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The interobserver agreement of the HEART-score, a 
multicentre prospective study
Kirsten F. van Meertena, Rowan M.A. Haana, Ineke M.C. Dekkerb,  
Henriëtte J.J. van Zwedena, Erik W. van Zwetc and Barbra E. Backusd   

Background and importance  Chest pain is one 
of the most common presentations to the emergency 
department (ED). The HEART-score is used to assess the 
30-day risk of developing a major adverse cardiac event 
(MACE). The HEART-score enables clinicians to classify 
patients in low, intermediate, or high-risk groups though 
little is known as to whether this can be done reliably and 
reproducibly in a prehospital setting.

Objective  The aim of this study was to compare the 
interobserver agreement of the HEART-score between 
ambulance nurses and ED physicians.

Design, settings, and participants  Patients 
≥18 years, with chest pain of suspected cardiac origin 
presented by ambulance to the EDs of four regional 
hospitals, were prospectively enrolled between October 
2018 and April 2019.

Outcomes measure and analysis  The primary 
endpoint was interobserver agreement of the HEART-
scores calculated by ambulance nurses compared to 
those calculated by ED physicians. Agreement was 
measured using Cohen’s Kappa (K) both for overall 
HEART-score and dichotomized HEART categories. A 
secondary endpoint was the occurrence of a MACE at 
30 days after inclusion.

Main results  A total of 307 patients were enrolled 
of which 166 patients were male (54%). The mean age 
was 64.8 years. In 23% (95% confidence interval, 18–27), 
patients were scored in the low-risk category by both 

ambulance nurses and ED physicians. The K for the 
overall HEART-score compared between ambulance 
nurses and ED physicians was 0.514. The K for the low-
risk category versus intermediate and high-risk category 
was 0.591. Both are defined as ‘moderate’. MACE within 
30 days occurred in 64 patients (21%). In the low-risk 
group as defined by the ambulance nurses, there was a 
7% risk of MACE compared to an average 5% MACE risk in 
the ED physician group.

Conclusions  The moderate interobserver agreement 
of the HEART-score does not currently support the use of 
the HEART-score by ambulance nurses in a prehospital 
setting. Training for prehospital nurses is vital to ensure 
that they are able to calculate the HEART-score accurately. 
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Introduction
Chest pain is one of the most common presentations to 
the emergency department (ED). Whilst it is important 
to diagnose acute coronary syndrome (ACS) as early as 
possible so that the correct treatment can be initiated. 
In approximately 80% of chest pain patients in the ED, 
no ACS is present [1–3]. Despite the fact that the vast 
majority of patients will not be experiencing an ACS, 
many patients are still admitted for observation and may 
receive unnecessary treatment for an ACS [4]. Research 
is available which promotes a rapid diagnosis of ACS 
by developing risk stratification tools for the ED [5,6]. 

The HEART-score, standing for History, ECG, Age, 
Risk factors, and Troponin (Fig. 1), is a chest pain risk 
stratification tool that can help clinicians differentiate 
patients that are high from those that are low risk for 
ACS by assessing the 30-day risk of developing a major 
adverse cardiac event (MACE). It divides patients pre-
senting with chest pain into three risk categories; low-
risk (1–3 points), intermediate-risk (4–6 points), and 
high-risk (7–10 points) [7]. The HEART-score is a well 
tolerated, easy, and reliable tool that has been validated 
in multiple studies [3,8–11]. One of the main benefits of 
the HEART-score is that low-risk patients can be safely 
discharged from the ED without requiring further inves-
tigation as the negative predictive value >98% of MACE 
risk in the low HEART category was shown to be ≤2% 
[8–10].
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However, a question that naturally arises is whether 
low-risk chest pain patients actually need to be seen in 
the ED at all. The use of a chest pain tool that could 
decrease ambulance conveyance to the hospital could 
have the additional benefit of reducing overcrowding and 
healthcare costs. The current prehospital model in the 
Netherlands ensures that all ambulances are staffed by a 
highly trained nurse who could potentially calculate the 
HEART-score prior to transfer to the hospital and make a 
decision on whether to convey or not [12].

