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Une douleur thoracique	
F42, sans ATCD ni FRCV, stressée par son travail 
Douleur thoracique rétrosternale, début il y a 1 heure 
Douleur comme « un poids », « ça serre ». TA=13/8, FC=65, 99%AA 
Moins douloureuse après l’arrivée au SAU, test TNT +/- positif 
ECG : 
 
 
 
 
 
 
 
Première tropo : < 17 ng/l 
 

SCA ? Hospi ? 2ème tropo au SAU ? 3ème tropo (on sait jamais) ? 



Une douleur thoracique	
H74, ATCD d’IdM il y a 3 ans, diabétique de type 2 
Brûlures épigastriques intermittentes depuis 3 j 
ECG :  
(pas de modif / 
ECG de réf.) 
TA=14/7, FC=58, 
98%AA 
 
 
 
 
 
Première tropo : 35 ng/l 
 

SCA ? Hospi ? 2ème tropo au SAU ou en cardio? 3ème tropo ? 
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Pas de point de FRCV si pas de suivi médical ?..	
--> prendre en compte HTA et hyperG à 

l’admission, et se méfier si pas de suivi médical… 	

SCA = processus dynamique	
--> répéter les ECG, comparer à ECG de réf.	



HEART 0 à 3 -> 1/39 patients = 2,5% de MACE 	
HEART 4 à 6 -> 12 /59 patients = 20% de MACE 	

HEART 7 à 10 -> 16/22 patients = 72,7% de MACE	

1 patient 
ponté à 
J11 du 

passage 
au SAU 	

Cent vingt patients inclus, 	
suivis sur 1 an	

…MAIS FAIBLE EFFECTIF ET ETUDE MONOCENTRIQUE RETROSPECTIVE…	



Impossible d'afficher l'image. Votre ordinateur manque peut-être de mémoire pour ouvrir l'image ou l'image est endommagée. Redémarrez l'ordinateur, puis ouvrez à nouveau le fichier. Si le x rouge est toujours affiché, vous devrez peut-être supprimer l'image avant de la réinsérer.

Impossible d'afficher l'image. Votre ordinateur manque peut-être de mémoire pour ouvrir l'image ou l'image est endommagée. Redémarrez l'ordinateur, puis ouvrez à nouveau le fichier. Si le x rouge est toujours affiché, vous devrez peut-être supprimer l'image avant de la 
réinsérer.

palpitations, TdR, 
dyspnée, autres…	

« perdus de vue »	
SAU « cardio »	

3 CH + 1 CHU en Hollande	

Impossible d'afficher l'image. Votre ordinateur manque peut-être de mémoire pour ouvrir l'image ou l'image est endommagée. Redémarrez l'ordinateur, puis ouvrez à nouveau le fichier. Si le x 
rouge est toujours affiché, vous devrez peut-être supprimer l'image avant de la réinsérer.

Impossible d'afficher l'image. Votre ordinateur manque peut-être de mémoire pour ouvrir l'image ou l'image est endommagée. Redémarrez l'ordinateur, puis ouvrez à nouveau le fichier. Si 
le x rouge est toujours affiché, vous devrez peut-être supprimer l'image avant de la réinsérer.

MULTICENTRIQUE MAIS 
RETROSPECTIF…	



F42, sans ATCD ni FRCV, stressée par son travail 
Douleur thoracique rétrosternale, début il y a 1 heure 
Douleur comme « un poids », « ça serre ». TA=13/8, FC=65, 99%AA 
Moins douloureuse après l’arrivée au SAU, test TNT +/- positif 
ECG : 
 
 
 
 
 
 
 
Première tropo : < 17 ng/l 
 

    à score HEART = 2 

 
SCA ou pas ? Hospi ou pas ? 2ème tropo ? 3ème tropo ? 



Une douleur thoracique	
H74, ATCD d’IdM il y a 3 ans, diabétique de type 2 
Brûlures épigastriques intermittentes depuis 3 j 
ECG :  
(pas de modif / ECG de réf.) 
TA=14/7, FC=58, 98%AA 
 
 
 
 
 
 
 
Première tropo : 35 ng/l 

    à score HEART = 6 

SCA ou pas ? Hospi ou pas ? 2ème tropo ? 3ème tropo ? 
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Background: The performance of the GRACE, HEART and TIMI scores were compared in predicting the probability
of major adverse cardiac events (MACE) in chest pain patients presenting at the emergency department (ED), in
particular their ability to identify patients at low risk.
Methods: Chest pain patients presenting at the ED in nine Dutch hospitals were included. The primary outcome
wasMACEwithin 6weeks. The HEART score was determined by the treating physician at the ED. The GRACE and
TIMI score were calculated based on prospectively collected data. Performance of the scores was compared by
calculating AUC curves. Additionally, the number of low-risk patients identified by each score were compared
at a fixed level of safety of at least 95% or 98% sensitivity.
Results: In total, 1748 patients were included. 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 (all differences in AUC highly
statistically significant). At an absolute level of safety of at least 98% sensitivity, the GRACE score identified
231 patients as “low risk” in which 2.2% a MACE was missed; the HEART score identified 381 patients as
“low risk” with 0.8% missed MACE. The TIMI score identified no “low risk” patients at this safety level.
Conclusions: The HEART score outperformed the GRACE and TIMI scores in discriminating between those
with and without MACE in chest pain patients, and identified the largest group of low-risk patients at the
same level of safety.
© 2016 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND li-

cense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Background

Up to 6.3% of emergency department (ED) visits are related to chest
pain [1]. An urgent question in these patients is whether they have an
acute coronary syndrome (ACS), as any delay in diagnosis and treat-
ment can have a negative impact on their prognosis [2–4]. Normal
values of troponin and a normal electrocardiogram (ECG) still do not
exclude ACS completely. As a result, many patients presenting with

chest pain are currently hospitalized and extensively evaluated with
non-invasive stress testing or imaging, or with an invasive coronary an-
giography [5]. However, of all chest pain patients b25%will have anACS
[5]. 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 costs [6–8].

To diagnose ACS, physicians use patient history, ECG abnormalities,
cardiac markers (notably troponin) and several other potential vari-
ables [2,9]. International cardiac guidelines state that chest pain patients
presenting to the ED should be assessed with a risk stratification tool or
risk score [2,10,11] and over the years, a number of tools have been de-
veloped [12–20]. Threewell-known risk scores are theGRACE score, the
HEART score and the TIMI score, see Table 1 and Supplementary mate-
rial A.1 [15,16,19]. Risk scores combine and weigh various predictors to
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Background: The focus of the diagnostic process in chest pain patients at the emergency department is to
identify both low and high risk patients for an acute coronary syndrome (ACS). The HEART score was
designed to facilitate this process. This study is a prospective validation of the HEART score.
Methods: A total of 2440 unselected patients presented with chest pain at the cardiac emergency department
of ten participating hospitals in The Netherlands. The HEART score was assessed as soon as the first lab results
and ECG were obtained. Primary endpoint was the occurrence of major adverse cardiac events (MACE) with-
in 6 weeks.
Secondary endpoints were (i) the occurrence of AMI and death, (ii) ACS and (iii) the performance of a coro-
nary angiogram. The performance of the HEART score was compared with the TIMI and GRACE scores.
Results: Low HEART scores (values 0–3) were calculated in 36.4% of the patients. MACE occurred in 1.7%. In
patients with HEART scores 4–6, MACE was diagnosed in 16.6%. In patients with high HEART scores (values
7–10), MACE occurred in 50.1%. The c-statistic of the HEART score (0.83) is significantly higher than the
c-statistic of TIMI (0.75)and GRACE (0.70) respectively (pb0.0001).
Conclusion: The HEART score provides the clinician with a quick and reliable predictor of outcome, without
computer-required calculating. Low HEART scores (0–3), exclude short-term MACE with >98% certainty.
In these patients one might consider reserved policies. In patients with high HEART scores (7–10) the high
risk of MACE may indicate more aggressive policies.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Chest pain is the most common reason for admitting patients to
the cardiac emergency department [1,2]. The first challenge in these
patients is to identify those with acute coronary syndrome (ACS).

This diagnostic process should be quick and efficient, since the prog-
nosis improves dramatically when ACS patients receive targeted
treatment as early as possible [3]. In today's practice, approximately
80% of chest pain patients have no clear ACS at presentation [4]. Clini-
cians tend to postpone the decision making process and to admit
these patients for clinical observation, meanwhile treating the pa-
tients as an ACS. Consequently, over diagnosis and unnecessary treat-
ment are common, resulting in redundant patient burden and high
cost. In order to improve risk stratification of all cause chest patients
at the emergency department and to place relative arguments for ACS
into perspective, we designed the HEART score (Table 1).
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Background: The performance of the GRACE, HEART and TIMI scores were compared in predicting the probability
of major adverse cardiac events (MACE) in chest pain patients presenting at the emergency department (ED), in
particular their ability to identify patients at low risk.
Methods: Chest pain patients presenting at the ED in nine Dutch hospitals were included. The primary outcome
wasMACEwithin 6weeks. The HEART score was determined by the treating physician at the ED. The GRACE and
TIMI score were calculated based on prospectively collected data. Performance of the scores was compared by
calculating AUC curves. Additionally, the number of low-risk patients identified by each score were compared
at a fixed level of safety of at least 95% or 98% sensitivity.
Results: In total, 1748 patients were included. 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 (all differences in AUC highly
statistically significant). At an absolute level of safety of at least 98% sensitivity, the GRACE score identified
231 patients as “low risk” in which 2.2% a MACE was missed; the HEART score identified 381 patients as
“low risk” with 0.8% missed MACE. The TIMI score identified no “low risk” patients at this safety level.
Conclusions: The HEART score outperformed the GRACE and TIMI scores in discriminating between those
with and without MACE in chest pain patients, and identified the largest group of low-risk patients at the
same level of safety.
© 2016 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND li-

cense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Background

Up to 6.3% of emergency department (ED) visits are related to chest
pain [1]. An urgent question in these patients is whether they have an
acute coronary syndrome (ACS), as any delay in diagnosis and treat-
ment can have a negative impact on their prognosis [2–4]. Normal
values of troponin and a normal electrocardiogram (ECG) still do not
exclude ACS completely. As a result, many patients presenting with

chest pain are currently hospitalized and extensively evaluated with
non-invasive stress testing or imaging, or with an invasive coronary an-
giography [5]. However, of all chest pain patients b25%will have anACS
[5]. 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 costs [6–8].

To diagnose ACS, physicians use patient history, ECG abnormalities,
cardiac markers (notably troponin) and several other potential vari-
ables [2,9]. International cardiac guidelines state that chest pain patients
presenting to the ED should be assessed with a risk stratification tool or
risk score [2,10,11] and over the years, a number of tools have been de-
veloped [12–20]. Threewell-known risk scores are theGRACE score, the
HEART score and the TIMI score, see Table 1 and Supplementary mate-
rial A.1 [15,16,19]. Risk scores combine and weigh various predictors to
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Background: The focus of the diagnostic process in chest pain patients at the emergency department is to
identify both low and high risk patients for an acute coronary syndrome (ACS). The HEART score was
designed to facilitate this process. This study is a prospective validation of the HEART score.
Methods: A total of 2440 unselected patients presented with chest pain at the cardiac emergency department
of ten participating hospitals in The Netherlands. The HEART score was assessed as soon as the first lab results
and ECG were obtained. Primary endpoint was the occurrence of major adverse cardiac events (MACE) with-
in 6 weeks.
Secondary endpoints were (i) the occurrence of AMI and death, (ii) ACS and (iii) the performance of a coro-
nary angiogram. The performance of the HEART score was compared with the TIMI and GRACE scores.
Results: Low HEART scores (values 0–3) were calculated in 36.4% of the patients. MACE occurred in 1.7%. In
patients with HEART scores 4–6, MACE was diagnosed in 16.6%. In patients with high HEART scores (values
7–10), MACE occurred in 50.1%. The c-statistic of the HEART score (0.83) is significantly higher than the
c-statistic of TIMI (0.75)and GRACE (0.70) respectively (pb0.0001).
Conclusion: The HEART score provides the clinician with a quick and reliable predictor of outcome, without
computer-required calculating. Low HEART scores (0–3), exclude short-term MACE with >98% certainty.
In these patients one might consider reserved policies. In patients with high HEART scores (7–10) the high
risk of MACE may indicate more aggressive policies.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Chest pain is the most common reason for admitting patients to
the cardiac emergency department [1,2]. The first challenge in these
patients is to identify those with acute coronary syndrome (ACS).

This diagnostic process should be quick and efficient, since the prog-
nosis improves dramatically when ACS patients receive targeted
treatment as early as possible [3]. In today's practice, approximately
80% of chest pain patients have no clear ACS at presentation [4]. Clini-
cians tend to postpone the decision making process and to admit
these patients for clinical observation, meanwhile treating the pa-
tients as an ACS. Consequently, over diagnosis and unnecessary treat-
ment are common, resulting in redundant patient burden and high
cost. In order to improve risk stratification of all cause chest patients
at the emergency department and to place relative arguments for ACS
into perspective, we designed the HEART score (Table 1).
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Background: The performance of the GRACE, HEART and TIMI scores were compared in predicting the probability
of major adverse cardiac events (MACE) in chest pain patients presenting at the emergency department (ED), in
particular their ability to identify patients at low risk.
Methods: Chest pain patients presenting at the ED in nine Dutch hospitals were included. The primary outcome
wasMACEwithin 6weeks. The HEART score was determined by the treating physician at the ED. The GRACE and
TIMI score were calculated based on prospectively collected data. Performance of the scores was compared by
calculating AUC curves. Additionally, the number of low-risk patients identified by each score were compared
at a fixed level of safety of at least 95% or 98% sensitivity.
Results: In total, 1748 patients were included. 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 (all differences in AUC highly
statistically significant). At an absolute level of safety of at least 98% sensitivity, the GRACE score identified
231 patients as “low risk” in which 2.2% a MACE was missed; the HEART score identified 381 patients as
“low risk” with 0.8% missed MACE. The TIMI score identified no “low risk” patients at this safety level.
Conclusions: The HEART score outperformed the GRACE and TIMI scores in discriminating between those
with and without MACE in chest pain patients, and identified the largest group of low-risk patients at the
same level of safety.
© 2016 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND li-

cense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Background

Up to 6.3% of emergency department (ED) visits are related to chest
pain [1]. An urgent question in these patients is whether they have an
acute coronary syndrome (ACS), as any delay in diagnosis and treat-
ment can have a negative impact on their prognosis [2–4]. Normal
values of troponin and a normal electrocardiogram (ECG) still do not
exclude ACS completely. As a result, many patients presenting with

chest pain are currently hospitalized and extensively evaluated with
non-invasive stress testing or imaging, or with an invasive coronary an-
giography [5]. However, of all chest pain patients b25%will have anACS
[5]. 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 costs [6–8].

