparison with other studies, we also 
assessed the efficiency and safety, when the primary endpoint of MACE consisted of only 
AMI and/or death. We used Statistical Package for the Social Sciences (IBM SPSS statistics, 
version 21) for all statistical analyses, except for the comparison of the paired ROC curves 
and AUC for which we used SAS version 9.1.

Table 1. Variables present in GRACE score, HEART score and TIMI score

Variables GRACE 
score

HEART 
score

TIMI 
score

Age X X X
Gender
History Suspicious (physicians’ opinion) X

Severe angina (≥2 events in last 24h) X
Use of aspirin last 7 days X
Killip class X

Physical examination Heart rate X
Systolic blood pressure X

ECG ST deviation X X X
Repolarization disorder, LBBB or pacemaker X
Cardiac arrest at admission X

Laboratory results Creatinin level X
Positive cardiac enzyme$ X X X

Risk factors Previous atherosclerotic disease# X
Previous coronary artery disease X
Prior coronary artery stenosis ≥50% X
Current smoking* X X
Diabetes mellitus X X
Family history of cardiovascular disease X X
Hypercholesterolemia X X
Hypertension X X
Obesity (body mass index >30) X

ECG: electrocardiogram, LBBB: left bundle branch block 
$ troponin or creatin kinase–MB 
# previous atherosclerotic disease was defined as myocardial infarction, coronary arterial bypass 
grafting, percutaneous coronary intervention, stroke or transient ischemic attack, peripheral artery 
disease
* smoking in the HEART –impact trial was defined as smoking currently or stopped < 3 months 
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RESULTS

Study population
Patients were enrolled between July 1, 2013 and August 31, 2014 in nine hospitals in 
the Netherlands. For patient flow see Figure 1. In total 3,666 patients were included in 
the HEART-Impact trial, with 1,833 (50%) patients included during HEART care period. Of 
these 1,833 HEART care patients, 10 patients (0.5%) were lost to follow-up, and 2 patients 
(0.1%) withdrew their informed consent. In 20 patients (1.1%) the GRACE score could not 
be calculated due to missing creatinin or systolic blood pressure levels. The HEART score 
was not calculated by the physician at ED in 55 patients (3.0%). The TIMI score could be 
calculated in all patients. In a total of 73 (4.0%) patients, one or more risk score could not 
be calculated and therefore 1,748 patients were used in the analysis. The mean age of these 
patients was 62 years and 54% was male. Patient characteristics are shown in Table 2. 

Figure 1. Patient flow chart for patients included in current comparison of performance of the GRACE 
score, HEART score and TIMI score
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Table 2. Baseline characteristics

All patients
(n=1,748)

Patients with 
MACE (n=326)

Patients without 
MACE (n=1,422)

Demographics

Male 937 (54%) 227 (70%) 710 (50%)
Mean age (SD) 62 (14) 67 (11) 60 (15)
Vital signs at presentation:
Mean systolic blood pressure in mm Hg (SD) 144 (23) 147 (23) 143 (23)
Mean diastolic blood pressure in mm Hg (SD) 81 (13) 82 (13) 81 (13)
Mean heart frequency (SD) 73 (15) 75 (17) 73 (15)
Killip class I 1723 (99%) 317 (97%) 1406 (99%)
Cardiac risk factors
Diabetes Mellitus 271 (16%) 68 (21%) 203 (14%)
Obesity (BMI >30) 319 (18%) 58 (18%) 261 (18%)
Hypercholesterolemia 559 (32%) 117 (36%) 442 (31%)
Hypertension 846 (48%) 209 (64%) 637 (48%)
Positive family history 629 (36%) 117 (36%) 512 (36%)
Current smoking 441 (25%) 81 (25%) 360 (25%)
History of cardiovascular disease* 576 (33%) 154 (47%) 422 (30%)
History of AMI 277 (16%) 65 (20%) 212 (15%)
History of PCI 331 (19%) 91 (28%) 240 (17%)
History of CABG 128 (7%) 36 (11%) 92 (6%)
History of CVA/TIA 98 (6%) 27 (8%) 71 (5%)
History of peripheral artery disease 69 (4%) 25 (8%) 44 (3%)
Laboratory results at presentation
Mean creatinin (SD) 80 (33) 85 (22) 78 (35)
Medication at presentation
Aspirin 597 (34%) 153 (47%) 444 (31%)
P2Y12-inhibitor (clopidogrel) 107 (6%) 40 (12%) 67 (5%)
Vitamin K antagonists (coumarin) 162 (9%) 33 (10%) 129 (9%)
Other (Dipyridamol, Ticagrelor, DOAC) 62 (4%) 14 (4%) 48 (3%)

SD: standard deviation, mm Hg: millimetres of mercury, bpm: beats per minute, BMI: Body Mass 
Index, AMI: acute myocardial infarction, PCI: percutaneous coronary intervention, CABG: coronary 
arterial bypass grafting, CVA: cerebrovascular attack, TIA: transient ischemic attack, DOAC: direct oral 
anticoagulant

Endpoints
A total of 543 MACE occurred in 326 (19%) patients, consisting of 99 (6%) UA, 201 (11%) 
NSTEMI, 11 (1%) STEMI, 41 (2%) stenosis managed conservatively, 141 (8%) PCI, 45 (3%) 
CABG, 1 (0.1%) cardiovascular death, 1 (0.1%) non-cardiovascular death and 3 (0.2%) deaths 
from an unknown cause. 
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Performance of the risk scores
In Figure 2, the ROC curves of the GRACE score, HEART score and TIMI score are shown. The 
AUC of the HEART score was highest with 0.86 (95% CI: 0.84-0.88), followed by the AUC of 
the TIMI score with 0.80 (95% CI: 0.78-0.83) and the GRACE score with an AUC of 0.73 (95% 
CI: 0.70-0.76). All differences in AUC were highly statistically significant: all p-values <0.001. 
Table 3 shows the comparison of performance of GRACE, HEART and TIMI score in terms 
of safety and efficiency, using only the first troponin measurement taken during the initial 
assessment at the ED. Scenario I used an absolute level of safety of missing no more than 
5% of all patients with MACE to define a “low-risk” group. At this absolute safety level, the 
GRACE score classified 334 patients as “low risk” of whom 12/334 (3.6%) patients developed 
MACE. Using the same absolute safety level, the HEART score classified 708 patients as “low 
risk” with 14/708 (2.0%) patients developing MACE. Lastly, the TIMI score identified 439 
patients as “low risk” with 15/439 (3.4%) having a MACE.

We repeated the analyses at a different absolute safety level of missing no more than 2% 
of MACE in all patients with MACE (scenario II). This sensitivity analysis showed that the 
HEART score again was the more efficient score with a low-risk group of 381 patients versus 
231 and no patients for the GRACE and TIMI scores, respectively. The proportion of MACE 
in these low-risk groups were 0.9% and 2.2% for respectively the HEART and GRACE scores. 
Furthermore, to facilitate comparison with other studies, we also identified the number of 
patients with an acute myocardial infarction (AMI) or death, which are shown in Table 3. To 
reflect current clinical practice with serial troponin measurements closely, Table 4 shows 
the comparison of performance of GRACE, HEART and TIMI score, in terms of safety and 
efficiency, based on the first and second troponin measurement (when performed). At the 
absolute safety level of 5%, the GRACE score classified 340 patients as “low risk” of whom 
14/340 (4.1%) patients developed MACE. Using the same absolute safety level, the HEART 
score classified 707 patients as “low risk” with 13/707 (1.8%) patients developing MACE. 
Lastly, the TIMI score identified 430 patients as “low risk” with 8/430 (1.9%) having a MACE. 
Repeating this for the 2% absolute safety level for total missed MACE resulted in MACE 
in the low-risk groups of 2.5% (6/243) and 0.8% (3/381) for the GRACE and HEART score, 
respectively. The TIMI score did not have a low-risk group within this limit of 2% total missed 
MACE.
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Table 3. Comparison of performance of GRACE score, HEART score and TIMI score in terms of safety 
and efficiency based on first troponin measurement

<5.0% patients identified with MACE of total 
patients with MACE

GRACE 
score

HEART 
score

TIMI 
score

Corresponding cut-off for “low risk” ≤72 points ≤3 points 0 points
Actual number of patients with MACE in “low 
risk” group / total patients with MACE

12/326 (3.7%) 14/326 (4.3%) 15/326 (4.6%)

      Of which AMI 4 3 6
      Of which death 0 1 0
Number of patients classified as “low risk” / 
total number of patients

334/1748 (19.1%) 708/1748 (40.5%) 439/1748 (25.1%)

Percentage of MACE in “low risk” group 3.6% (12/334) 2.0% (14/708) 3.4% (15/439)

<2.0% patients identified with MACE of total 
patients with MACE

GRACE 
score

HEART 
score

TIMI 
score

Corresponding cut-off for “low risk” ≤66 points ≤2 points   -*
Actual number of patients with MACE in “low 
risk” group / total patients with MACE

5/326 (1.5%) 3/326 (0.9%) -

      Of which AMI 1 1 -
      Of which death 0 0 -
Number of patients classified as “low risk” / 
total number of patients

231/1748 (13.2%) 381/1748  (21.8%) -

Percentage of MACE in “low risk” group 2.2% (5/231) 0.5% (2/381) -

MACE: major adverse cardiac events, AMI: acute myocardial infarction
* at the lowest TIMI score, this absolute safety level is not fulfilled

Table 4. Comparison of performance of GRACE score, HEART score and TIMI score in terms of safety 
and efficiency, based on the first and second troponin measurement (when performed)

<5.0% patients identified with MACE of total 
patients with MACE

GRACE 
score

HEART 
score

TIMI 
score

Corresponding cut-off for “low risk” ≤73 points ≤3 points 0 points
Actual number of patients with MACE in “low 
risk” group / total patients with MACE

14/326 (4.3%) 13/326 (4.0%) 8/326 (2.5%)

      Of which AMI 5 3 0
      Of which death 0 1 0
Number of patients classified as “low risk” / 
total number of patients

340/1748  (19.5%) 707/1748  (40.5%) 430/1748  (24.6%)

Percentage of MACE in “low risk” group 4.1% (14/340) 1.8% (13/707) 1.9% (8/430)

<2.0% patients identified with MACE of total 
patients with MACE

GRACE 
score

HEART 
score

TIMI 
score

Corresponding cut-off for “low risk” ≤67 points ≤2 points   -*
Actual number of patients with MACE in “low 
risk” group / total patients with MACE

6/326 (1.8%) 3/326 (0.9%) -

      Of which AMI 1 1 -
      Of which death 0 0 -
Number of patients classified as “low risk” / 
total number of patients

243/1748  (13.9%) 381/1748  (21.8%) -

Percentage of MACE in “low risk” group 2.5% (6/243) 0.8% (3/381) -

MACE: major adverse cardiac events, AMI: acute myocardial infarction
* at the lowest TIMI score, this absolute safety level is not fulfilled
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Figure 2. Receiver-operating-characteristic (ROC) curves and corresponding Areas under the curve 
(AUCs) of GRACE, HEART and TIMI score to predict major adverse cardiac events within 6 weeks

DISCUSSION

Our head-to-head comparison of three well-known and extensively validated risk scores in 
1,748 patients presenting with chest pain at the ED, showed that the HEART score had the 
highest overall discrimination to predict MACE with an area under the ROC curve of 0.86 
(95% CI: 0.84-0.88), followed by the TIMI score with an AUC of 0.80 (95% CI: 0.78-0.83) 
and the GRACE score (0.73, 95% CI: 0.70-0.76). At a fixed absolute level to define safety 
the number of low-risk patients identified was higher in HEART (40.5%) than in the GRACE 
(19.5%) and TIMI scores (24.6%). 

In the literature, comparable results were found when comparing the HEART and TIMI 
scores. In one study, the AUC of the HEART score was 0.83 (95% CI: 0.81-0.85) and the 
AUC of the TIMI score (0.75, 95% CI: 0.72-0.77) was slightly lower than the AUC of 0.80 
we found22. In one other study, the GRACE and TIMI risk scores were compared. The TIMI 
score AUC was 0.79 (95% CI: 0.74–0.83), a similar result we found in our analysis. The AUC 
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for the GRACE score was considerably higher, namely 0.83 (95% CI: 0.79–0.87), which may 
possibly be explained by the smaller definition of MACE and shorter duration of follow-
up23. One valuable role for cardiac risk scores is to identify patients as low-risk in order 
to avoid further testing and hospital admission in these patients (triage role). An ideal 
triage instrument would identify the largest number of patients at low risk (i.e. efficiency) 
without compromising safety, meaning that the number of patients classified as low risk 
but developing MACE (i.e. false negatives) should be low. When setting an absolute safety 
level for missed MACE of 5% of total patients, the HEART score identifies the most patients 
as “low risk”, namely 708 patients, with 14 patients missed of the total 326 patients with 
MACE. This corresponds to a proportion of MACE in the low-risk group of 2.0%. Although 
the definition of an acceptable false-negative rate is susceptible to personal opinions, and 
may vary between countries, Than et al. and Kline et al. estimate that the most clinicians 
would accept a false-negative rate of 1 to 2%27,28. When repeating the analyses at a different 
absolute safety level of missing no more than 2% of all patients with MACE, the HEART score 
was again the most efficient score with 381 patients identified as low risk, resulting in a 
cumulative incidence of MACE in this low-risk group of 0.9%; clearly below the mentioned 
more conservative 1% false-negative rate. 

The better performance of the HEART score compared to the TIMI and GRACE scores may be 
explained by the differences in the patient populations in which the three risk scores were 
developed. The HEART score was specifically developed for unselected patients with chest 
pain presenting at the ED, thus, a clinical domain characterized by diagnostic uncertainty15. 
The GRACE score was developed in patients already diagnosed with ACS29,30. These patients 
will have a higher risk of AMI and/or death than an unselected population with chest pain 
at the ED. The score essentially predicts the short-term prognosis of these patients and 
may therefore perform worse in predicting the presence of ACS. Similarly, the TIMI score 
was developed in a group of patients already diagnosed with UA or NSTEMI19. Importantly, 
our HEART-impact trial cohort consisted only of patients in whom a diagnostic dilemma 
persisted and patients with STEMI were excluded. The GRACE and TIMI scores are well-
known scores and are supported by current clinical guidelines2,4,10,11, but seem more suitable 
as a (short-term) prognostic score in patients already diagnosed with ACS. A strength of the 
GRACE score is that it was derived in a large dataset of 11,389 patients29,30. The range of the 
risk score is very wide (1 to 372), therefore small differences in patient characteristics will 
result in a specific score for every patient. However, the large range of total score outcomes 
with the GRACE score demands the use of a computer, making it more difficult to apply at 
the bedside. The HEART and TIMI score have a smaller range of total scores from 0-10 and 
0-7 respectively. The HEART scores’ strength is that all variables included in the score are 
derived from clinical practice which makes it simple to calculate the score at the bedside, 
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improving applicability for physicians. Interestingly, the HEART score was not developed 
using mathematical modelling from real-life data, but developed by a cardiologist based on 
clinical experience and later on validated in clinical databases15. A limitation of the HEART 
score is the subjectivity of the first element, (i.e. whether history taking indicates ACS), 
although every physician agrees this is a clinically relevant element. Furthermore, the score 
uses a cut-off of 2% as being “low risk”, which can arguably be too high in some countries27,28. 
However, the aim of this study was not to determine an optimal cut-off for the risk scores, 
as this is subject to debate. The TIMI score has as strength that it is comprised of statistically 
significant predictors, is derived in a large dataset of 1,957 patients and consists of only 
7 clinical elements that can be calculated at the bedside. However, the TIMI score only 
identifies a small proportion of patients as “low risk” who are eligible for early discharge, 
making it not the most efficient score for triage.

A number of limitations of our study should be mentioned. Firstly, we chose to validate the 
GRACE, HEART and TIMI scores, while currently several other risk scores are available12,14,17,18. 
We consulted several experienced cardiologists, who found that most currently available 
risk scores were not used in daily practice, or that the scores included variables not 
routinely assessed by clinicians (such as measurement of the biomarker Heart Fatty Acid 
Binding Protein (HFABP)). Secondly, the GRACE score and TIMI score were not determined 
by the treating physician at the ED, but calculated retrospectively with the use of collected 
variables, blinded for the primary endpoints. These variables were defined before the start 
of the trial and included in our data collection form at the ED, since we decided beforehand 
to calculate the TIMI and GRACE score in our cohort. Clinicians might take other variables 
into account when calculating a risk score in daily practice; therefore our calculated total 
scores may differ from calculation in clinical practice. The HEART score was calculated by 
physicians when including a patient into the HEART-impact trial, and may reflect clinical 
practice possibly more accurately than the total GRACE scores and TIMI scores, although the 
GRACE and TIMI score consist of more objective variables than the HEART score. Although 
the latter makes it unlikely that the GRACE and TIMI scores in our study are different than 
the scores that would have been derived in clinical practice, we cannot rule out that in our 
study the performance of the GRACE and TIMI scores could have been underestimated to 
some extent. Lastly, we did not include serial troponin measurements in our study, while 
this is currently the policy in most hospitals. We, however, also performed additional 
analyses based on available second troponin measurements into the calculation of all three 
risk scores, with the aim to more closely reflect current clinical practice in these hospitals. It 
should be noted physicians did not perform second troponin measurements in all patients, 
but only in the patients of whom they deemed this was necessary. Also in these additional 
analyses, the HEART score had the highest discriminative power.
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In conclusion, from our head-to-head comparison of the GRACE, HEART and TIMI score in 
a large prospective cohort of chest pain patients presenting to the ED, we conclude that 
the HEART score performed best in discriminating between those with and without ACS. 
The HEART score identified the largest number of patients (40.5%) as low risk without 
compromising safety. We recommend the use of the HEART score in the work-up of patients 
with chest pain at the ED.
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Appendix 1. Information on derivation and validation of the GRACE score, HEART score and TIMI score

GRACE SCORE

The GRACE score was derived in 2003 with a multivariable logistic regression model using 
11,389 patients, to stratify risk in patients with ACS at risk for death during hospitalization. 
(19) The final GRACE score includes Killip classification, systolic blood pressure, heart rate, 
age, creatinine level, cardiac arrest at admission, ST-segment deviation and elevated cardiac 
enzyme levels. “Killip class” for congestive heart failure is an increasing scale and contains 4 
categories: [1] no signs of congestive heart failure, [2] rales and/or jugular venous distention, 
[3] pulmonary edema and [4] cardiogenic shock. (30) “Systolic blood pressure” and “heart 
rate” were measured in mmHg and beats/min respectively. “Age” included patients from 18 
years old. “Creatinine level” was measured in mg/dL and blood was collected at admission. 
“Cardiac arrest at admission” was reported by the physician. “ST segment deviation” was 
scored if there was ST segment elevation or depression in anterior, inferior or lateral lead 
groups and was at least 1mm. “Elevated cardiac enzyme levels” were defined as positive 
troponin I or T, creatinine kinase-MB fraction or creatinine phosphokinase more than 2 times 
above the upper limit. (19, 31) The total score is calculated by the sum of the corresponding 
points for each variable. The total score ranges from 1 to 372 points. The GRACE score is 
calculated by a computer. An calculator can be found at http://www.gracescore.org/. The 
total GRACE score predicts the probability of in-hospital death.