Two preconditions need to be met in order to demon-
strate that ambulance nurses could make decisions on 
the disposition of chest pain patients. First, they must 
be able to calculate the HEART-score as accurately as an 
experienced clinician. Second, it must be shown that the 
decisions made based upon the calculated HEART-score 
were, in fact, correct and well tolerated for patients. In 
2018, a prospective, cross-sectional study was conducted 
by Niven et al. [13] in the UK demonstrated strong over-
all interoperator reliability between the HEART-scores 
performed by various grades of doctors and nurses at the 
ED. Other studies by Mahler et al. [14,15] suggested an 
acceptable interobserver agreement between doctors 
in calculating the HEART-score. This is in contrast to 
a retrospective study by Wu et al. [16] that concluded 
that there is a substantial discordance in HEART-scores 

between ED physicians and cardiologists. To date; how-
ever, no study has been conducted looking at the inter-
operator reliability of the HEART-score between the ED 
and a prehospital setting.

The aim of this study was thus to compare the interob-
server agreement of the HEART-score between ambu-
lance nurses and ED physicians.

Methods
Study design
This was a prospective, multicentre, study conducted 
at four regional hospitals and two ambulance services 
between 1 October 2018 and 7 April 2019. The four 
regional hospitals were Albert Schweitzer Ziekenhuis, 
Dordrecht & Zwijndrecht (hospitals 1 and 2), and 
Franciscus Gasthuis & Vlietland (hospitals 3 and 4). The 
two ambulance services participating in the study were 
‘Zuid-Holland Zuid’ and ‘Rotterdam-Rijnmond’. The 
study was approved by the local Medical Ethics Review 
Committee.

In this study, the History, ECG, Age, and Risk factors 
were calculated by ambulance nurses and ED nurses, 
ED junior doctors, ED residents, ED physicians or car-
diologists prior to receiving the troponin result. These 
calculations minus the troponin result are referred to 

Fig. 1

HEART-score. LBBB, left bundle branch block ; PMR, pacemaker rhythm.
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as HEAR(T)-scores in this article. Level of experience 
between the nurses and doctors was not taken into 
account.

Inclusion and exclusion criteria
All adults aged ≥18 years with nontraumatic chest pain of 
suspected cardiac origin who presented by ambulance to 
the ED and had at least three, separate HEAR(T)-scores 
calculated of which one had to be calculated by an ambu-
lance nurse, were included. Patients with chest pain that 
presented to the ED without ambulance and patients 
who were transported directly to the catheter labora-
tory because of ST elevation myocardial infarction, were 
excluded. Patients for whom forms were incomplete to 
calculate their HEAR(T)-score and patients who refused 
to participate were also excluded.

Study protocol/data collection
Patients were recruited by consecutive eligibility. The 
study sets consisted of five identical Case Record Forms 
(CRF, Supplemental Digital Content 1, supplement dig-
ital content 1, http://links.lww.com/EJEM/A288) and one 
Patient Information Form (PIF, Supplemental Digital 
Content 2, supplement digital content 1, http://links.lww.
com/EJEM/A288). These sets were available at the ambu-
lance entrance to the ED. Upon arrival at the ED with an 
eligible patient, ambulance-staff were requested to calcu-
late the HEAR(T)-score. During subsequent ED admis-
sion, the HEAR(T)-score was separately calculated by an 
ED nurse, ED junior doctor, ED resident, ED physician, 
or cardiologist who were blinded to the other results. 
Calculations were completed prior to the final diagnosis. 
Due to the delay in obtaining the troponin result, the 
scoring for this element was added by the researchers at a 
later stage and was based on the first troponin performed 
in the ED, irrespective of time of onset of chest pain.

All four hospital used a high sensitive troponin I assay 
(hs-cTnI): hospitals 1 and 2 used the Siemens Dimension 
Vista and the hospitals 3 and 4 employed the Abbott 
Architect Stat assay. The 99th percentile cutoff values 
were locally validated and sex-specific based upon the 
recommendations of the manufacturer. Troponin values 
between the 99th percentile and three times the clini-
cal cutoff value were scored as ‘1’; troponin values above 
three times the clinical cutoff value were scored as ‘2’ and 
those below the 99th percentile cutoff were scored as ‘0’.