To diagnose ACS, physicians use patient history, ECG abnormalities,
cardiac markers (notably troponin) and several other potential vari-
ables [2,9]. International cardiac guidelines state that chest pain patients
presenting to the ED should be assessed with a risk stratification tool or
risk score [2,10,11] and over the years, a number of tools have been de-
veloped [12–20]. Threewell-known risk scores are theGRACE score, the
HEART score and the TIMI score, see Table 1 and Supplementary mate-
rial A.1 [15,16,19]. Risk scores combine and weigh various predictors to
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Background: The focus of the diagnostic process in chest pain patients at the emergency department is to
identify both low and high risk patients for an acute coronary syndrome (ACS). The HEART score was
designed to facilitate this process. This study is a prospective validation of the HEART score.
Methods: A total of 2440 unselected patients presented with chest pain at the cardiac emergency department
of ten participating hospitals in The Netherlands. The HEART score was assessed as soon as the first lab results
and ECG were obtained. Primary endpoint was the occurrence of major adverse cardiac events (MACE) with-
in 6 weeks.
Secondary endpoints were (i) the occurrence of AMI and death, (ii) ACS and (iii) the performance of a coro-
nary angiogram. The performance of the HEART score was compared with the TIMI and GRACE scores.
Results: Low HEART scores (values 0–3) were calculated in 36.4% of the patients. MACE occurred in 1.7%. In
patients with HEART scores 4–6, MACE was diagnosed in 16.6%. In patients with high HEART scores (values
7–10), MACE occurred in 50.1%. The c-statistic of the HEART score (0.83) is significantly higher than the
c-statistic of TIMI (0.75)and GRACE (0.70) respectively (pb0.0001).
Conclusion: The HEART score provides the clinician with a quick and reliable predictor of outcome, without
computer-required calculating. Low HEART scores (0–3), exclude short-term MACE with >98% certainty.
In these patients one might consider reserved policies. In patients with high HEART scores (7–10) the high
risk of MACE may indicate more aggressive policies.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Chest pain is the most common reason for admitting patients to
the cardiac emergency department [1,2]. The first challenge in these
patients is to identify those with acute coronary syndrome (ACS).

This diagnostic process should be quick and efficient, since the prog-
nosis improves dramatically when ACS patients receive targeted
treatment as early as possible [3]. In today's practice, approximately
80% of chest pain patients have no clear ACS at presentation [4]. Clini-
cians tend to postpone the decision making process and to admit
these patients for clinical observation, meanwhile treating the pa-
tients as an ACS. Consequently, over diagnosis and unnecessary treat-
ment are common, resulting in redundant patient burden and high
cost. In order to improve risk stratification of all cause chest patients
at the emergency department and to place relative arguments for ACS
into perspective, we designed the HEART score (Table 1).

International Journal of Cardiology 168 (2013) 2153–2158

☆ All authors mentioned above take responsibility for all aspects of the reliability and
freedom from bias of the data presented and their discussed interpretation.
⁎ Corresponding author at: University Medical Center Utrecht, Heidelberglaan 100,

3584 CX Utrecht, The Netherlands.
E-mail addresses: backus@heartscore.nl (B.E. Backus), six@heartscore.nl (A.J. Six).

0167-5273/$ – see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.ijcard.2013.01.255

Contents lists available at ScienceDirect

International Journal of Cardiology

j ourna l homepage: www.e lsev ie r .com/ locate / i j ca rd

Netherlands, 2013	

The c-statistic of troponin only was 0.70. With addition of the ECG
the c-statistic improved significantly to a value 0.78, with a likelihood
ration test p-value of b0.001. This combination of troponin plus ECG
only had a significantly poorer performance as compared with the
complete HEART score (pb0.001).

3.5. HEART, TIMI and GRACE scores

Average values of the HEART, TIMI and GRACE scores in groups with
and without MACE are given in Table 4. All scores differed considerably
between the group free from MACE and the group with MACE. Fig. 3
illustrates the relation between the scores (on the x-axis) and the risk
of MACE within 6 weeks after initial presentation (on the y-axis).

Comparison of the c-statistics as represented in Table 4 shows a
value of 0.83 for the HEART score, 0.75 for TIMI and 0.70 for GRACE.
TheHEART score performed significantly better (pb0.001) as compared
with TIMI and GRACE.

3.6. Predictive values of low scores

The low risk boundaries for all scoreswere set at a risk ofMACEb5%.
In the group with TIMI scores of 0–1, which accounted for 34.0% of the
study population, 23/811 (2.8%) had a MACE. The 14.0% of the patients
who had GRACE scores 0–60 had MACE in 10/335 (2.9%) of the cases.
The group with a low HEART score (values 0–3) represents 36.4% of
the study population. Six-week MACE occurred in 15/870 (1.7%) of
these patients. This included nine AMIs, nine PCI, three CABG and one
death. This 20 year old male committed suicide, seven days after the
index chest pain event.

3.7. Predictive values of intermediate scores

The intermediate risk boundaries for all scores were set at a risk of
MACE between 5 and 40%.In the group with TIMI scores of 2–5, which
accounted for 62.7% of the study population, 350/1497 (23.4%) had a
MACE. The 85.7% of the patients who had GRACE scores >60 had
MACE in 389/2012 (19.3%) of the cases. The group with an intermedi-
ate HEART score (values 4–6) represents 46.1% of the study popula-
tion. Six-week MACE occurred in 183/1101 (16.6%) of these patients.

3.8. Predictive values of high scores

Only the TIMI and HEART scores reached a high risk level, defined
as a risk of MACE>40%. MACE occurred in 34/80 patients (42.5%)
where TIMI scores were 6–7. The group with a high HEART score
(7–10) represents 17.5% of the study population; six-week MACE
occurred in 209/417 (50.1%) of those patients.

3.9. Secondary endpoints

A total of 164/2388 (6.9%) patients had an AMI (n=155) or died
(n=16) within six weeks. The c-statistics for the occurrence of AMI
or death of HEART, TIMI and GRACE are 0.82, 0.70 and 0.71 respec-
tively (pb0.0001).

An ACS within three months after presentation was diagnosed in
536 patients (22.4%); 501 of these 536 ACS (93.4%) were already di-
agnosed during primary admission.

The c-statistics for the occurrence of ACS shows a value of 0.86 for
the HEART score, 0.78 for TIMI and 0.72 for GRACE (pb0.0001).

Coronary angiography within three months was performed in 578
patients (24.2%). In 93 (16.2%) of these cases this diagnostic proce-
dure was performed during primary admission. The results were: 58
(10.0%) normal coronaries, 104 (17.9%) non-significant stenosis, 44
(7.6%) significant stenosis with conservative treatment, 361 (62.4%)
significant stenosis requiring revascularization and 11 (1.9%) were
unclassified.

The HEART score was 3.9+/−2.0 in the group with no catheteri-
zation in the first three months and 6.0+/−1.8 in the group with a
catheterization in the first three months (pb0.001).

4. Discussion

The use of the HEART score for chest pain patients at the emergency
department provides the clinician with a reliable predictor of outcome,

Fig. 2. Kaplan–Meier curves for the occurrence of major adverse cardiac events.

Table 3
Number of patients in each element of the HEART score.

No MACEb6w
n=1981

MACEb6w
n=407

p value
for trend

Points 0 1 2 0 1 2
History 902 (45.5%) 616 (31.1%) 462 (23.3%) 35 (8.6%) 110 (27.0%) 262 (64.4%) p=0.000
ECG 1323 (66.8%) 380 (19.2%) 278 (14.0%) 147 (36.1%) 86 (21.1%) 174 (42.8%) p=0.000
Age 376 (19.0%) 862 (43.5%) 743 (37.5%) 15 (3.7%) 171 (42.0%) 221 (54.3%) p=0.000
Risk Factors 221 (11.2%) 729 (36.8%) 1031 (52.0%) 20 (4.9%) 116 (28.5%) 271 (66.6%) p=0.000
Troponin 1825 (92.1%) 89 (4.5%) 67 (3.4%) 218 (53.6%) 55 (13.5%) 134 (32.9%) p=0.000

MACE=Major Adverse Cardiac Events. ECG=electrocardiogram.

Table 4
Average values of the three scores in patients with chest pain presenting at the emer-
gency department in groups with and without MACE.

Total study
population

No MACEb6w
n=1981

MACEb6w
n=407

C-statistic p value

HEART 4.4 (2.2) 3.96 (2.0) 6.54 (1.7) 0.83 b0.0001
TIMI 2.5 (1.7) 2.21 (1.6) 3.68 (1.4) 0.75 b0.0001
GRACE 99.9 (36.1) 95.5 (35.0) 121.2 (34.0) 0.70 b0.0001

Averages are given as mean (SD).
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or death of HEART, TIMI and GRACE are 0.82, 0.70 and 0.71 respec-
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patients (24.2%). In 93 (16.2%) of these cases this diagnostic proce-
dure was performed during primary admission. The results were: 58
(10.0%) normal coronaries, 104 (17.9%) non-significant stenosis, 44
(7.6%) significant stenosis with conservative treatment, 361 (62.4%)
significant stenosis requiring revascularization and 11 (1.9%) were
unclassified.

The HEART score was 3.9+/−2.0 in the group with no catheteri-
zation in the first three months and 6.0+/−1.8 in the group with a
catheterization in the first three months (pb0.001).

4. Discussion

The use of the HEART score for chest pain patients at the emergency
department provides the clinician with a reliable predictor of outcome,
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Average values of the three scores in patients with chest pain presenting at the emer-
gency department in groups with and without MACE.

Total study
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No MACEb6w
n=1981

MACEb6w
n=407
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Background: The performance of the GRACE, HEART and TIMI scores were compared in predicting the probability
of major adverse cardiac events (MACE) in chest pain patients presenting at the emergency department (ED), in
particular their ability to identify patients at low risk.
Methods: Chest pain patients presenting at the ED in nine Dutch hospitals were included. The primary outcome
wasMACEwithin 6weeks. The HEART score was determined by the treating physician at the ED. The GRACE and
TIMI score were calculated based on prospectively collected data. Performance of the scores was compared by
calculating AUC curves. Additionally, the number of low-risk patients identified by each score were compared
at a fixed level of safety of at least 95% or 98% sensitivity.
Results: In total, 1748 patients were included. 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 (all differences in AUC highly
statistically significant). At an absolute level of safety of at least 98% sensitivity, the GRACE score identified
231 patients as “low risk” in which 2.2% a MACE was missed; the HEART score identified 381 patients as
“low risk” with 0.8% missed MACE. The TIMI score identified no “low risk” patients at this safety level.
Conclusions: The HEART score outperformed the GRACE and TIMI scores in discriminating between those
with and without MACE in chest pain patients, and identified the largest group of low-risk patients at the
same level of safety.
© 2016 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND li-

cense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Background

Up to 6.3% of emergency department (ED) visits are related to chest
pain [1]. An urgent question in these patients is whether they have an
acute coronary syndrome (ACS), as any delay in diagnosis and treat-
ment can have a negative impact on their prognosis [2–4]. Normal
values of troponin and a normal electrocardiogram (ECG) still do not
exclude ACS completely. As a result, many patients presenting with

chest pain are currently hospitalized and extensively evaluated with
non-invasive stress testing or imaging, or with an invasive coronary an-
giography [5]. However, of all chest pain patients b25%will have anACS
[5]. 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 costs [6–8].

To diagnose ACS, physicians use patient history, ECG abnormalities,
cardiac markers (notably troponin) and several other potential vari-
ables [2,9]. International cardiac guidelines state that chest pain patients
presenting to the ED should be assessed with a risk stratification tool or
risk score [2,10,11] and over the years, a number of tools have been de-
veloped [12–20]. Threewell-known risk scores are theGRACE score, the
HEART score and the TIMI score, see Table 1 and Supplementary mate-
rial A.1 [15,16,19]. Risk scores combine and weigh various predictors to

International Journal of Cardiology xxx (2016) xxx–xxx

⁎ Corresponding author at: Julius Center for Health Sciences and Primary care,
University Medical Center, Str. 6.101, PO box 85500, 3508AB Utrecht, The Netherlands.

E-mail address: j.poldervaart@umcutrecht.nl (J.M. Poldervaart).
1 This author takes responsibility for all aspects of the reliability and freedom from bias

of the data presented and their discussed interpretation.

IJCA-23823; No of Pages 6

http://dx.doi.org/10.1016/j.ijcard.2016.10.080
0167-5273/© 2016 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Contents lists available at ScienceDirect

International Journal of Cardiology

j ourna l homepage: www.e lsev ie r .com/ locate / i j ca rd

Please cite this article as: J.M. Poldervaart, et al., Comparison of the GRACE, HEART and TIMI score to predictmajor adverse cardiac events in chest
pain patients at the emergency depa..., Int J Cardiol (2016), http://dx.doi.org/10.1016/j.ijcard.2016.10.080

A prospective validation of the HEART score for chest pain patients at the
emergency department☆

B.E. Backus a,b,⁎, A.J. Six c, J.C. Kelder d, M.A.R. Bosschaert d, E.G. Mast e, A. Mosterd f, R.F. Veldkamp g,
A.J. Wardeh h, R. Tio i, R. Braam j, S.H.J. Monnink k, R. van Tooren e, T.P. Mast l, F. van den Akker l,
M.J.M. Cramer a, J.M. Poldervaart m, A.W. Hoes m, P.A. Doevendans a

a Department of Cardiology, University Medical Center, Utrecht, The Netherlands
b Department of Emergency Medicine, Albert Schweitzer Hospital, Dordrecht, The Netherlands
c Department of Cardiology, Zuwe Hofpoort Hospital, Woerden, The Netherlands
d Department of R&D Cardiology, St Antonius Hospital Nieuwegein, The Netherlands
e Department of Cardiology, St Antonius Hospital Nieuwegein, The Netherlands
f Department of Cardiology, Meander Medisch Centrum, Amersfoort, The Netherlands
g Department of Cardiology, Medisch Centrum Haaglanden, Leidschendam, The Netherlands
h Department of Cardiology, Medisch Centrum Haaglanden, Den Haag, The Netherlands
i Department of Cardiology, Universitair Medisch Centrum, Groningen, The Netherlands
j Department of Cardiology, Gelre Hospital, Apeldoorn, The Netherlands
k Department of Cardiology, Reinier de Graaf Gasthuis, Delft, The Netherlands
l Utrecht University, Utrecht, The Netherlands
m Julius Center for Health Sciences and Primary Care, University Medical Center, Utrecht, The Netherlands

a b s t r a c ta r t i c l e i n f o

Article history:
Received 10 August 2012
Received in revised form 16 November 2012
Accepted 18 January 2013
Available online 7 March 2013

Keywords:
Acute coronary syndrome
Risk score
Chest pain
Emergency room
HEART score

Background: The focus of the diagnostic process in chest pain patients at the emergency department is to
identify both low and high risk patients for an acute coronary syndrome (ACS). The HEART score was
designed to facilitate this process. This study is a prospective validation of the HEART score.
Methods: A total of 2440 unselected patients presented with chest pain at the cardiac emergency department
of ten participating hospitals in The Netherlands. The HEART score was assessed as soon as the first lab results
and ECG were obtained. Primary endpoint was the occurrence of major adverse cardiac events (MACE) with-
in 6 weeks.
Secondary endpoints were (i) the occurrence of AMI and death, (ii) ACS and (iii) the performance of a coro-
nary angiogram. The performance of the HEART score was compared with the TIMI and GRACE scores.
Results: Low HEART scores (values 0–3) were calculated in 36.4% of the patients. MACE occurred in 1.7%. In
patients with HEART scores 4–6, MACE was diagnosed in 16.6%. In patients with high HEART scores (values
7–10), MACE occurred in 50.1%. The c-statistic of the HEART score (0.83) is significantly higher than the
c-statistic of TIMI (0.75)and GRACE (0.70) respectively (pb0.0001).
Conclusion: The HEART score provides the clinician with a quick and reliable predictor of outcome, without
computer-required calculating. Low HEART scores (0–3), exclude short-term MACE with >98% certainty.
In these patients one might consider reserved policies. In patients with high HEART scores (7–10) the high
risk of MACE may indicate more aggressive policies.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Chest pain is the most common reason for admitting patients to
the cardiac emergency department [1,2]. The first challenge in these
patients is to identify those with acute coronary syndrome (ACS).