TIMI SCORE

The TIMI score was derived in 2000 to stratify risk for patients with UA or NSTEMI at risk for 
the composite endpoint (including AMI, PCI, CABG, and death plus a combined endpoint 
of AMI, PCI, CABG and death) within 14 days. (22) Another TIMI score was developed for 
patients with STEMI, but will not be discussed here. (33) To calculate statistical significance 
of variables, univariate and multivariate logistic regression analysis were performed. The 
final model of the TIMI score incorporates age, risk factors, significant coronary stenosis, 
ST deviation, severe anginal symptoms, use of aspirin and elevated cardiac markers. Age is 
divided in above and below 65 years. Risk factors include family history of coronary artery 
disease, hypertension, hypercholesterolemia, diabetes or being a current smoker. Significant 
coronary stenosis is defined as prior coronary stenosis of ≥50%. ST deviation is scored when 
either transient ST elevation or persistent ST depression of ≥0.01mV is reported. Severe 
anginal symptoms were defined as more than or equal to 2 events in the last 24 hours. Use 
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of aspirin must be at least for the last 7 days and elevated serum cardiac markers included 
creatinine kinase MB fraction and/or troponin level. (22) When a variable is present, the 
patient receives one point. This results in a score of 0 to 7. The TIMI score provides a 
percentage of risk for the combined endpoint at the corresponding total score. 

HEART SCORE

The HEART score is derived in 2008 and stratifies risk for chest pain patients at the ED at risk 
for MACE (including AMI, percutaneous coronary intervention (PCI), coronary artery bypass 
graft (CABG) and death) within 3 months. (18) HEART score consist of History, ECG, Age, 
Risk factors and Troponin. “History” is defined as physician’s opinion of suspiciousness for 
ACS from history taking (anamnesis). “ECG” is scored on ST depression, pacemaker rhythm, 
bundle branch block, repolarization abnormalities or normal ECG. “Age” includes every age 
above 18 years old. “Risk factors” incorporates history of cardiovascular disease (coronary 
revascularization, AMI, stroke or peripheral arterial disease), currently treated diabetes 
mellitus, diagnosed or treated hypertension, diagnosed hypercholesterolemia, current or 
recent (<3 months) smoker, family history of cardiovascular disease and obesity (body mass 
index >30). “Troponin” can consist of troponin I, troponin T or high sensitive Troponin and is 
scored on being below the normal limit, 1 to 3 times the normal limit, or more than 3 times 
above the normal limit. (18, 24). For each of the variables a score of 0, 1 or 2 points can be 
given, depending on the severity of the variable, which results in a score of 0 to 10 points. 
The total score corresponds to an advice for the physician: discharge, further diagnostic 
testing or (invasive) treatment.
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Appendix 2. The GRACE, HEART and TIMI score

(a) The GRACE score

Granger CB, Goldberg RJ, Dabbous O, Pieper KS, Eagle KA, Cannon CP, Van De Werf F, Avezum A, 
Goodman SG, Flather MD, Fox KA; Global Registry of Acute Coronary Events Investigators. Predictors of 
hospital mortality in the global registry of acute coronary events. Arch Intern Med. 2003;163(19):2345-
53.

(b) the HEART score

Source: Six AJ., Backus, BE., Kelder JC. Chest pain in the emergency room: value of the HEART score. 
Netherlands Heart Journal. 2008; 16 (6): 191-6.
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(c) the TIMI score

Source: Antman EM, Cohen M, Bernink PJ, McCabe CH, Horacek T, Papuchis G, Mautner B, Corbalan 
R, Radley D, Braunwald E. The TIMI risk score for unstable angina/non-ST elevation MI: A method for 
prognostication and therapeutic decision making. JAMA. 2000;284(7):835-42.
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ABSTRACT

Background: Despite the availability of high-sensitive troponin (hs-cTnT), there is still 
room for improvement in the diagnostic assessment of patients suspected of acute 
coronary syndrome (ACS). Apart from serial biomarker testing, which is time-consuming, 
novel biomarkers like copeptin have been proposed to expedite the early diagnosis 
of suspected ACS in addition to hs-cTnT. We determined whether placenta derived 
growth factor (PlGF), soluble Fms-like tyrosine kinase 1 (sFlt-1), myoglobin, N-terminal 
prohormone B-type Natriuretic Peptide (NT-proBNP), growth-differentiation factor 15 
(GDF-15) and copeptin improved early assessment of chest pain patients. 

Methods: This prospective, single centre diagnostic FAME-ER study included patients 
presenting to the ED with symptoms suggestive of ACS. Blood was collected to measure 
biomarkers, notably, hs-cTnT was retrospectively assessed. Added value of markers was 
judged by increase in AUC using multivariable logistic regression. 

Results: Of 453 patients enrolled, 149 (33%) received a final diagnosis of ACS. Hs-cTnT 
had the highest diagnostic value in both univariable and multivariable analysis. PPVs of 
the biomarkers ranged from 23.5% (PlGF) to 77.9% (hs-cTnT), NPVs from 67.0% (PlGF) 
to 86.4% (hs-cTnT). Only myoglobin yielded diagnostic value in addition to clinical 
symptoms and electrocardiography (ECG) (AUC of clinical model 0.80) with AUC of 0.84 
(p<0.001). However, addition of hs-cTnT was superior (AUC 0.89, p<0.001). Addition of 
the biomarkers to our clinical model and hs-cTnT did not or only marginally (GDF-15) 
improve diagnostic performance.

Conclusion: When assessing patients suspected of ACS, only myoglobin had added 
diagnostic value beyond clinical symptoms and ECG. However, when combined with 
hs-cTnT, it yields no additional diagnostic value. PlGF, sFlt-1, NT-proBNP, GDF-15 and 
copeptin had no added value to the clinical model or hs-cTnT.
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BACKGROUND

The diagnostic assessment of patients suspected of acute coronary syndrome (ACS) 
remains a challenge. In this diagnostic process, biomarkers play a pivotal role when the 
electrocardiogram (ECG) is inconclusive. Early diagnosis of ACS is essential because of 
clear improvement in prognosis following timely interventions, while early ruling out of 
ACS reduces patient burden and costs. Currently, the definitive diagnosis of ACS is based 
on elevation of high-sensitive cardiac troponin I or T (hs-cTnI or hs-cTnT), in the context 
of clinical findings and ECG changes1-4. Although high sensitive troponin assays can detect 
circulating troponins at a lower level in the blood than the previous conventional troponin 
assays, their diagnostic accuracy is still not considered optimal. To further reduce the 
number of false-positives and false-negatives, serial testing (usually after three hours) has 
been suggested, but this is time-consuming and increases health care costs5,6. Alternatively, 
other biomarkers, some capable of detecting ischemia very soon after symptom onset, 
have been proposed to be combined with hs-cTn, for example copeptin, which has been 
advocated in numerous articles7-9. Growth differentiation factor-15 (GDF-15) and copeptin 
are both markers of stress, the former of hemodynamic and the latter of endogenous stress, 
and are therefore thought to increase even before necrosis occurs10,11. Soluble fms-like 
tyrosine kinase-1 (sFlt-1) binds placental growth factor (PlGF), a protein that appears to 
promote the inflammatory process of atherosclerosis and appears to be an early marker 
of ischemic events12. N-terminal prohormone B-type Natriuretic Peptide (NT-proBNP) 
is a biomarker of myocardial dysfunction and as such reflects the extent of an ischemic 
insult and its levels correlate with (left) ventricular dysfunction13,14. In addition, we also 
assessed the diagnostic value of myoglobin, a marker of myocardial necrosis, and known 
for its rapid rise (<2 hours), but its diagnostic value in combination with hs-cTn has not 
been fully quantified15. Importantly, earlier studies on novel biomarkers mostly focus on 
the diagnostic characteristics of the biomarker per se, rather than assessing the added 
value of the novel biomarkers to readily available information from medical history, clinical 
signs and symptoms, and ECG16. Moreover, the majority of previous studies evaluated novel 
biomarkers in both ST-segment elevation myocardial infarction (STEMI) and non-ST-segment 
elevation myocardial infarction (NSTEMI) patients17,18, while there seems to be no diagnostic 
dilemma in STEMI patients. The available studies in NSTEMI patients13,19, where additional 
biomarkers are more urgently needed, exclude patients with unstable angina (UA), while 
these patients per definition have non-elevated troponins1. Since these patients are at 
increased risk of cardiovascular events or death, novel biomarkers might be very useful to 
identify these patients. Our aim was to determine whether the novel biomarkers PlGF, sFlt-
1, NT-proBNP, GDF-15 and copeptin, as well as myoglobin improve the early diagnosis or 
exclusion of myocardial infarction or unstable angina, in patients presenting with chest pain 
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at the emergency department (ED), in addition to readily available information from patient 
characteristics, ECG and hs-cTnT.

METHODS

Setting and study population
The FAME-ER (Fatty Acid binding protein in Myocardial infarction Evaluation in the Emergency 
Room) study was a single centre, prospective diagnostic study among patients presenting to 
the ED with symptoms suggestive of ACS. After a training period of all professionals involved, 
all cardiac patients admitted to the ED of the Meander Medical Centre (large regional 
teaching hospital in Amersfoort, the Netherlands) between May 2007 and November 2007 
were identified. Eligible patients were those presenting with symptoms suggestive of ACS 
within 24 hours of symptom onset. Clear cut ST-segment elevation ACS was an exclusion 
criterion as these patients underwent primary percutaneous coronary intervention (PCI) 
elsewhere. Patients of whom no signed informed consent was obtained were excluded. This 
study complies with the Declaration of Helsinki, furthermore the protocol was approved by 
the local ethics committee of the Meander Medical Centre.

Routine clinical assessment
Directly upon presentation to the ED, a standard 12-lead ECG was recorded and venous 
blood was drawn to determine hs-cTnT, the five novel biomarkers and myoglobin. The plasma 
component was frozen and stored at -70°C until sample analysis. History taking and physical 
examination was performed by the ED physician or attending cardiologist. All ECGs were 
interpreted by the attending cardiologist. Patients were diagnosed and treated according 
to routine clinical protocols (based on European Society of Cardiology (ESC) guidelines)1,2, 
including serial ECGs, and measurement of (high sensitive) troponin.

Measurement of biomarkers
For information on biomarker assays and cut-off values, we refer to Appendix 1. 

Outcomes
The primary outcome of this study was ACS (i.e. STEMI, NSTEMI and UA). The presence of 
ACS was determined according to the universal definition of myocardial infarction3,4 that 
prevailed at the time of inclusion of participants. A myocardial infarction was defined in 
accordance with existing guidelines, based on a combination of ischemic symptoms, release 
of biomarkers of myocardial necrosis (i.e. troponin); with either persistent ST-elevation 
(STEMI) or no ST-elevation on ECG (NSTEMI)2,3,4. Unstable angina was defined as symptoms 
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associated with dynamic ischemic ECG changes, evidence of ischemia on functional testing 
or new coronary angiographic changes, without elevation of cTnT. The final diagnosis was 
made during consensus meetings of an outcome panel (two cardiologists, one resident). The 
final diagnosis was based on all available clinical information including serial conventional 
cTnI measurements, a single hs-cTnT measurement, serial ECG findings and hospital 
discharge letters. Determination of a single hs-cTnT measurement was performed post hoc 
from the frozen plasma. The outcome panel was blinded to results of the novel biomarkers 
to prevent incorporation bias20. 

Statistical analysis
Continuous variables are presented as means (± standard deviation, SD) or medians 
(interquartile range, IQR), while categorical variables are presented as numbers (percentage). 
Comparisons of continuous variables were made with the use of the Mann-Whitney U-test. 
From 2x2 tables, the sensitivity, specificity, and predictive values were calculated. The cut-
off values of the biomarkers PlGF (27pg/ml), sFlt-1 (70pg/ml), myoglobin (50ng/ml), NT-
proBNP (125pg/ml), GDF-15 (1800pg/ml), and copeptin (14pmol/l) were based on the 
available literature9,10,13,18,21-23. Receiver operating characteristic (ROC) curves were created 
and the area under the curve (AUC) was calculated to quantify the diagnostic accuracy of 
each individual biomarker. Odds ratios (OR) of all possible predictors of ACS were calculated 
by univariable logistic regression. These predictors were selected based on the literature 
and clinical experience. From these predictors a clinical model was developed (in part based 
on their availability at presentation) using the following predictors: patient history (age, sex, 
previous myocardial infarction, PCI or coronary artery bypass graft (CABG)), cardiovascular 
risk factors (hypertension, hypercholesterolemia, family history of cardiovascular disease 
(CVD), smoking, diabetes mellitus) and ECG findings. The diagnostic value of the novel 
biomarkers in addition to the clinical model, as well as of the clinical model alone, was 
estimated by using multivariable regression, likelihood ratio’s and ROC curves analyses 
including the biomarkers as continuous variables24. Because of skewed distribution (and 
linearity) all biomarkers were transformed using natural logarithm. Restricted cubic splines 
were used to test whether continuous variables had a linear association with the outcome. 
Discrimination of the multivariable models was determined by the AUC or c-statistic 
indicating the probability that two patients (one with and one without ACS) are classified 
correctly24. Bootstrapping techniques were used as a validation method to adjust for over-
optimism25. We performed additional analyses to study whether the diagnostic accuracy 
differed according to time since onset of symptoms (<3 hours). Multiple imputation 
techniques were applied in case of missing values26. We followed the STARD (Standards for 
reporting of diagnostic accuracy) checklist27,28. All analyses were performed using Statistical 
Package for the Social Sciences for Windows 20.0 (SPSS Incl. Chicago, Illinois). 
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RESULTS

Patient characteristics
A total of 1,110 patients with symptoms suggestive of ACS were identified. Of these, 567 
patients were excluded due to time constraints or no obtained informed consent. Another 90 
patients were excluded because of major missing values (outcome, hs-cTnT measurements) 
and/or symptom onset unknown or >24 hours. Eventually, 453 patients were enrolled 
(Figure 1). Baseline characteristics are shown in Table 1. Mean age was 62.7 years and 56% 
was male. Median time between onset of symptoms and presentation at the ED was 3.0 
hours. ACS was diagnosed in 149 (33%) patients: 13 (3%) STEMI, 104 (23%) NSTEMI, and 
32 (7%) UA. The non-ACS group consisted of 304 individuals with a final diagnosis of stable 
angina (n=48), rhythm disorders (n=14), heart failure (n=4), pericarditis (n=1) or non-cardiac 
diagnoses (n=237; e.g. aspecific chest pain, gastroesophageal reflux disease, myalgic chest 
pain). Patients who presented at the ED within three hours, were similar to the overall 
group, except for smoking, history of MI, PCI or CABG, and hypertension. In these patients, 
ACS was diagnosed in 67 (34%) cases. The completeness of the data for each biomarker is as 
follows: hs-cTnT 100%, PlGF 99.8%, sFlt-1 99.1%, myoglobin 100%, NT-proBNP 99.8%, GDF-
15 99.8%, copeptin 68.2%.

Figure 1. Flow chart of patient selection from all patients with symptoms suggestive of ACS to enrolled 
patients
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Table 1. Baseline characteristics stratified by time of presentation after symptom onset

Characteristics N All patients N Patients within 3h of 
symptom onset (n=197)

Age, mean years 453 62.6 ± 14.5 197 61.8 ± 15.1
Male gender 453 253 (56%) 197 108 (55%)
Duration of symptoms in hours, 
median (IQR)

430 3.0 (1.8-6.8) 197 1.6 (1.2-2.2)

Hypertension 447 193 (43%) 194 68 (35%)
Hypercholesterolemia 447 148 (33%) 194 63 (33%)
Diabetes mellitus 447 72 (16%) 193 27 (14%)
Current smoker 444 114 (26%) 192 58 (30%)
Former smoker 444 111 (25%) 192 51 (27%)
Family history of CVD 442 181 (41%) 190 75 (40%)
BMI, mean kg/m² 320 27.0 ± 4.7 139 26.5 ± 4.5
Previous CVA 447 7 (2%) 194 3 (2%)
Previous TIA 447 22 (5%) 194 7 (4%)
Previous MI 446 96 (22%) 193 50 (26%)
Previous PCI 447 97 (22%) 194 48 (25%)
Previous CABG 446 45 (10%) 193 19 (10%)
Any MI, PCI or CABG 450 150 (33%) 196 73 (37%)
Heart failure 448 24 (5%) 194 12 (6%)
Peripheral arterial disease 447 25 (6%) 194 14 (7%)
Current aspirin use 440 187 (43%) 192 84 (44%)
Current clopidogrel use 436 50 (12%) 190 23 (12%)
Current coumarin use 436 47 (11%) 190 18 (10%)
Current ß-blocker use 437 171 (39%) 191 75 (39%)
Current statin use 439 176 (40%) 131 83 (44%)
Outcome of ACS 453 149 (33%) 197 67 (34%)
-      STEMI 13 (3%) 7 (4%)
-      NSTEMI 104 (23%) 43 (22%)
-      UA 32 (7%) 17 (9%)

Values are given as mean (±Standard Deviation), median (IQR=Inter Quartile Range) or proportion (%)
CVD: cardiovascular disease, BMI: body mass index, CVA: cerebrovascular accident, TIA: transient 
ischemic attack, MI: myocardial infarction, PCI: percutaneous coronary intervention, CABG: coronary 
artery bypass graft

Univariable analysis
Median levels of hs-cTnT, PlGF, sFlt-1, myoglobin, NT-proBNP, GDF-15 and copeptin were 
higher in ACS patients than in non-ACS patients (Table 2). Hs-cTnT had the largest AUC (0.86, 
95% confidence interval (CI) 0.81-0.91) (Table 3). Myoglobin and NT-proBNP each had an 
AUC of 0.75 (95% CI: 0.69-0.81), while the AUCs for PlGF, sFlt-1, GDF-15 and copeptin were 
lower. Of all biomarkers, hs-cTnT had both the highest positive predictive value (PPV) and 
negative predictive value (NPV): 77.9% and 86.4% respectively (Table 3). Also in the group 
of patients presenting within three hours, hs-cTnT still had the highest PPV and NPV (Table 
4). On average, the PPVs increased and the NPVs decreased compared to the overall group. 
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Strong clinical predictors for the presence of ACS were age (OR 1.05 per year), male gender 
(OR 1.63), a history of hypertension (OR 2.24), hypercholesterolemia (OR 1.71) or heart 
failure (OR 3.99), MI on ECG (OR 5.31) or ischemic ECG (OR 7.87) and the use of aspirin (OR 
1.70), clopidogrel (OR 2.53) and β-blocker (OR 1.84) (Table 5). 

