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ABSTRACT
Background  Emergency Medical Services (EMS) studies 
have shown that prehospital risk stratification and triage 
decisions in patients with suspected non-ST-elevation 
acute coronary syndrome (NSTE-ACS) can be improved 
using clinical risk scores with point-of-care (POC) 
troponin. In current EMS studies, three different clinical 
risk scores are used in patients suspected of NSTE-ACS: 
the prehospital History, ECG, Age, Risk and Troponin 
(preHEART) score, History, ECG, Age, Risk and Troponin 
(HEART) score and Troponin-only Manchester Acute 
Coronary Syndromes (T-MACS). The preHEART score 
lacks external validation and there exists no prospective 
comparative analysis of the different risk scores within 
the prehospital setting. The aim of this analysis is to 
externally validate the preHEART score and compare the 
diagnostic performance of the these three clinical risk 
scores and POC-troponin.
Methods  Prespecified analysis from a prospective, 
multicentre, cohort study in patients with suspected 
NSTE-ACS who were transported to an ED between 
April 2021 and December 2022 in the Netherlands. 
Risk stratification is performed by EMS personnel using 
preHEART, HEART, T-MACS and POC-troponin. The 
primary end point was the hospital diagnosis of NSTE-
ACS. The diagnostic performance was expressed as area 
under the receiver operating characteristic (AUROC), 
sensitivity, specificity, negative predictive value (NPV) 
and positive predictive value (PPV).
Results  A total of 823 patients were included for 
external validation of the preHEART score, final hospital 
diagnosis of NSTE-ACS was made in 29% (n=235). 
The preHEART score classified 27% as low risk, with a 
sensitivity of 92.8% (95% CI 88.7 to 95.7) and NPV of 
92.3% (95% CI 88.3 to 95.1). The preHEART classified 
9% of the patients as high risk, with a specificity of 
98.5% (95% CI 97.1 to 99.3) and PPV of 87.7% (95% 
CI 78.3 to 93.4). Data for comparing clinical risk scores 
and POC-troponin were available in 316 patients. No 
difference was found between the preHEART score 
and HEART score (AUROC 0.83 (95% CI 0.78 to 0.87) 
vs AUROC 0.80 (95% CI 0.74 to 0.85), p=0.19), and 
both were superior compared with T-MACS (AUROC 
0.72 (95% CI 0.66 to 0.79), p≤0.001 and p=0.03, 
respectively) and POC-troponin measurement alone 
(AUROC 0.71 (95% CI 0.64 to 0.78), p<0.001 and 
p=0.01, respectively).

Conclusion  On external validation, the preHEART 
demonstrates good overall diagnostic performance 
as a prehospital risk stratification tool. Both the 
preHEART and HEART scores have better overall 
diagnostic performance compared with T-MACS and 
sole POC-troponin measurement. These data support 
the implementation of clinical risk scores in prehospital 
clinical pathways.
Trial registration number  NCT05243485.

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Emergency Medical Services studies have 
shown that prehospital risk stratification and 
triage decisions in patients with suspected non-
ST-elevation acute coronary syndrome (NSTE-
ACS) can be improved using clinical risk scores 
with point-of-care (POC)-troponin.

	⇒ These clinical risk scores, including POC-
troponin, lack external validation in the 
prehospital setting and there exists no 
prospective comparative analysis of the 
different risk scores within this setting.

WHAT THIS STUDY ADDS
	⇒ This prespecified analysis of a prehospital, 
prospective, multicentre study conducted in the 
Netherlands between 2021 and 2022 showed 
that in the prehospital setting, the preHEART 
and HEART scores demonstrate good overall 
diagnostic performance in the determination of 
NSTE-ACS among patients who are transported 
to a hospital.

	⇒ Both scores were superior to Troponin-only 
Manchester Acute Coronary Syndromes or POC-
troponin-only methods.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Many countries are considering, or already 
implementing, clinical risk scores for patients 
with suspected NSTE-ACS in the prehospital 
setting.

	⇒ This information will contribute to making an 
evidence-based choice regarding which tool to 
use.
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INTRODUCTION
Chest pain suspicious for an acute coronary syndrome is one of 
the most common reasons for calling the Emergency Medical 
Services (EMS).1 2 At present, the prehospital ECG is used for 
identifying patients with ST-elevation acute coronary syndrome 
(STE-ACS). In many healthcare systems, based on the ECG, path-
ways are activated to facilitate primary percutaneous coronary 
intervention (PCI).3 However, in the majority of the patients 
suspicious for an ACS the prehospital ECG is non-diagnostic 
and these patients are suspected of having an acute coronary 
syndrome without ST-elevation (NSTE-ACS).4 5 Depending on 
the healthcare system, no further prehospital risk stratification is 
performed by the EMS and such patients are transferred to the 
nearest ED, with or without PCI facilities, for further diagnostic 
evaluation.6