This diagnostic process should be quick and efficient, since the prog-
nosis improves dramatically when ACS patients receive targeted
treatment as early as possible [3]. In today's practice, approximately
80% of chest pain patients have no clear ACS at presentation [4]. Clini-
cians tend to postpone the decision making process and to admit
these patients for clinical observation, meanwhile treating the pa-
tients as an ACS. Consequently, over diagnosis and unnecessary treat-
ment are common, resulting in redundant patient burden and high
cost. In order to improve risk stratification of all cause chest patients
at the emergency department and to place relative arguments for ACS
into perspective, we designed the HEART score (Table 1).
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very soon after the arrival of the patient, based on already available clin-
ical data and without computer-required calculating.

The favorable results of this large prospective validation study con-
firm our previous retrospective evaluation studies [6,7]. A c-statistic of
0.83 for theHEART score indicates a good to excellent ability to discrim-
inate all cause chest pain patients at the emergency department for
their risk of MACE. Each element of the HEART score adds value signif-
icantly in statistical terms. The HEART score facilitates communication,
and it can be used as a guidance to correctly place patients into low, in-
termediate and high risk groups. In addition, it closely follows clinical
thinking. Less complex guidelines for clinical practice can be formulated
when advised policies are based on a HEART score stratification.

Several risk scores for ACS have been published [16]. The most
reputable of these are the TIMI [8] and GRACE [9–11] scores. Both
were developed for risk stratification of patients admitted to the cor-
onary care unit with an ACS, and may take observations at arbitrarily
chosen points in time into account. Although not designed for this
purpose, these scores are commonly applied and are recommended
in European and American guidelines3 at the emergency department
for the whole range of chest pain patients, both in practice and in sci-
ence [1,4,17,18]. Different from this, the HEART score was specifically
designed for the much broader chest pain population at the emergen-
cy department. HEART is based on admission data only, typically
complete within 1 h. This score is now validated in a prospective
manner.

Neither the TIMI nor the GRACE score appreciates the specificity of
patient history (anamnesis), even though clinicians rely heavily on
this and guidelines advise to use patient history for making a diagno-
sis [3,14,19,20]. Some other scores, such as PURSUIT [21], FRISC [22]
and SRI [23] are less specific and to some extent outdated, as troponin
levels are not part of it; therefore, these are not reported in this paper.

The GRACE score is a well-validated prediction model of death in
ACS patients. A practical disadvantage of the GRACE score is that it
can only be calculated by means of a computer. Although it was not
designed for making or excluding the ACS diagnosis in an unselected
chest pain population, we applied the GRACE score in the chest pain
setting at the emergency department. We found that the points
given for ‘age’ accounted for 50.0+/−18.3% of the total number of
GRACE points. Not surprisingly, higher age is related to higher mortal-
ity rates. The predominantly age based GRACE score assesses the risk
of death of patients in the coronary care unit (CCU). Whether the
GRACE score helps the clinician to choose the right treatment option
in the ED is questionable.

The TIMI score, which was designed about 15 years ago for iden-
tifying high-risk ACS patients who benefit most from aggressive

anti-clotting agents, is relatively easy to calculate. However, it is
quite rough as it allows only binary choices, thus ignoring the fact
that many variables have a ‘grey area.’ Than and co-investigators ap-
plied the TIMI score for the broad chest pain population at the cardiac
emergency departments of 14 hospitals in 9 countries in the Asia-
Pacific region [4]. In their prospective multi-center study 9.8% of the
patients had a TIMI score=0 assessed after 2 h and those patients
had a 4-week risk of MACE of 0.9%. In our study at 10 sites in the
Netherlands 36.4% of the patients had HEART scores 0–3 within 1 h,
indicating a 6-week risk of MACE of 1.7%. Although the comparison
is hampered to some extent by differences in end point definitions,
we believe that the approach in the Pacific study may benefit signifi-
cantly from the replacement of the TIMI score by the HEART score [24].

When comparing the GRACE, TIMI and HEART in terms of predic-
tive values for low- and high-risk, and the c-statistics, we conclude
that the HEART score is the best score for the group of all cause
chest pain patients at the emergency department and that GRACE
and TIMI should be reserved for ACS patients in the CCU.

As the purpose of the study was to validate the HEART score in
daily practice, the study protocol stipulated to use all measurements,
reference values and interpretations according to local standards. This
held true for the cut off values of troponin measurements. In practice
this resulted in differences in cut-off values for the same test in be-
tween participating sites in some cases. Consequently, some patients
with slightly elevated troponins may have received somewhat differ-
ent classifications depending on the hospital where they were en-
rolled. However, this influence is minimal and we considered it not
appropriate to make retrospective changes in the study protocol.

Other than in randomized trials, loss to follow up is an inevitable
reality in an observational study at the emergency department: occa-
sional visitors occur and they are sometimes hard to track afterwards.
Our clinical review of the characteristics showed that the 45 patients
lost to follow up (1.8% of the entire study population) were relatively
young visitors with low likelihood of disease.

The HEART score gives immediate direction to the treatment
policy. Over one third of our patients had HEART scores 0–3, with a
risk of MACE of 1.7%. This observation may be a firm basis to omit re-
dundant diagnostic and treatment steps and move into the direction
of quick discharge. This issue was also addressed recently by Mahler
and coworkers [25]. In a retrospective study in low-risk chest pain pa-
tients from North Carolina (USA) they found a 0.6% risk of MACE in
904 patients with HEART scores≤3. The authors state “… the
HEART score could substantially reduce cardiac testing in a popula-
tion with low pretest probability of ACS”. These conclusions were fur-
ther supported by their other recent article in this journal, where
HEART with 0 and 3 h serial troponin after presentation “identified
20% (95% CI 18–23%) for early discharge with 99% (95% CI 97–100%)
sensitivity for ACS. The HEART score had a net reclassification improve-
ment of 10% (95% CI 8–12%) versus unstructured assessment and 19%
(95% CI 17–21%) versus the North American Chest Pain Rule” [26,27].

The group of high-risk patients (HEART scores 7–10) in our study
concerns 17.5% of the entire study population. With a risk of MACE of
50.1% in these patients quick coronary intervention should bewarranted
according to studies by others [16,28–30]. Obviously, the early direction
given by the HEART score should not prevent the treating physicians
from further clinical thinking. In many patients the observation should
continue for some more hours, with repeated troponins and ECGs, in
order to confirm initial findings.

In conclusion, the HEART score for chest pain patients at the emer-
gency department provides the clinician with a quick and reliable pre-
dictor of outcome shortly after arrival of the patient, without
computer-required calculating. Low HEART scores (0–3), occurring in
one third of the patients, exclude short-termMACE with >98% certain-
ty. In these patients one might consider reserved policies. In patients
with high HEART scores (7–10) the high risk of MACE may indicate
more aggressive policies.

Fig. 3. Probability of reaching a MACE related to the three risk scores. Only for the pur-
pose of comparing graphs we divided the TIMI and GRACE scores in deciles in order to
achieve the same distribution as the HEART score on the x-axis. All other computations
were made with the original values.
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The c-statistic of troponin only was 0.70. With addition of the ECG
the c-statistic improved significantly to a value 0.78, with a likelihood
ration test p-value of b0.001. This combination of troponin plus ECG
only had a significantly poorer performance as compared with the
complete HEART score (pb0.001).

3.5. HEART, TIMI and GRACE scores

Average values of the HEART, TIMI and GRACE scores in groups with
and without MACE are given in Table 4. All scores differed considerably
between the group free from MACE and the group with MACE. Fig. 3
illustrates the relation between the scores (on the x-axis) and the risk
of MACE within 6 weeks after initial presentation (on the y-axis).

Comparison of the c-statistics as represented in Table 4 shows a
value of 0.83 for the HEART score, 0.75 for TIMI and 0.70 for GRACE.
TheHEART score performed significantly better (pb0.001) as compared
with TIMI and GRACE.

3.6. Predictive values of low scores

The low risk boundaries for all scoreswere set at a risk ofMACEb5%.
In the group with TIMI scores of 0–1, which accounted for 34.0% of the
study population, 23/811 (2.8%) had a MACE. The 14.0% of the patients
who had GRACE scores 0–60 had MACE in 10/335 (2.9%) of the cases.
The group with a low HEART score (values 0–3) represents 36.4% of
the study population. Six-week MACE occurred in 15/870 (1.7%) of
these patients. This included nine AMIs, nine PCI, three CABG and one
death. This 20 year old male committed suicide, seven days after the
index chest pain event.

3.7. Predictive values of intermediate scores

The intermediate risk boundaries for all scores were set at a risk of
MACE between 5 and 40%.In the group with TIMI scores of 2–5, which
accounted for 62.7% of the study population, 350/1497 (23.4%) had a
MACE. The 85.7% of the patients who had GRACE scores >60 had
MACE in 389/2012 (19.3%) of the cases. The group with an intermedi-
ate HEART score (values 4–6) represents 46.1% of the study popula-
tion. Six-week MACE occurred in 183/1101 (16.6%) of these patients.

3.8. Predictive values of high scores

Only the TIMI and HEART scores reached a high risk level, defined
as a risk of MACE>40%. MACE occurred in 34/80 patients (42.5%)
where TIMI scores were 6–7. The group with a high HEART score
(7–10) represents 17.5% of the study population; six-week MACE
occurred in 209/417 (50.1%) of those patients.

3.9. Secondary endpoints

A total of 164/2388 (6.9%) patients had an AMI (n=155) or died
(n=16) within six weeks. The c-statistics for the occurrence of AMI
or death of HEART, TIMI and GRACE are 0.82, 0.70 and 0.71 respec-
tively (pb0.0001).

An ACS within three months after presentation was diagnosed in
536 patients (22.4%); 501 of these 536 ACS (93.4%) were already di-
agnosed during primary admission.

The c-statistics for the occurrence of ACS shows a value of 0.86 for
the HEART score, 0.78 for TIMI and 0.72 for GRACE (pb0.0001).

Coronary angiography within three months was performed in 578
patients (24.2%). In 93 (16.2%) of these cases this diagnostic proce-
dure was performed during primary admission. The results were: 58
(10.0%) normal coronaries, 104 (17.9%) non-significant stenosis, 44
(7.6%) significant stenosis with conservative treatment, 361 (62.4%)
significant stenosis requiring revascularization and 11 (1.9%) were
unclassified.

The HEART score was 3.9+/−2.0 in the group with no catheteri-
zation in the first three months and 6.0+/−1.8 in the group with a
catheterization in the first three months (pb0.001).

4. Discussion

The use of the HEART score for chest pain patients at the emergency
department provides the clinician with a reliable predictor of outcome,

Fig. 2. Kaplan–Meier curves for the occurrence of major adverse cardiac events.

Table 3
Number of patients in each element of the HEART score.

No MACEb6w
n=1981

MACEb6w
n=407

p value
for trend

Points 0 1 2 0 1 2
History 902 (45.5%) 616 (31.1%) 462 (23.3%) 35 (8.6%) 110 (27.0%) 262 (64.4%) p=0.000
ECG 1323 (66.8%) 380 (19.2%) 278 (14.0%) 147 (36.1%) 86 (21.1%) 174 (42.8%) p=0.000
Age 376 (19.0%) 862 (43.5%) 743 (37.5%) 15 (3.7%) 171 (42.0%) 221 (54.3%) p=0.000
Risk Factors 221 (11.2%) 729 (36.8%) 1031 (52.0%) 20 (4.9%) 116 (28.5%) 271 (66.6%) p=0.000
Troponin 1825 (92.1%) 89 (4.5%) 67 (3.4%) 218 (53.6%) 55 (13.5%) 134 (32.9%) p=0.000

MACE=Major Adverse Cardiac Events. ECG=electrocardiogram.

Table 4
Average values of the three scores in patients with chest pain presenting at the emer-
gency department in groups with and without MACE.

Total study
population

No MACEb6w
n=1981

MACEb6w
n=407

C-statistic p value

HEART 4.4 (2.2) 3.96 (2.0) 6.54 (1.7) 0.83 b0.0001
TIMI 2.5 (1.7) 2.21 (1.6) 3.68 (1.4) 0.75 b0.0001
GRACE 99.9 (36.1) 95.5 (35.0) 121.2 (34.0) 0.70 b0.0001

Averages are given as mean (SD).
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Background: The performance of the GRACE, HEART and TIMI scores were compared in predicting the probability
of major adverse cardiac events (MACE) in chest pain patients presenting at the emergency department (ED), in
particular their ability to identify patients at low risk.
Methods: Chest pain patients presenting at the ED in nine Dutch hospitals were included. The primary outcome
wasMACEwithin 6weeks. The HEART score was determined by the treating physician at the ED. The GRACE and
TIMI score were calculated based on prospectively collected data. Performance of the scores was compared by
calculating AUC curves. Additionally, the number of low-risk patients identified by each score were compared
at a fixed level of safety of at least 95% or 98% sensitivity.
Results: In total, 1748 patients were included. 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 (all differences in AUC highly
statistically significant). At an absolute level of safety of at least 98% sensitivity, the GRACE score identified
231 patients as “low risk” in which 2.2% a MACE was missed; the HEART score identified 381 patients as
“low risk” with 0.8% missed MACE. The TIMI score identified no “low risk” patients at this safety level.
Conclusions: The HEART score outperformed the GRACE and TIMI scores in discriminating between those
with and without MACE in chest pain patients, and identified the largest group of low-risk patients at the
same level of safety.
© 2016 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND li-

cense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Background

Up to 6.3% of emergency department (ED) visits are related to chest
pain [1]. An urgent question in these patients is whether they have an
acute coronary syndrome (ACS), as any delay in diagnosis and treat-
ment can have a negative impact on their prognosis [2–4]. Normal
values of troponin and a normal electrocardiogram (ECG) still do not
exclude ACS completely. As a result, many patients presenting with

chest pain are currently hospitalized and extensively evaluated with
non-invasive stress testing or imaging, or with an invasive coronary an-
giography [5]. However, of all chest pain patients b25%will have anACS
[5]. 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 costs [6–8].