Table 2. Median biomarker concentrations and inter quartile ranges stratified by ACS status

ACS
Marker Yes No p-value

n=149 n=304
hs-cTnT (pg/mL) 25.2 (11.7-81.1) 3.3 (1.2-7.7) <0.001
PlGF (pg/mL) 17.3 (13.6-20.0) 14.0 (11.2-17.1) <0.001
sFlt-1 (pg/mL) 69.7 (61.4-79.5) 63.3 (55.6-72.2) <0.001
Myoglobin (ng/mL) 56.2 (40.2-121.4) 37.1 (29.1-48.8) <0.001
NT-proBNP (pg/mL) 330.3 (118.8-1245.8) 78.8 (30.7-207.6) <0.001
GDF-15 (pg/mL) 1221.0 (914.1-2160.7) 884.3 (672.5-1307.4) <0.001
Copeptin (pmol/L) 9.2 (1.0-29.5) 6.2 (1.0-14.1) 0.005

Values are given as median (Inter Quartile Range); p-value calculated with Mann-Whitney U-test
hs-cTnT: high-sensitive cardiac troponin, PlGF: placental growth factor, sFlt-1: soluble Fms-like 
tyrosine kinase-1, NT-proBNP: N-terminal prohormone B-type Natriuretic Peptide, GDF-15: growth 
differentiation factor-15

Table 3. Sensitivity, specificity, predictive values and AUCs of hs-cTnT, myoglobin and 5 novel biomarkers 
in all patients

All patients (n=453)
Marker Sensitivity Specificity PPV NPV AUC
hs-cTnT 71.1% 90.1% 77.9% 86.4% 0.86

(63.8-78.4) (86.8-93.5) (71.0-84.9) (82.7-90.2) (0.81-0.91)
PlGF 2.7% 95.7% 23.5% 67.0% 0.68

(0.1-5.3) (93.4-98.0) (3.4-43.7) (62.5-71.3) (0.62-0.74)
sFlt-1 47.3% 72.3% 45.1% 74.0% 0.62

(39.2-55.4) (67.2-77.3) (37.2-53.0) (69.0-79.0) (0.56-0.69)
Myoglobin 59.7% 76.3% 55.3% 79.5% 0.75

(51.9-67.6) (71.5-81.1) (47.6-63.0) (74.8-84.1) (0.69-0.81)
NT-proBNP 73.8% 61.4% 48.5% 82.7% 0.73

(66.8-80.9) (55.9-66.9) (42.0-55.0) (77.7-87.6) (0.67-0.79)
GDF-15 34.9% 87.1% 57.1% 73.1% 0.66

(27.2-42.6) (83.4-90.9) (47.0-67.3) (68.6-77.7) (0.59-0.72)
Copeptin 38.6% 75.0% 42.9% 71.6% 0.60

(29.1-48.1) (69.1-80.9) (32.7-53.0) (65.6-77.5) (0.53-0.67)

Values are given as percentage or number (95%CI)
hs-cTnT: high-sensitive cardiac troponin, PlGF: placental growth factor, sFlt-1: soluble Fms-like 
tyrosine kinase-1, NT-proBNP: N-terminal prohormone B-type Natriuretic Peptide, GDF-15: growth 
differentiation factor-15, PPV: positive predictive value, NPV: negative predictive value, AUC: area 
under the curve
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Table 4. Sensitivity, specificity, predictive values and AUCs of hs-cTnT, myoglobin and 5 novel biomarkers 
in patients with symptom onset within 3 hours

Patients with symptom onset <3h (n=197)
Marker Sensitivity Specificity PPV NPV AUC
hs-cTnT 62.7% 92.3% 80.8% 82.8% 0.86

(51.1-74.3) (87.7-96.9) (70.1-91.5) (76.6-88.9) (79.0-92.8)
PlGF 3.0% 97.7% 40.0% 66.1% 0.71

(0.0-7.1) (95.1-100) (0.0-82.9) (59.5-73.0) (62.1-80.2)
sFlt-1 43.3% 77.5% 50.0% 72.5% 0.62

(31.4-55.1) (70.3-84.7) (37.1-62.9) (65.0-79.9) (52.2-71.9)
Myoglobin 55.2% 78.5% 56.9% 77.3% 0.76

(43.3-67.1) (71.4-85.5) (44.9-69.0) (70.1-84.4) (67.0-84.0)
NT-proBNP 68.7% 66.7% 51.7% 80.4% 0.74

(57.5-79.8) (58.5-74.8) (41.3-62.1) (72.8-87.9) (65.1-82.9)
GDF-15 34.3% 89.2% 62.2% 72.5% 0.66

(23.0-45.7) (83.9-94.6) (46.5-77.8) (65.6-79.4) (56.1-76.1)
Copeptin 39.6% 69.4% 42.2% 67.0% 0.57

(25.7-53.4) (59.6-79.2) (27.8-56.7) (57.2-76.9) (46.6-67.4)

Values are given as percentage or number (95%CI)
hs-cTnT: high-sensitive cardiac troponin, PlGF: placental growth factor, sFlt-1: soluble Fms-like 
tyrosine kinase-1, NT-proBNP: N-terminal prohormone B-type Natriuretic Peptide, GDF-15: growth 
differentiation factor-15, PPV: positive predictive value, NPV: negative predictive value, AUC: area 
under the curve

Multivariable analysis
The clinical model with age, sex, history of MI, PCI or CABG, cardiovascular risk factors 
and ECG features resulted in an AUC of 0.80 (Table 6, Figure 2). Addition of hs-cTnT to this 
model resulted in the most profound increase in the AUC (0.89; Likelihood ratio test (LR 
test) p<0.001). Only addition of myoglobin to the clinical model showed a small (significant) 
increase in the AUC of 0.84. Addition of any of the novel biomarkers to the clinical model 
and hs-cTnT levels did not or only marginally increase the AUC (Table 6; all AUCs 0.88-0.90), 
although adding GDF-15 (significantly) improved calibration (LR test p=0.026). Combining 
all the biomarkers with the clinical model did not result in an increase in AUC (0.89). Similar 
results were observed in patients presenting to the ED <3 hours (Table 7). Adding hs-cTnT 
to the clinical model resulted in the highest increase in AUC (0.88, LR test p<0.001). None of 
the other biomarkers yielded diagnostic information in addition to the clinical model and hs-
cTnT levels, with the exception of copeptin, which showed an AUC of 0.89 (non-significant).
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Table 5. Univariable analysis of possible predictors

Predictor ACS Non-ACS Odds Ratio 95% CI
n=149 n=304

Risk factors Age 69.0±13.2 59.5±14.1 1.05 1.04-1.07
Male gender 95 (63.8%) 158 (52.0%) 1.63 1.09-2.43
Hypertension 86 (57.7%) 112 (36.8%) 2.24 1.50-3.36
Hypercholesterolemia 61 (40.9%) 90 (29.6%) 1.71 1.13-2.59
Diabetes mellitus 29 (19.5%) 44 (14.5%) 1.46 0.87-2.45
Current smoker 37 (24.8%) 77 (25.3%) 0.96 0.59-1.57
Former smoker 38 (25.5%) 81 (26.6%) 0.92 0.57-1.50
Family history of CVD 67 (45.0%) 121 (39.8%) 1.21 0.81-1.81

History Previous CVA 6 (4.0%) 5 (1.6%) 2.23 0.57-8.76
Previous TIA 8 (5.4%) 14 (4.6%) 1.30 0.53-3.21
Previous MI 45 (30.2%) 55 (18.1%) 1.98 1.25-3.13
Previous PCI 36 (24.2%) 62 (20.4%) 1.29 0.81-2.06
Previous CABG 21 (14.1%) 25 (8.2%) 1.80 0.97-3.35
Any MI, PCI or CABG 64 (43.0%) 87 (28.6%) 1.86 1.24-2.81
Heart failure 16 (10.7%) 9 (3.0%) 3.99 1.69-9.43
PAD 15 (10.1%) 14 (4.6%) 2.21 1.00-4.90

Medication Current aspirin use 76 (51.0%) 115 (37.8%) 1.70 1.14-2.53
Current clopidogrel use 28 (18.8%) 25 (8.2%) 2.53 1.41-4.54
Current coumarin use 21 (14.1%) 27 (8.9%) 1.74 0.95-3.18
Current β-inhibitor use 73 (49.0%) 104 (34.2%) 1.84 1.23-2.75
Current statin use 66 (44.3%) 112 (36.8%) 1.34 0.89-2.01

ECG Acute MI on ECG 18 (12.1%) 8 (2.6%) 5.31 0.81-34.84
Ischemic ECG 103 (69.1%) 66 (21.7%) 7.87 4.96-12.48

Values are given as mean (±SD) or proportion (%)
CVD: cardiovascular disease, CVA: cerebrovascular accident, TIA: transient ischemic attack, MI: 
myocardial infarction, PCI: percutaneous coronary intervention, CABG: coronary artery bypass 
graft, PAD: peripheral arterial disease, ECG: electrocardiogram, ACS: acute coronary syndrome, CI: 
confidence interval
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Table 6. Multivariable analysis including all patients (n=453)

Model AUC* 95% CI Likelihood ratio test 
(p-value)

Clinical model 0.80 0.76-0.84
Clinical model with hs-cTnT 0.89 0.87-0.94 p<0.001**
Clinical model with PlGF 0.81 0.77-0.85 p=0.887**
Clinical model with sFlt-1 0.82 0.78-0.86 p=0.001**
Clinical model with myoglobin 0.84 0.80-0.88 p<0.001**
Clinical model with NT-proBNP 0.82 0.79-0.87 p<0.001**
Clinical model with GDF-15 0.81 0.77-0.85 p=0.664**
Clinical model with copeptin 0.81 0.77-0.85 p=0.683**

Clinical model, hs-cTnT and PlGF 0.88 0.86-0.93 p=0.081***
Clinical model, hs-cTnT and sFlt-1 0.88 0.86-0.92 p=0.892***
Clinical model, hs-cTnT and myoglobin 0.88 0.86-0.93 p=0.693***
Clinical model, hs-cTnT and NT-proBNP 0.88 0.86-0.92 p=0.216***
Clinical model, hs-cTnT and GDF-15 0.90 0.87-0.94 p=0.026***
Clinical model, hs-cTnT and copeptin 0.88 0.86-0.92 p=0.315***

Clinical model with all biomarkers 0.89 0.87-0.93 p<0.001**
p=0.191***

Clinical model: Age, sex, hypertension, hypercholesterolemia, family history of CVD, current and 
former smoking, diabetes mellitus, and history of MI, PCI or CABG and ECG 
hs-cTnT: high-sensitive cardiac troponin, PlGF: placental growth factor, sFlt-1: soluble Fms-like 
tyrosine kinase-1, NT-proBNP: N-terminal prohormone B-type Natriuretic Peptide, GDF-15: growth 
differentiation factor-1, AUC: area under the receiver operating curve (ROC), CI: confidence interval 
*adjusted for over-optimism; ** compared to the Clinical model; *** compared to the Clinical model 
+ hs-cTnT
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Figure 2. Receiver-operating-characteristic curves of the clinical model with the various biomarkers, 
high sensitive cardiac troponin T (hs-cTnT), placental growth factor (PlGF), fms-like tyrosine kinase-1 
(sFlt-1), myoglobin, N-terminal prohormone B-type Natriuretic Peptide (NT-proBNP), growth 
differentiation factor-15 (GDF-15) and copeptin (ROC curve shown is from the first imputation set)
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Table 7. Multivariable analysis including patients < 3 hours of symptom onset (n=197)

Model AUC* 95% CI Likelihood ratio test 
(p-value)

Clinical model 0.81 0.75-0.87
Clinical model with hs-cTnT 0.88 0.84-0.94 p<0.001**
Clinical model with PlGF 0.82 0.76-0.88 p=0.519**
Clinical model with sFlt-1 0.82 0.76-0.88 p=0.068**
Clinical model with myoglobin 0.83 0.77-0.89 p=0.015**
Clinical model with NT-proBNP 0.84 0.78-0.90 p=0.003**
Clinical model with GDF-15 0.82 0.76-0.88 p=0.800**
Clinical model with copeptin 0.82 0.76-0.88 p=0.355**

Clinical model, hs-cTnT and PlGF 0.88 0.85-0.94 p=0.470***
Clinical model, hs-cTnT and sFlt-1 0.87 0.84-0.93 p=0.688***
Clinical model, hs-cTnT and myoglobin 0.88 0.85-0.94 p=0.766***
Clinical model, hs-cTnT and NT-proBNP 0.88 0.84-0.94 p=0.404***
Clinical model, hs-cTnT and GDF-15 0.88 0.85-0.94 p=0.182***
Clinical model, hs-cTnT and copeptin 0.89 0.85-0.94 p=0.169***

Clinical model with all biomarkers 0.89 0.85-0.94 p<0.001**
p=0.304***

Clinical model: Age, sex, hypertension, hypercholesterolemia, family history of CVD, current and 
former smoking, diabetes mellitus, and history of MI, PCI or CABG, and ECG 
hs-cTnT: high-sensitive cardiac troponin, PlGF: placental growth factor, sFlt-1: soluble Fms-like 
tyrosine kinase-1, NT-proBNP: N-terminal prohormone B-type Natriuretic Peptide, GDF-15: growth 
differentiation factor-1, AUC: area under the receiver operating curve (ROC), CI: confidence interval 
*adjusted for over-optimism; ** compared to the Clinical model; *** compared to the Clinical model 
+ hs-cTnT

DISCUSSION

In patients suspected of ACS, high-sensitive troponin assays are not always conclusive in the 
first hours after symptom onset, and so the search for novel early biomarkers is ongoing. This 
prospective study assessed the diagnostic value of several novel biomarkers in combination 
with the patient’s history, cardiovascular risk factors and ECG findings, in diagnosing ACS 
at an early stage. Our results show that hs-cTnT is still the best biomarker when trying to 
determine the presence of ACS, both in a single marker diagnosis and when integrated into 
our clinical model (AUCs of respective 0.86 and 0.89). The biomarker myoglobin provided 
additional value to the clinical model, but not when hs-cTnT was added to the clinical model 
(AUC 0.88). The other biomarkers studied provided no additional diagnostic information to 
the clinical model. 
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We compared our results with those from other recent biomarker studies. Firstly, copeptin 
has been extensively investigated as a possible addition to hs-cTn, with several recent studies 
presenting promising results. Meune et al. measured hs-cTnT and copeptin in a comparable 
study population with the same cut-off values for the biomarkers8. They found a NPV of 
82.6% when combining copeptin with hs-cTnT on admission, and an AUC of 0.94, compared 
to a NPV of 76.5% and an AUC of 0.90 for hs-cTnT on admission alone (non-significant 
difference). This apparent advantage of using copeptin is diminished when looking at hs-
cTnT values at three hours after admission. They show a NPV of 83.9% and an AUC of 0.94. 
Maisel et al. showed in a recent large trial that adding copeptin to cTnI allowed safe rule out 
of AMI with a NPV of 99%, promoting a multimarker approach, whereas our study did not 
show a significant added value of copeptin9. Möckel et al. concluded in a RCT on 902 patients 
that a single measurement of troponin and copeptin allows for early discharge of low- to 
intermediate-risk patients with suspected ACS and seems to be safe29. However, mentioned 
studies did not incorporate a clinical model in their studies, making an assessment of the 
added value of copeptin to clinical characteristics impossible. Furthermore, earlier studies 
that did find a significant advantage of using copeptin for early diagnosis or exclusion mostly 
used conventional troponin assays, instead of high sensitive troponin assays, or included 
patients with STEMIs17,23. Secondly, similar to our findings, Schaub et al. showed there is 
little value in using GDF-15 as a diagnostic test in chest pain patients. GDF-15 seems more 
valuable as a prognostic marker10,18. Thirdly, PlGF and NT-proBNP have also been previously 
investigated. In a study where both markers are explored in a single marker strategy, PlGF 
has a sensitivity of 24%, a specificity of 70% and an AUC of 0.50, while the corresponding 
findings in our study were 2.7%, 95.7% and 0.68 respectively13. Although these values differ 
considerably, both studies concluded that PlGF is not suitable for a single marker strategy. 
Their results for NT-proBNP also differed from ours, but to a lesser extent. When added 
to conventional troponin I, PlGF and NT-proBNP did not provide any clinically significant 
additional diagnostic value in their study; a finding confirmed in our study. Lastly, when 
comparing hs-cTnT with myoglobin, our results are in line with other studies as well30. 