In many EDs, clinical risk scores (clinical variables combined 
with a troponin) are used for risk stratification and can rapidly 
rule out a sizeable proportion of patients at low risk for 
NSTE-ACS.7–9 Although several clinical risk scores are avail-
able, the History, ECG, Age, Risk and Troponin score (HEART) 
and Troponin-only Manchester Acute Coronary Syndromes 
(T-MACS) are commonly used.7 10 In recent years, these clinical 
risk scores have been evaluated in the EMS setting including a 
point-of-care (POC)-troponin.11 12 Recently published prospec-
tive EMS studies using clinical risk scores to decide whether low-
risk patients should not be transferred to the ED or whether 
patients at high risk for NSTE-ACS required immediate transfer 
to a PCI centre have shown that implementation of such scores 
for prehospital risk stratification are safe and feasible, can help 
to reduce ED crowding, improve logistics for patients diagnosed 
with NSTE-ACS and lower healthcare costs.13–18

The progression from using these scores in the prehos-
pital setting led to adaptation of a new, specific prehospital 
score derived from the original HEART score: the prehospital 
History, ECG, Age, Risk and Troponin (preHEART) score. The 
results from the initial study were very promising but need to be 
examined in other populations.12 The primary aim of this study 
was to externally validate the diagnostic performance of the 
preHEART score against the ‘gold standard’ of NSTE-ACS diag-
nosis at hospital admission. The secondary aim of the study was 
to compare the diagnostic performance of the preHEART score 
with the HEART score, T-MACS and POC-troponin measure-
ment alone for NSTE-ACS diagnosis.

METHODS
Study design and setting
This was a prespecified analysis from the TRIAGE-ACS study 
(2021−2022). The design and results of the original study have 
been described previously.15 19 In short, the TRIAGE-ACS study 
was a multicentre, prospective, two-cohort study conducted in 
the EMS setting in the Netherlands. The aim of the study was 
to reduce the time from first medical contact to final invasive 
coronary diagnostics or culprit revascularisation by transferring 
patients classified as high risk for having NSTE-ACS directly to 
the ED of a PCI centre for further diagnostic workup. In patients 
suspected of NSTE-ACS, and the EMS paramedic decided to 
transfer the patient to the ED for diagnostic evaluation, further 
prehospital risk stratification was performed. For the first 
(observational) cohort (n=400), paramedics collected vari-
ables for the preHEART score but the ED destination was not 
chosen according to this. In the second (interventional) cohort 
(n=423), EMS paramedics prospectively analysed and scored 
all clinical variables of the three currently investigated clinical 

risk scores (preHEART, HEART and T-MACS) including on-site 
POC-troponin measurement and patients were transferred to an 
ED according to the results of the preHEART score. Therefore 
for the current analysis, assessment of the preHEART score was 
based on both cohorts, while the comparison of all three scores 
were based on the subset which had data collected only in the 
second cohort. Patients whom the paramedic decided did not 
need transfer to an ED did not receive prehospital risk stratifica-
tion in either phase.

The comparison between the three clinical risk scores was 
performed only in patients with data available on all three risk 
scores. Follow-up was performed by reviewing medical records 
after 30 days to gain insight into hospital data and diagnoses.

Study population
All patients ≥18 years suspected of NSTE-ACS, presenting 
with EMS were eligible for inclusion. As noted above, patients 
were excluded if the EMS paramedic did not intend to transfer 
the patient to the ED (eg, decided to leave the patient at home 
or transfer to primary care for further evaluation) or if there 
was evident suspicion of a ST-elevation myocardial infarction 
(STEMI) on the prehospital ECG. The complete list of inclusion 
and exclusion criteria is provided in the online supplemental 
eTable 1.

POC-troponin and clinical risk scores
For measuring troponin I, blood was collected on-site via intra-
venous access by an EMS paramedic and measured using a POC-
analyzer ‘I-stat’ (Abbott Industries, Minneapolis, Minnesota, 
USA). The reportable range of the POC-analyzer is 0.00–50.00 
ng/mL, and 17 µL of blood was required to fill the cardiac 
troponin-I cartridge. The assay had a limit of detection (LoD) of 
0.02 ng/mL and a 99th percentile upper reference limit (URL) 
of 0.08 ng/mL. Analysing the blood sample took approximately 
10 min.20 Patients with a POC-troponin measurement equal or 
below the LoD were labelled as low risk for NSTE-ACS. If the 
measurement was above the URL, patients were labelled as high 
risk for NSTE-ACS.