To diagnose ACS, physicians use patient history, ECG abnormalities,
cardiac markers (notably troponin) and several other potential vari-
ables [2,9]. International cardiac guidelines state that chest pain patients
presenting to the ED should be assessed with a risk stratification tool or
risk score [2,10,11] and over the years, a number of tools have been de-
veloped [12–20]. Threewell-known risk scores are theGRACE score, the
HEART score and the TIMI score, see Table 1 and Supplementary mate-
rial A.1 [15,16,19]. Risk scores combine and weigh various predictors to
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Background: The focus of the diagnostic process in chest pain patients at the emergency department is to
identify both low and high risk patients for an acute coronary syndrome (ACS). The HEART score was
designed to facilitate this process. This study is a prospective validation of the HEART score.
Methods: A total of 2440 unselected patients presented with chest pain at the cardiac emergency department
of ten participating hospitals in The Netherlands. The HEART score was assessed as soon as the first lab results
and ECG were obtained. Primary endpoint was the occurrence of major adverse cardiac events (MACE) with-
in 6 weeks.
Secondary endpoints were (i) the occurrence of AMI and death, (ii) ACS and (iii) the performance of a coro-
nary angiogram. The performance of the HEART score was compared with the TIMI and GRACE scores.
Results: Low HEART scores (values 0–3) were calculated in 36.4% of the patients. MACE occurred in 1.7%. In
patients with HEART scores 4–6, MACE was diagnosed in 16.6%. In patients with high HEART scores (values
7–10), MACE occurred in 50.1%. The c-statistic of the HEART score (0.83) is significantly higher than the
c-statistic of TIMI (0.75)and GRACE (0.70) respectively (pb0.0001).
Conclusion: The HEART score provides the clinician with a quick and reliable predictor of outcome, without
computer-required calculating. Low HEART scores (0–3), exclude short-term MACE with >98% certainty.
In these patients one might consider reserved policies. In patients with high HEART scores (7–10) the high
risk of MACE may indicate more aggressive policies.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Chest pain is the most common reason for admitting patients to
the cardiac emergency department [1,2]. The first challenge in these
patients is to identify those with acute coronary syndrome (ACS).

This diagnostic process should be quick and efficient, since the prog-
nosis improves dramatically when ACS patients receive targeted
treatment as early as possible [3]. In today's practice, approximately
80% of chest pain patients have no clear ACS at presentation [4]. Clini-
cians tend to postpone the decision making process and to admit
these patients for clinical observation, meanwhile treating the pa-
tients as an ACS. Consequently, over diagnosis and unnecessary treat-
ment are common, resulting in redundant patient burden and high
cost. In order to improve risk stratification of all cause chest patients
at the emergency department and to place relative arguments for ACS
into perspective, we designed the HEART score (Table 1).
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231 patients as “low risk” in which 2.2% a MACE was missed; the HEART score identified 381 patients as
“low risk” with 0.8% missed MACE. The TIMI score identified no “low risk” patients at this safety level.
Conclusions: The HEART score outperformed the GRACE and TIMI scores in discriminating between those
with and without MACE in chest pain patients, and identified the largest group of low-risk patients at the
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1. Background

Up to 6.3% of emergency department (ED) visits are related to chest
pain [1]. An urgent question in these patients is whether they have an
acute coronary syndrome (ACS), as any delay in diagnosis and treat-
ment can have a negative impact on their prognosis [2–4]. Normal
values of troponin and a normal electrocardiogram (ECG) still do not
exclude ACS completely. As a result, many patients presenting with

chest pain are currently hospitalized and extensively evaluated with
non-invasive stress testing or imaging, or with an invasive coronary an-
giography [5]. However, of all chest pain patients b25%will have anACS
[5]. 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 costs [6–8].

To diagnose ACS, physicians use patient history, ECG abnormalities,
cardiac markers (notably troponin) and several other potential vari-
ables [2,9]. International cardiac guidelines state that chest pain patients
presenting to the ED should be assessed with a risk stratification tool or
risk score [2,10,11] and over the years, a number of tools have been de-
veloped [12–20]. Threewell-known risk scores are theGRACE score, the
HEART score and the TIMI score, see Table 1 and Supplementary mate-
rial A.1 [15,16,19]. Risk scores combine and weigh various predictors to
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particular their ability to identify patients at low risk.
Methods: Chest pain patients presenting at the ED in nine Dutch hospitals were included. The primary outcome
wasMACEwithin 6weeks. The HEART score was determined by the treating physician at the ED. The GRACE and
TIMI score were calculated based on prospectively collected data. Performance of the scores was compared by
calculating AUC curves. Additionally, the number of low-risk patients identified by each score were compared
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231 patients as “low risk” in which 2.2% a MACE was missed; the HEART score identified 381 patients as
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exclude ACS completely. As a result, many patients presenting with

chest pain are currently hospitalized and extensively evaluated with
non-invasive stress testing or imaging, or with an invasive coronary an-
giography [5]. However, of all chest pain patients b25%will have anACS
[5]. If patients at low risk for ACS could be recognized early in the
diagnostic process, it has the potential to reduce patient burden, length
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3666 patients were included in the HEART-Impact trial, with 1833
(50%) patients included during HEART care period. Of these 1833
HEART care patients, 10 patients (0.5%) were lost to follow-up, and 2
patients (0.1%) withdrew their informed consent. In a total of 73
(4.0%) patients, one or more risk score could not be calculated and
therefore 1748 patients were used in the analysis. The mean age of
these patients was 62 years and 54% were male. Patient characteristics
are shown in Table 2.

3.2. Endpoints

A total of 542 MACE occurred in 325 (19%) patients, consisting of 99
UA, 201 NSTEMI, 11 STEMI, 41 stenosis managed conservatively, 140
PCI, 45 CABG, one cardiovascular death, one non-cardiovascular death
and three deaths from an unknown cause.

3.3. Performance of the risk scores

In Fig. 2, the ROC curves of the GRACE score, HEART score and TIMI
score to predict major adverse cardiac events within 6 weeks 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 b0.001.

Table 3 shows the comparison of performance of GRACE, HEART and
TIMI score in terms of safety and efficiency. Scenario 1 used an absolute
level of safety of missing no N5% of all patients with MACE to define a
“low-risk” group. At this absolute safety level, theGRACE 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
14/439 (3.2%) having a MACE.

We repeated the analyses at a different absolute safety level of
missing no N2% of MACE in all patients with MACE (scenario 2). This
sensitivity analysis showed that theHEART score againwas themore ef-
ficient scorewith a low-risk group of 381 patients versus 231 andnopa-
tients for the GRACE and TIMI scores, respectively. The proportion of
MACE in these low-risk groups were 0.8% 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 AMI
or death, which are shown in Table 3.

In current practice, serial measurements of troponin are being used.
To reflect this we performed an additional analysis in which the scores
were based on the first and second troponin measurement. A second
troponin measurement was performed in 955 of the 1748 patients
(55%). Addition of the second troponin (when performed) in the calcu-
lation of the risk scores did not show different results, as depicted in
Table 4.

4. Discussion

Our head-to-head comparison of three well-known and extensively
validated risk scores in 1748 patients presenting with chest pain at the
ED, showed that at a same level of safety not missing N5% of all patients
with ACS, the number of low-risk patients identified by theHEART score
was higher than by the GRACE or TIMI scores. At a maximum of 2%
missed cases, results were similar. Furthermore, 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).

In the literature, mostly comparable results were found when com-
paring 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

Table 3
Comparison of performance of GRACE score, HEART score and TIMI score in terms of safety and efficiency.

Scenario 1: at least 95% sensitivity GRACE score HEART score TIMI score

Corresponding cut-off for “low risk” ≤72 points ≤3 points 0 points
Number of patients classified “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) 3.2% (14/439)

MACE, of which AMI 5 3 0
MACE, of which death 0 1 0

Negative predictive value (NPV) 96% (94%–98%) 98% (97–99%) 97% (95–98%)

Scenario 2: at least 98% sensitivity GRACE score HEART score TIMI score

Corresponding cut-off for “low risk” ≤66 points ≤2 points –⁎
Number of patients classified “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) 0.8% (3/381) –

MACE, of which AMI 1 1 –
MACE, of which death 0 0 –

Negative predictive value (NPV) 98% (95–99%) 99% (98–100%) –

MACE: major adverse cardiac events, AMI: acute myocardial infarction.
⁎ At the lowest TIMI score, this absolute safety level is not reached unless all patients are classified as high risk.

Fig. 2. Receiver-operating-characteristic (ROC) curves and corresponding Areas under the
curve (AUCs) of the GRACE, HEART and TIMI score to predictmajor adverse cardiac events
within 6 weeks.
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Background: The performance of the GRACE, HEART and TIMI scores were compared in predicting the probability
of major adverse cardiac events (MACE) in chest pain patients presenting at the emergency department (ED), in
particular their ability to identify patients at low risk.
Methods: Chest pain patients presenting at the ED in nine Dutch hospitals were included. The primary outcome
wasMACEwithin 6weeks. The HEART score was determined by the treating physician at the ED. The GRACE and
TIMI score were calculated based on prospectively collected data. Performance of the scores was compared by
calculating AUC curves. Additionally, the number of low-risk patients identified by each score were compared
at a fixed level of safety of at least 95% or 98% sensitivity.
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statistically significant). At an absolute level of safety of at least 98% sensitivity, the GRACE score identified
231 patients as “low risk” in which 2.2% a MACE was missed; the HEART score identified 381 patients as
“low risk” with 0.8% missed MACE. The TIMI score identified no “low risk” patients at this safety level.
Conclusions: The HEART score outperformed the GRACE and TIMI scores in discriminating between those
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1. Background

Up to 6.3% of emergency department (ED) visits are related to chest
pain [1]. An urgent question in these patients is whether they have an
acute coronary syndrome (ACS), as any delay in diagnosis and treat-
ment can have a negative impact on their prognosis [2–4]. Normal
values of troponin and a normal electrocardiogram (ECG) still do not
exclude ACS completely. As a result, many patients presenting with

chest pain are currently hospitalized and extensively evaluated with
non-invasive stress testing or imaging, or with an invasive coronary an-
giography [5]. However, of all chest pain patients b25%will have anACS
[5]. 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 costs [6–8].

To diagnose ACS, physicians use patient history, ECG abnormalities,
cardiac markers (notably troponin) and several other potential vari-
ables [2,9]. International cardiac guidelines state that chest pain patients
presenting to the ED should be assessed with a risk stratification tool or
risk score [2,10,11] and over the years, a number of tools have been de-
veloped [12–20]. Threewell-known risk scores are theGRACE score, the
HEART score and the TIMI score, see Table 1 and Supplementary mate-
rial A.1 [15,16,19]. Risk scores combine and weigh various predictors to
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1. Background

Up to 6.3% of emergency department (ED) visits are related to chest
pain [1]. An urgent question in these patients is whether they have an
acute coronary syndrome (ACS), as any delay in diagnosis and treat-
ment can have a negative impact on their prognosis [2–4]. Normal
values of troponin and a normal electrocardiogram (ECG) still do not
exclude ACS completely. As a result, many patients presenting with

chest pain are currently hospitalized and extensively evaluated with
non-invasive stress testing or imaging, or with an invasive coronary an-
giography [5]. However, of all chest pain patients b25%will have anACS
[5]. 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 costs [6–8].

To diagnose ACS, physicians use patient history, ECG abnormalities,
cardiac markers (notably troponin) and several other potential vari-
ables [2,9]. International cardiac guidelines state that chest pain patients
presenting to the ED should be assessed with a risk stratification tool or
risk score [2,10,11] and over the years, a number of tools have been de-
veloped [12–20]. Threewell-known risk scores are theGRACE score, the
HEART score and the TIMI score, see Table 1 and Supplementary mate-
rial A.1 [15,16,19]. Risk scores combine and weigh various predictors to
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3666 patients were included in the HEART-Impact trial, with 1833
(50%) patients included during HEART care period. Of these 1833
HEART care patients, 10 patients (0.5%) were lost to follow-up, and 2
patients (0.1%) withdrew their informed consent. In a total of 73
(4.0%) patients, one or more risk score could not be calculated and
therefore 1748 patients were used in the analysis. The mean age of
these patients was 62 years and 54% were male. Patient characteristics
are shown in Table 2.

3.2. Endpoints

A total of 542 MACE occurred in 325 (19%) patients, consisting of 99
UA, 201 NSTEMI, 11 STEMI, 41 stenosis managed conservatively, 140
PCI, 45 CABG, one cardiovascular death, one non-cardiovascular death
and three deaths from an unknown cause.

3.3. Performance of the risk scores

In Fig. 2, the ROC curves of the GRACE score, HEART score and TIMI
score to predict major adverse cardiac events within 6 weeks 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 b0.001.

Table 3 shows the comparison of performance of GRACE, HEART and
TIMI score in terms of safety and efficiency. Scenario 1 used an absolute
level of safety of missing no N5% of all patients with MACE to define a
“low-risk” group. At this absolute safety level, theGRACE 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
14/439 (3.2%) having a MACE.

We repeated the analyses at a different absolute safety level of
missing no N2% of MACE in all patients with MACE (scenario 2). This
sensitivity analysis showed that theHEART score againwas themore ef-
ficient scorewith a low-risk group of 381 patients versus 231 andnopa-
tients for the GRACE and TIMI scores, respectively. The proportion of
MACE in these low-risk groups were 0.8% 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 AMI
or death, which are shown in Table 3.

In current practice, serial measurements of troponin are being used.
To reflect this we performed an additional analysis in which the scores
were based on the first and second troponin measurement. A second
troponin measurement was performed in 955 of the 1748 patients
(55%). Addition of the second troponin (when performed) in the calcu-
lation of the risk scores did not show different results, as depicted in
Table 4.