Half of the studies mentioned above used the standard, non-high-sensitive troponin assays, 
whereas one of the strengths of our study is the use of a high-sensitive assay. Earlier 
studies confirmed the higher sensitivity of the so-called high sensitivity troponin assays 
compared to conventional assays5,6. However, higher sensitivity is usually accompanied by 
lower specificity and concerns have been raised about the number of false-positives8,19. 
Mechanisms other than coronary artery plaque rupture (main cause of type 1 myocardial 
infarction) can cause myocardial injury and result in elevation of troponin, like heart 
failure, renal failure and sepsis. These so called type 2 myocardial infarctions result from an 
imbalance between myocardial oxygen supply and/or demand, other examples of which are 
coronary vasospasm, anaemia and hypotension4,13,19,31. 
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As the search for the perfect biomarker continues, many researchers support a multimarker 
approach in diagnosing ACS29,32. Such an approach is not only advocated to be able to diagnose 
ACS quickly, but also to find a cause for the elevated troponin levels in other heart diseases 
and non-cardiac diseases19. A multimarker strategy combining cardiac troponin with other 
markers of myocardial damage, or biomarkers “upstream” from necrosis, may help to gain 
insight into the pathophysiological mechanisms causing non-ACS related troponin leakage10.

We aimed to develop such a multimarker strategy with the aid of some biomarkers often 
advocated as useful adjuncts to hs-cTn, but were unsuccessful. None of these added relevant 
diagnostic information to a clinical model plus hs-cTnT. Previous studies investigating novel 
biomarkers predominantly focused on myocardial infarctions as the primary outcome13,17,19. 

However, patients with unstable angina are at a clearly increased risk of adverse cardiovascular 
events1,2. Recognizing these patients early and treating them accordingly is likely to improve 
prognosis. We therefore chose to include UA in our outcome. Unfortunately, subgroup 
analyses comparing patients with unstable angina versus “no ACS” revealed no additional 
value of the novel biomarkers compared with the clinical model alone (AUC of the clinical 
model 0.79 versus AUC of clinical model with single novel biomarker ranging from 0.76 to 
0.79). It should be emphasized, however, that the number of UA patients is small. These 
findings should therefore be interpreted with caution.

One of the strengths of our study is the manner in which we conducted our data analysis 
to enable us to quantify the additional value of the biomarkers. We applied multiple 
imputation in case of missing values, and performed multivariable regression analysis to 
assess the value of the various biomarkers in combination with a patient’s history and 
ECG. We recognize that our study has several limitations. Firstly, we used panel diagnosis 
for final adjudication of our outcome. However, in the absence of a reference standard, 
there is no alternative when one is interested in a clinically relevant outcome, furthermore, 
expert panels are widely accepted33,34. Secondly, we only have single measurements of 
hs-cTnT, instead of serial measurements. Moreover, these measurements were assessed 
retrospectively. Thirdly, the completeness of the data for each biomarker was ranging from 
99.1-100% in all biomarkers, except for copeptin, with complete data in 68.2%. Because 
we decided to investigate copeptin after the first analysis of the frozen samples had been 
done, we had a relative high number of missing values for copeptin, since for a number of 
participants no frozen samples were available. In our analyses we used multiple imputation 
to counteract this deficit. Moreover, the availability of remaining blood samples is very likely 
to be a random phenomenon and unrelated to the patients characteristics or outcome. 
Fourthly, we used one cut-off value for each biomarker, based on the available literature 
or clinical grounds. Theoretically, performance of these biomarkers could improve by using 
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either a lower or higher cut-off value to detect ACS. Sensitivity analyses applying other cut-
off points, however, did not improve diagnostic value of the markers. Fifthly, due to the 
observational nature of our study, we cannot provide any data on the possible effect of the 
use of these biomarkers on the patients’ prognosis, but such an effect is likely to be very 
limited in view of the minimal diagnostic yield of adding the biomarkers. Lastly, we used our 
prediction model on both our entire population and on the subgroup of patients presenting 
within 3 hours. The low number of events in combination with the number of predictors in 
our model could induce overfitting35,36.

In conclusion, of the biomarkers tested, only the use of myoglobin had additional value to 
our clinical model in patients suspected of ACS. However, hs-cTnT was superior to all other 
biomarkers when used with our clinical model as well as in a single marker strategy and 
none of the other biomarkers provided significant diagnostic information in addition to the 
clinical model and hs-cTn. Research on the added value of novel biomarkers to complement 
troponin and clinical assessment should continue to further limit the number of false-
positives and false-negatives.
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Appendix 1. Specification of biomarker assays

Hs-cTnT was measured with the Elecsys troponin T hs assay fourth generation (Roche 
Diagnostics) with a lower detecting limit of 3pg/mL. The 99th-percentage cut-off point was 
≥14pg/mL. The coefficient of variation (CV) was <10% at 13 pg/mL. PlGF was measured 
with the Elecsys PlGF assay (Roche Diagnostics) with a measuring range 3-1000pg/mL. The 
CV was <5% for measured values. sFlt-1 was measured with the Elecsys sFlt-1 assay (Roche 
Diagnostics) with a measuring range of 10-85000pg/ml. The CV was <5% for measured 
values. Myoglobin was measured with the Elecsys myoglobin assay (Roche Diagnostics) 
with a measuring range 21-3000ng/mL. The CV was <10% for all levels. NT-proBNP was 
measured with the Elecsys proBNP II assay (Roche Diagnostics, Switzerland). The lower 
detection limit was 5pg/mL and the CV was <5% for measured values. GDF-15 was measured 
with the GDF15 sandwich immunoradiometric sandwich assay. The lower detection limit 
was 20ng/L. The intra assay imprecision ranged from 2.85 to 10.6% and the inter assay 
imprecision ranged from 4.05 to 12.2%. Copeptin was measured with the commercial 
sandwich immunoluminometric assay (B.R.A.H.M.S. LUMItest CT-proAVP, B.R.A.H.M.S AG, 
Hennigsdorf/Berlin, Germany). The lower detection limit was 0.4pmol/l, and the functional 
assay sensitivity (<20% interassay CV) was <1pmol/l. If the measured copeptin level was 
‘low’ we used 1pmol/L.
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ABSTRACT

Background: In order to improve early diagnostic and therapeutic decision-making we 
designed the HEART score for chest pain patients in the emergency department (ED). 
HEART is an acronym of its components: History, ECG, Age, Risk factors and Troponin. 
Currently, many chest pain patients undergo exercise testing on the consecutive days 
after presentation. However, it may be questioned how much diagnostic value the 
exercise ECG adds when the HEART score is already known. 

Methods: A sub analysis was performed of a multicenter prospective validation study 
of the HEART score, consisting of 248 patients who underwent exercise testing within 7 
days after presentation in the ED. Outcome is the predictive value of exercise testing in 
terms of major adverse cardiac events (MACE) within 6 weeks after presentation. 

Results: In low-risk patients (HEART score ≤3) 63.1% were negative tests, 28.6% non-
conclusive and 8.3% positive; the latter were all false positives. In the intermediate-risk 
group (HEART 4-6) 30.9% were negative tests, 60.3% non-conclusive and 8.8% positive, 
half of these positives were false positives. In the high-risk patients (HEART ≥7) 14.3% 
were negative tests, 57.1% non-conclusive and 28.6% positive, of which half were false-
positives. 

Conclusion: In a chest pain population risk-stratified with HEART, exercise testing 
has only a modest contribution to clinical decision-making. 50% of all tests are non-
conclusive, with high rates of false positive tests in all three risk-groups. In intermediate-
risk patients, negative exercise tests may contribute to the exclusion of disease. Clinicians 
should rather go for sensitive tests, in particular in patients with low HEART scores.
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INTRODUCTION

The most common reason for admitting patients to the cardiac emergency department (ED) 
is chest pain1-3. In most guidelines and chest pain protocols, the focus is to identify those 
patients suspected of an acute coronary syndrome (ACS)4-5. In today’s practice the majority 
of the chest pain patients in the ED have no ACS but chest discomfort due to various, 
relatively harmless causes. However, due to the uncertainties related with suspected 
ACS, clinicians tend to hospitalize patients with ambiguous chest pain for observation and 
further diagnostic testing6,7. Many of these patients are treated as an ACS, awaiting the final 
diagnosis. Consequently, over diagnosis and unnecessary treatment occur frequently and 
patient burden and cost may be unnecessarily high. 

The TIMI and GRACE scores were developed for risk assessment in ACS patients1,8. These 
score are applied as well in the much broader category of chest pain patients at the ED. 
In order to improve diagnostic and therapeutic pathways, we designed the HEART score 
specifically for all chest pain patients in the ED9. The HEART score was validated in three 
multicenter studies10-12. The first was retrospective and yielded promising results10. This 
was followed by the prospective study in 2388 patients at 10 sites from which this is a sub 
study11. The third was an external validation study that was conducted in 2906 patients in 
the Asia-Pacific region12. The conclusions were that patients with low HEART scores have a 
low risk of major adverse cardiac endpoints (MACE) within four weeks and that the opposite 
holds true for patients with high HEART scores. This score may help the clinician in taking 
treatment decisions in the ED within one hour after their arrival. 

It is common practice in clinical cardiology to evaluate stable patients by means of exercise 
testing, as the exercise ECG has a certain predictive value for significant coronary artery 
stenosis13. In addition, the exercise test is applied for patients with unstable chest pain, in 
particular in the ED setting. According to the ACC/AHA 2002 guideline update for exercise 
testing, “Use of early exercise testing in emergency department chest pain patients improves 
the efficiency of management of these patients (and lower costs) without compromising 
safety”14. However, ACS may be caused by endothelial dissection and coronary thrombosis 
rather than by significant coronary artery stenosis. In addition, ACS prevalence differs 
between stable outpatients and chest pain patients in the ED. Therefore, sensitivities and 
specificities of exercise tests are different in stable and unstable patient groups. 

As the early risk assessment by means of the HEART score may be translated into a pre-test 
likelihood this score may provide an attractive setting for exercise test evaluation. Therefore, 
what is the added value of exercise testing to the prediction of MACE, when the HEART 
score is known? 
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METHODS

Patient population 
The prospective validation study of the HEART score was conducted in 2388 patients in ten 
hospitals in the Netherlands. The ethics committees of all participating hospitals approved 
the study. As this was an observational non-intervention study, informed consent procedures 
were waived. However, patients were informed of the registration of data and the follow up 
policy. Registrations of exercise ECGs were not part of the original study documentation. 
For this sub study four hospitals were chosen where complete availability of exercise ECG 
registrations was anticipated. All documentation of the exercise tests of patients was 
retrieved either electronically from the electronic patient dossier or photocopied from the 
paper patient records and kept in the study files. Results of exercise tests were anonymized 
and separated from other clinical documents for adjudication. See Figure 1 for patient flow. 
The patient inclusion period lasted from October 2008 to November 2009. Any patient 
admitted to the (cardiac) ED due to chest pain irrespective of age, pre-hospital suspicions 
and previous medical treatment was eligible. Since patients with chest pain and significant 
ST segment elevations on the ECG during transportation were immediately taken to the 
nearest coronary intervention room, these patients did not visit the ED and consequently, 
they were not included in the study. Of the original validation study, 7 patients (0.3%) were 
non-evaluable due to invalid data on admission. In another 45 cases (1.8%) the 6-week 
follow up was incomplete.

The HEART score 
The HEART score contains five components (Table 1). Each component is divided in three 
categories with 2, 1 or 0 points. For specific explanation of each HEART element, please see 
previous publications9,10. The HEART score was calculated on the basis of computer-entered 
patient data, without subjective interpretations. 
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Table 1. The HEART score for chest pain patients 

History Highly suspicious 2
Moderately suspicious 1
Slightly suspicious 0

ECG Significant ST-depression 2
Nonspecific repolarisation disturbance 1
Normal 0

Age ≥ 65 year 2
45 – 65 year 1
≤ 45 year 0

Risk factors ≥ 3 risk factors or history of atherosclerotic disease 2
1 or 2 risk factors 1
No risk factors known 0

Troponin ≥ 3x normal limit 2
1-3x normal limit 1
≤ normal limit 0

Total

Figure 1. Patient flow chart: exercise ECG derivation
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Adjudication process 
All exercise ECGs were performed with clinical indication, not for research purposes. Since 
documentation on conclusion of these exercise tests was not always available, we decided to 
re-read all retrieved exercise ECGs. Two cardiologists independent from the hospital where 
the exercise test was performed reviewed the exercise test. The adjudicators were unaware 
of the HEART score or clinical outcome of individual patients. In case of disagreement 
between two adjudicators the case was discussed in a plenary adjudication committee 
meeting with at least five members present. The Case Record Form (CRF) contained entries 
for: date of birth and test date, use of beta blockers on the day before and/or the day of the 
exercise test, classification of the baseline ECG, maximal heart frequency, maximal exercise 
capacity, duration of maximal exercise, maximal blood pressure, symptoms during the test, 
classification of maximal ECG changes, classification of the technical quality of the test. The 
CRF contained one section for the personal opinion of the adjudicator on the result of the 
test: the test could be classified: definitely positive, borderline changes, definitely negative 
with adequate exercise parameters. A separate entry was given for a an insufficient test if 
there were no ECG changes but the target heart rate of 90% of the predicted value was not 
reached. Another separate entry was given for tests with limited diagnostic value due to 
significant pre-test abnormalities. 

Criteria for exercise ECGs 
Standard electrocardiography was applied with paper speed 25 mm/sec and 10 mm/mV. 
Only cycle ergometers were used. The standard exercise protocol started with 20 Watt 
and increased with 20 Watt per minute. In some cases the individual exercise protocol 
was customized to allow 6 to 12 minutes of exercise. The classification of the exercise 
ECGs followed the paragraph ‘Interpretation of the Exercise Test’ of the ACC/AHA practice 
guidelines14. The following criteria for (non-) significant ST segment changes were used. In 
case of no ST changes the ECG was classified ‘unchanged’. In case of ST depressions <1 mm 
ST or when T inversions occurred the ST-changes were classified ‘notable, but insignificant’. 
In case of upsloping ST depressions with a surface area between the base line and the ST 
segment > 4 mm2 was classified ‘significant, upsloping’. A new horizontal or down-sloping 
ST segment depression ≥1 mm or elevation for at least 60 to 80 milliseconds (ms) after 
the end of the QRS complex was classified ‘significant ST deviation’. Other ECG changes 
(i.e. frequency dependent LBBB, arrhythmias, new ST elevations > 2 mm) were entered in 
‘miscellaneous other’ categories. 

Definitions of negative, non-conclusive and positive tests 
Classification of the exercise test was based on the ECG as described above. In order to 
classify a negative test the patient had to have reached ≥ 90% of the predicted value based 
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on age. In case of no or non-significant ECG changes and a maximal heart rate < 90% of 
the predicted value based on age, the test was classified non-conclusive. In case when 
the assessment of the ECG during exercise was hampered significantly due to movement 
disturbances, significant pre-test ECG abnormalities, left bundle branch block, pacemaker 
rhythm, significant other rhythm disturbances the test was also classified non-conclusive. 

Follow-up and outcome
The outcome measure was the occurrence of MACE within 6 weeks of initial presentation. 
MACE consists of: AMI, PCI, CABG, significant stenosis with conservative treatment and 
death due to any cause. Follow up data concerning MACE were retrieved from digital and 
written patient records, including discharge letters, revascularization reports and any other 
relevant documentation. In a few cases where follow-up data were not available from 
hospital records, the patient or their general practitioner was called to obtain information 
on their condition, hospital admissions, myocardial infarction and revascularization. 

Data analysis
Statistical analyses were performed with R (Version 2.9; The R foundation for Statistical 
Computing, Vienna, Austria)15 and SPSS 17 (IBM Corporation, NY, USA). Statistical evaluations 
were performed according to Cook16.

RESULTS

Study population 
The 4 participating hospitals of this sub study included 767 patients, of which 273 had an 
exercise test (35.6%). Of these 273 patients, 248 (90.8%) had an evaluable exercise test, 
performed before any coronary catheter investigation and not in the setting of myocardial 
stress imaging. The contribution of the four hospitals was: Universitair Medisch Centrum 
Utrecht 26%, Gelre Apeldoorn 27%, Medisch Centrum Haaglanden Westeinde 34%, Medisch 
Centrum Haaglanden Antoniushove 44%. 82 (33.1%) exercise tests were performed on the 
day of presentation and the other 166 (66.9%) within 1 week after presentation. Patient 
characteristics are given in Table 2a. 

Endpoints 
A MACE within 6 weeks occurred in 25 (10.1%) of the patients who had performed a bicycle 
exercise test. The MACE was an AMI (n=9), PCI (n=14), CABG (n=3) or significant stenosis 
with conservative treatment (n=4). None of the patients died within six weeks. An exercise 
test was performed in 84/308 (27.3%) patients who had HEART scores 0-3 (the low-risk 
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group), in 136/345 (39.4%) patients with HEART scores 4-6 (the intermediate-risk group) 
and in 28/101 (27.7%) patients with HEART scores 7-10 (the high-risk group).

Table 2a. Baseline characteristics 

Patient characteristics, N (% or SD) Patients with an ET All patients sub study
Study group 248 (32.9) 754 (100)
Age* 59.4 (13.1) 59.3 (16.3)
Male gender 153 (61.7) 420 (55.7)
Systolic blood pressure* 146.6 (24.0) 145.2 (26.2)
Diastolic blood pressure* 78.8 (14.9) 78.0 (15.1)
Diabetes Mellitus 53 (21.4) 161 (21.4)
Smoker 86 (34.7) 265 (35.1)
Hypercholesterolemia 104 (41.9) 272 (36.1)
Hypertension 105 (42.3) 305 (40.5)
Family History 98 (39.1) 251 (33.3)
Obesity 56 (22.6) 178 (23.6)
History of AMI 37 (14.9) 94 (12.5)
History of CABG 36 (14.5) 82 (10.9)
History of PCI 61 (24.6) 142 (18.9)
History of Stroke 11 (4.4) 39 (5.2)
History of peripheral arterial disease 12 (4.7) 44 (5.8)
HEART score* 4.3 (1.8) 4.1 (2.1)
MACE within six weeks 25 (10.1) 100 (13.3)
AMI 9 (3.6) 39 (5.2)
PCI 14 (5.6) 57 (7.6)
CABG 3 (1.2) 21 (2.8)
Significant stenosis 4(1.6) 11 (1.5)
Death 0 6 (0.8)

*Mean (SD)
AMI: acute myocardial infarction, CABG: coronary artery bypass graft, PCI: percutaneous coronary 
intervention, ET: exercise test

ECG during exercise
We recorded information on the use of beta blockers on the day before and/or the day of the 
exercise test, classification of the baseline ECG, maximal heart frequency, maximal exercise 
capacity, duration of maximal exercise, maximal blood pressure, symptoms during the test, 
classification of maximal ECG changes and classification of the technical quality of the test. 
The results are shown in Table 2b. The technical quality of the ECG recordings was qualified 
by the adjudication as ‘good’ in 181 patients, ‘reasonable’ in 42, ‘fair’ in 15 and ‘poor’ in 10 
patients. During the exercise test the ST segment did not change in 149 patients (60.1%). 
Notable, but non-significant ST changes (0.05 – 0.1 mV ST depression or T inversions) 
occurred in 59 patients (23.8%). Twenty-six patients (10.5%) had significant, horizontal or 
down-sloping ST depression >0.1mV and 1 patient (0.4%) had a significantly abnormal up-
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sloping ST depression, together composing the group of 27 (10.9%) unequivocal positive 
tests. In 13 other patients (5.2%) other changes on their ECG were observed, such as 
frequency dependent left bundle branch block or arrhythmias with secondary repolarization 
disturbances. 