The clinical risk scores were applied as previously reported 
in the literature.12 21 22 The preHEART score and HEART score 
both included history, ECG, age, risk factors and POC-troponin. 
In the preHEART score, the cut-off values for age and POC-
troponin differ from the HEART score and the risk factor 
scoring was simplified in the preHEART score to fit the prehos-
pital setting (table 1). The total score for both the preHEART 
and HEART scores ranged between 0 and 10 points. Patients 
with a preHEART or HEART score ≤3 were labelled as low 
risk, 4–7 as intermediate risk and ≥8 as high risk for having 
NSTE-ACS.

The T-MACS was calculated as a probability as follows: 
T-MACS=1/(1+e-(-4.65+1.828a+1.54b+0.849c+1.783d+1.878e+1.412f+0

.084g)). Where, a represented acute ECG ischaemia (ST-depres-
sion or T-wave inversion), b represented worsening or crescendo 
angina, c represented pain radiating to the right arm or right 
shoulder, d represented pain associated with vomiting, e repre-
sented visible diaphoresis in the EMS setting, f represented 
hypotension (systolic BP <100 mm Hg) and g represented 
POC-troponin concentration. For the variables a to f, a value 
of ‘1’ was entered if the variable was present and a value ‘0’ if it 
was not present. If the T-MACS value is <0.02, the patient was 
classified as very low risk. If T-MACS is ≥0.02 and <0.05, the 
patient was classified as low risk. For T-MACS values between 
≥0.05 and <0.95, the patient was classified as intermediate risk. 
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If T-MACS is ≥0.95, the patient was classified as high risk for 
having NSTE-ACS.

Study end point
The primary endpoint of the study was the hospital diagnosis 
of NSTE-ACS. Adjudication of the diagnosis of NSTE-ACS was 
performed by applying current ESC guidelines and the fourth 
universal definition of myocardial infarction.23 24 NSTE-ACS 
was defined as non-ST-segment elevation myocardial infarc-
tion (NSTEMI) or unstable angina pectoris. The diagnosis was 
checked by two independent medical doctors. If no consensus 
was reached, a third medical doctor was involved for adjudica-
tion of the primary endpoint. The medical doctors adjudicating 
the diagnosis were blinded to the clinical risk scores calculated 
by the EMS paramedic. Secondary endpoints were major adverse 
cardiac events (MACE) within 3 days and 30 days after inclusion. 
MACE was defined as all-cause death, unplanned revascularisa-
tion (PCI or coronary artery bypass grafting) or ACS diagnosis.

Statistical analysis and sample size
As this was a prespecified analysis of a multicentre, cohort study, 
no specific power calculation was performed. For external 
validation of predictive models, at least 100 events and 100 
non-events were required.25 The diagnostic performance was 
expressed as area under the receiver operating characteristic 
(AUROC) (overall diagnostic performance) including 95% CI, 
sensitivity, specificity, positive predictive value (PPV), negative 
predictive value (NPV), positive likelihood ratio (LR+) and 
negative likelihood ratio (LR−). Data were considered normally 
distributed if skewness and kurtosis were between −1 and 1. 
Continuous variables were expressed as means±SD or medians 
(IQR). Categorical variables were reported as frequencies and 
percentages. Differences in continuous variables between groups 
were assessed using an unpaired t-test or Mann-Whitney U test, 
while differences in categorical data were assessed with the χ2 
test or Fisher’s exact test. The AUROCs are compared according 
to the method by DeLong et al.26 Two-by-two tables were used to 
calculate the sensitivity, NPV and LR− for identification of the 

lowest risk group for each clinical risk score, and specificity, PPV 
and LR+ for the identification of the highest risk group of each 
clinical risk score and were compared using McNemar’s test. 
Statistical significance was defined as a two-sided p value <0.05. 
Analyses were performed by using SPSS V.29.0 and R V.4.3.1 (R 
Foundation for Statistical Computing, Vienna, Austria).

Patient and public involvement
The TRIAGE-ACS was reviewed and supported by the Dutch 
national patient advisory group (Harteraad).

RESULTS
Between April 2021 and December 2022, 1579 patients were 
screened for eligibility by the EMS. After application of exclu-
sion criteria, 988 patients were eligible for inclusion. In 823 
patients, data were available for the validation of the preHEART 
score (figure 1).

Study population
The mean age of the study population was 66±13 years and 
45% were female. The median time from symptom onset to 
POC-troponin measurement by the EMS was 135 min (IQR 
65–360) and the median preHEART score was 5 (IQR 3–6). A 
final clinical diagnosis of NSTE-ACS was made in 29% (n=235). 
Of these 235 patients, 12 (2%) patients developed STEMI after 
inclusion by the EMS during diagnostic workup at the ED. 
The preHEART score was significantly higher in patients with 
NSTE-ACS than in patients with no NSTE-ACS (preHEART 
score 6 (IQR 5–8) vs 4 (IQR 3–5), p<0.001) (table 2 and online 
supplemental eTable 2).