Training of staff and patient information
A face-to-face teaching presentation was provided to the 
observers prior to the onset of the study. The presenta-
tion contained information about the principles of the 
HEART-score, a detailed explanation of how to calculate 
it as well as information about the study itself. Those 
who could not attend a teaching session were informed 
by means of e-mail. A specific video was created for 
this group accessible on https://www.youtube.com/

watch?v=x4ubZhqF9tw&t=18s [17], which reinforced 
the learning from the face-to-face sessions. Finally, 
all nurses and doctors involved in the study were pro-
vided with a study folder (folder, Supplemental Digital 
Content 3, supplement digital content 1, http://links.lww.
com/EJEM/A288) and a HEART-score pocket card.

Endpoints
The primary endpoint was the interobserver agreement 
of the HEART-score as calculated between various 
grades of nurse and doctor.
The secondary endpoint was the occurrence of MACE 
within 30 days after inclusion. MACE was defined as 
occurrence of acute myocardial infarction (AMI), per-
cutaneous coronary intervention (PCI), coronary artery 
bypass grafting (CABG) or death.

Statistical methods
Descriptive statistics were used to describe the demo-
graphic and clinical attributes of the population. To 
determine the reliability between the ambulance nurses 
and the ED physicians, the ‘gold standard’ was used. 
The gold standard, or clinically relevant comparator, was 
defined retrospectively as the HEAR(T)-score calculated 
by the most senior doctor who assessed the patient var-
iously, and in descending order: cardiologist, ED physi-
cian, ED resident in training, and ED junior doctor not in 
training. This is in concordance with clinical practice. The 
HEART-scores calculated were then further subcatego-
rized into three groups: low, intermediate, and high risk. 
The agreement between these subgroups was then, in 
turn, used to calculate the reliability statistics. We exam-
ined if patients were allocated to a different risk category 
by ambulance nurses versus the gold standard, to assess 
the safety and feasibility of a prehospital HEART-score. 
As the low-risk group was of greatest practical interest to 
this study, the HEART-score was dichotomized and sta-
tistical analysis was focused on low compared to interme-
diate and high-risk categories calculated by ambulance 
nurses versus the gold standard. The reliability between 
the ED nurses and the gold standard is also determined.

Interobserver agreement is defined as the measure of 
agreement or reliability between two or more observers 
when observing the same subject. In this study, one sub-
ject was observed by three or more clinicians (nurses and 
doctors) of differing grades and levels of experience. With 
a kappa, the degree of agreement was described in one 
number [18]. To determine the agreement between the 
ambulance nurses and ED nurses respectively and the 
gold standard, the Cohen’s Kappa (K) was used (Table 
I, Supplemental Digital Content 4, supplement digital 
content 1, http://links.lww.com/EJEM/A288). Confidence 
interval (CI) was calculated afterwards.

A convenience sample of 300 patients was included. The 
data are analyzed using IBM SPSS Statistics, version 24.
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Results
A total of 390 patients were considered for inclusion 
(Fig.  2). Eighty-three patients were excluded because 
of lack of informed consent (n = 43), no available com-
pleted ambulance nurse calculation (n = 4) and minimum 
amount of three observers not reached (n = 36). Thus 307 
complete cases with at least three observers per patient 
were obtained. Of the 307 patients, 166 patients were 
male (54%) and 141 female (46%). The mean age was 
64.8 years (range 19–91, SD ±14.1) (Table 1). During busy 
hours inclusions appear to have been missed because the 
ambulance form was not readily available and ambulance 
nurses already left the ED.

The distribution of the observers was as follows: 307 
patients were scored by ambulance nurses, of which 302 
patients were also scored by ED nurses, 240 patients by 
ED residents (residents in training n = 77, junior doctors 

not in training n = 163), 106 patients by ED physicians, 
and 23 patients were scored by cardiologists. The median 
HEART-score of the total study population was 5.0 and 
the mean score was 4.55 (SD ±2.046).

Fig. 2

Flow diagram. ED, emergency department.

