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Abstract

Background—The HEART score is a risk stratification tool for suspected acute coronary 

syndrome and contains several subjective components. A single previous study found good inter-

rater reliability. Our objective was to assess the inter-rater reliability of the HEART score in an 

external prospective cohort.

Methods—We prospectively collected paired, independent physician ratings of the HEART score 

for patients > 20 years of age presenting to the emergency department with chest pain for which an 

ECG and troponin were ordered. Two emergency physicians independently provided HEART 

scores for each unique patient. The primary outcome, the HEART score, was dichotomized by low 

risk (0–3) vs non- low risk (4–10). Additional outcomes included the HEART score across the 

entire scale (0–10) and subcomponents of the HEART score (e.g., history, electrocardiogram, risk 

factors; score of 0–2 for each). We calculated kappa statistics and percent agreement for all 

outcomes.

Results—We collected paired physician HEART score ratings on 311 patients from October 

2017 to April 2018. The mean HEART score was 3.5 (SD 1.9). About half (49.2%) of our patients 

had a HEART score of ≤ 3, and 50.8% had a HEART score > 3. The kappa score for “low risk” 

(HEART ≤ 3) was 0.68 (95%CI: 0.60 – 0.77). There was 84.2% agreement between physicians on 

this variable.

Conclusions—Our study demonstrates there is substantial inter-rater reliability among 

emergency department physicians in identifying patients at low risk of acute coronary syndrome 

using the HEART score.
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Introduction

Background

Acute coronary syndrome (ACS) is the leading cause of worldwide mortality and morbidity.
1 The evaluation of suspected ACS typically occurs in an emergency department (ED) 

setting and accounts for over seven million annual ED visits in the United States.2 Risk 

stratification with a careful history, examination, 12-lead electrocardiogram (ECG), and 

cardiac biomarkers is the cornerstone of the ED evaluation3, but can be challenging due to 

atypical presentations of ACS.

Published risk scores may help to supplement clinical judgment in the assessment of patients 

with chest pain. The HEART score, derived in undifferentiated ED chest pain patients, has 

been validated in multiple settings4,5 and appears to have superior test characteristics 

compared to other risk scores6,7. Values of the HEART score range from 0–10, and scores 

less than or equal to 3 identify very low risk patients that potentially can be discharged 

safely without further immediate cardiac testing.7

Importance

Two of the HEART score components require physician interpretation: an assessment of 

how suggestive the patient’s presentation is for ACS (the “history”), and an interpretation of 

the ECG. There may also be variability in assessing the number of ACS risk factors. The 

inter-rater reliability of the HEART score appears to have been assessed in only one study to 

date8, in which “substantial” (0.6 < kappa ≤ 0.8) inter-rater reliability was found. Inter-rater 

reliability is important because variations in scoring may affect management, particularly 

across the lowest risk threshold (HEART ≤3).

Goal of this Study

We prospectively evaluated the inter-rater reliability of the overall HEART score as well as 

the HEART score components of history, ECG, risk factors, and troponin individually. Our 

primary hypothesis was that the HEART score is reliable (kappa >0.6) for identifying low-

risk (HEART score ≤3) adults presenting to the emergency department with chest pain.

Methods

Study Design

This was a prospective cohort study of pairs of physicians who independently evaluated 

patients and then independently calculated HEART scores on each patient. No patient 

identifying information was collected. A full waiver of consent and HIPAA authorization 

was granted by the university IRB.

Study Setting and Population

We identified pairs of attending and second- or third-year emergency medicine resident 

physicians who were working together in a single university ED. To mitigate against bias 

from limited clinical experience, we excluded pairs that included a first-year emergency 

medicine residents or rotating non-emergency medicine residents.
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Study Protocol

The unit of analysis was paired HEART ratings. Eligible encounters were for adult patients 

(age >20 years) with a chief complaint of chest pain, for whom the treating team had ordered 

a troponin and 12-lead ECG, and who were seen by two emergency department physicians. 

Research assistants screened for eligible encounters between 7a-11p, 7 days per week.