External validation of the preHEART score
The preHEART score classified 27% as low risk, with a sensi-
tivity of 92.8% (95% CI 88.7 to 95.7) and NPV of 92.3% (95% 
CI 88.3 to 95.1). The preHEART classified 9% of the patients as 
high risk, with a specificity of 98.5% (95% CI 97.1 to 99.3) and 
PPV of 87.7% (95% CI 78.3 to 93.4) (table 3).

Table 1  Variables of the different clinical risk scores and points awarded

preHEART HEART T-MACS

History Clinical suspicion (mildly suspicious=0, moderately suspicious=1, highly suspicious=2) Worsening angina, radiation to right arm
Vomiting (yes/no)

ECG ST-deviation*=2
Non-specific repolarisation disturbances†=1
Normal=0

ST-deviation* (yes/no)

Age ≥70 years=2
≥40 years and <70 years=1
<40 years=0

≥65 years=2
>45 years and <65 years=1
≤45 years=0

NA

Physical examination NA NA Hypotension
Visible sweating

Risk factors Male gender=2
Female gender=0

≥3 risk factors‡ or medical history of 
atherosclerotic disease=2
1–2 risk factors=1
0 risk factors=0

NA

POC-troponin I ≥00.05 ng/mL=2
00.03–00.04 ng/mL=1
00.0–00.02 ng/mL=0

≥00.09 ng/mL=2
00.03–00.08 ng/mL=1
00.0–00.02 ng/mL=0

Value of troponin I

*ST depression or T-wave inversion in two consecutive leads.
†Left or right bundle branch block, pericarditis.
‡Diabetes mellitus, tobacco smoker, hypertension, hypercholesterolemia, obesity, family history of coronary artery disease.
HEART, History, ECG, Age, Risk and Troponin; NA, not available; POC, point-of-care; preHEART, prehospital History, ECG, Age, Risk and Troponin; T-MACS, Troponin-only 
Manchester Acute Coronary Syndromes.

by copyright.
 on A

ugust 3, 2024 at B
en G

urion U
ni M

A
LM

A
D

 C
onsortia. P

rotected
http://em

j.bm
j.com

/
E

m
erg M

ed J: first published as 10.1136/em
erm

ed-2023-213866 on 29 July 2024. D
ow

nloaded from
 

https://dx.doi.org/10.1136/emermed-2023-213866
https://dx.doi.org/10.1136/emermed-2023-213866
http://emj.bmj.com/


4 Demandt JPA, et al. Emerg Med J 2024;0:1–7. doi:10.1136/emermed-2023-213866

Original research

Direct comparison of clinical risk scores
Data on the HEART and T-MACS were only collected during 
the interventional cohort of the original study and available in 
316/423 (74.7%) of the patients included in this phase (online 
supplemental eTables 3–6). In these patients, there was no 
evidence for a difference in overall diagnostic accuracy between 
the preHEART score and HEART score (AUROC 0.83 (95% CI 
0.78 to 0.87) vs AUROC 0.80 (95% CI 0.74 to 0.85), p=0.19), 
and both scores were superior to T-MACS (AUROC 0.72 (95% 
CI 0.66 to 0.79), p≤0.001 and p=0.03, respectively) and POC-
troponin alone (AUROC 0.71 (95% CI 0.64 to 0.78), p<0.001 
and p=0.01, respectively) in the prehospital setting. No statis-
tically significant difference was found between the overall 
diagnostic accuracy of the T-MACS and POC-troponin alone 
(p=0.66) (figure 2).

Figure 1  Flow chart for external validation of the prehospital History, 
ECG, Age, Risk and Troponin (preHEART) score. STEMI, ST-elevation 
myocardial infarction. HD, hemodynamic

Table 2  Baseline characteristics

Total cohort 
(n=823) ACS (n=235)

No ACS 
(n=588)

Age (years), mean±SD 66±13 69±11 65±13

Female sex, n (%) 369/823 (45) 78/235 (33) 291/588 (50)

preHEART score, median (IQR) 5 (3–6) 6 (5–8) 4 (3–5)

Time from symptom onset until 
POC-troponin measurement by 
EMS paramedic (min), median 
(IQR)

135 (65–360) 116 (60–339) 150 (65–360)

Duration of symptoms (min), 
median (IQR)

90 (30–164) 90 (30–180) 60 (25–143)

Hypertension, n (%) 462/810 (57) 137/229 (60) 325/581 (56)

Diabetes mellitus, n (%) 132/818 (16) 44/233 (19) 88/585 (15)

Current smoker, n (%) 196/722 (27) 59/201 (29) 137/521 (26)

Hypercholesterolemia, n (%) 374/797 (47) 111/222 (50) 263/575 (46)