Table 1  Patient characteristics at baseline

Characteristics Total study population (n = 307)

Demographic
  Male, n (%) 166 (54)
  Mean age, years (SD) 64.8 (14)
Cardiac risk factors, n (%)
  Hypercholesterolemia 96 (31)
  Hypertension 161 (52)
  Diabetes mellitus 63 (21)
  Current smoking 87 (28)
  Positive family history 130 (42)
  Obesity (BMI > 30 kg/m2) 68 (22)
History of cardiovascular disease, n (%) 126 (41)
Hospital admission, n (%) 135 (44)
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Primary endpoint – interobserver agreement
Ambulance nurses versus gold standard
The distribution of the gold standard is shown in Table 
II (Supplemental Digital Content 5, supplement digital 
content 1, http://links.lww.com/EJEM/A288, gold stand-
ard distribution). In 30% (95% CI, 25–35) and 33% (95% 
CI, 28–38), respectively, the ambulance nurses and gold 
standard scored patients in a low-risk group (Table 2). In 
23% (95% CI, 18–27), patients were scored in the low-risk 
category by both ambulance nurses and the gold stand-
ard. In 11% (95% CI, 7–14) of the cases, the ambulance 
nurses scored patients in a lower category than the gold 
standard, in 71% (95% CI, 66–76) the ambulance nurses 
scored the patients in the same category and in 18% (95% 
CI, 14–22) in a higher category. In 7% (95% CI, 4–10), 
ambulance nurses scored patients in a low-risk category 
whereas the gold standard had placed these patients in an 
intermediate or high-risk category. A MACE occurred in 
3 of these 22 cases.

The Cohen’s Kappa (K) for the overall HEART-score 
between the ambulance nurses and the gold standard 
was 0.514 (95% CI, 0.426–0.602), defined as ‘moderate’ 
(Table III, Supplemental Digital Content 6, supplement 
digital content 1, http://links.lww.com/EJEM/A288). When 
comparing the low-risk to intermediate and high-risk 
categories in these two groups, the K is 0.591 (95% CI, 
0.491–0.691); also defined as ‘moderate’.

The agreement between ED nurses and the gold stand-
ard is shown in Supplemental Digital Content 7 supple-
ment digital content 1, http://links.lww.com/EJEM/A288 
(text, Tables IV and V).

Secondary endpoint
Major adverse cardiac event
To assess the occurrence of MACE versus the HEART-
score, a so-called ‘true’ HEART-score was calculated by 
the researchers with >2 years of experience in calculating a 
HEART-score. This calculation was done retrospectively 

based on the available ED documents and ECG, blinded 
for the outcome. The results of MACE within 30 days are 
given in Table 3 (see also Figure I, Supplemental Digital 
Content 8, graph, supplement digital content 1, http://
links.lww.com/EJEM/A288).

A total of 64 patients (21%) reached a MACE within 
30 days. Of the patients who reached a MACE 51 patients 
had an AMI (80%), 53 underwent coronary angiography 
(83%), 38 underwent a PCI (59%), 7 underwent CABG 
(11%), and 7 patients died (11%) within 30 days. When 
using the ‘true’ HEART-score, there was a 1% MACE 
risk in the low-risk HEART category.

However, in the patients with a low HEART-score as 
defined by the ambulance nurses there was a 7% (6/91) 
risk of MACE. A similar figure was seen in the low 
HEART-scores of the ED nurses with a MACE rate of 
5% (5/100) in the low-risk category (Table  4) and for 
junior doctors not in training with a MACE rate of 10% 
(5/52). For senior residents and cardiologists, the MACE 
rate was 0% and for ED physicians 3% (1/36) for those 
patients scored in the low-risk category. This is an aver-
age MACE risk of 5% in the low-risk category scored by 
the ED physicians.

All cases were retrospectively reviewed in detail where 
it was found that the principle areas of poor agreement 
included the ‘History’ and ‘Risk factors’ elements. This 
resulted in a trend towards an underestimation of the 
HEAR(T)-scores calculated by ambulance nurses, ED 
nurses and junior doctors in patients who subsequently 
suffered a MACE.

Discussion
The aim of this study was to investigate if the HEART-
scores calculated by ambulance nurses were comparable 
with HEART-scores calculated by ED physicians. The 
principal finding of a Cohen’s Kappa (K) of 0.514 defined 
as ‘moderate’ for the overall HEART-score suggests that 
ambulance nurses do not calculate the HEART-score as 
accurately as the gold standard. This is also seen when 
dichotomizing the HEART-score and comparing the 
low-risk category to the intermediate and high-risk group 
(K = 0.591). When comparing the ED nurses to the gold 
standard, the K is 0.603, also defined as ‘moderate’.