Table 2b. Exercise ECG characteristics

Exercise ECG characteristics, N (% or SD) Patients with an ET
Use of Beta-blockers during exercise ECG 100 (40.3)
Exercise ECG performed on the day of presentation 82 (33.1)
Pre-test ECG entirely normal 158 (63.7)
Maximum heart frequency in bpm* 137.1 (26.7)
Maximum exercise performance in Watts (228 patients)* 133.2 (56.6)
Maximum exercise performance in METS (19 patients)* 11.4 (3.3)
Duration of the exercise tests in minutes* 6:11 (2:21)
Maximal systolic blood pressure in mmHg* 192.0 (31.9)
Maximal diastolic blood pressure in mmHg* 90.6 (24.3)
Occurrence of symptoms during exercise 212 (85.5)

*Mean (SD)
ET: exercise test, METS: metabolic equivalents of task

Adjudication of exercise tests 
A (borderline) negative test occurred in 99 (39.9%) of the patients. Almost half of the 
patients (49.2%) had a non-conclusive exercise ECG. A (borderline) positive test occurred in 
27 (10.9%) of the patients. The exercise ECG results for the different risk-groups, stratified 
with HEART in relation to the occurrence of MACE are given in Table 3. For low-risk patients, 
of the positive adjudicated exercise tests, 100% (7/7) are false positives, 2% (1/53) are false 
negatives and 29% (24/84) exercise tests are non-conclusive. For the intermediate-group 
(HEART 4-6), forty-two of in total 136 exercise tests correctly predict that there is a no risk of 
MACE in this subgroup; once again a high percentage of non-conclusive tests (60%). When 
an exercise test in this group is adjudicated as positive, there is as much chance it will be 
true positive as false positive. The exercise ECG results for the high-risk-group (HEART≥7) 
in relation to the occurrence of MACE are also given in Table 3. Table 4 shows sensitivity, 
specificity, positive predictive value (PPV) and negative predictive value (NPV) of exercise 
ECG in the different subgroups of HEART.
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Table 3. Outcome exercise ECG in relation to occurrence of MACE in different risk groups, stratified 
with the HEART score

Occurrence of MACE
MACE No MACE Total

Low-risk HEART patients

Exercise ECG
Positive 0 (0%) 7 (9%) 7 (8%)
Non-conclusive 1 (50%) 23 (28%) 24 (29%)
Negative 1 (50%) 52 (63%) 53 (63%)

Total 2 (100%) 82 (100%) 84 (100%)
Intermediate-risk HEART patients

Exercise ECG
Positive 6 (40%) 6 (50%) 12 (9%)
Non-conclusive 9 (60%) 73 (45%) 82 (60%)
Negative 0 (0%) 42 (5%) 42 (31%)

Total 15 (100%) 121 (100%) 136 (100%)
High-risk HEART patients

Exercise ECG
Positive 4 (50%) 4 (20%) 8 (29%)
Non-conclusive 3 (38%) 13 (65%) 16 (57%)
Negative 1 (12%) 3 (15%) 4 (14%)

Total 8 (100%) 20 (100%) 28 (100%)

Table 4. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for 
the different HEART risk groups, given with 95% CI (non-conclusive tests were not included in this 
calculation)

Exercise ECG
Sensitivity Specificity PPV NPV

HEART 

Low risk 0 0.88
(0.80-0.95)

0
(0-0.44)

0.981
(0.89-1.00)

Intermediate risk 1.0 0.88
(0.77-0.95)

0.5
(0.22-0.78)

0.736
(0.60-0.84)

High risk 0.80
(0.38-0.99)

0.43
(0.12-0.77)

0.5
(0.17-0.83)

0.75
(0.22-0.99)

DISCUSSION

Exercise testing after HEART score assessment only has a modest contribution to the making 
of a clinical diagnosis. Distinction between low-, intermediate- and high-risk patient groups 
may provide an answer to the question in which groups of patients the test may be valuable 
or not. 

The low-risk group (HEART score ≤3), which accounts for 33.9% of the study population, 
holds a 6-week risk MACE of 2.4%. In the light of this low pre-test likelihood, additional 
testing makes sense only when the test has few false-positives. In this case, 8.3% of the 
patients had a positive exercise test but none of them had a MACE. However, these positive 
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exercise tests have fed the suspicion of a serious cause of the chest pain and consequently 
to the unnecessary occupation of hospital beds and to medical procedures. Consequently, 
iatrogenic damage may have occurred. The diagnosis of coronary artery disease was not 
confirmed in any of the patients with a positive exercise test. Therefore, exercise testing is 
not recommended in low-risk chest pain patients. This underlines the results of Gaibazzi et 
al (2011) in a somewhat smaller population of only 53 patients with an exercise ECG out of 
which 18 were false negative and 6 false positive tests17. These authors concluded that “in 
chest pain patients with typical ECG changes but without a rise of troponin levels, bicycle 
exercise tests did not properly predict the risk of developing a nSTE-ACS”17. Furthermore, 
Mahler and co-workers stated that if used to guide objective cardiac testing, the HEART 
score could have substantially reduced cardiac testing in the low-risk HEART score cohort18. 
In the study in patients in a chest pain unit by Gibler et al. a graded exercise test was found 
to have a sensitivity of 28.6%, a specificity of 99.4%, a positive predictive value of 44.4% 
and a negative predictive value of 98.7%19. Blankstein et al. demonstrated that a positive 
exercise treadmill testing had a limited sensitivity but high specificity for the detection 
of >50% stenosis by CT angiography20. Lastly, the American Heart Association formulated 
a statement regarding testing of low-risk chest pain patients21. In this, exercise treadmill 
is part of the recommendations. Numerous studies support the use of exercise treadmill 
stress. Nevertheless, they also mention the low positive predictive value of exercise testing.

The intermediate-risk group (HEART score 4-6), which accounts for 54.8% of the original 
study population, holds a 6-week risk of MACE of 11.0%. In the patients with a negative test, 
MACE did not occur. The majority of the patients (60.3%) had a non-conclusive exercise test. 
In this group 11.0% of the patients had a MACE that was not predicted by the exercise test. 
Twelve patients (8.8%) had a positive test, of which 50% had a MACE. In patients with an 
intermediate HEART score, the exercise test may be helpful for excluding disease but most 
patients have a non-conclusive test, which is not helpful for the clinician. The high number 
of false-positives is a concern. 

The high-risk group (HEART score ≥7), which accounts for 11.2% of the original study 
population, holds a 6-week risk of MACE of 28.6% in this sub study. In the entire HEART 
validation study, the risk of MACE in the high HEART score group was 50.1%. Clearly, the 
current subgroup was a selection of doubtful cases after ‘filtering out’ the clear-cut ACS 
cases. The patients with a positive exercise test had a risk of 50% to have a MACE. A case 
could be made for early invasive strategies for all patients with high HEART scores. A 
consequence of such strategies could be to declare any non-invasive diagnostic work up 
redundant. 
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Limitations 
The exercise test in cardiology was not designed to predict adverse outcomes in acute chest 
pain patients, but to diagnose coronary ischemia in patients with stable angina. However, 
the test is widely applied in chest pain populations in order to “add certainty”, in particular 
before discharging patients with chest pain that is believed to have a non-coronary cause. 
When additional testing of chest pain patients in the ED is desired, the clinicians should go 
for sensitive tests. Sensitivity is not the characteristic of the exercise test, as “it is apparent 
that the true diagnostic value of the exercise ECG lies in its relatively high specificity. The 
modest sensitivity (about 50%) of the exercise ECG is generally less than the sensitivity of 
imaging procedures”14. 

This study reflects clinical practice, not an experimental environment. Routine exercise testing 
in this population is hampered by various less-than-optimal circumstances for diagnostic 
purposes, such as the use of beta-blockers in 70% of the cases, concomitant diseases, the 
setting of clinical medicine and sometimes failing equipment or technicians. Although the 
study population was part of a prospective study, the decision to perform an exercise test 
was left to the clinicians. Therefore, selection bias is apparent. Various reasons for omitting 
exercise tests may apply and it is not possible to retrieve the true reasons retrospectively. 
Considerations that may have played a role are for example a lack of reason when a diagnosis 
has already been made and/or the patient was immediately revascularized, disability of the 
patient and the non-availability of equipment and technicians. Lastly, given the low event 
rate, with for example the low sensitivity (0%) but high specificity in the low-risk group could 
be wrongly estimated. If there was even one truly positive test, the sensitivity jumps to 50%.

CONCLUSION

In a chest pain population, risk-stratified with the HEART score, the exercise ECG has only 
a modest contribution to clinical decision-making. Notably, in about half the patients in all 
risk groups the test is non-conclusive, and the rate of false positive tests is high in all three 
risk-groups. Only in intermediate-risk patients negative exercise tests may contribute to the 
exclusion of disease. Clinicians should rather go for sensitive tests, in particular in patients 
with low HEART scores. Furthermore, one recommendation could be that physicians should 
try to perform conclusive exercise tests.
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“So we have a promising clinical prediction rule: what’s next?”

Chest pain and clinical prediction rules
Ruling out acute coronary syndrome (ACS) in patients presenting with chest pain remains 
a major diagnostic dilemma. Early identification of ACS is crucial to start prompt treatment 
and improve the prognosis of these patients1. Various clinical prediction rules have 
been developed to assist physicians in the early identification of ACS2-9, and their use is 
recommended in all international guidelines on (suspected) ACS, as these rules appear 
superior to clinical assessment alone10. Examples of rules are the TIMI and GRACE scores, but 
over the past 10 years several other rules, such as the HEART score, have been developed2-9. 
Clinical prediction rules consist of multiple pieces of information (“predictors”) from history, 
physical examination and frequently also basic laboratory tests11. These predictors are 
combined into a total score which predicts the probability of a specific outcome for an 
individual patient. A useful clinical prediction rule should not only present the clinician with 
an absolute probability or risk category, but also with a recommendation for subsequent 
patient management, such as further testing or the initiation of specific treatments (typically 
when the probability of the disease is high) or refraining from further testing and for example 
early discharge from the emergency department, when the probability of disease is low12.

In order to be endorsed and routinely used in clinical practice, a clinical prediction rule has to 
meet several criteria (Figure 1). Importantly, (1) the rule has to be accurate in its prediction 
for the condition or disease of interest, (2) be simple in its use (preferably at the bedside) 
and (3) improve patients’ outcomes or reduce health care costs. Several available clinical 
prediction rules for chest pain patients meet the first (and to a lesser extent) the second 
criterion. Although for many rules it is not investigated, and thus unknown, what the impact 
of their application in daily practice is (the third criterion), some are even recommended in 
international guidelines. The fact that many recommended clinical prediction rules are not 
calculated, or calculated without active adherence to the rules’ recommendation for patient 
management13, may (at least partly) be attributable to the lack of these impact studies. In 
this general discussion we take a closer look at the different ways to evaluate impact of a 
clinical prediction rule and to ensure its application in clinical practice. In particular, the role 
and value of impact studies are examined.
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Figure 1. Evaluation journey of a clinical prediction rule: from clinical problem to application in clinical 
practice
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Evaluation journey of a clinical prediction rule
The evaluation journey of a clinical prediction rule typically has several phases, as depicted in 
Figure 114. First, the rule is developed, ideally in a cohort of patients reflecting the population 
in whom the rule will be used in practice. By measuring the potential relevant predictors 
that will be available in practice and the outcome of interest, a clinical prediction rule can be 
derived through statistical modelling, such as logistic regression or a Cox’ proportional hazard 
model. An interesting alternative to developing a prediction rule based in mathematical 
modelling is to derive a prediction rule based on clinical experience alone. This has the 
important advantage that one can choose a simple score, based on a few clinical items that 
are considered important by other clinicians as well as easy to assess, greatly increasing the 
applicability of the rule. An obvious disadvantage of such a pragmatic way of developing a 
prediction rule is the poorer performance of such a rule in predicting the outcome, because 
its derivation is not based on real data. A famous example of a rule developed in this way 
is the Apgar score. The score predicts mortality in neonates, based on 5 items (each scored 
0, 1 or 2 points) and was developed by Virginia Apgar in the 1950s15. The Agpar score was 
only validated for its predictive performance (which was actually good) many years after its 
development; at the time the score was already applied worldwide. The latter indicates that 
rules based on a few simple clinical items are more likely to be applied in daily practice. Also 
the HEART score (in contrast to the TIMI and GRACE scores) was developed based on clinical 
experience, including 5 items and total score ranging from 0 to 10.

A critical next step in the evaluation of a derived prediction rule is to examine whether 
the performance in new patients is comparable to the performance in the original cohort; 
this is known as external validation16. Such a validation is even more crucial when the 
score is not derived from data but based on clinical experience, as is the HEART score. The 
performance of prediction rules often significantly deteriorates in new patients compared 
to the performance in the original development cohort17-20. In this phase of the evaluation 
it becomes clear which prediction rule really has potential, and which rule does not meet 
certain minimal criteria necessary to fulfil its intended role in clinical practice. These external 
validation studies also offer the opportunity to zoom in on the intended use of the clinical 
prediction rule in practice. 

In case of risk stratification of patients with chest pain, the identification of patients at low 
risk could lead to early discharge or further management outside the hospital. Such a role 
of a prediction rule is referred to as triage. To serve as a triage instrument, the rules’ use 
should be safe meaning that the frequency of the outcome in the low-risk group should not 
exceed a specific, clinically acceptable level. Furthermore, the number of patients identified 
as low risk should be sufficiently large to generate improvements in patient management, 
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for example in terms of fewer additional diagnostic tests or hospital admissions (and thus 
a reduction in costs) or in patients’ quality of life. Some information on these items can 
be obtained in external validation studies, such as the proportion of patients that can be 
classified as low risk by the prediction rule and the frequency of false-negatives or –positives 
in these patients. However, these validation studies do not provide direct evidence whether 
routine use of the rule will lead to benefits for patients or health care.

Measuring impact
It is tempting to assume that if external validation studies show promising results, the clinical 
prediction rule is ready to be introduced in clinical practice. Indeed, the evaluation journey 
of many prediction rules stop after external validation, without further investigation of the 
impact of implementation of such a rule14,21. Increasingly, the need for impact evaluation is 
highlighted or even demanded to explicitly demonstrate that the routine use of a clinical 
prediction rule contributes to patient outcomes, guides patient management and leads 
to potential savings. Such direct evidence can be generated with an impact study or cost-
effectiveness study. 

We performed such an impact trial for the HEART score (Figure 2), a clinical prediction rule 
for chest pain patients at the emergency department. It was developed in 2007 and had 
promising results in external validation studies (Table 1). Our main findings of this HEART-
Impact trial were that routine use of the HEART score is just as safe as usual care (i.e. without 
the HEART score) for initial assessment of chest pain patients at the emergency department. 
The increase in proportion of early discharge and decrease in use of health care resources 
following the initial assessment was however limited and lower than anticipated.

In the following sections, we will discuss the following three key issues when considering an 
impact study: (1) whether and when to perform an impact study, (2) optimal study design of 
an impact study and (3) possible barriers when enrolling the intervention in an impact study. 
We will use our own experiences with the HEART-Impact trial to illustrate these key issues. 

(1) Whether and when to evaluate the impact of a clinical prediction rule? 
Impact studies are conducted to assess the real-life effect of an intervention (or in our 
case a clinical prediction rule). However, performing an impact study takes time, effort and 
comes with high costs. These operational and financial efforts should be weighed against 
the potential improvement of patient outcomes, optimization of patient management 
and possible future savings. Therefore, only clinical prediction rules with promising results 
during validation should be taken to this next level of evaluation: measuring impact in daily 
clinical practice22. 
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Figure 2. The HEART score for chest pain patients
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In particular, external validation studies can zoom in on specific issues that are relevant for 
the intended role in clinical practice such as how many patients can be classified as low risk 
by the prediction rule and what the frequency of “events” (e.g. the diagnosis in diagnostic 
prediction rules or the complication (e.g. mortality) in prognostic rules) is in these low-risk 
patients. These results may already indicate that a rule is not fit for purpose, e.g. when the 
number of false-negatives, in our example the proportion of patients with ACS in the low-
risk group, is too high to be clinically acceptable. It is advantageous to fully exploit the value 
of external validation studies as these studies are relatively easy to perform: all patients can 
be included, undergo the prediction rule and their outcomes can be assessed without much 
interference of daily practice. With increasing certainty that the expected advantages of the 
use of a prediction rule will indeed happen in clinical practice, the necessity to perform an 
impact study may not be felt anymore23. However, without execution of the full consequence 
of the rule (e.g. early discharge without further testing in patients with a low HEART score), 
the safety of such a directive use of the rule can never be quantified completely.

Despite extensive validation studies with promising results there may be a demand for 
performing an impact study. The rationale for an impact study is that the combined effects 
of applying the rule and the subsequent patient management may be difficult to predict 
from the results of validation studies. This may be attributable to several phenomena. For 
example, the prediction rule is not calculated in daily practice because of time constraints, 
or too complicated to calculate. Importantly, even when the rule is routine calculated in 
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individual patients, the recommended policy, such as hospital admission or no further 
testing, may not be adhered to, perhaps because of fear for false-negative scores. The 
latter may be especially important in suspected ACS, where patient management is often 
“defensive” because of the potential severe consequences of false-negatives. Validation 
studies, where typically the score is calculated retrospectively or prospectively, but patient 
management is not based the individual scores, can, thus, never fully mimic the real-life 
application of prediction rules. This is illustrated by our studies.