Family history of ACS, n (%) 281/569 (49) 75/152 (49) 206/417 (49)

BMI ≥30 kg/m2, n (%) 206/677 (25) 62/223 (28) 144/454 (32)

Previous ACS, n (%) 234/823 (28) 68/235 (29) 148/588 (25)

Systolic BP (mm Hg), mean±SD 148±26 153±26 146±26

HR (bpm), median (IQR) 73±15 71±13 73±15

Hb (mmol/L), median (IQR) 8.6 (8–9.1) 8.6 (7.9–9.2) 8.5 (8.0–9.1)

Creatinine (µmol/L), median 
(IQR)

78 (68–93) 81 (69–96) 78 (67–90)

ACS, n (%) 235/823 (29) – –

 � NSTE-ACS, n (%) 223/823 (27) – –

 � STEMI, n (%) 12/823 (2) – –

MACE 3 days (%) 238/823 (29) – –

MACE 30 days (%) 247/823 (30) – –

ACS, acute coronary syndrome; BMI, body mass index; BPM, beats per minute; 
EMS, Emergency Medical Services; Hb, haemoglobin; MACE, major adverse cardiac 
events; NSTE-ACS, non-ST-elevation ACS; POC, point-of-care; preHEART, prehospital 
History, ECG, Age, Risk and Troponin; STEMI, ST-segment elevation myocardial 
infarction.

Table 3  External validation of preHEART score

Risk group No ACS (n=588) ACS (n=235) Total (n=823)

Low risk, n (%) 209 (92) 17 (8) 226 (27)

Intermediate risk, n (%) 370 (71) 154 (29) 524 (64)

High risk, n (%) 9 (12) 64 (88) 73 (9)

Sensitivity* (%) 92.8 (88.7–95.7)

Specificity† (%) 98.5 (97.1–99.3)

NPV* (%) 92.3 (88.3–95.1)

PPV† (%) 87.7 (78.3–93.4)

LR+ 17.5 (8.9–34.6)

LR− 0.20 (0.13–0.33)

*For the low-risk group (preHEART ≤3).
†For the high-risk group (preHEART ≥8).
ACS, acute coronary syndrome; LR+, positive likelihood ratio; LR−, negative 
likelihood ratio; NPV, negative predictive value; PPV, positive predictive value; 
preHEART, prehospital History, ECG, Age, Risk and Troponin.

Figure 2  Receiver operating characteristic curves for clinical risk 
scores and POC-troponin and corresponding area under the curve. 
HEART, History, ECG, Age, Risk and Troponin; POC, point-of-care; 
preHEART, prehospital History, ECG, Age, Risk and Troponin; T-MACS, 
Troponin-only Manchester Acute Coronary Syndromes.
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The preHEART score identified 67 patients (21%) as low risk 
with an NPV of 95.5% (95% CI 87.5 to 99.1). No difference 
was found compared with the HEART score (45 patients (14%) 
at low risk, NPV 91.8% (95% CI 80.4 to 96.8), p=1.00). Both 
were superior to the T-MACS (97 patients (31%) at low risk, 
NPV 83.5% (95% CI 75.8 to 89.1), respectively, p<0.001 and 
p=0.01) and POC-troponin (265 patients (84%) at low risk, 
NPV 77.0% (95% CI 74.0 to 79.7%), respectively, p<0.001 and 
p<0.001) (table 4).

A total of 26 patients (8%) were identified as high risk with 
the preHEART score (PPV 92.3% (95% CI 74.9 to 99.1)). No 
differences were found compared with the T-MACS (26 patients 
(8%) at high risk, PPV 96.2% (95% CI 77.5 to 99.5), p=1.00) 
and POC-troponin (20 patients (6%) at high risk, PPV 100.0 
(95% CI 83.2 to 100.0), p=0.21). All were superior compared 
with the HEART score (38 patients (12%) at high risk, PPV 
81.8% (95% CI 68.5 to 90.3)) (table 4). The diagnostic perfor-
mances of the original validation studies are mentioned in online 
supplemental eTable 7.

No differences were found in the AUROC of the different clin-
ical risk scores between the incidence of index ACS and MACE 
within 3 days and 30 days (online supplemental eTable 8).

DISCUSSION
We have externally validated the preHEART score as a tool for 
prehospital risk stratification in patients suspected of NSTE-ACS. 
Although the diagnostic performance in our study is less conclu-
sive than in the original derivation study, our findings support 
the use of the preHEART score as a robust tool for prehospital 
risk stratification in patients suspected of NSTE-ACS. Among 
the prehospital clinical risk score we investigated, both the 
preHEART and HEART scores outperformed the T-MACS score 
and sole POC-troponin measurement in overall diagnostic accu-
racy of predicting the clinical diagnosis of ACS in the prehospital 
setting.