In this study, we were mainly interested in cases where 
ambulance nurses scored patients in a different risk 

Table 2  HEART-score category – ambulance nurse versus gold standard

Total HEART-score ambulance nurse

Total HEART-score Gold Low risk Intermediate risk High risk Total

Low risk 69 31 1 101
Intermediate risk 22 119 23 164
High risk 0 12 30 42
Total 91 162 54 307

Table 3  True HEART-score versus major adverse cardiac event

Score Patients (%) MACE/n MACE (%) Death (%)

0–3 29 1/90 1 0
4–6 55 33/170 19 1.3
7–10 15 30/47 64 1.0

MACE, major adverse cardiac event.
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category from ED doctors. This was in order to assess 
the feasibility of implementing a system whereby the 
HEART-score could be used in a prehospital environ-
ment to help decide whether patients should be conveyed 
to hospital or managed in the community. Overall, ambu-
lance nurses placed the patients in a higher risk category 
than their ED doctor counterparts (18%). This trend of 
‘over-scoring’ patients is preferable than underestimating 
the score from a safety perspective. It is favorable to have 
more false positives resulting in a potential unnecessary 
visit to the ED, than false negatives with the risk of miss-
ing patients with myocardial ischemia.

In 22 cases (7%), the ambulance nurses scored the 
patients in a low-risk category where the gold standard 
scored these patients in an intermediate category. In 
these cases, the ambulance nurses could have chosen to 
leave the patient at home based on the HEART-score. In 
3 of these 22 cases, the patient developed a MACE within 
30 days, none of these patients died. Analysis of the data 
revealed that this misclassification was likely due to an 
underestimation of the elements History and Risk factors 
which had Cohen’s Kappa (K) values of 0.171 (History) 
and 0.417 (Risk factors), defined as ‘poor’ and ‘moderate’, 
respectively. The trend of poor agreement for History in 
contrast to other elements of the HEART-score is seen in 
earlier studies [13,19]. The accuracy of chest pain history 
is influenced by many factors including, but not limited 
to, the level of training and experience of the (para)medic 
taking the history. The unreliability of the history or clin-
ical gestalt has been illustrated in studies by Oliver and 
Carlton et al. [20,21]. Lack of training and an understand-
ing of what constitutes a ‘Risk factor’ may also be respon-
sible for the poor agreement observed for this element of 
the HEART-score.

In regards to the secondary endpoint, the percentage of 
patients reaching MACE within 30 days after inclusion 
in this study is higher than in earlier studies concerning 
the HEART-score conducted by Backus et al. [10,11]. An 
explanation for this observation is that the population of 
chest pain patients presenting to the ED by ambulance 
is a higher risk group than walk-in patients presenting 
with chest pain to the ED, for example, self-referrals or 
patients referred by a general practitioner.

In both hospitals, hs-cTn is used where at least one value 
above the 99th percentile of the upper reference limit is 
scored as 1 or 2. Although the introduction of hs-cTn has 
increased the early identification of (small) NSTEMIs, 
compared to the studies performed almost 10 years ago 
the percentages of PCI, CABG, and death are similar or 
even lower [10,11]. Although there are several articles 
that have explored the use of hs-cTn in conjunction 
with the HEART-score with differential scoring for the 
result based upon not only the 99th percentile but also 
the so-called ‘limit of detection’ strategy [8] this has not 
been formally and prospectively validated. Research is 
currently underway that will hopefully clarify this [22].