Although the validation studies of the HEART score yielded very promising results, clinicians 
remained uncertain about safety. Apparently they wondered whether patients with a low 
HEART score who could be discharged early from the emergency department, might still 
develop adverse cardiac events at home. Indeed, in our case there are two reasons that 
necessitate the evaluation of the impact of the HEART score in clinical practice. First, is the 
routine use of the HEART score safe when in patients with low scores it is recommended 
to go for early discharge from the emergency department without further testing or 
observation? Second, if applied in practice, will it result in a decrease of the use of health 
care resources, will a decrease of health care use at the emergency department and hospital 
result in transfer of care to the general practitioner, or will more patients return to the 
emergency department, because they feel they were not assessed properly? The benefit of 
an impact study is that you can (and must) measure all possible positive and negative effects 
of using the clinical prediction rule both on patients and on health care in general. 

(2) Study design: how should we evaluate the impact of a clinical prediction rule?
When the decision is made to perform an impact study, there are a number of design issues 
to take into account. We focus on (a) the choice of study design and (b) how to define and 
control the intervention. 

(a) Study design. Randomized controlled trials are considered the ultimate yardstick 
for measuring the impact of a new intervention by making a head-to-head comparison 
between existing care (“usual care”) versus the new care guided by the prediction rule in 
comparable patient groups generated by randomization. One variation of a randomized 
controlled trial that has recently being advocated to evaluate impact is the stepped wedge 
cluster randomized design24. In a stepped wedge design, health care units (the clusters; 
e.g. hospitals, primary care practices) are randomized in the timing when to switch from 
usual care to the intervention (Figure 3). Stepped wedge designs are increasingly used 
to evaluate the real-life effectiveness of interventions because of the following features: 
(i) cluster type of design: the implementation of a prediction rule often requires a 
cluster type of design to prevent contamination. Training and instruction is often needed 
which is best done in clusters; (ii) each hospital switches to the intervention, which may 
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enhance participation of clusters; (iii) there is a one directional change from usual care 
to intervention care, reducing the risk of contamination. All hospitals end with the new 
intervention, so they can continue in case of positive findings. One other main advantage 
of this design is that you can measure the effect of the intervention within each cluster 
(within-hospital comparison), offering the opportunity to examine whether the effect 
is constant between clusters, and in case of heterogeneous results explore possible 
reasons. 

Figure 3. Stepped wedge design in the participating hospitals of the HEART-Impact trial

Inclusion period: 1st of July 2013 – 31st of August 2014
* inclusion numbers in usual care period
** inclusion numbers in HEART care period  

However, the stepped wedge design has also certain disadvantages. Especially, the fact 
that the design requires all hospitals to start simultaneously, is an important logistical 
challenge. Furthermore, once the trial has started and the first switch in the first hospital 
has taken place, the timing of switches in care become fixed (e.g. every six weeks a 
hospital needs to switch from usual care to intervention care). It reduces the flexibility to 
extend your study period (e.g. to increase the inclusion period or the follow-up time) after 
the first switch, in case of disappointing inclusion rates or logistical issues. Alternative 
designs, such as before-after studies or external comparison studies (comparing several 
hospitals), may not have these disadvantages, but lack the considerable advantages 
of (stepped wedge) cluster randomized trials. Apart from stepped wedge cluster 
randomized trials, also parallel randomized trials applying randomization of individual 
patients or clusters are possible, but the main disadvantage of individual randomization 
is contamination and of cluster randomization is the incomparability of patients within 
clusters. 
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(b) How to define and control the intervention. It may be a challenge to define and 
control the delivery of interventions in a pragmatic impact trial. Notably, in the case 
of a clinical prediction rule, the intervention is the combination of applying the rule 
itself with the recommendations for patient management resulting from the rule. Two 
extremes in approaches for implementation during an impact trial are: a very strictly 
defined protocol and no flexibility how the intervention should be delivered; or just 
a general description of what the intervention should be without details and further 
monitoring by the researcher (Figure 4). In our HEART-Impact trial, we felt it to be a true 
dilemma to stay pragmatic, when cardiologists did not adhere to the HEART protocol, 
although we wanted to assess how the HEART score protocol really impacts the process 
of care when closely adhered to. A pragmatic approach is described as an intervention 
that is supplied by the study team, but further enrolled by the physicians themselves, 
without further control by the study team. The way the physicians use (or do not use) 
your intervention is defined by the health care professionals themselves. It may lead to 
variation how the intervention is applied between clusters, and physicians may overrule 
the protocol too easily. Certainly in case of a prediction rule, which is a decision support 
tool, physicians should have this option, but when adherence to the recommendations 
it very low, the potential impact of the prediction rule is underestimated25. To examine 
the optimal potential effect of your intervention, one approach could be to standardize 
your intervention as much as possible, for example with the installation of a research 
nurse 24/7 at the emergency department who monitors whether everyone adheres 
to the protocol (“adhere to the clinical prediction rule, unless…”). The results of such 
a trial will reflect the maximal effect, which indeed may be different when applied to 
other (less standardized) settings. However, the results of such a strict trial may convince 
cardiologists that the HEART score is truly safe to use, increasing future implementation 
and use of the score and adherence to the patient management recommendations after 
the impact trial. 

The recently developed PRECIS-2 tool can help trialists to make design decisions 
consistent with the intended purpose of a trial, and decide when a pragmatic approach 
is the best option26. Hawe et al. advise that researchers examining more complex 
interventions should standardize only the function and process of the intervention, not 
the components themselves, thus allowing the form to be tailored to local conditions, 
improving effectiveness27. We agree with this statement when evaluating the impact of 
an intervention, and therefore researchers should not equal “pragmatic” with “doing 
nothing to ensure adherence to your intervention, without any supervision or control 
by the study team”. Instead they should always standardize certain aspects of their 
intervention, and formulate minimal criteria to be monitored and furthermore they 
should give feedback to researchers in case of non-adherence, also in a pragmatic trial. 
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This is also shown in Figure 4 with the middle box “Intervention delivery in pragmatic 
trial”. Otherwise, such a complete pragmatic approach without any supervision may 
result in the absence of effect, and it remains unclear whether the rule and corresponding 
guidance is ineffective or whether there are major barriers in the implementation of this 
new approach in daily care. 

Our own HEART-Impact trial had a pragmatic approach: we educated the physicians 
before and during the trial how to use the score and how to adhere to the protocol 
and we repeatedly reminded them of the necessity for adherence throughout the 
trial. However, we did not execute a strict control of the adherence at the ED. As we 
mentioned, our measured effects on patient outcomes and savings during the trial were 
limited. The potential barriers to changing from usual care to the intervention care 
including prediction rule are discussed in the next section. 

Figure 4. Implementation of a complex intervention: trial without any supervision versus a more 
pragmatic approach versus a completely standardized approach
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Figure 4. Implementation of a complex intervention: trial without any supervision versus a more 
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(3) Possible barriers when enrolling the intervention in an impact trial 
Our hypothesis was that with the routine use of a clinical prediction rule (i.e. the HEART 
score), assessment of patients with chest pain would be improved, notably by promoting 
earlier discharge of low-risk patients from the emergency department without additional 
testing (e.g. stress testing or imaging) and by increasing early invasive treatment in high-
risk patients. This could result in potential savings, as shown in several small studies28-30. 
However, on beforehand and during the HEART-Impact trial, clinicians mentioned potential 
barriers for adherence to patient management recommendations following from the HEART 
score. We will discuss these encountered barriers in more detail below according to the 
three different contexts described by Grol et al., namely practice environment, prevailing 
opinion and knowledge and attitudes31,32.
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Practice environment (organisational context)
•	 Financial disincentives — Hospitals and medical departments receive compensation by 

insurance companies for certain procedures and actions. Unfortunately, this financial 
reimbursement system mostly favours action, testing and hospitalization, instead of 
favouring withholding of treatment, transfer of care back to the general practitioner, or 
early discharge. 

•	 Organisational constraints — Hospital have contracts with insurance companies, thus 
needs to adhere to certain policies and regulations. Furthermore, physicians adhere to 
several national and/or international professional guidelines. When the new policy is in 
conflict with these contracts or guidelines, implementation may become more difficult 
to achieve. See also “Prevailing opinion – Standards of practice”.

•	 Perception of liability —Among some clinicians there was a lack of trust in the score’s 
safety, which may possibly be an explanation for the increase of out-patient clinic 
visits observed during HEART care (although this was not statistically significant after 
adjustment for clustering and time). Several participating cardiologists were hesitant to 
actively use the HEART score and discharge low-risk patients early from the emergency 
department. 

Prevailing opinion (social context)
•	 Standards of practice — The HEART score only includes a single troponin measurement 

in its calculation. After this single troponin, the HEART score can be calculated and 
the recommended policy can be followed. It implies that low-risk patients would be 
discharged directly after this first troponin measurement. However, many clinical 
guidelines recommend serial troponin measurement after 3 hours after arrival at the 
emergency department in all patients10. The new European guidelines just implemented a 
serial troponin measurement after 1 hour10. This would possibly have been an alternative 
to this 3-hour serial troponin measurement, since a measurement after 1 hour will still 
result in a considerable shorter length of stay at the emergency department, compared 
to a measurement after 3 hours. 

•	 Opinion leaders — We noticed there were several key persons (such as heads of the 
department) who had some reservations to our proposed protocol, even though the 
group of cardiologists as a whole agreed to participate. 

Knowledge and attitudes (professional context)
•	 Clinical uncertainty — In case of chest pain, which can be caused by the life-threatening 

disease of ACS, physicians strive to minimize the number of false-negatives. It is known 
that it tends to lead to an overestimation by the physician of pre-test probability of 
ACS in chest pain patients33. Literature on chest pain at the emergency department 
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report false-negative rate of up to 6%34, as well as an estimated incidence of unexpected 
sudden cardiac death around 0.1%35. One cardiologist mentioned: “there is no particular 
risk of the HEART score itself, but only a general risk of unexpected sudden cardiac death 
and missed ACS, which is something we will have to accept”. However, accepting this 
inevitable risk is difficult in daily practice and poses a dilemma for both physician, patient 
and society33. 

In view of the limited effects we observed on patient care and health care utilization the 
question arises whether more attention should have been given to these barriers, perhaps 
even before initiating the trial, for example with qualitative methods such as interviews. 
Craig et al. mention that “a good theoretical understanding is needed of how the intervention 
causes change, so that weak links in the causal chains can be identified and strengthened”36. 
They furthermore pose several questions to ask yourself when implementing an intervention, 
including: “have you done enough piloting and feasibility work to be confident that the 
intervention can be delivered as intended? Can you make safe assumptions about effect 
sizes and variability, and rates of recruitment and retention in the main evaluation study?” 
Peters et al. suggest in their paper on implementation science that since there are “actors” 
who need to start using the intended intervention, “one important implication is that often 
these actors should be intimately involved in the identification, design, and conduct phases 
of research and not just be targets for dissemination of study results”37. 

Even after the impact study is completed, a new challenge awaits: the implementation of 
the clinical prediction rule; i.e. widespread acceptance and adoption of the rule in clinical 
practice (Figure 1)14. From all these insights on implementation research, it becomes 
apparent that possible barriers need to be identified and addressed, preferably before the 
start of the impact study, to facilitate implementation during the study, and thereafter. True 
adoption in clinical practice will take years, as implementation will be done in broader but 
also new patient populations, with new physicians with different and possibly unexpected 
perceptions on the use of the clinical prediction rule. 

Future perspectives and clinical implications
We conclude with three recommendations in order to guide clinicians as well as future 
researchers on the topic of clinical prediction rules in patients with chest pain.

1) Whether and when should we measure impact? Impact studies generate the most direct 
answer to the question whether a clinical prediction rule is truly effective in improving 
patients outcomes or saving costs. However, it is a laborious and costly enterprise. 
Therefore, less complicated evaluations like validation studies only focusing on the 
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group of patients of interest (in our case low-risk patients) should be fully exploited 
before considering an impact study. After that, remaining uncertainties about the exact 
balance of intended and (unexpected) unintended effects of routine application of the 
prediction rule and the corresponding guidance in patient management can be solved by 
performing an impact trial. 

2) How should we design an impact study? A key issue in an impact study is the level of 
standardisation and control in the delivery of the intervention. We advise researchers 
to anticipate and act on possible barriers for implementation of the intervention even 
in a pragmatic trial. Researchers should always define minimal criteria on which aspects 
of their intervention should be standardized. The standardization should focus on the 
function and process of the intervention, not necessarily the components themselves. 
The form of the intervention can be tailored to local conditions, which may enhance 
effectiveness. Modifications to the parallel cluster randomized trial such as the stepped 
wedge design may be considered. Advantages such as the possibility for within-hospital 
comparison and opportunity to measure barriers in implementing the prediction rule 
in all hospitals need to be weighed against the possible disadvantages such as the 
inflexibility to extend your inclusion period in case of disappointing inclusion rates. 

3) What can we conclude on the impact of the HEART score, based on the HEART-Impact 
trial? The routine use of the HEART score during the initial assessment of chest pain 
patients at the emergency department was just as safe as usual care. However, the 
increase in proportion of early discharge and decrease in use of health care resources 
following the initial assessment was limited. It is likely that with increasing acceptance, 
confidence and experience with the HEART score the impact on health care resources 
and costs increases. A possible adjustment of the HEART score to meet the current 
hesitation or skepticism, namely whether the use of the HEART score is safe (enough), 
would be to combine the calculation of the HEART score with the recently implemented 
1-hour troponin protocol of the revised European guidelines. The additional serial 
troponin measurement after one hour is likely to further increase the safety of the 
HEART score as observed in our trial (which used primarily a single measurement), but 
is still an improvement over the 3-hour serial measurement of troponin currently used 
in many hospitals. Further research should focus on identifying low-risk patients, since 
the main barriers to follow the rule are in these patients, and at the same time this is the 
group were considerable reduction in the use of health care resources can be achieved.
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A

SUMMARY

In 6% of all patients presenting to the emergency department the reason is chest pain, which 
results in approximately 200.000 patients in total per year in The Netherlands1. A minority 
of these patients have an acute coronary syndrome (ACS), and need prompt admission and 
treatment2. However, differentiating between ACS and other, mostly non-life-threatening 
disease, remains a diagnostic dilemma for every physician, since laboratory results and 
electrocardiography (ECG) can be normal even though an ACS is present. Therefore, current 
practice is often a defensive one: most chest pain patients are hospitalized for observation 
and additional testing3. This is not only a time-consuming and costly strategy, but also puts 
many low risk patients for ACS at risk of complications of these diagnostic procedures. This 
emphasizes the importance of research on the risk stratification of patients presenting with 
chest pain, in particular the identification of patients at low risk for ACS.

In this thesis we have evaluated and compared several strategies for more efficient 
management and diagnosis of chest pain patients at the emergency department. These 
different strategies include the use of a risk score (such as the GRACE score, HEART score or 
TIMI score), or additional diagnostic tests such as the bicycle stress test or laboratory results 
(biomarkers). 

In Chapter 2 we performed an additional analysis on the prospective validation cohort of 
the HEART score and compared the TIMI score and the HEART score in terms of medical 
consumption. We found that the HEART score identified more patients as low risk compared 
to the TIMI score (256 vs. 105), with potential savings of €63,657 vs. €14,670. If the HEART 
score would have guided further management in these patients, it could have led to a 
reduction in diagnostic procedures and costs. However, in this study the HEART score nor the 
TIMI score were not actively used in patient management, therefore, our recommendation 
for future research is to prospectively investigate whether adhering to the HEART score and 
early discharge of low-risk patients results in lower use of health care resources and actual 
reductions in costs.

The design of such an impact study is presented in Chapter 3. The HEART-Impact trial is a 
stepped wedge, cluster randomized trial in patients presenting at the emergency department 
with chest pain in 9 hospitals in the Netherlands. Stepped wedge designs are increasingly 
used to evaluate the real-life effectiveness of interventions. Each hospital has both a usual 
care and an intervention period, therefore, outcomes can be compared within and across 
hospitals. Furthermore, each hospital will experience the new intervention which may 
enhance participation in case of a promising intervention. We hypothesized that this large 
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impact trial would generate evidence whether the anticipated benefits of using the HEART 
score would indeed be achieved in real-life clinical practice. 

In Chapter 4 the findings of the HEART-Impact trial are reported. In this trial we compared 
“usual care” with “HEART care” in terms of safety, use of medical resources and costs. 
The HEART care included a calculation of the HEART score in every individual patient and 
adherence to the recommendation of policy. Our findings were that active use of the HEART 
score during initial assessment of chest pain patients at the emergency department is just 
as safe as usual care, since non-inferiority was demonstrated: six-week incidence of major 
adverse cardiac events (MACE) during HEART care was 1.3% lower than during usual care 
(upper limit 95% CI: +2.0%). The proportion of early discharge within 4 hours after initial 
presentation was higher during HEART care (34.4 vs. 30.6%, difference after adjustment for 
clustering and time steps +0.7%; 95% CI: -10.6 to +11.9%) and decrease in use of health care 
resources following the initial assessment was small. Differences in health outcomes and 
costs were limited, although cost-effectiveness was formally demonstrated: the probability 
that HEART dominates usual care equals 71.0%, and the probability that HEART is cost-
effective for a Willingness-to-Pay (WTP) threshold of €20,000/QALY equals 99.4%.

Several risk scores have been developed over the years, and the use of these risk scores has 
been advocated in all international cardiac guidelines. Therefore, in Chapter 5 we compared 
the performance of the HEART score with two other well-known scores, namely the GRACE 
score and the TIMI score, to predict major adverse cardiac events in a head-to-head manner 
using the data of HEART impact trial. Our findings were that the HEART score is the most 
efficient score to use at the emergency department to estimate short-term risk for cardiac 
events in chest pain patients, since it identified the largest number of patients as low risk, 
without compromising a fixed level of safety. 

An active area of research is the search for novel, high sensitive cardiac biomarkers to 
improve the early diagnosis of ACS at the emergency department. However, most studies 
report on the value of a cardiac biomarker alone, without examining the added value 
on top of already available information from clinical assessment (like history taking) and 
electrocardiography. In Chapter 6 we investigated with data from the FAME-ER study the 
added diagnostic value of novel cardiac biomarkers for diagnosis of ACS on top of current 
clinical practice (history taking, medical history, risk factors and ECG findings combined in 
the form of a “clinical model”). We also examined the added value of these markers on 
top of the current practice of measurement of a high-sensitive troponin T (hs-TnT). When 
assessing patients with chest pain suspected of ACS, only the marker myoglobin had added 
diagnostic value beyond clinical symptoms and ECG. However, when combined with hs-cTnT, 
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it yielded no additional diagnostic value. All other novel biomarkers, namely PlGF, sFlt-1, NT-
proBNP, GDF-15 and copeptin, had no added value to the clinical model or hs-cTnT.