Our results show that the preHEART and HEART scores have 
good diagnostic performance to be used as prehospital risk strat-
ification tools.27 Compared with other validation studies, the 
sensitivity and NPV are lower in this study.12 16 28 Although the 
performance of risk scores is known to be lower in external vali-
dation studies, we observed a few differences in populations that 
could have influenced the sensitivity and NPV in our study.25 

First of all, the higher incidence of ACS in our study population 
will play an important role in the lower NPV and AUROC.29 
The higher incidence was most likely a result of the inclusion 
and exclusion criteria (only patients in whom the EMS para-
medic had the intention to transfer the patient to the ED were 
included). Second, there were baseline differences between the 
study populations (such as a shorter time from symptom onset 
to POC-troponin measurement in this study), which could have 
led to more false negative patients and misclassification into a 
low-risk group.

The T-MACS has been validated and is widely used in the ED 
setting.21 Recently, the T-MACS was validated for the first time 
in the prehospital setting. This study showed excellent sensitivity 
and NPV for the T-MACS and superiority to the HEART score.30 
However, the primary endpoint (acute myocardial infarction 
type 1) of the study was very specific and prevalence was low. 
Nonetheless, T-MACS also outperformed the HEART score in 
the secondary endpoint, MACE within 30 days. Notably, the 
MACE definition did not encompass unstable angina pectoris. 
The present analysis shows that the overall diagnostic perfor-
mance of the T-MACS in the prehospital setting is moderate and 
not of added value to POC-troponin measurement alone. The 
NPV and sensitivity are significantly lower as compared with its 
own validation study and to the other clinical risk scores in this 
study. A possible explanation for the low NPV and sensitivity 
could be that we used a different primary endpoint (including 
unstable angina pectoris) and the prevalence was higher in this 
study. Furthermore, the history and physical examination vari-
ables of the T-MACS are more focused on severe signs and symp-
toms of myocardial ischaemia (vomiting, sweating, hypotension) 
and the risk score does not include age or other cardiovascular 
risk factors. The T-MACS may therefore be not sensitive enough 
for the complete range of patients with NSTE-ACS (including 
patients with short, transient ischaemia and unstable angina 
pectoris). Nevertheless, the T-MACS has an excellent specificity 
and PPV to identify patients at high risk for NSTE-ACS.31

Several clinical risk scores are currently under investigation 
in the prehospital setting. In this study, we have compared the 
three most commonly used scores. Our findings indicate that 
the preHEART and HEART demonstrate the highest overall 
diagnostic accuracy. However, the choice of which score is best 
to use depends on the setting, population and triage decisions. 

Table 4  Direct comparison of clinical risk scores

preHEART (n=316) HEART (n=316) T-MACS (n=316) POC-troponin (n=316)

AUROC 0.83 (0.78–0.87) 0.80 (0.74–0.85) 0.72 (0.66–0.79) 0.71 (0.64–0.78)

Sensitivity* (%) 97.0 (91.6–99.4) 96.4 (91.0–99.0) 84.2 (75.6–90.1) 39.6 (30.0–49.8)

Specificity† (%) 99.1 (96.7–99.9) 96.3 (92.8–98.4) 99.5 (97.4–100.0) 100.0 (98.3–100.0)

NPV* (%) 95.5 (87.5–99.1) 91.8 (80.4–96.8) 83.5 (75.8–89.1) 77.0 (74.0–79.7)

PPV† (%) 92.3 (74.9–99.1) 81.8 (68.5–90.3) 96.2 (77.5–99.5) 100.0 (83.2–100.0)

LR+ 25.5 (6.2–106.0) 9.5 (4.6–19.7) 53.2 (7.3–387.3) –

LR− 0.10 (0.03–0.31) 0.19 (0.07–0.52) 0.42 (0.26–0.68) 0.64 (0.54–0.75)