4. Discussion

Our head-to-head comparison of three well-known and extensively
validated risk scores in 1748 patients presenting with chest pain at the
ED, showed that at a same level of safety not missing N5% of all patients
with ACS, the number of low-risk patients identified by theHEART score
was higher than by the GRACE or TIMI scores. At a maximum of 2%
missed cases, results were similar. Furthermore, 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).

In the literature, mostly comparable results were found when com-
paring 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

Table 3
Comparison of performance of GRACE score, HEART score and TIMI score in terms of safety and efficiency.

Scenario 1: at least 95% sensitivity GRACE score HEART score TIMI score

Corresponding cut-off for “low risk” ≤72 points ≤3 points 0 points
Number of patients classified “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) 3.2% (14/439)

MACE, of which AMI 5 3 0
MACE, of which death 0 1 0

Negative predictive value (NPV) 96% (94%–98%) 98% (97–99%) 97% (95–98%)

Scenario 2: at least 98% sensitivity GRACE score HEART score TIMI score

Corresponding cut-off for “low risk” ≤66 points ≤2 points –⁎
Number of patients classified “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) 0.8% (3/381) –

MACE, of which AMI 1 1 –
MACE, of which death 0 0 –

Negative predictive value (NPV) 98% (95–99%) 99% (98–100%) –

MACE: major adverse cardiac events, AMI: acute myocardial infarction.
⁎ At the lowest TIMI score, this absolute safety level is not reached unless all patients are classified as high risk.

Fig. 2. Receiver-operating-characteristic (ROC) curves and corresponding Areas under the
curve (AUCs) of the GRACE, HEART and TIMI score to predictmajor adverse cardiac events
within 6 weeks.
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Objectives: The emergency department evaluation for suspected acute 
coronary syndrome (ACS) is common, costly, and challenging. Risk scores 
may help standardize clinical care and screening for research studies. 
The Thrombolysis in Myocardial Infarction (TIMI) and HEART are two 
commonly cited risk scores. We tested the null hypothesis that the TIMI and 
HEART risk scores have equivalent test characteristics.
Methods: We analyzed data from the Internet Tracking Registry of Acute 
Coronary Syndromes (i*trACS) from 9 EDs on patients with suspected ACS, 
1999–2001. We excluded patients with an emergency department diagnosis 
consistent with ACS, or without sufficient data to calculate TIMI and HEART 
scores. The primary outcome was 30-day major adverse cardiovascular 
events, including all-cause death, acute myocardial infarction, and urgent 
revascularization. We describe test characteristics of the TIMI and HEART 
risk scores.
Results: The study cohort included 8255 patients with 508 (6.2%) 30-
day major adverse cardiovascular events. Receiver operating curve and 
reclassification analyses favored HEART [c statistic: 0.753, 95% confidence 
interval (CI): 0.733–0.773; continuous net reclassification improvement: 
0.608, 95% CI: 0.527–0.689] over TIMI (c statistic: 0.678, 95% CI: 0.655–
0.702). A HEART score 0–3 [negative predictive value (NPV) 0.982, 95% CI: 
0.978–0.986; positive predictive value (PPV) 0.103, 95% CI: 0.094–0.113; 
likelihood ratio (LR) positive 1.76; LR negative 0.28] demonstrates similar or 
superior NPV/PPV/LR compared with TIMI = 0 (NPV 0.978, 95% CI: 0.971–
0.983; PPV 0.077, 95% CI: 0.071–0.084; LR positive 1.28; LR negative 0.35) 
and TIMI = 0–1 (NPV 0.963, 95% CI: 0.958–0.968; PPV 0.102, 95% CI: 
0.092–0.113; LR positive 1.73; LR negative 0.58).
Conclusions: The HEART score has better discrimination than TIMI and 
outperforms TIMI within previously published “low-risk” categories.

Key Words: HEART score, risk score, TIMI

(Crit Pathways in Cardiol 2016;15: 1–5)

The emergency department (ED) evaluation of suspected acute 
coronary syndrome (ACS) is common, costly, and challeng-

ing with high clinical stakes. Quantitative risk prediction mod-
els may aid in clinical decision making. The Thrombolysis in 
Myocardial Infarction (TIMI)1 score was derived in patients with 
known ACS and has been extensively studied in ED settings. The 
newer HEART score was developed specifically in undifferenti-
ated ED patients with suspected ACS and demonstrates prom-
ising test characteristics.2 Although no risk score to date can 
reliably identify very low-risk patients who can be discharged 
without further testing, both TIMI and HEART scores have  
been used as the basis of rapid ED evaluation protocols for sus-
pected ACS.3,4

Identification of performance differences in risk scores may 
influence the development of future clinical management path-
ways and trials. Two reports by the HEART investigators suggest 
that HEART outperforms TIMI.2,5 However, these findings may 
be vulnerable to investigator bias, and external validation ide-
ally should be performed by a different group of researchers.6 
Furthermore, these prior studies based their conclusions solely on 
comparisons of the c statistic [ie, area under the receiver operator 
curve (ROC)], which may have limited clinical interpretability.7 
Practitioners may be specifically interested in whether one score 
improves upon the predictions of another score, as well as com-
parative test characteristics at binary cut points to inform clinical 
decision making.

This brief report addresses these knowledge gaps through an 
external comparison of the HEART and TIMI scores. We test the 
null hypothesis that the TIMI and HEART scores have equivalent 
test performance for 30-day major adverse cardiac events (MACE) 
in the ED evaluation of patients with suspected ACS. We use net 
reclassification improvement (NRI) measures to assess how well (or 
worse) a risk score improves predictions compared with a reference 
risk score.7 We also compare test characteristics at commonly used 
“low-risk” thresholds for HEART and TIMI.

METHODS

Study Design
We analyzed data from the Internet Tracking Registry of 

Acute Coronary Syndromes (i*trACS), a multicenter prospective 
observational study of ED patients with suspected ACS. It is the larg-
est existing registry of such patients, and we selected the i*trACS 
data to maximize study power. The methodology and data collection 
form of i*trACS have previously been described.8 In brief, i*trACS 
enrolled 15,608 patients who had 17,713 ED visits for suspected 
ACS at 8 sites from June 1, 1999 to August 2001. Data collection 
was approved by the institutional review boards for each participat-
ing institution, and the institutional review boards of the primary 
author’s institution approved this analysis.
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•  Outcome: MACE à 30 jours	
•  Objectif: comparer scores de 

HEART et TIMI	
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We assessed test characteristics (point estimates and 95% CI 
for sensitivity, specificity, negative predictive value, positive predictive 
value, and point estimates for likelihood ratio positive and likelihood 
ratio negative) at previously published binary “low-risk” categories for 
each risk score, including TIMI = 0, TIMI = 0–1, and HEART = 0–3.5

We performed 2 sensitivity analyses. First, to address potential 
bias from missing data, we performed a “complete case” analysis 
which excluded all records with any potentially missing data on car-
diac risk factors (ie, no documentation of risk factors) or missing data 
on aspirin use. Second, since revascularization may be discretionary 
and qualitatively different from “hard” outcomes such as death and 
acute myocardial infarction, we repeated the primary analysis by 
excluding revascularization in the outcome.

We considered a P < 0.05 to be statistically significant. We 
used SAS 9.4 (Cary, NC) for data management and analysis.

RESULTS
Figure 1 illustrates cohort selection, and Table 1 describes the 

characteristics of the study cohort. We analyzed data on 8255 patients 
with an overall 6.2% 30-day MACE rate. MACE rates were posi-
tively correlated with both the TIMI and HEART scores (Table 2).

Figure 2 displays the ROC curves for the TIMI and HEART 
scores. ROC analysis favored HEART (c statistic: 0.753, 95% CI: 

0.733–0.773) over TIMI (c statistic: 0.678, 95% CI: 0.655–0.702). 
The HEART score improved on risk classifications assigned by the 
TIMI score (NRI in all patients: 0.608, 95% CI: 0.527–0.689; NRI 
in patients with 30-day MACE: 0.449, 95% CI: 0.371–0.526; NRI in 
patient without 30-day MACE: 0.159, 95% CI: 0.137–0.181; Table 3).

Table 4 describes the performance of the risk scores at pre-
specified binary “low-risk” categories. A HEART score of 0–3 
demonstrates lower specificity (0.512, 95% CI: 0.501–0.523) than 
TIMI = 0–1 (0.638, 95% CI: 0.627–0.649). Otherwise, HEART 0–3 
appears to be superior or similar on sensitivity, NPV, PPV, likelihood 
ratio positive, and likelihood ratio negative compared with TIMI = 0 
and TIMI = 0–1. Similar results were found on sensitivity analyses 
(supplementary table, available at http://links.lww.com/HPC/A199).

DISCUSSION
We demonstrate that overall discrimination (c statistic) was 

higher for HEART than for TIMI, which is consistent with prior 
reports by the HEART study team.2,5 We provide novel data about 
clinically relevant measures of test performance. We found that the 
HEART score had better reclassification than the TIMI score. Using 
reported binary “low-risk” categories, HEART demonstrated similar 
or superior predictive values and likelihood ratios compared with the 
TIMI score. Our results are robust to different assumptions about 
missing data and composite outcomes.

There are at least 2 explanations for our findings. First, the 
TIMI risk score was originally derived in cohorts with established 
NSTEMI and unstable angina, and would thus be expected to per-
form less well in ED settings for suspected rather than confirmed 
ACS. In contrast, the HEART score was derived specifically in ED 
patients with suspected ACS. Second, the HEART score includes 
clinical judgment through the “history” component. Despite poten-
tial tradeoffs such as reduced inter-rater reliability, the incorporation 
of clinical judgment likely improves discrimination compared with a 
risk score based only on objective data, such as TIMI.

TABLE 2. 

Variable
n (%) with  

30-day MACE
n (%) Within 
Score Value

TIMI score

  TIMI: 0 53 (2.2%) 2361 (28.6%)

  TIMI: >0 455 (7.7%) 5894 (71.4%)

  TIMI: 0 and 1 189 (3.7%) 5133 (62.2%)

  TIMI: >1 319 (10.2%) 3122 (37.8%)

  TIMI: 0 53 (2.2%) 2361 (28.6%)

  TIMI: 1 136 (4.9%) 2772 (33.6%)

  TIMI: 2 128 (7.3%) 1756 (21.3%)

  TIMI: 3 111 (12.5%) 889 (10.8%)

  TIMI: 4 56 (15.1%) 372 (4.5%)

  TIMI: 5 19 (20.9%) 91 (1.1%)

  TIMI: 6 5 (38.5%) 13 (0.2%)

  TIMI: 7 0 (0.0%) 1 (0.0%)

HEART score

  HEART: 0–3 72 (1.8%) 4039 (48.9%)

  HEART: >3 436 (10.3%) 4216 (51.1%)

  HEART: 0–3 72 (1.8%) 4039 (48.9%)

  HEART: 4–6 281 (8.3%) 3390 (41.1%)

  HEART: 7–10 155 (18.8%) 826 (10.0%)

  HEART: 0 1 (0.3%) 320 (3.9%)

  HEART: 1 8 (0.8%) 1035 (12.5%)

  HEART: 2 26 (2.0%) 1282 (15.5%)

  HEART: 3 37 (2.6%) 1402 (17.0%)

  HEART: 4 80 (5.8%) 1373 (16.6%)

  HEART: 5 88 (8.3%) 1067 (12.9%)

  HEART: 6 113 (11.9%) 950 (11.5%)

  HEART: 7 94 (16.0%) 588 (7.1%)

  HEART: 8 36 (19.1%) 189 (2.3%)

  HEART: 9 21 (52.5%) 40 (0.5%)

  HEART: 10 4 (44.4%) 9 (0.1%)

FIGURE 2.

MACE = 1,8%	
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The HEART Pathway Randomized Trial:
Identifying Emergency Department Patients With Acute Chest Pain for Early Discharge
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Abstract
Background—The HEART Pathway is a decision aid designed to identify emergency 
department patients with acute chest pain for early discharge. No randomized trials have compared 
the HEART Pathway with usual care.

Methods and Results—Adult emergency department patients with symptoms related to acute 
coronary syndrome without ST-elevation on ECG (n=282) were randomized to the HEART 
Pathway or usual care. In the HEART Pathway arm, emergency department providers used the 
HEART score, a validated decision aid, and troponin measures at 0 and 3 hours to identify patients 
for early discharge. Usual care was based on American College of Cardiology/American Heart 
Association guidelines. The primary outcome, objective cardiac testing (stress testing or 
angiography), and secondary outcomes, index length of stay, early discharge, and major adverse 
cardiac events (death, myocardial infarction, or coronary revascularization), were assessed at 30 
days by phone interview and record review. Participants had a mean age of 53 years, 16% had 
previous myocardial infarction, and 6% (95% confidence interval, 3.6%–9.5%) had major adverse 
cardiac events within 30 days of randomization. Compared with usual care, use of the HEART 
Pathway decreased objective cardiac testing at 30 days 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) and increased early discharges by 
21.3% (39.7% versus 18.4%; P<0.001). No patients identified for early discharge had major 
adverse cardiac events within 30 days.

Conclusions—The HEART Pathway reduces objective cardiac testing during 30 days, shortens 
length of stay, and increases early discharges. These important efficiency gains occurred without 
any patients identified for early discharge suffering MACE at 30 days.
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Each year, 8 to 10 million patients complaining of chest pain present to an emergency 
department (ED) in the United States.1 When caring for these patients, emergency 
physicians use liberal testing strategies to prevent missing an acute coronary syndrome 
(ACS). This pervasive overtriage results in >50% of ED patients with acute chest pain 
receiving a comprehensive cardiac evaluation (serial cardiac biomarkers and stress testing or 
angiography) at a cost of $10 to 13 billion annually,2–6 yet <10% of these patients are 
ultimately diagnosed with ACS.6–10

American College of Cardiology/American Heart Association guidelines recommend that 
low-risk patients with acute chest pain should receive serial cardiac markers followed by 
objective cardiac testing (stress testing or cardiac imaging).11 However, guideline-adherent 
care among low-risk patients fails to accurately focus health system resources on those 
likely to beneft. Among low-risk patients, who have ACS rates <2%, objective cardiac 
testing is associated with a substantial number of false-positive and nondiagnostic tests, 
which often lead to invasive testing.12 Consensus is building within the US healthcare 
system about the need to more eff-ciently evaluate patients with acute chest pain.13

The HEART Pathway,14,15 which combines the HEART score,16–19 with 0- and 3-hour 
cardiac troponin tests, is a recently developed decision aid designed to identify ED patients 
who are safe for early discharge. Observational studies have demonstrated that the HEART 
Pathway can classify >20% of patients with acute chest pain for early discharge while 
maintaining a negative predictive value (NPV) for a major adverse cardiac event (MACE) 
rate of >99% at 30 days.13,14 However, the realtime use of the HEART Pathway has yet to 
be compared with usual care. Therefore, we have designed a randomized controlled trial to 
evaluate the efficacy of the HEART Pathway to guide providers’ testing and disposition 
decisions for patients with acute chest pain. We seek to determine whether the HEART 
Pathway can meaningfully reduce objective cardiac testing, increase early discharges, and 
reduce index hospital length of stay (LOS) compared with usual care while maintaining high 
sensitivity and NPV (>99%) for MACE.