A diagnostic test currently most frequently used in patients presenting with chest pain, 
apart from the ECG and laboratory tests, is the bicycle stress test. In Chapter 7 we evaluated 
the diagnostic value of bicycle stress testing. We re-evaluated the executed bicycle stress 
tests in a part of the study population using data of the previous prospective validation 
study of the HEART score. On top of risk stratification by the HEART score, bicycle stress 
testing has only a modest contribution to clinical decision-making. In total, 50% of all tests 
are non-conclusive, with high rates of false positive tests in all three HEART risk groups. 
In intermediate-risk patients, negative exercise tests may contribute to the exclusion of 
disease. Our advice is that clinicians should rather go for sensitive tests, in particular in 
patients with intermediate HEART scores, and furthermore should refrain from testing with 
the bicycle exercise test in low risk patients.

In conclusion, the diagnosis of ACS at the emergency department in clinical practice remains 
difficult and there are several options for the clinical work-up of these patients. Our findings 
in the HEART-Impact trial indicate that the use of the HEART score is safe, however the 
limited impact on health care resources also underline the importance to identify possible 
barriers inhibiting the acceptance of the recommended management in the low-risk HEART 
group. Based on the results presented in this thesis, we would advise the use of the HEART 
score in the work-up of chest pain patients in more hospitals. The question whether patients 
and society truly benefits from the use of the HEART score will hopefully be answered in 
the coming years, with increasing body of evidence on the HEART score and increasing 
acceptance and adherence to the score in clinical practice.
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Van alle patiënten die zich presenteren op de Eerste Hulp gaat het in 6% om de klacht “pijn 
op de borst”. Dit resulteert in ongeveer 200.000 patiënten per jaar in Nederland1. Een klein 
deel van deze patiënten heeft een acuut coronair syndroom (ACS) en behoeft direct opname 
in het ziekenhuis voor behandeling2. Echter, het goed kunnen differentiëren tussen ACS en 
andere, vaak niet levensbedreigende ziektes, blijft een diagnostisch dilemma voor elke arts. 
Dit komt onder andere omdat het laboratorium onderzoek en elektrocardiogram (ECG) 
normaal kunnen zijn, ook wanneer een patiënt wél een ACS heeft. Hierdoor is de huidige 
klinische praktijk erg defensief ingesteld: de meeste patiënten met pijn op de borst worden 
opgenomen voor korte of langdurige observatie en ondergaan aanvullende diagnostische 
onderzoeken3. Dit is tijdrovend en gaat gepaard met stijgende gezondheidszorgkosten. 
Bovendien worden op deze manier veel patiënten die een laag risico op een ACS hebben, 
blootgesteld aan het risico van complicaties van deze diagnostische (soms invasieve) 
onderzoeken. Dit benadrukt het belang van wetenschappelijk onderzoek naar de risico 
stratificatie van patiënten met pijn op de borst, met name zodat deze “laag risico” patiënten 
geïdentificeerd kunnen worden.

In dit proefschrift hebben we enkele strategieën geëvalueerd en waar mogelijk vergeleken 
met elkaar, met als doel op de Eerste Hulp de meest efficiënte management van patiënten 
met pijn op de borst te identificeren. Deze verschillende strategieën zijn: het gebruik 
van een risico score (zoals de GRACE score, HEART score en TIMI score), of aanvullend 
onderzoek in de vorm van het uitvoeren van een fietstest of het bepalen van aanvullende 
laboratoriumwaarden (biomarkers).

In Hoofdstuk 2 beschrijven we een aanvullende analyse met data van de prospectieve 
validatie studie van de HEART score. De HEART en TIMI score zijn twee risicoscores, die aan 
de hand van enkele klinische kenmerken, een patiënt kan inschatten als laag risico op een 
ACS, of juist een hoog risico. Aan de hand van zo’n risicoscore kan vervolgens het beleid voor 
de patiënt worden bepaald: moet de patiënt verder nagekeken worden in het ziekenhuis, 
of kan de patiënt zonder verder onderzoek of observatie veilig naar huis? We vergelijken in 
Hoofdstuk 2 de TIMI score met de HEART score wat betreft het uitvoeren van diagnostische 
procedures, opnames en daarmee het maken van medische kosten. In dit hoofdstuk 
laten we zien dat de HEART score meer patiënten met pijn op de borst identificeert als 
“laag risico” dan de TIMI score (256 patiënten versus 105 patiënten). Als de HEART score 
daadwerkelijk gebruikt zou worden voor het verdere beleid van de patiënt met pijn op 
de borst op de Eerste Hulp, en laag risico patiënten naar huis gestuurd zouden worden 
zonder verdere observatie, zou dat zodoende tot een reductie van ziekenhuisopnames en 
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diagnostische procedures kunnen leiden en daarmee tot een reductie in kosten (in deze 
studie een potentiële kostenreductie van €63,657 met HEART versus €14,670 met TIMI). 
Echter, in de praktijk wordt de HEART score (of de TIMI score) niet actief gebruikt om het 
beleid te bepalen in deze patiënten. Het zou dus interessant zijn om te kijken wat er gebeurt, 
als daadwerkelijk het bijbehorende beleid van de HEART score wordt geïmplementeerd op 
de Eerste Hulp en dus voor patiënten met laag risico een vroeg ontslag vanaf de eerste Hulp 
wordt doorgevoerd.

In Hoofdstuk 3 beschrijven we het studiedesign van de HEART-Impact trial, die precies 
bovengenoemd doel voor ogen had: observeren wat er gebeurt als je de HEART score 
implementeert en actief gaat gebruiken in de praktijk bij de beoordeling van patiënten met 
pijn op de borst. De HEART-Impact trial is een stepped wedge, cluster gerandomiseerde trial, 
waarin we kijken naar patiënten die zich met pijn op de borst presenteren op de Eerste Hulp 
van 9 Nederlandse ziekenhuizen. Het stepped wedge design wordt steeds vaker gebruikt 
om het effect van interventies in de dagelijkse klinische praktijk te evalueren. Elk ziekenhuis 
begint met een periode van “usual care” oftewel standaard zorg, met daarna een interventie 
periode (in ons geval de “HEART care”). Hierdoor kunnen uitkomsten worden vergeleken 
zowel in als tussen ziekenhuizen. Bovendien krijgt elk ziekenhuis uiteindelijk een interventie 
periode, wat mogelijk de participatie verhoogt om de nieuwe interventie te implementeren. 
Onze hypothese is dat deze grote impact trial uiteindelijk bewijs levert of de geanticipeerde 
voordelen van het gebruik van de HEART score behaald worden in de dagelijkse klinische 
praktijk.

In Hoofdstuk 4 beschrijven we vervolgens de resultaten van bovengenoemde HEART-Impact 
trial. Zoals gezegd vergeleken we in deze trial “usual care” met “HEART care” op het gebied 
van veiligheid, zorggebruik en kosten. De HEART care bestond uit het uitrekenen van de 
HEART score in elke individuele patiënt, met daarbij vervolgens navolgen van het aanbevolen 
beleid. Onze bevindingen van deze trial waren dat actief gebruik van de HEART score tijdens 
de beoordeling van patiënten met pijn op de borst op de Eerste Hulp net zo veilig is als 
standaard zorg. We hebben vooraf een limiet voor non-inferiority opgesteld van niet meer 
dan 3% verschil in het eenzijdige 95% betrouwbaarheidsinterval (BI) voor het optreden van 
major adverse cardiac events (MACE) binnen 6 weken. De cumulatieve incidentie van major 
adverse cardiac events (MACE) binnen 6 weken tijdens de HEART care periode bleek 1.3% 
lager dan tijdens de usual care (bovenste limiet 95% BI: +2.0%). Daarmee hebben we de 
non-inferiority van de HEART care in deze trial aangetoond. Het percentage van patiënten 
dat vroeg wordt ontslagen (binnen 4 uur na binnenkomst) vanaf de Eerste hulp was hoger 
tijdens de HEART care (34.4 vs. 30.6%, verschil na corrigeren voor geclusterde data en 
tijd +0.7%; 95% BI: -10.6 tot +11.9%). Het zorggebruik volgend op de beoordeling op de 
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Eerste hulp nam niet duidelijk af in de HEART care periode. Verschillen in uitkomsten en 
kosten waren er nauwelijks, hoewel kosteneffectiviteit van de HEART score formeel wel kon 
worden aangetoond: de kans dat HEART care usual care domineert is 71%, en de kans dat 
HEART care kosteneffectief is bij een Willingness-to-Pay (WTP) limiet van €20,000/QALY is 
gelijk aan 99%.

Verschillende risicoscores zijn inmiddels ontwikkeld en het gebruik van deze scores wordt 
aangeraden in alle internationale cardiologische richtlijnen. Daarom hebben we in Hoofdstuk 
5 drie van deze scores head-to-head met elkaar vergeleken, namelijk de GRACE score, de 
HEART score en de TIMI score. We hebben hiervoor data van de HEART-Impact trial gebruikt, 
en wilden bekijken welke score het best MACE op korte termijn kon voorspellen. We vonden 
dat de HEART score de meest efficiënte score is om te gebruiken op de Eerste Hulp, omdat 
deze het grootste aantal patiënten met pijn op de borst als “laag risico” identificeert, zonder 
een geaccepteerde uiterste grens van veiligheid (aantal fout-negatieven) te compromitteren. 

Een actief gebied van onderzoek is de zoektocht naar nieuwe hoog sensitieve cardiale 
biomarkers om de vroege diagnose van ACS op de Eerste Hulp te verbeteren en te versnellen. 
Echter, de meeste studies rapporteren slechts de waarde van een cardiale biomarker op 
zichzelf, zonder de aanvullende waarde bovenop de reeds aanwezige informatie van 
klinische evaluatie (zoals de anamnese) en het ECG mee te nemen. In Hoofdstuk 6 hebben 
we onderzocht met data van de FAME-ER studie, wat de aanvullende diagnostische 
waarde van nieuwe cardiale biomarkers was, bovenop de huidige klinische praktijk van 
anamnese, medische voorgeschiedenis, risicofactoren en het ECG (gecombineerd in een 
“klinisch model”). We keken ook naar de aanvullende waarde van deze nieuwe biomarkers 
bovenop de huidige praktijk van de meting van een hoog sensitieve troponine T (hs-TnT). 
We concludeerden dat bij de beoordeling van patiënten met pijn op de borst, alleen de 
nieuwe biomarker myoglobine aanvullende diagnostische waarde had bovenop de klinische 
kenmerken en het ECG. Wanneer we deze biomarker vervolgens combineerden met hs-
TnT, was myoglobine niet meer van aanvullende waarde. Alle andere nieuwe biomarkers, 
te weten PlGF, sFlt-1, NT-proBNP, GDF-15 en copeptine, hadden geen aanvullende waarde 
bovenop het klinische model of bovenop hs-TnT. 

Als laatste hebben we in Hoofdstuk 7 gekeken naar de waarde van de meest gebruikte 
diagnostische test, na het ECG en laboratoriumonderzoek, namelijk de fietstest. We 
gebruikten hiervoor gegevens van een eerdere prospectieve validatie studie van de HEART 
score en lieten de uitgevoerde fietstesten in een deel van deze populatie van patiënten 
met pijn op de borst opnieuw beoordelen door twee onafhankelijke cardiologen. We 
concludeerden dat, wanneer de patiënt reeds een risico stratificatie met de HEART score 
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heeft ondergaan, de fietstest nog maar weinig bijdraagt aan de klinische besluitvorming. In 
totaal was 50% van alle fietstesten niet-conclusief, bovendien waren er hoge aantallen van 
fout-positieve testen in alle drie de HEART risico categorieën. Alleen in de patiënten met een 
intermediair risico volgens de HEART score, zou een fietstest mogelijk kunnen bijdragen aan 
het uitsluiten van cardiaal ischemische ziekte. Op basis van deze studie zouden we adviseren 
dat artsen beter een meer gevoeligere test kunnen gebruiken. Bij patiënten met een laag 
risico kan het gebruik van een fietstest beter vermeden worden.

Op basis van de gepresenteerde resultaten in dit proefschrift, concluderen wij dat de 
diagnose van ACS op de Eerste Hulp moeilijk blijft en dat er verschillende manieren zijn om 
deze patiënten te beoordelen en zo hun risico op ACS in te schatten. Onze bevindingen van 
de HEART-Impact trial wijzen erop dat het gebruik van de HEART score veilig is, hoewel wij 
slechts een kleine impact op zorggebruik en kosten konden aantonen. Deze bevindingen 
laten ook zien dat het belangrijk is om potentiële barrières te identificeren die de acceptatie 
en gebruik van het aanbevolen beleid van de HEART score tegenhouden, met name 
bij patiënten in de laag risico categorie. Gebaseerd op de resultaten in dit proefschrift, 
zouden wij het gebruik van de HEART score als diagnostische beslisregel adviseren bij de 
beoordeling van patiënten met pijn op de borst. De vraag blijft, of patiënten en ook de 
maatschappij uiteindelijk echt voordeel ondervinden van het gebruik van de HEART score 
en het bijbehorende beleid. Mogelijk zullen toekomstige onderzoeken bijdragen aan de 
body of evidence en tevens bijdragen aan de acceptatie en het naleven van de score in de 
dagelijkse klinische praktijk. 
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DANKWOORD

Allereerst wil ik me wenden tot mijn promotieteam.

Beste professor Hoes, beste Arno. Vanaf het begin was er sprake van een prettige 
samenwerking. Je was in het begin erg betrokken bij de opzet van de studie en zei een keer 
toen ik binnenkwam voor een vergadering met de stuurgroep: “Ja, Hans en ik vinden dit 
het leukste project!”. Wat betreft je revisies van manuscripten: soms was het lastig om in 
je overvolle agenda een moment te vinden om te kijken naar mijn manuscripten. Maar als 
je dan deze tijd uiteindelijk gevonden had en een stuk reviseerde, dan was het altijd zeer 
grondig en precies. Je haalde de pijnpunten van het manuscript er altijd uit en daardoor 
werd het er altijd vele malen beter van. Jij hebt mijn proefschrift naar een hoger niveau 
getild hierdoor, en daar ben ik je dankbaar voor. Je gaf me altijd te kennen dat ik op de goede 
weg zat, en dat ik de trial op de juiste manier vormgaf. Dat heb ik nodig gehad en heeft bij 
mij de moed erin gehouden als het even niet zo soepel ging als ik zou willen. Ik herinner me 
de gezellige avond na het stoppen van de inclusieperiode van de HEART-Impact studie bij 
Jacob thuis. Het was leuk om jou (en de overige leden van de stuurgroep) op een wat meer 
informele manier te leren kennen. Ik hoop dat ik de komende jaren nog mag genieten van 
jou als voorzitter van het Julius Centrum en als medeauteur van enkele artikelen die nog op 
de plank liggen.

Beste professor Doevendans, beste Pieter. Al voordat ik begon, was je betrokken bij 
het proefschrift van Barbra en zeer begaan met de score die Barbra en Jacob ontwikkeld 
hadden. Je betrokkenheid uitte zich niet zozeer in uitgebreide mails of reacties, maar wel 
in je aanwezigheid op de cardiologie overdracht als ik een presentatie moest houden, een 
faciliterende houding wat betreft de HEART score in je eigen maatschap, en ook in avondjes 
(en zelfs een keer een zondagochtend!) casus beoordelen bij jou thuis met Yolande, wat ik 
als zeer gastvrij en behulpzaam heb ervaren. Tijdens het ESC congres in Londen dit jaar, gaf 
je me als advies in de laatste fase niet teveel te stressen, “omdat dit toch geen zin heeft”. Dat 
“niet stressen” is misschien niet helemaal gelukt, maar ik had je opmerking wel meerdere 
malen in mijn achterhoofd. Dank daarvoor. Dat je na je operatie als eerste de introductie van 
mijn proefschrift had gelezen, was een eer! 

Beste dr. Reitsma, lieve Hans. Jij was mijn steun en toeverlaat deze afgelopen vier jaren. 
Wat zijn ze voorbij gevlogen. Ik begon als jouw promovendus wat onwennig aan de grote 
trial die we samen op moesten zetten, en jij gaf me richting waar nodig, maar gaf me 
tevens het gevoel dat je vertrouwen had in mijn manier van werken. Ondanks je bijzonder 
drukke agenda, waarbij jij door zowat het hele Julius Centrum voor elk diagnostisch 
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methodologisch dilemma erbij gevraagd wordt voor je advies, is het je toch gelukt mij het 
gevoel te geven dat ik altijd bij je aan kon kloppen wanneer ik vastliep of je advies nodig 
had. De beoordelingsgesprekken waren ook erg fijn, waarbij je echt de tijd nam om te 
ontdekken hoe ik het vond, en hoe het met me ging. Dat is in deze tijd waar alles snel moet, 
echt bijzonder, en tekent je als mens. En toen ik mijn grote zorgen uitte over de statistische 
analyse, leerde ik nog een uitzonderlijke kant van je kennen: jij bent geheel in je sas met 
SAS. Niet alleen gaf je me toen wekelijks privé-colleges over linear mixed models en de GEE 
methode die we uiteindelijk gekozen hebben, je herhaalde alle analyses (gewoon voor de 
leuk) ook altijd zelf even in SAS en kwam met forrest plots en talloze prints met output, waar 
je mij als statistische leek dan heel enthousiast doorheen liep. Het gaf me een veilig gevoel 
dat wij de analyses samen gedaan hebben, zodat ik voor de resultaten durf in te staan. Ik 
hoop dat ik nog vaker met je mag samenwerken de komende jaren en dat we elkaar niet uit 
het oog verliezen. 