*For the lowest risk group.
†For the highest risk group.
‡Sensitivity preHEART versus sensitivity HEART; p=1.00, specificity preHEART versus specificity HEART; p=0.03.
§Sensitivity preHEART versus sensitivity T-MACS; p= <0.001, specificity preHEART versus specificity T-MACS; p=1.00.
¶Sensitivity T-MACS versus sensitivity HEART; p=0.01, specificity T-MACS versus specificity HEART; p=0.04.
**Sensitivity POC-troponin versus sensitivity T-MACS; p<0.001; specificity POC-troponin versus specificity T-MACS; p=0.07.
††Sensitivity POC-troponin versus sensitivity HEART; p<0.001; specificity POC-troponin versus specificity HEART; p<0.001.
‡‡Sensitivity POC-troponin versus sensitivity preHEART; p<0.001; specificity POC-troponin versus specificity preHEART; p=0.21.
AUROC, area under the receiver operating characteristic; HEART, History, ECG, Age, Risk and Troponin; LR−, negative likelihood ratio; LR+, positive likelihood ratio; NPV, negative 
predictive value; POC, point-of-care; PPV, positive predictive value; preHEART, prehospital History, ECG, Age, Risk and Troponin; T-MACS, Troponin-only Manchester Acute Coronary 
Syndromes.
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To identify low-risk patients, the preHEART and HEART have 
a superior sensitivity and NPV compared with the T-MACS 
and sole POC-troponin measurement. However, in our study, 
the clinical risk scores did not meet the required sensitivity 
and NPV to be used as a rule-out tool.4 32 Notably, the original 
TRIAGE-ACS study was conducted in a higher risk patient popu-
lation; before using one of the clinical risk scores for prehospital 
risk stratification, the EMS paramedic had already determined 
that the patient needed to be transported to the ED for further 
diagnostic evaluation. Therefore, the diagnostic performance of 
the clinical risk scores as a rule-out tool may be underestimated in 
our study. For triage decisions in patients at high risk for having 
NSTE-ACS, the preHEART, T-MACS and POC-troponin have a 
statistically significant better PPV and specificity compared with 
the HEART score.

While the preHEART and HEART scores share certain simi-
larities and no difference was found in overall diagnostic perfor-
mance, they diverge in their approach to assessing risk factors. 
Patients often lack precise awareness of their complete medical 
history and medication usage, and EMS paramedics lack access 
to the patients’ medical records or recent laboratory results to 
corroborate the presence of specific risk factors. Moreover, in 
emergency situations, patients may not be able to provide detailed 
information about their medical history or risk factors. In light 
of these challenges, the preHEART score, designed specifically 
for the prehospital setting, incorporates specific adjustments and 
might be simpler to use in the prehospital setting.

In its original validation study, the threshold for the HEART 
score’s high-risk group was 7.8 Since the preHEART score is 
derived from the HEART score, we have chosen to use the same 
threshold for the HEART score as for the preHEART score (≥8). 
Using a lower cut-off value for the HEART score compared with 
the preHEART score would disadvantage the HEART score, as 
the specificity and PPV of the high-risk group would be reduced. 
Nonetheless, if a cut-off value of 7 was used for the HEART 
score, it would not alter the conclusion of our study.

Future perspective
The overall diagnostic performance of current clinical risk scores 
is still lower in the prehospital setting as compared with the ED. 
This might be caused by differences in troponin assays (current 
EMS studies used conventional POC-troponin assays), shorter 
time between symptom onset and troponin measurements and 
differences in patient populations.7–9 28 Recently, high-sensitive 
POC-troponin assays became commercially available and are 
currently investigated (URGENT 2.0, NCT04904107). These 
assays might further improve the overall diagnostic performance 
to identify patients with NSTE-ACS. Furthermore, desired safety 
and accuracy levels are well defined for rule-out and rule-in 
algorithms at the ED, but not well determined for the prehos-
pital setting. As patients with suspected NSTE-ACS may present 
to a GP, EMS or ED, they comprise a major burden on health-
care resources. Therefore, balancing safety with the clinical and 
health economic impact of these new prehospital strategies is 
needed, especially when good safety-netting is available for the 
patients (primary care, peer support).

Limitations
This prespecified analysis from a prospective cohort study 
suffers from limitations inherent to the study design. Although 
there were sufficient events and non-events in each popula-
tion of the clinical risk scores for validation, population sizes 
were relatively small. In the second cohort of the original study, 

variables were scored to analyse the different clinical risk scores. 
These data were only available in 316/423 (74.7%) of the 
patients. It is unclear why these variables were not collected in 
all patients by the EMS paramedics and could therefore influ-
ence our results. Current validation studies all used different end 
points and follow-up duration, which make external validation 
and comparison of the performance of each risk score difficult. 
To overcome these differences, we performed analyses for each 
different endpoint and follow-up duration used in the validation 
studies (eg, ACS diagnosis at hospital admission, MACE within 
3 days and 30 days), but found no major differences in perfor-
mance of each risk score.

CONCLUSION
On external validation, the preHEART demonstrates good 
overall diagnostic performance as a prehospital risk stratification 
tool. Both the preHEART and HEART scores have better overall 
diagnostic performance compared with T-MACS and sole POC-
troponin measurement. These data support the implementation 
of clinical risk scores in prehospital clinical pathways.
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eTable 1. Inclusion and exclusion criteria. 