Methods
Study Design

We conducted a randomized controlled single-center clinical trial funded by the American 
Heart Association from 9/2012-2/2014. All participants provided witnessed written 
informed consent and were randomized to the HEART Pathway or usual care strategies. In 
the HEART Pathway arm, ED attending physicians used the HEART Pathway to guide 
testing and disposition decisions. In the usual care arm, providers were encouraged to follow 
American College of Cardiology guidelines.11,20,21 This trial was approved by the Internal 
Review Board of the sponsoring organization and was registered with clinicaltrials.gov 
(clinical trial number, NCT01665521) before enrollment.
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angiography), and secondary outcomes, index length of stay, early discharge, and major adverse 
cardiac events (death, myocardial infarction, or coronary revascularization), were assessed at 30 
days by phone interview and record review. Participants had a mean age of 53 years, 16% had 
previous myocardial infarction, and 6% (95% confidence interval, 3.6%–9.5%) had major adverse 
cardiac events within 30 days of randomization. Compared with usual care, use of the HEART 
Pathway decreased objective cardiac testing at 30 days 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) and increased early discharges by 
21.3% (39.7% versus 18.4%; P<0.001). No patients identified for early discharge had major 
adverse cardiac events within 30 days.

Conclusions—The HEART Pathway reduces objective cardiac testing during 30 days, shortens 
length of stay, and increases early discharges. These important efficiency gains occurred without 
any patients identified for early discharge suffering MACE at 30 days.
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Each year, 8 to 10 million patients complaining of chest pain present to an emergency 
department (ED) in the United States.1 When caring for these patients, emergency 
physicians use liberal testing strategies to prevent missing an acute coronary syndrome 
(ACS). This pervasive overtriage results in >50% of ED patients with acute chest pain 
receiving a comprehensive cardiac evaluation (serial cardiac biomarkers and stress testing or 
angiography) at a cost of $10 to 13 billion annually,2–6 yet <10% of these patients are 
ultimately diagnosed with ACS.6–10

American College of Cardiology/American Heart Association guidelines recommend that 
low-risk patients with acute chest pain should receive serial cardiac markers followed by 
objective cardiac testing (stress testing or cardiac imaging).11 However, guideline-adherent 
care among low-risk patients fails to accurately focus health system resources on those 
likely to beneft. Among low-risk patients, who have ACS rates <2%, objective cardiac 
testing is associated with a substantial number of false-positive and nondiagnostic tests, 
which often lead to invasive testing.12 Consensus is building within the US healthcare 
system about the need to more eff-ciently evaluate patients with acute chest pain.13

The HEART Pathway,14,15 which combines the HEART score,16–19 with 0- and 3-hour 
cardiac troponin tests, is a recently developed decision aid designed to identify ED patients 
who are safe for early discharge. Observational studies have demonstrated that the HEART 
Pathway can classify >20% of patients with acute chest pain for early discharge while 
maintaining a negative predictive value (NPV) for a major adverse cardiac event (MACE) 
rate of >99% at 30 days.13,14 However, the realtime use of the HEART Pathway has yet to 
be compared with usual care. Therefore, we have designed a randomized controlled trial to 
evaluate the efficacy of the HEART Pathway to guide providers’ testing and disposition 
decisions for patients with acute chest pain. We seek to determine whether the HEART 
Pathway can meaningfully reduce objective cardiac testing, increase early discharges, and 
reduce index hospital length of stay (LOS) compared with usual care while maintaining high 
sensitivity and NPV (>99%) for MACE.

Methods
Study Design

We conducted a randomized controlled single-center clinical trial funded by the American 
Heart Association from 9/2012-2/2014. All participants provided witnessed written 
informed consent and were randomized to the HEART Pathway or usual care strategies. In 
the HEART Pathway arm, ED attending physicians used the HEART Pathway to guide 
testing and disposition decisions. In the usual care arm, providers were encouraged to follow 
American College of Cardiology guidelines.11,20,21 This trial was approved by the Internal 
Review Board of the sponsoring organization and was registered with clinicaltrials.gov 
(clinical trial number, NCT01665521) before enrollment.
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Table 2

Frequency of HEART Pathway Determinants

Risk stratification Measure Number, n=141 Percent

HEART score history

  Slightly suspicious (0 points) 52 36.9

  Moderately suspicious (1 point) 54 38.3

  Highly suspicious (2 points) 35 24.8

Age

  <45 (0 points) 38 27

  45–65 (1 point) 80 56.7

  >65 (2 points) 23 16.3

ECG

  Normal (0 points) 79 56

  Nonspecifc changes (1 point) 60 42.6

  Changes consistent with ACS (2 points) 2 1.4

Number of risk factors

  0 (0 points) 16 11.4

  1–2 (1 point) 58 41.1

  ≥3 (2 points) 67 47.5

Troponin (initial)

  Negative (0 points) 133 94.3

  1–3× normal limit (1 point) 4 2.8

  >3× normal limit (2 points) 4 2.8

Total HEART score

  0 3 2.1

  1 9 6.4

  2 28 19.9

  3 27 19.1

  4 31 22

  5 21 14.9

  ≥6 22 15.6

Serial troponin at 3 h

  Negative 131 92.9

  Positive 9 6.4

  Missing 1 0.7

HEART Pathway

  Low risk (HEART score <3 and negative troponins at 0 and 3 h) 66 46.8

  High risk (HEART score >3 or positive troponin at 0 or 3 h) 75 53.2

ACS indicates acute coronary syndrome.
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Background—The HEART Pathway is a decision aid designed to identify emergency 
department patients with acute chest pain for early discharge. No randomized trials have compared 
the HEART Pathway with usual care.

Methods and Results—Adult emergency department patients with symptoms related to acute 
coronary syndrome without ST-elevation on ECG (n=282) were randomized to the HEART 
Pathway or usual care. In the HEART Pathway arm, emergency department providers used the 
HEART score, a validated decision aid, and troponin measures at 0 and 3 hours to identify patients 
for early discharge. Usual care was based on American College of Cardiology/American Heart 
Association guidelines. The primary outcome, objective cardiac testing (stress testing or 
angiography), and secondary outcomes, index length of stay, early discharge, and major adverse 
cardiac events (death, myocardial infarction, or coronary revascularization), were assessed at 30 
days by phone interview and record review. Participants had a mean age of 53 years, 16% had 
previous myocardial infarction, and 6% (95% confidence interval, 3.6%–9.5%) had major adverse 
cardiac events within 30 days of randomization. Compared with usual care, use of the HEART 
Pathway decreased objective cardiac testing at 30 days 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) and increased early discharges by 
21.3% (39.7% versus 18.4%; P<0.001). No patients identified for early discharge had major 
adverse cardiac events within 30 days.

Conclusions—The HEART Pathway reduces objective cardiac testing during 30 days, shortens 
length of stay, and increases early discharges. These important efficiency gains occurred without 
any patients identified for early discharge suffering MACE at 30 days.
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Each year, 8 to 10 million patients complaining of chest pain present to an emergency 
department (ED) in the United States.1 When caring for these patients, emergency 
physicians use liberal testing strategies to prevent missing an acute coronary syndrome 
(ACS). This pervasive overtriage results in >50% of ED patients with acute chest pain 
receiving a comprehensive cardiac evaluation (serial cardiac biomarkers and stress testing or 
angiography) at a cost of $10 to 13 billion annually,2–6 yet <10% of these patients are 
ultimately diagnosed with ACS.6–10

American College of Cardiology/American Heart Association guidelines recommend that 
low-risk patients with acute chest pain should receive serial cardiac markers followed by 
objective cardiac testing (stress testing or cardiac imaging).11 However, guideline-adherent 
care among low-risk patients fails to accurately focus health system resources on those 
likely to beneft. Among low-risk patients, who have ACS rates <2%, objective cardiac 
testing is associated with a substantial number of false-positive and nondiagnostic tests, 
which often lead to invasive testing.12 Consensus is building within the US healthcare 
system about the need to more eff-ciently evaluate patients with acute chest pain.13

The HEART Pathway,14,15 which combines the HEART score,16–19 with 0- and 3-hour 
cardiac troponin tests, is a recently developed decision aid designed to identify ED patients 
who are safe for early discharge. Observational studies have demonstrated that the HEART 
Pathway can classify >20% of patients with acute chest pain for early discharge while 
maintaining a negative predictive value (NPV) for a major adverse cardiac event (MACE) 
rate of >99% at 30 days.13,14 However, the realtime use of the HEART Pathway has yet to 
be compared with usual care. Therefore, we have designed a randomized controlled trial to 
evaluate the efficacy of the HEART Pathway to guide providers’ testing and disposition 
decisions for patients with acute chest pain. We seek to determine whether the HEART 
Pathway can meaningfully reduce objective cardiac testing, increase early discharges, and 
reduce index hospital length of stay (LOS) compared with usual care while maintaining high 
sensitivity and NPV (>99%) for MACE.

Methods
Study Design

We conducted a randomized controlled single-center clinical trial funded by the American 
Heart Association from 9/2012-2/2014. All participants provided witnessed written 
informed consent and were randomized to the HEART Pathway or usual care strategies. In 
the HEART Pathway arm, ED attending physicians used the HEART Pathway to guide 
testing and disposition decisions. In the usual care arm, providers were encouraged to follow 
American College of Cardiology guidelines.11,20,21 This trial was approved by the Internal 
Review Board of the sponsoring organization and was registered with clinicaltrials.gov 
(clinical trial number, NCT01665521) before enrollment.
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Figure 3. 
Kaplan–Meier curves. A, Hospital length of stay by randomization arm. B, Hospital length 
of stay for HEART Pathway high- and low-risk groups versus usual care.
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HEART score, a validated decision aid, and troponin measures at 0 and 3 hours to identify patients 
for early discharge. Usual care was based on American College of Cardiology/American Heart 
Association guidelines. The primary outcome, objective cardiac testing (stress testing or 
angiography), and secondary outcomes, index length of stay, early discharge, and major adverse 
cardiac events (death, myocardial infarction, or coronary revascularization), were assessed at 30 
days by phone interview and record review. Participants had a mean age of 53 years, 16% had 
previous myocardial infarction, and 6% (95% confidence interval, 3.6%–9.5%) had major adverse 
cardiac events within 30 days of randomization. Compared with usual care, use of the HEART 
Pathway decreased objective cardiac testing at 30 days 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) and increased early discharges by 
21.3% (39.7% versus 18.4%; P<0.001). No patients identified for early discharge had major 
adverse cardiac events within 30 days.
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Each year, 8 to 10 million patients complaining of chest pain present to an emergency 
department (ED) in the United States.1 When caring for these patients, emergency 
physicians use liberal testing strategies to prevent missing an acute coronary syndrome 
(ACS). This pervasive overtriage results in >50% of ED patients with acute chest pain 
receiving a comprehensive cardiac evaluation (serial cardiac biomarkers and stress testing or 
angiography) at a cost of $10 to 13 billion annually,2–6 yet <10% of these patients are 
ultimately diagnosed with ACS.6–10

American College of Cardiology/American Heart Association guidelines recommend that 
low-risk patients with acute chest pain should receive serial cardiac markers followed by 
objective cardiac testing (stress testing or cardiac imaging).11 However, guideline-adherent 
care among low-risk patients fails to accurately focus health system resources on those 
likely to beneft. Among low-risk patients, who have ACS rates <2%, objective cardiac 
testing is associated with a substantial number of false-positive and nondiagnostic tests, 
which often lead to invasive testing.12 Consensus is building within the US healthcare 
system about the need to more eff-ciently evaluate patients with acute chest pain.13

The HEART Pathway,14,15 which combines the HEART score,16–19 with 0- and 3-hour 
cardiac troponin tests, is a recently developed decision aid designed to identify ED patients 
who are safe for early discharge. Observational studies have demonstrated that the HEART 
Pathway can classify >20% of patients with acute chest pain for early discharge while 
maintaining a negative predictive value (NPV) for a major adverse cardiac event (MACE) 
rate of >99% at 30 days.13,14 However, the realtime use of the HEART Pathway has yet to 
be compared with usual care. Therefore, we have designed a randomized controlled trial to 
evaluate the efficacy of the HEART Pathway to guide providers’ testing and disposition 
decisions for patients with acute chest pain. We seek to determine whether the HEART 
Pathway can meaningfully reduce objective cardiac testing, increase early discharges, and 
reduce index hospital length of stay (LOS) compared with usual care while maintaining high 
sensitivity and NPV (>99%) for MACE.

Methods
Study Design

We conducted a randomized controlled single-center clinical trial funded by the American 
Heart Association from 9/2012-2/2014. All participants provided witnessed written 
informed consent and were randomized to the HEART Pathway or usual care strategies. In 
the HEART Pathway arm, ED attending physicians used the HEART Pathway to guide 
testing and disposition decisions. In the usual care arm, providers were encouraged to follow 
American College of Cardiology guidelines.11,20,21 This trial was approved by the Internal 
Review Board of the sponsoring organization and was registered with clinicaltrials.gov 
(clinical trial number, NCT01665521) before enrollment.
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Abstract
Objectives: Accelerated diagnostic protocols (ADPs), such as the HEART Pathway, are gaining
popularity in emergency departments (EDs) as tools used to risk stratify patients with acute chest pain.
However, provider nonadherence may threaten the safety and effectiveness of ADPs. The objective of
this study was to determine the frequency and impact of ADP nonadherence.

Methods: A secondary analysis of participants enrolled in the HEART Pathway RCT was conducted. This
trial enrolled 282 adult ED patients with symptoms concerning for acute coronary syndrome without ST-
elevation on electrocardiogram. Patients randomized to the HEART Pathway (N = 141) were included in
this analysis. Outcomes included index visit disposition, nonadherence, and major adverse cardiac events
(MACEs) at 30 days. MACE was defined as death, myocardial infarction, or revascularization.
Nonadherence was defined as: 1) undertesting—discharging a high-risk patient from the ED without
objective testing (stress testing or coronary angiography) or 2) overtesting—admitting or obtaining
objective testing on a low-risk patient.

Results: Nonadherence to the HEART Pathway occurred in 28 of 141 patients (20%, 95% confidence
interval [CI] = 14% to 27%). Overtesting occurred in 19 of 141 patients (13.5%, 95% CI = 8% to 19%) and
undertesting in nine of 141 patients (6%, 95% CI = 3% to 12%). None of these 28 patients suffered
MACE. The net effect of nonadherence was 10 additional admissions among patients identified as low-
risk and appropriate for early discharge (absolute decrease in discharge rate of 7%, 95% CI = 3% to
13%).