Beste dr. Six, lieve Jacob. Ik heb jou leren kennen in 2011 toen ik bij jou en Barbra mijn 
wetenschapsstage kwam doen. Jouw doel met dit onderzoekje was om “de knuppel in het 
hoenderhok te gooien”. Dat ik daarna contact met jullie heb gehouden, leidde uiteindelijk tot 
deze promotieplaats, en daar ben ik zeer dankbaar voor. Al snel werd duidelijk dat jij behalve 
mijn copromotor, mijn privéchauffeur zou worden voor alle bezoeken naar de participerende 
ziekenhuizen, waar je meerdere malen met me mee ging naar de ochtend overdracht, 
als ik daar mijn praatje over de HEART-Impact studie moest houden. Je gastvrijheid op 
Sterrenburg was fenomenaal. Gebraden kip uit de oven, oesters, de heerlijkste ovenschotel 
ooit en daarna ook nog ossenhaas met een fantastische saus. En natuurlijk, wijn! Beloof me 
dat je me die ovenschotel en saus voor ossenhaas nog een keer leert te maken!

Beste dr. Backus, lieve Barbra. De HEART score is jouw “kindje”, en ik vond het een eer dat 
ik deze studie met jou mocht uitvoeren en het onderzoek naar het gebruik van de HEART 
score zo kon voortzetten. Jouw inzet en doorzettingsvermogen voor het onderzoek zijn 
bewonderenswaardig, waarbij je soms bijna jezelf voorbij loopt. Hopelijk gaan wij nog mooie 
jaren tegemoet met de resultaten van deze trial en zullen we elkaar daarbij nog regelmatig 
tegenkomen!

Beste dr. Koffijberg, lieve Erik. Al vanaf het begin was jij betrokken voor de kosten-
effectiviteitsanalyse. Ikzelf was hierin een complete leek, maar gelukkig legde je me keer op 
keer geduldig uit wat ik moest regelen of waar ik op moest letten bij de dataverzameling. 
Dank hiervoor!
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Er zijn nog zoveel mensen in het Julius Centrum en daarbuiten die ik wil bedanken, omdat 
ze me fantastisch hebben geholpen de afgelopen jaren.

Beste Principal Investigators van de HEART-Impact studie, Pieter, Clara, Jeroen, Jacob, 
Thomas, Frank, Herman, Jan-Melle, Benno, Nicolette en Yolande. Dank voor jullie inzet, 
enthousiasme en kritische blik bij de implementatie van de HEART score in jullie ziekenhuizen.

Beste leden van de adjudication eindpunten committee, Rolf, Eugène, Maarten, Marcel, 
Roland en Luc. Heel veel dank voor jullie onophoudelijke inzet bij het beoordelen van de in 
totaal meer dan 1000 casus. Zonder jullie hulp was het project simpelweg niet afgekomen. 
Fantastisch!

Beste professor van der Schouw, beste Yvonne, leuk dat wij de afgelopen jaren konden 
samenwerken aan de vragenlijst over vrouw-specifieke risicofactoren, en extra leuk dat je 
ook zitting hebt genomen in de beoordelingscommissie. 

Members of the assessment committee, professor Asselbergs, professor Crijns, professor 
Harris and professor Kaasjager. Thank you for having agreed to be part of the assessment 
committee of my PhD thesis.

Beste dr. Cramer, lieve Maarten-Jan, wat ontzettend fijn dat jij altijd beschikbaar was om 
iets voor de HEART studie te doen: onderwijs geven aan arts-assistenten in het Amstelland, 
casus beoordelen voor de eindpuntencommissie, overleggen bij Jacob thuis. Bedankt voor 
je enthousiasme!

Beste Yolande, dank voor jouw interesse in het HEART-Impact studie en jouw inzet om deze 
studie bij jullie in de maatschap te bespreken en goed te laten keuren. Tevens hielp je mee 
met de casus beoordeling, waarvoor ook veel dank.

Lieve Monique, ik prijs me gelukkig met jou als studie coördinator in het Vumc. Door 
jou bleven de inclusies in het Vumc binnenstromen, en bovendien zorgde je altijd dat 
de administratie piekfijn in orde was. Jouw verantwoordelijkheidsgevoel voor de studie 
was echt bijzonder, mede daardoor voelde ik me altijd erg welkom in jullie ziekenhuis. 
Het afgelopen jaar hebben we elkaar steeds beter leren kennen, en is het daarbij steeds 
gezelliger geworden. Laten we dat erin houden! 

Lieve Josien, wij hebben samen een mooie enquête mogen opzetten over besluitvorming 
onder cardiologen. Zonder jouw doorzettingsvermogen, tijdsinvestering en precies werken 
was dit nooit zo goed gegaan. 
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Lieve Sabrine, gezellig dat ik samen met jou in het Diakonessenhuis Utrecht een studie 
over het 1-uurs troponine protocol heb kunnen opzetten. Ik hoop dat we de samenwerking 
kunnen gaan bekronen met een mooi artikel.

Lieve Lydeke, Carla en Esmeé. Wat was het heerlijk om jullie drie aan het roer te hebben 
staan van de administratieve kant van de HEART-Impact studie. Zonder jullie hulp was het 
nooit afgekomen noch goed gekomen!

Beste Susan en Jildou, dank voor de mooie databases en deelnemersbeheermodule, en 
dank voor jullie geduld en inzet als ik weer eens iets anders wilde dan we vooraf hadden 
bedacht. 

Beste Giske, dank dat jij de kosteneffectiviteit analyses van de HEART-Impact studie op je 
hebt genomen, hierdoor viel een last van mijn schouders, en kwam het allemaal op tijd af. 
Zonder jou was dit niet gelukt!

Beste Gerda, dank voor het secuur controleren van alle informed consents en CRF van de 
HEART-Impact studie, mede hierdoor is de dataverzameling van hoge kwaliteit.

Beste Coby, Henk en Johan, dank voor respectievelijk jullie begroeting in de ochtend, hulp 
bij verhuizingen van ene kamer of gebouw naar de andere, en geduld bij ICT vragen. 

Lieve Ineke, Monique, Madelon en Mohamed, zo ontzettend fijn dat jullie je als arts-
assistenten wilden inzetten voor de HEART-Impact studie. Zonder jullie hulp waren we 
nooit op zoveel inclusies uitgekomen, deze aantallen hebben wezenlijk bijgedragen aan de 
wetenschappelijke resultaten en de conclusies die we daaruit konden trekken. Bedankt!

Beste medewerkers van de R&D en research nurses, Els Kooiman, Desireé van Wijk, Mieke 
de Haas, Octavie Brand-Rijssenbeek, Boudewijn van Uppelschoten, en de secretaresses 
van alle ziekenhuizen, wat fijn dat jullie de studie draaiende hielden en alle administratieve 
zaken op orde hielden. Super!

Lieve kamergenoten van 6.125, Joppe, Bastiaan, Irene, Janneke, Marleen, Marijn, Kim, 
Nina, Jonna, Ietje, en later in het Van Geuns gebouw, Karlijn, Kim en Miranda, dank voor 
jullie vrolijkheid en gezellige lunches. 

Beste stage studenten van de HEART-Impact studie, Emma, Madelon, Susanne en Linda, 
bedankt voor de leuke samenwerking en jullie bijdrage aan dit proefschrift. 
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Beste werkstudenten van de HEART-Impact studie, David, Susanne, Annemieke, Donna, 
Ingeborg, Monique, Anne, Emma, Bas, Fransesca, Judith, Rob, Astrid, Naomi, Geerte, 
Madelon, Dominique, Natascha, Thijs en Nanoek, super dat jullie je voor de studie hebben 
willen inzetten en zo een grote brok dataverzameling op jullie hebben genomen.

Beste leden van het Methodologieoverleg, in het begin van mijn promotie snapte ik bar 
weinig van termen als imputatie en bootstrapping, die meerdere malen voorbijkwamen in 
de meetings. Dank voor jullie geduld en uitleg, ik heb er veel van geleerd!

Beste Maarten, leuk dat wij in de laatste periode van ons proefschrift spontaan gezellig 
samen van de kip cordonblue en boekoeloekoeburger konden genieten in de Brink.

Lieve Dorien, wat fijn dat ik na mijn promotie direct bij jou aan de slag kon als post-doc bij 
de afdeling Huisartsgeneeskunde. Ik wil je bedanken voor deze kans!

Lieve Leida en Marije, wat gezellig dat ik nu “jullie” post-doc ben! Jullie hebben me met 
open armen ontvangen en dat was echt heel erg fijn om te merken. Laten we de TIPP studie 
en jullie promotie samen tot een mooi einde gaan brengen. 

Lieve meiden van mijn nieuwe kamer 6.101, Ankie, Vivianne, Judith, Anne en Esther, 
gezellig dat ik komend jaar bij jullie zit. Ik hoop dat er nog veel etentjes en lunches volgen.

Beste Wouter, gaan we snel weer een keer een glas Zeezuiper drinken in café de Morgenster? 

Lieve Ingrid, Kirsten en Andrea, fijn dat we elkaar tegenwoordig weer wat vaker zien, de 
ontbijtjes en lunches zijn altijd even gezellig en voelen als thuiskomen, we kennen elkaar al 
zo lang. Hopelijk gaan we hier nog lang mee door.

Lieve Huimin, heerlijk om bij jou met prosecco (gewoon zomaar) op de bank te zitten en te 
kletsen. Als klapper op de vuurpijl in een half uur winkelen met jou 4 nieuwe jurkjes kopen. 
Ik zeg, dat moeten we vaker doen.

Lieve Mirthe en Nathalie, samen met Nienke vormen we al heel lang een vriendinnengroep. 
Dank voor jullie steun, interesse en de gezelligheid tijdens onze etentjes, feestjes en 
weekendje weg naar Gent. Een knuffel voor Benter en Violet!

Lieve Toos, na onze arts-assistenten tijd in Tiel zijn we elkaar gelukkig (net) niet uit het oog 
verloren. De avondjes nasi met jouw heerlijk zelfgemaakte pinda saus, en onze vakantie 
naar de Lofoten in Noorwegen zijn me dierbaar! 
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Lieve Patrick, fijn dat ik zo nu en dan bij jou en Elise (en Lotte!) in Wageningen kon bijpraten 
en uitrazen over alle promotieperikelen. Gedeelde smart is echt halve smart!

Lieve boekenclub, lieve Beuk! Wat hebben we een leuke groep meiden samen. Al 6 jaar 
delen we onze liefde voor literatuur, al verschillen we soms van mening wat daar nu precies 
wel en niet onder valt: over Het verdriet van België zal ik voor nu verder niet uitweiden… 
De afgelopen jaren heeft onze vriendschap zich enorm verdiept, wat met name lijkt de 
komen door de drie bruiloften waar we gezamenlijk als uitje heengingen (zónder mannen, 
mét beukenboom, olijfboom of kerstboom) en daar gelijk een weekendje weg achteraan 
plakten. Sindsdien is het echt een feest elke maand met jullie af te spreken en daar ben ik 
zo dankbaar voor! 

Lieve Nina, jou wil is specifiek bedanken voor je steun de afgelopen jaren. Onze kopjes 
thee met worteltaart in de Tastoe waren fenomenaal voor mijn humeur, en mijn 
stressbestendigheid. Wat vind ik het geweldig dat ik jou heb leren kennen!

Lieve Marleen en Janneke, ik begon ooit bij jullie op de kamer 6.125, waar ik jullie elke dag 
als razenden zag typen, telefoneren en wegstuiven op weg naar een vergadering of college 
van de Master. Ik wist toen nog niet, dat ik er een jaar later ook zo bij zou zitten! Wat gezellig 
dat we elkaar de afgelopen jaren zijn blijven zien, zeker toen Marleen gepromoveerd was en 
onze kookclub vorm kreeg met de recepten van het promotie-receptenboek van Marleen. 
Janneke, ik vond het zo ontzettend fijn om in de laatste periode van ons proefschrift samen 
met jou op de zondagmiddagen in het Van Geuns gebouw het proefschrift af te schrijven, 
daardoor hield ik de moed erin! Ik ben trots op je, je hebt het ook geflikt! En lieve Marleen, 
weet: dat receptenboek gaat nog helemaal gekookt worden!

Lieve Lidewij, toen jij in 2010 naar Zweden bent verhuisd, moest ik wel even slikken. Maar 
na een tijdje vonden we onze draai in skype gesprekken en bezoekjes van mij en Esmée naar 
Zweden en jij naar Nederland. Onze vriendschap, met een wat ongewone naam welke ik 
hier niet zal kunnen noemen, is me zeer dierbaar. De skype gesprekken met jou hebben we 
me er meerdere malen echt doorheen geholpen, waarbij jij me steunde en moed insprak als 
ik het niet meer zag zitten (op welk vlak dan ook). Tack så mycket!

Lieve paranimfen, allereerst lieve Nienke. Wij kennen elkaar inmiddels al 11 jaar, maar 
waarvoor ik het meest dankbaar ben, is dat ik jou nooit uit het oog ben verloren door 
allerlei drukte zoals co-schappen, jouw bestuursjaar, arts-assistentschappen en daarna 
promoveren. Want gelukkig kon ik je over halen om toch echt even te gaan promoveren in 
het Julius Centrum, en kwam je zelfs bij mij op de kamer terecht. Wat heerlijk was het dat ik 
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nu weer dagelijks bij je langs kon lopen voor een gezellig moment, een knuffel, of om samen 
te gaan lunchen. De avondjes televisie kijken en bankhangen, samen kaasfonduen (op een 
gewone dinsdag!) en de uitgebreide analyses van onze levens die we dan deden, maken dat 
ik me thuis voel bij je. Ik hoop dat we voor altijd zo door gaan!

En dan mijn tweede paranimf, lieve Esmée. Vanaf de eerste maaltijd pasta pesto in het 
derde studiejaar van geneeskunde met Lidewij was het raak en was de toon gezet, tot en 
met de dubieuze Sinterklaas surprise voor Lenneke, samen naar optredens van de Jeugd van 
Tegenwoordig, ons jaarlijkse reisje naar Lidewij in Zweden en een roadtrip door Zweden met 
couchsurfen bij Jesper de sterfotograaf en elanden zoeken. Jij bent letterlijk de enige vriendin 
met wie ik nog nooit in conflict ben geweest (omdat je zo heerlijk conflict vermijdend bent). 
Je stond altijd voor me klaar om mijn zorgen of verdriet in perspectief te zetten en soms zelfs 
‘s avonds laat nog door de regen “to the rescue” kwam. Ik ben zo blij met jou als vriendin 
aan mijn zijde en ben dan ook zeer verheugd dat jij mijn paranimf wilde zijn. En sinds kort 
ook in het gezelschap van Eelco, die ik hierbij gelijk persoonlijk wil bedanken voor zijn vraag 
wat “klagen” nu precies betekent voor een dokter en de uitgebreide discussie daarna: een 
wijze les. 

Lieve Albertine, wat fijn om zo nu en dan met je te bellen over hoe het bij mij gaat, en 
hoe het leven ervoor staat in Oostburg. Vooral toen we klein waren hebben Naomi en ik 
vele malen bij jou en opa in Zeeland gelogeerd, wat we altijd heerlijk vonden. Ik hoop de 
komende jaren nog weer eens zo’n logeerweekend aan zee te mogen beleven.

Lieve Luna, wat heerlijk om bij thuiskomst na een intensieve dag proefschrift schrijven, door 
jou te worden verwelkomd. Jij gaf me een gevoel van relativering, want jij had altijd hele 
andere problemen: eten! En of ik dat even heel snel in je bakje wilde gooien, want zo kon 
het niet langer! Jouw onverzadigbare honger zorgde ervoor dat ik weer even kon lachen na 
zo’n lange dag. 

Lieve ouders, jullie hebben me van jongs af aan vrij gelaten om mijn dromen te verwezenlijken. 
Jullie staan altijd klaar om mij en Naomi weer de juiste richting op de begeleiden als wij er 
zelf even niet meer uitkomen. Als kers op de taart heb ik met jullie hulp een heerlijk eerste 
huis kunnen kopen en ik geniet daar elke dag weer van mijn eigen plek, waar ik jullie zo 
dankbaar voor ben! 

Lieve Naomi, lief zusje, lieve dodo. Ik ben zo trots op jou. Jouw bescheidenheid zorgt ervoor 
dat dit soort complimenten niet altijd aankomen, en daardoor grijp ik nu deze kans om het 
voor altijd zwart op wit te hebben. Je bent echt mijn allerliefste grappigste slimste zusje! Ik 
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zou willen dat ik wat meer op jou zou lijken, je inspireert je met de post-it’s op je muur, en je 
durf om iets buiten je comfort zone te doen. Je bent mooi, precies zoals je bent! Mark boft 
met zo’n prachtige vriendin. En Mark, tevens, bedankt voor de theemok op de koelkast, het 
heeft mijn ogen geopend!

Lieve Arjan, we kennen elkaar nu bijna acht jaar en vanaf het eerste moment dat ik je zag, 
heb je mijn hart gestolen. Wat er ook gebeurt, het zal nooit veranderen wat ik voor je voel.



R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39

Dankwoord

185

A



R1
R2
R3
R4
R5
R6
R7
R8
R9

R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39

Appendix

186



R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39

Curriculum vitae

187

A

CURRICULUM VITAE

Judith Maria Poldervaart was born on January 21, 1986 in 
Hilvarenbeek, the Netherlands. After cum laude graduation 
from secondary school Stedelijk Gymnasium Breda in 
2004, she studied medicine at the Utrecht University, the 
Netherlands. As part of this study, she was involved in a 
research project at the department of Cardiology of the 
University Medical Center Utrecht under supervision of 
Dr. Jacob Six and Dr. Barbra Backus. This research project 
focused on the added value of bicycle exercise testing in 
chest pain patients and can be found in this thesis. In 2011 
she started working as a resident at the department of 
Cardiology of the Rivierenland Ziekenhuis in Tiel. Thereafter, 
she started working as a PhD student on the HEART-Impact trial as described in this thesis at 
the Julius Center for Health Sciences and Primary Care, University Medical Center Utrecht, 
under supervision of Prof. dr. Arno Hoes, Prof. dr. Pieter Doevendans, Dr. Hans Reitsma 
and Dr. Jacob Six. She received her Qualification for Academic Teaching (Basis Kwalificatie 
Onderwijs (BKO)) of the Utrecht University in 2013. Furthermore, she combined her PhD 
research project with the Postgraduate Master of Clinical Epidemiology at the Utrecht 
University for which she obtained her degree in 2015. She currently has a postdoctoral 
research position at the Julius Center within the department of primary care and in the 
future aims to combine her research work with a general practice training.