Inclusion  

Chest pain suspected for NSTE-ACS 

Age ≥ 18 years 

Intention to transfer patient to Emergency Department 

 

Exclusion 

ST-segment elevation Acute Coronary Syndrome 

Post resuscitation patients 

Hemodynamic instability defined as Killip Class IV 

Suspected other life-threatening pathology  

Pregnancy 

 
Abbreviations: NSTE-ACS; non-ST-segment elevation Acute Coronary Syndrome 

 

 

eTable 2. Different types of ACS in total population 

Type of ACS n 

    NSTEMI 159/235 

          Type 1 114/159 

          Type 2 42/159 

          Undefined 3/159 

    UAP 64/235 
Abbreviations:  NSTEMI; non-ST-elevation myocardial infarction, UAP; unstable angina pectoris  
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eTable 3. Data of patient classification in preHEART score  

Risk group NSTE-ACS + NSTE-ACS - Total 

Low  3 64 67 

Intermediate 74 149 223 

High 24 2 26 

Total 101 215 316 
Abbreviations: NSTE-ACS; non-ST-elevation acute coronary syndrome 

 

 

eTable 4. Data of patient classification in HEART score 

Risk group NSTE-ACS + NSTE-ACS - Total 

Low  4 41 45 

Intermediate 67 166 233 

High 30 8 38 

Total 101 215 316 
Abbreviations: NSTE-ACS; non-ST-elevation acute coronary syndrome 

 

 

eTable 5. Data of patient classification in T-MACS  

Risk group NSTE-ACS + NSTE-ACS - Total 

Very low 16 81 97 

Low  5 10 15 

Intermediate 55 123 178 

High 25 1 26 

Total 101 215 316 
Abbreviations: NSTE-ACS; non-ST-elevation acute coronary syndrome 

 

 

eTable 6. Data of patient classification with POC-troponin  

Risk group NSTE-ACS + NSTE-ACS - Total 

Low  61 204 265 

Intermediate 20 11 31 

High 20 0 20 

Total 101 215 316 
Abbreviations: POC; point-of-care, NSTE-ACS; non-ST-elevation acute coronary syndrome 
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eTable 7. Study characteristics of earlier validation studies 

Study Setting  Time from 

symptom onset 

to POC-troponin 

measurement 

(hours) 

ACS* 

diagnosed at 

index 

hospitalization 

(%) 

Main study 

endpoint** 

Incidence of 

main study 

endpoint (%) 

AUC Sensitivity 

(%) 

NPV 

(%) 

Specificity 

(%) 

PPV (%) 

HEART  

Camaro et 

al., 2023 

Prehospital 7.1 3.9 MACE 30-days in 

low-risk group 

3.9 NA 99.0 99.5 NA NA 

Van Dongen 

et al., 2020 

Prehospital  2.5 15 MACE 45 days 17 0.75 96 97 29 22 

Sagel et al., 

2021 

Prehospital 4 12.2 MACE 3 days 12.2 0.81 NA 98.4 NA 35.5 

Cooper et 

al., 2021 

Prehospital NA 25 MACE 30 days 27 0.74 87 87 94.8 73.5 

preHEART  

Sagel et al., 

2021 

Prehospital 4 12.2 MACE 3 days  12.2 0.84 NA 99.4 NA 50.0 

T-MACS  

Alghamdi et 

al., 2023 

Prehospital NA NA AMI type 1 11.9 NA 98.3 99.1 25.5 15.4 

Abbreviations: POC; point-of-care, AUC; area under the curve, NPV; negative predictive value, PPV; positive predictive value, MACE; Major Adverse Cardiac Events, NA; not available; AMI, acute myocardial 

infarction 

 

*Definition of ACS 

Camaro et al.: ACS included NSTEMI and unstable AP 

Van Dongen et al. ACS included STEMI, NSTEMI and unstable AP 

Sagel et al.: ACS included NSTEMI 

Cooper et al.: ACS included STEMI, NSTEMI  

 

** Definition study endpoint: 

Camaro et al.: MACE (ACS, unplanned revascularization, all cause death). (censured for ACS / revasc during index hospit?) 

Van Dongen et al. MACE (death, ACS, PCI/CABG) 

Sagel et al.: MACE (death or AMI diagnosed during index hospitalisation ) 

Cooper et al.: MACE (all myocardial infarction, all coronary revascularization procedures, all-cause death, cardiac arrest, cardiogenic shock or life-threatening cardiac arrhythmias) 

Alghamdi et al.: MACE (all-cause death, incident AMI, all coronary revascularization) 
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eTable 8. AUC for secondary study endpoints 

MACE within 3 days 

preHEART score 0.83 (0.77 – 0.87) 

HEART 0.80 (0.74 – 0.85) 

T-MACS 0.72 (0.66 – 0.79) 

 

MACE within 30 days 

preHEART score 0.82 (0.78 – 0.87) 

HEART 0.79 (0.74 – 0.85) 

T-MACS 0.73 (0.66 – 0.79) 
Abbreviations:  AUC; Area Under the Curve, MACE; Major Adverse Cardiac 

Events  
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