Implementation in clinical practice
Our findings suggest that the HEART-score cannot, 
at this stage, be performed by ambulance nurses with 
similar accuracy as those calculated by ED physicians. 
Whilst the principle remains that an accurately calculated 
HEART-score in the prehospital setting could potentially 
result in fewer conveyances to hospital; a higher level of 
training and potentially certification in the calculation of 
the HEART-score by prehospital nurses will be required 
before this aspiration could be realized. Prehospital nurses 
receive a high level of training in the Netherlands and it 

Table 4  Major adverse cardiac event rate per HEART category

HEART category versus MACE HEART category N (total) MACE MACE/n %

Ambulance nurse 0–3 91 6 6/91 7
  n = 307 4–6 162 29 29/162 18
 7–10 54 29 29/54 54
  Total  307 64   
ED nurse 0–3 100 5 5/100 5
  N = 302 4–6 151 30 30/151 20
 7–10 51 28 28/51 55
  Total  302 63   
Junior doctor not in training 0–3 52 5 5/52 10
  N = 163 4–6 90 16 16/90 18
 7–10 21 11 11/21 52
  Total  163 32   
Resident in training 0–3 24 0 0/24 0
  N = 77 4–6 43 9 9/43 21
 7–10 10 7 7/10 70
  Total  77 16   
ED physician 0–3 36 1 1/36 3
  N = 106 4–6 54 13 13/54 24
 7–10 16 12 12/16 75
  Total  106 26   
Cardiologist 0–3 7 0 0/7 0
  N = 23 4–6 12 2 2/12 17
 7–10 4 3 3/4 75
  Total  23 5   

ED, emergency department; MACE, major adverse cardiac event.

D
ow

nloaded from
 http://journals.lw

w
.com

/euro-em
ergencym

ed by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4
X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 09/07/2023



Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

The interobserver agreement of the HEART-score van Meerten et al.  117

seems reasonable that given this fact, a training and cer-
tification system could be designed that would improve 
their ability to accurately perform the HEART-score.

An additional, logistical problem is the availability of tro-
ponin testing in the prehospital environment. This could 
potentially be addressed by access to a Point-Of-Care 
Troponin Test (POC-Troponin). Certain POC-Troponin 
assays now commercially available are as accurate as lab-
oratory-based assays [23,24]. There are current feasibility 
studies underway investigating the use of POC-Troponin 
in ambulances [25,26].

Study limitations
In this study, the level of clinical experience and train-
ing of the multiple groups of observers was not taken 
into account. However, Niven et al. [13] confirm that ED 
nurses and ED doctors can reliably calculate the HEART-
score irrespective of grade and experience. The effect of 
the level of grade of observers in this study is, therefore, 
thought not to be significant. But proper education in the 
HEART-score itself and its use in clinical was needed 
before the start of the study. It is; however, difficult to 
quantify the effectiveness of the training methods we 
employed given the absence of a control group.

Originally, we planned to study the interobserver agree-
ment of the HEAR(T)-score between ambulance nurses 
on the one hand, and ED junior doctors, ED residents, 
ED physicians and cardiologists on the other. Of course, 
not every patient is evaluated by all ‘types’ of physicians. 
To ensure a sufficient number of examples of each type, 
we decided to collect data on 300 patients. We have per-
formed the analyses as intended, but our primary focus 
shifted to comparing the HEART-score of the ambulance 
nurses to the HEART-score as determined by the most 
senior attending doctor, defined as gold standard. We 
believe that this is the most relevant comparator because 
it best reflects the HEART-score as it is determined in 
clinical practice. Now the planned sample size of n = 300 
is large enough to estimate the proportion of patients 
where the ambulance nurse agrees with the most senior 
attending doctor with sufficient accuracy. For example, 
n = 300 ensures that the width of the 95% CI is ±0.05 
when the estimated proportion is 0.25 or 0.75.

There is a possibility of selection bias in this study. 
Despite the aspiration of consecutive eligibility for 
this study, during busy periods it was harder to ensure 
that ambulance nurses were completing the forms and 
HEART-score calculations necessary for the study. The 
cohort of patients that went directly to the catheter labo-
ratory was also not included in this study.

A strength of our study is that it is unique. We compared 
prehospital calculations of the HEART-score with the 
HEART-scores calculated by ED physicians. No earlier 
studies regarding this comparison are known to us.

Conclusion
In this study, the interobserver agreement of the HEART-
score calculated by ambulance nurses compared to the 
HEART-score calculated by ED physicians is moderate 
(K = 0.514). Our study does not currently support the use 
of the HEART-score by ambulance nurses in a prehos-
pital setting. The implementation of standardized and 
comprehensive training system on the HEART-score 
for prehospital clinicians coupled with reliable POC tro-
ponin testing is required if this conclusion is to be chal-
lenged in the future.
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