Conclusions: Real-time use of the HEART Pathway resulted in a nonadherence rate of 20%, mostly due
to overtesting. None of these patients had MACE within 30 days. Nonadherence decreased the discharge
rate, attenuating the HEART Pathway’s impact on health care use.
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Abstract
Objectives: Accelerated diagnostic protocols (ADPs), such as the HEART Pathway, are gaining
popularity in emergency departments (EDs) as tools used to risk stratify patients with acute chest pain.
However, provider nonadherence may threaten the safety and effectiveness of ADPs. The objective of
this study was to determine the frequency and impact of ADP nonadherence.

Methods: A secondary analysis of participants enrolled in the HEART Pathway RCT was conducted. This
trial enrolled 282 adult ED patients with symptoms concerning for acute coronary syndrome without ST-
elevation on electrocardiogram. Patients randomized to the HEART Pathway (N = 141) were included in
this analysis. Outcomes included index visit disposition, nonadherence, and major adverse cardiac events
(MACEs) at 30 days. MACE was defined as death, myocardial infarction, or revascularization.
Nonadherence was defined as: 1) undertesting—discharging a high-risk patient from the ED without
objective testing (stress testing or coronary angiography) or 2) overtesting—admitting or obtaining
objective testing on a low-risk patient.

Results: Nonadherence to the HEART Pathway occurred in 28 of 141 patients (20%, 95% confidence
interval [CI] = 14% to 27%). Overtesting occurred in 19 of 141 patients (13.5%, 95% CI = 8% to 19%) and
undertesting in nine of 141 patients (6%, 95% CI = 3% to 12%). None of these 28 patients suffered
MACE. The net effect of nonadherence was 10 additional admissions among patients identified as low-
risk and appropriate for early discharge (absolute decrease in discharge rate of 7%, 95% CI = 3% to
13%).

Conclusions: Real-time use of the HEART Pathway resulted in a nonadherence rate of 20%, mostly due
to overtesting. None of these patients had MACE within 30 days. Nonadherence decreased the discharge
rate, attenuating the HEART Pathway’s impact on health care use.
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(nine of 75) of high-risk patients. None of these 28
patients with over- or undertesting had MACE during
the index visit or 30-day follow-up period. Despite mod-
erate nonadherence, the early discharge rate of the
cohort was 40% (56 of 141). If nonadherence in low-risk
patients (overtesting) was eliminated, the early dis-
charge rate would have increased to 53% (75 of 141), an
absolute difference of 13% (95% CI = 8% to 19%). How-
ever, perfect adherence in the cohort (elimination of
both over- and undertesting) would have resulted in an
early discharge rate of 47% (66 of 141), an absolute
increase of 7% (95% CI = 3% to 13%). Nonadherence
rates are summarized in Table 3.

Univariate provider logistic models were fit in 140
participants, as one patient was seen by a provider who
did not complete a survey. These models demonstrated
that providers with higher SUS scores (those who per-
ceived more stress in the setting of diagnostic uncer-
tainty) were less likely to be adherent to the HEART
Pathway (odds ratio [OR] = 0.79; 95% CI = 0.64 to 0.96)
for each five-point increase in score. Other patient and
provider variables did not predict adherence (Tables 1
and 4). Overtesting was less likely as patient age
increased and more likely as provider age and experi-
ence (years since residency) increased. In addition, pro-
viders who were more risk averse as measured by the
RTS were more likely to overtest. Among patients who
indicated a preference for an inpatient evaluation there
was a trend toward overtesting. No variables were
significant predictors of undertesting. The ORs for the
univariate models of adherence, overtesting, undertest-
ing, and agreement are summarized in Table 4.

Assessment of HEART Pathway ADP interobserver
agreement was completed on 111 patients. Raw agree-
ment among providers was 91 of 111 (82%, 95%
CI = 74% to 89%). Interobserver agreement was accept-
able (j = 0.63, 95% CI = 0.48 to 0.78). Increased patient

Table 1
Patient Characteristics

Characteristics Number Percent

Age (yr), mean (!SD) 534 (!12.0)
Sex: female 81 57.4
Race*
White 90 63.8
African American or black 48 34.0
Asian 1 0.7
Native American 1 0.7
Other 1 0.7

Ethnicity
Hispanic 1 0.7
Not Hispanic 140 99.3

Risk factors
Current smoking 42 29.8
Recent cocaine (past 90 days) 3 2.1
Hypertension 75 53.2
Hyperlipidemia 61 43.3
Diabetes 31 22.0
Family history of coronary disease 44 31.4
BMI > 30 (kg/m2) 71 50.4
Prior coronary disease 28 19.9
Prior cerebral vascular disease 3 2.1
Prior peripheral vascular disease 4 2.8

Insurance status
Insured 105 74.5
Uninsured 36 25.5

N = 141.
BMI = body mass index.

Table 2
Frequency of HEART Pathway Determinants

Risk Stratification Measure
Number
(N = 141) Percent

HEART score history
Slightly suspicious (0 points) 52 36.9
Moderately suspicious (1 point) 54 38.3
Highly suspicious (2 points) 35 24.8

Age (yr)
<45 (0 points) 38 27.0

45–65 (1 point) 80 56.7
>65 (2 points) 23 16.3

ECG
Normal (0 points) 79 56.0
Nonspecific changes (1 point) 60 42.6
Changes consistent with ACS
(2 points)

2 1.4

Number of risk factors
0 (0 points) 16 11.4
1–2 (1 point) 58 41.1
3 or more (2 points) 67 47.5

Troponin (initial)
Negative (0 points) 133 94.3
1–39 normal limit (1 point) 4 2.8
>39 normal limit (2 points) 4 2.8

Total HEART score
0 3 2.1
1 9 6.4
2 28 19.9
3 27 19.1
4 31 22.0
5 21 14.9
6 or greater 22 15.6

Serial troponin at 3 hours
Negative 131 92.9
Positive 9 6.4
Missing 1 0.7

HEART Pathway
Low-risk (HEART score ≤ 3 and
negative troponins at 0 and 3 hours)

66 46.8

High-risk (HEART score > 3 or
positive troponin at 0 or 3 hours)

75 53.2

ACS = acute coronary syndrome; ADP = accelerated diagnos-
tic protocol; HEART = History, Electrocardiogram (ECG), Age,
Risk factors, and Troponin.

Table 3
HEART Pathway ADP Adherence

Adherence

HEART Pathway

Low-risk High-risk Total

Adherent 47 (71) 66 (88) 113 (80)
Nonadherent 19 (29) 9 (12) 28 (20)
Overtesting 19 (29) 0
Undertesting 0 9 (12)

Data are reported as n (%).
N = 141.
ADP = accelerated diagnostic protocol; HEART = History,
Electrocardiogram (ECG), Age, Risk factors, and Troponin.
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Background: The HEART (History, Electrocardiogram, Age, Risk
factors, and initial Troponin) score is an easy-to-apply instrument
to stratify patients with chest pain according to their short-term
risk for major adverse cardiac events (MACEs), but its effect on
daily practice is unknown.

Objective: To measure the effect of use of the HEART score on
patient outcomes and use of health care resources.

Design: Stepped-wedge, cluster randomized trial. (Clinical
Trials.gov: NCT01756846)

Setting: Emergency departments in 9 Dutch hospitals.

Patients: Unselected patients with chest pain presenting at
emergency departments in 2013 and 2014.

Intervention: All hospitals started with usual care. Every 6
weeks, 1 hospital was randomly assigned to switch to “HEART
care,” during which physicians calculated the HEART score to
guide patient management.

Measurements: For safety, a noninferiority margin of a 3.0%
absolute increase in MACEs within 6 weeks was set. Other out-
comes included use of health care resources, quality of life, and
cost-effectiveness.

Results: A total of 3648 patients were included (1827 receiving
usual care and 1821 receiving HEART care). Six-week incidence
of MACEs during HEART care was 1.3% lower than during usual
care (upper limit of the 1-sided 95% CI, 2.1% [within the nonin-
feriority margin of 3.0%]). In low-risk patients, incidence of
MACEs was 2.0% (95% CI, 1.2% to 3.3%). No statistically signifi-
cant differences in early discharge, readmissions, recurrent
emergency department visits, outpatient visits, or visits to gen-
eral practitioners were observed.

Limitation: Physicians were hesitant to refrain from admission
and diagnostic tests in patients classified as low risk by the
HEART score.

Conclusion: Using the HEART score during initial assessment of
patients with chest pain is safe, but the effect on health care
resources is limited, possibly due to nonadherence to manage-
ment recommendations.

Primary Funding Source: Netherlands Organisation for Health
Research and Development.
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Only 20% of patients with chest pain have an acute
coronary syndrome that requires prompt admis-

sion and treatment. In the remaining 80%, the under-
lying condition is noncardiac and is usually not life-
threatening (1). These patients might be discharged
from the emergency department and managed further
in an outpatient setting. However, approximately 50%
of patients with an acute coronary syndrome do not
have classic symptoms, and coronary angiography, the
reference standard for investigation, is costly and car-
ries a risk for complications (2). Current management in
most Western countries is conservative, with two thirds
of patients being admitted and receiving additional
testing, which puts a large burden on health care re-
sources and also carries the risk for overdiagnosis and
overtreatment (3). Nevertheless, reports indicate that
approximately 2% to 6% of patients with an acute cor-
onary syndrome are still being missed in current prac-
tice (4, 5).

International guidelines advise the use of risk-
stratifying instruments in patients with chest pain be-

cause they are superior to clinical assessment alone
and their potential effect on patient outcomes (such as
safety and length of stay) has been demonstrated (6–
12). The HEART score is based on 5 key elements in the
initial work-up of patients with chest pain: History, Elec-
trocardiogram (ECG), Age, Risk factors, and Troponin
(Figure 1, and Appendix Figure 1, available at Annals
.org) (13). In contrast to other risk scores for chest pain,
the HEART score was developed on the basis of clinical
experience alone. It provides the physician with a for-
mal recommendation for admission, observation, or
discharge in individual patients. The HEART score has
shown promising results in external validation studies
in various countries and hospital settings (14–21). Still,
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Appendix Figure 2. Stepped-wedge design with the number of patients per hospital included in each study period of the
HEART-Impact trial.

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8 Step 9 Step 10 Total

Date of switch

Cluster

1 39 389 428

2 52 197

224

249

3 343 567

4 215 244 459

5 183 189 372

6 283 130 413

7 324 139 463

8 337 161 498

9 170 29 199

3648

07/01/13 08/12/13 09/23/13 11/04/13 12/16/13 01/27/14 03/10/14 04/21/14 06/02/14 07/14/14

Usual care

HEART care

HEART = History, Electrocardiogram, Age, Risk factors, and initial Troponin.

Appendix Table 1. Characteristics of Participating
Hospitals

Hospital Type Beds, n Revascularization
Options in Own
Hospital

1 Peripheral 505* No
2 Peripheral 262* No
3 Academic 733 PCI and CABG
4 Peripheral 1230† PCI
5 Academic 1042† PCI and CABG
6 Peripheral 1102 PCI and CABG
7 Peripheral 550† PCI and CABG
8 Peripheral 378† No
9 Peripheral 255 No

CABG = coronary artery bypass grafting; PCI = percutaneous coronary
intervention.
* In 2012.
† In 2013.

Appendix Table 2. Characteristics of Troponin Kits and Cutoffs Used in Hospitals

Hospital Type of Assay Type of Troponin Analyzer Cutoff Value, ng/L

1 Conventional I Siemens Dimension Vista 45
2 Conventional I Beckman Coulter DxI 40
3 High-sensitivity T Roche modular 14
4 High-sensitivity T Roche Cobas 10
5 Conventional I Beckman Coulter DxI 60
6 High-sensitivity T Roche Cobas 14
7 High-sensitivity T Roche Cobas 30 + delta >8
8 High-sensitivity T Roche modular 50
9 High-sensitivity T Roche Cobas 14

Annals of Internal Medicine Annals.org

Downloaded From: http://annals.org/pdfaccess.ashx?url=/data/journals/aim/0/ by a Fudan University User  on 04/25/2017

•  Etude prospective, 
randomisée par étapes, 
3648 patients dans 9 
hôpitaux hollandais	

•  Outcome: MACE à 6 
semaines	

•  Objectif:  déterminer si 
l’utilisation du Heart score 
diminue la charge de soin, 
le nb d’hospitalisations et 
les coûts de santé sans 
augmenter les MACE	



Effect of Using the HEART Score in Patients With Chest Pain in the
Emergency Department
A Stepped-Wedge, Cluster Randomized Trial
Judith M. Poldervaart, MD, PhD; Johannes B. Reitsma, MD, PhD; Barbra E. Backus, MD, PhD; Hendrik Koffijberg, PhD;
Rolf F. Veldkamp, MD, PhD; Monique E. ten Haaf, MD; Yolande Appelman, MD, PhD; Herman F.J. Mannaerts, MD, PhD;
Jan-Melle van Dantzig, MD, PhD; Madelon van den Heuvel, MD; Mohamed el Farissi, MD; Bernard J.W.M. Rensing, MD, PhD;
Nicolette M.S.K.J. Ernst, MD, PhD; Ineke M.C. Dekker, MD; Frank R. den Hartog, MD; Thomas Oosterhof, MD, PhD;
Ghizelda R. Lagerweij; Eugene M. Buijs, MD, PhD; Maarten W.J. van Hessen, MD, PhD; Marcel A.J. Landman, MD;
Roland R.J. van Kimmenade, MD, PhD; Luc Cozijnsen, MD; Jeroen J.J. Bucx, MD, PhD;
Clara E.E. van Ofwegen-Hanekamp, MD, PhD; Maarten-Jan Cramer, MD, PhD; A. Jacob Six, MD, PhD;
Pieter A. Doevendans, MD, PhD; and Arno W. Hoes, MD, PhD

Background: The HEART (History, Electrocardiogram, Age, Risk
factors, and initial Troponin) score is an easy-to-apply instrument
to stratify patients with chest pain according to their short-term
risk for major adverse cardiac events (MACEs), but its effect on
daily practice is unknown.

Objective: To measure the effect of use of the HEART score on
patient outcomes and use of health care resources.

Design: Stepped-wedge, cluster randomized trial. (Clinical
Trials.gov: NCT01756846)

Setting: Emergency departments in 9 Dutch hospitals.

Patients: Unselected patients with chest pain presenting at
emergency departments in 2013 and 2014.

Intervention: All hospitals started with usual care. Every 6
weeks, 1 hospital was randomly assigned to switch to “HEART
care,” during which physicians calculated the HEART score to
guide patient management.

Measurements: For safety, a noninferiority margin of a 3.0%
absolute increase in MACEs within 6 weeks was set. Other out-
comes included use of health care resources, quality of life, and
cost-effectiveness.

Results: A total of 3648 patients were included (1827 receiving
usual care and 1821 receiving HEART care). Six-week incidence
of MACEs during HEART care was 1.3% lower than during usual
care (upper limit of the 1-sided 95% CI, 2.1% [within the nonin-
feriority margin of 3.0%]). In low-risk patients, incidence of
MACEs was 2.0% (95% CI, 1.2% to 3.3%). No statistically signifi-
cant differences in early discharge, readmissions, recurrent
emergency department visits, outpatient visits, or visits to gen-
eral practitioners were observed.

Limitation: Physicians were hesitant to refrain from admission
and diagnostic tests in patients classified as low risk by the
HEART score.

Conclusion: Using the HEART score during initial assessment of
patients with chest pain is safe, but the effect on health care
resources is limited, possibly due to nonadherence to manage-
ment recommendations.
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Only 20% of patients with chest pain have an acute
coronary syndrome that requires prompt admis-

sion and treatment. In the remaining 80%, the under-
lying condition is noncardiac and is usually not life-
threatening (1). These patients might be discharged
from the emergency department and managed further
in an outpatient setting. However, approximately 50%
of patients with an acute coronary syndrome do not
have classic symptoms, and coronary angiography, the
reference standard for investigation, is costly and car-
ries a risk for complications (2). Current management in
most Western countries is conservative, with two thirds
of patients being admitted and receiving additional
testing, which puts a large burden on health care re-
sources and also carries the risk for overdiagnosis and
overtreatment (3). Nevertheless, reports indicate that
approximately 2% to 6% of patients with an acute cor-
onary syndrome are still being missed in current prac-
tice (4, 5).

International guidelines advise the use of risk-
stratifying instruments in patients with chest pain be-

cause they are superior to clinical assessment alone
and their potential effect on patient outcomes (such as
safety and length of stay) has been demonstrated (6–
12). The HEART score is based on 5 key elements in the
initial work-up of patients with chest pain: History, Elec-
trocardiogram (ECG), Age, Risk factors, and Troponin
(Figure 1, and Appendix Figure 1, available at Annals
.org) (13). In contrast to other risk scores for chest pain,
the HEART score was developed on the basis of clinical
experience alone. It provides the physician with a for-
mal recommendation for admission, observation, or
discharge in individual patients. The HEART score has
shown promising results in external validation studies
in various countries and hospital settings (14–21). Still,
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weeks, consisting of the following events: ST-segment
elevation myocardial infarction, non–ST-segment eleva-
tion myocardial infarction, unstable angina, percutane-
ous coronary intervention, coronary artery bypass graft-
ing, significant stenosis (>50%) treated conservatively,
or death due to any cause. To identify MACEs occur-
ring after discharge, all patients were contacted by
telephone, by e-mail, or via the patient's general prac-
titioner at 3 months. Any information indicative of a rel-
evant end point was further investigated by consulting
electronic hospital medical files and was subsequently
reviewed for final classification by 2 independent cardi-
ologists who were blinded to study period and HEART
score and who used the definitions in the European
guidelines (24, 26). In cases of disagreement, the case
was discussed in a consensus meeting with at least 3
participating cardiologists.

Use of Health Care Resources
The number and cause of initial admissions and the

number of early discharges from the emergency de-
partment (≤4 hours after presentation) as well as read-
missions, recurrent emergency department visits, and
outpatient clinic visits within 3 months after the initial
presentation were recorded for all patients. The num-
ber and reason for general practitioner visits were col-
lected during the telephone call with the patient at 3
months.

We decided in advance to collect detailed data on
the use of diagnostic procedures in 5 of the 9 partici-
pating hospitals, which were chosen on the basis of
their differences in size and type (1 academic, 4 nonac-
ademic, 2 small, and 3 large) and their ability to provide

high-quality data. The expected number of patients in
these hospitals was sufficient to investigate differences
in health-related quality of life and costs.

Quality of Life
Quality-of-life data were collected in patients from

the same 5 participating hospitals during usual and
HEART care, at baseline, and at 2-week and 3-month
follow-up using the EuroQol 5-Dimensional (EQ-5D)
questionnaire (22).

Direct Costs
Health care resource use was extracted from the

electronic hospital medical files from 5 participating
hospitals. Unit costs (in euros) were determined using
the available literature (27).

Statistical Analysis
The 6-week cumulative incidence of MACEs was

analyzed using generalized linear models. The bino-
mial distribution and the identity link were used to di-
rectly estimate absolute differences in MACE incidence
between HEART and usual care patients. The general-
ized estimating equation approach was used to take
clustering of MACEs within hospitals into account given
the stepped-wedge design (23, 28). Bootstrapping was
used to obtain CIs (29). The main model included type
of care (usual or HEART), steps (time periods) as a cat-
egorical variable, and hospitals as clusters. The differ-
ence in MACEs with a 1-sided 95% CI was estimated in
order to evaluate noninferiority. The noninferiority mar-
gin was prespecified at 3.0%.

Figure 2. Study protocol for usual care versus HEART care.

Patients with acute chest pain

Cluster randomization (stepped-wedge design)

Usual care HEART care
Calculation of HEART score

Assessment and
management according to

current guidelines Deviation from proposed policy possible
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HEART = History, Electrocardiogram, Age, Risk factors, and initial Troponin.
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Objective: To measure the effect of use of the HEART score on
patient outcomes and use of health care resources.

Design: Stepped-wedge, cluster randomized trial. (Clinical
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Setting: Emergency departments in 9 Dutch hospitals.

Patients: Unselected patients with chest pain presenting at
emergency departments in 2013 and 2014.

Intervention: All hospitals started with usual care. Every 6
weeks, 1 hospital was randomly assigned to switch to “HEART
care,” during which physicians calculated the HEART score to
guide patient management.

Measurements: For safety, a noninferiority margin of a 3.0%
absolute increase in MACEs within 6 weeks was set. Other out-
comes included use of health care resources, quality of life, and
cost-effectiveness.

Results: A total of 3648 patients were included (1827 receiving
usual care and 1821 receiving HEART care). Six-week incidence
of MACEs during HEART care was 1.3% lower than during usual
care (upper limit of the 1-sided 95% CI, 2.1% [within the nonin-
feriority margin of 3.0%]). In low-risk patients, incidence of
MACEs was 2.0% (95% CI, 1.2% to 3.3%). No statistically signifi-
cant differences in early discharge, readmissions, recurrent
emergency department visits, outpatient visits, or visits to gen-
eral practitioners were observed.

Limitation: Physicians were hesitant to refrain from admission
and diagnostic tests in patients classified as low risk by the
HEART score.

Conclusion: Using the HEART score during initial assessment of
patients with chest pain is safe, but the effect on health care
resources is limited, possibly due to nonadherence to manage-
ment recommendations.
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Only 20% of patients with chest pain have an acute
coronary syndrome that requires prompt admis-

sion and treatment. In the remaining 80%, the under-
lying condition is noncardiac and is usually not life-
threatening (1). These patients might be discharged
from the emergency department and managed further
in an outpatient setting. However, approximately 50%
of patients with an acute coronary syndrome do not
have classic symptoms, and coronary angiography, the
reference standard for investigation, is costly and car-
ries a risk for complications (2). Current management in
most Western countries is conservative, with two thirds
of patients being admitted and receiving additional
testing, which puts a large burden on health care re-
sources and also carries the risk for overdiagnosis and
overtreatment (3). Nevertheless, reports indicate that
approximately 2% to 6% of patients with an acute cor-
onary syndrome are still being missed in current prac-
tice (4, 5).

International guidelines advise the use of risk-
stratifying instruments in patients with chest pain be-

cause they are superior to clinical assessment alone
and their potential effect on patient outcomes (such as
safety and length of stay) has been demonstrated (6–
12). The HEART score is based on 5 key elements in the
initial work-up of patients with chest pain: History, Elec-
trocardiogram (ECG), Age, Risk factors, and Troponin
(Figure 1, and Appendix Figure 1, available at Annals
.org) (13). In contrast to other risk scores for chest pain,
the HEART score was developed on the basis of clinical
experience alone. It provides the physician with a for-
mal recommendation for admission, observation, or
discharge in individual patients. The HEART score has
shown promising results in external validation studies
in various countries and hospital settings (14–21). Still,
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Background: The HEART (History, Electrocardiogram, Age, Risk
factors, and initial Troponin) score is an easy-to-apply instrument
to stratify patients with chest pain according to their short-term
risk for major adverse cardiac events (MACEs), but its effect on
daily practice is unknown.

Objective: To measure the effect of use of the HEART score on
patient outcomes and use of health care resources.

Design: Stepped-wedge, cluster randomized trial. (Clinical
Trials.gov: NCT01756846)

Setting: Emergency departments in 9 Dutch hospitals.

Patients: Unselected patients with chest pain presenting at
emergency departments in 2013 and 2014.

Intervention: All hospitals started with usual care. Every 6
weeks, 1 hospital was randomly assigned to switch to “HEART
care,” during which physicians calculated the HEART score to
guide patient management.

Measurements: For safety, a noninferiority margin of a 3.0%
absolute increase in MACEs within 6 weeks was set. Other out-
comes included use of health care resources, quality of life, and
cost-effectiveness.

Results: A total of 3648 patients were included (1827 receiving
usual care and 1821 receiving HEART care). Six-week incidence
of MACEs during HEART care was 1.3% lower than during usual
care (upper limit of the 1-sided 95% CI, 2.1% [within the nonin-
feriority margin of 3.0%]). In low-risk patients, incidence of
MACEs was 2.0% (95% CI, 1.2% to 3.3%). No statistically signifi-
cant differences in early discharge, readmissions, recurrent
emergency department visits, outpatient visits, or visits to gen-
eral practitioners were observed.

Limitation: Physicians were hesitant to refrain from admission
and diagnostic tests in patients classified as low risk by the
HEART score.

Conclusion: Using the HEART score during initial assessment of
patients with chest pain is safe, but the effect on health care
resources is limited, possibly due to nonadherence to manage-
ment recommendations.
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of patients with an acute coronary syndrome do not
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reference standard for investigation, is costly and car-
ries a risk for complications (2). Current management in
most Western countries is conservative, with two thirds
of patients being admitted and receiving additional
testing, which puts a large burden on health care re-
sources and also carries the risk for overdiagnosis and
overtreatment (3). Nevertheless, reports indicate that
approximately 2% to 6% of patients with an acute cor-
onary syndrome are still being missed in current prac-
tice (4, 5).

International guidelines advise the use of risk-
stratifying instruments in patients with chest pain be-

cause they are superior to clinical assessment alone
and their potential effect on patient outcomes (such as
safety and length of stay) has been demonstrated (6–
12). The HEART score is based on 5 key elements in the
initial work-up of patients with chest pain: History, Elec-
trocardiogram (ECG), Age, Risk factors, and Troponin
(Figure 1, and Appendix Figure 1, available at Annals
.org) (13). In contrast to other risk scores for chest pain,
the HEART score was developed on the basis of clinical
experience alone. It provides the physician with a for-
mal recommendation for admission, observation, or
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Appendix Table 8. Adherence to the HEART Score Recommendation for Further Patient Management*

Variable Usual Care
(n ! 1827)

HEART Care (n ! 1766)† HEART Low-Risk (n ! 715)‡ HEART High-Risk (n ! 190)

Adhered to
HEART Policy
(n ! 1453 [82.3%])

Did Not Adhere
to HEART Policy
(n ! 313 [17.7%])

Adhered to
HEART Policy
(n ! 424 [59.3%])

Did Not Adhere
to HEART Policy
(n ! 291 [40.7%])

Adhered to
HEART Policy
(n ! 168 [88%])

Did Not Adhere
to HEART Policy
(n ! 22 [12%])

MACE within 6 wk 405 (22.2) 315 (21.7) 14 (4.5) 3 (0.7) 11 (3.8) 137 (82) 3 (14)
MACE (only acute myocardial infarction,

emergency revascularization, and death)
243 (13.3) 203 (14.0) 5 (1.6) 0 (0) 5 (1.7) 113 (67) 0 (0)

Discharge ≤4 h after presentation 564 (47) 549 (37.8) 66 (21.1) 359 (84.7) 57 (19.6) 0 (0) 9 (40)
Prolonged observation at ED 635 (53) 438 (30.1) 180 (57.5) 65 (15.3) 167 (57.4) 7 (4) 13 (59)
Initial admission to hospital 628 (34) 466 (32.1) 67 (21.4) 0 (0) 67 (23.7) 161 (100) 0 (0)
Recurrent ED visits within 3 mo 266 (15) 233 (16.0) 36 (11.5) 41 (9.7) 31 (10.7) 41 (24) 5 (23)
Nonelective readmissions within 3 mo 221 (12) 164 (11.3) 26 (8.3) 26 (6.1) 24 (8.2) 35 (21) 2 (9)
Outpatient clinic visits within 3 mo 1093 (60) 1025 (70.5) 207 (66.1) 187 (44.1) 189 (64.9) 144 (86) 18 (82)

ED = emergency department; HEART = History, Electrocardiogram, Age, Risk factors, and initial Troponin; MACE = major adverse cardiac event.
* Adherence to HEART policy was defined as admission and additional testing in low-risk patients (overtesting) or no objective testing in high-risk patients (undertesting). Nonadherence was not
defined for patients in the intermediate-risk group, and all patients in this risk category were counted as adherent. Values are numbers (percentages).
† 1821 patients in HEART care period minus 55 patients without a HEART score.
‡ See Appendix Table 4.
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Le score HEART	
NOTES POUR PLUS TARD : 
     
    - toutes les douleurs tho ne sont pas forcément des SCA… 
 

 

    - les TIMI et GRACE sont des scores de gravité pour les patients déjà 
 diagnostiqués SCA non STEMI -> peu d’intérêt diagnostic pour 
 nous, plutôt un intérêt pour décider UTS ou SMUR pour NSTEMI.. 

 
 

    - le HEART est le seul qui permet de prédire le risque de SCA pour 
 nos patients « tout venant » du SAU avec douleur tho 

 
 

    - intérêt d’intégrer le score HEART pour affiner la filière douleur tho ? 
 
 

    - ex. 1 : HEART < 3 mais tropoUS + à H0 ou modif ECG : pas de RaD ! 
    - ex. 2 : HEART ≤ 2 + ECG nl + tropoUS H0 nle : RaD + cs cardio<72h ? 
    - ex. 3 : HEART = 3, pas de RàD précoce, tropoUS H0+H3, avis cardio 
    - ex. 4 : HEART > 3 : tropoUS H0+H3 (+/-H6), avis cardio, probable hospi 
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