Measures

For each eligible physician pair and patient encounter, we collected data on all elements of 

the HEART score. Research assistants abstracted objective data on age from the electronic 

medical record.

The attending and resident physicians independently completed evaluations of the other 

elements of the HEART score, including History, ECG interpretation, Risk factors, and 

Troponin value. The number of troponin tests for each patient was at the discretion of the 

clinical team but the HEART score was based on the first troponin. Each physician was 

blinded to the ratings of the other paired physician. The physicians rated the elements of the 

HEART score on a standardized form shortly after the patient encounter.

From these data, we calculated overall HEART scores and subscale scores for each 

physician rating.

Data Analysis

We calculated the kappa statistic and total agreement for dichotomized low- vs. high risk 

HEART rating (≤3) and for the ordinal sub-scale components (History, ECG, Risk factors 

and Troponin), we used weighted kappa and total agreement statistics. Kappa statistics can 

be used when calculating inter-rater agreement for a dichotomous variable and weighted 

kappa statistics extend this to ordinal variables with greater than 2 categories. We calculated 

weighted kappa statistics and intra-class correlations (ICC) across all possible values (0–10) 

of the HEART score.9 ICC was calculated as the ratio of variance components produced by a 

one-way random effects model and provides a way to quantify the degree of consistency 

between raters on the values of the HEART score by accounting for both the correlation and 

agreement10. As a sub-analysis, we compared agreement statistics between 2nd and 3rd year 

residents using a two-sample test of binomial proportions.

Our sample size calculation was based on a traditional Cohen’s kappa. We assumed 60% of 

each raters’ classifications would be for low risk scores (i.e., HEART 0–3), and a modest 

sized kappa, κ = 0.5, for a 0.05 alpha-level test. We required a sample size of N=300 patients 

to attain statistical power of 80 percent. Data entry and management were performed with 

RedCAP. Analyses were performed using SAS 9.4 (Cary, NC).

Results

We collected paired physician assessments on 311 patients from October 2017 through April 

2018. Our participants were a mean age of 55.8 years old (SD 14.6) and 173 (55.6 %) were 

male. The mean HEART score was 3.5 (SD 1.9). Approximately half (49.2%) of our patients 

had a HEART score of ≤ 3.
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We calculated a kappa score for “low risk” (HEART ≤ 3) of 0.68 (95% CI: 0.60 – 0.77). 

There was 84.2% agreement between physicians on this dichotomized scale. Weighted 

kappa statistics for the individual HEART subscales ranged from 0.46 to 0.83. The weighted 

kappa statistic for the full scale of the HEART score (0–10) was 0.68 (95% CI: 0.64 – 0.72). 

The intraclass correlation (ICC) was 0.86 (95% CI: 0.81–0.92) indicating good to excellent 

reliability.

Of the five components of the HEART score, only the history component was significantly 

different between the attending physicians & 2nd year residents vs. the attending physicians 

& 3rd year residents (p-value = < 0.01), where the attending & 2nd year resident pairs had 

greater inter-rater reliability than the attending & 3rd year resident pairs.

Discussion

The HEART pathway has been validated as effective in identifying patients with chest pain 

who can be safely discharged safely from the ED without further immediate cardiac testing.

Risk stratification tools such as the HEART score will have greater clinical utility if they can 

demonstrate robust inter-rater reliability. The only study known to these authors to have 

examined inter-rater reliability of the HEART score showed substantial inter-rater reliability 

(k > 0.6) for classifying low risk patients (HEART ≤ 3).8 Our study also found substantial (k 

= 0.68) inter-rater agreement on this variable.

Our study was the first to examine the inter-rater reliability of four subscales of the HEART 

score (History, ECG, Risk factors, and Troponin). We found that the History and ECG 

components had lower agreement (k = 0.52 and 0.46, respectively) compared to Risk factors 

and Troponin components (k = 0.67 and 0.83, respectively). The History component was 

originally scored using a list of pre-defined, specific chest pain characteristics that were 

categorized as either suggestive or not suggestive of ACS.4,5,8 In our study, physicians 

scored the History as they do in clinical practice – without reference or strict adherence to 

such a list. Some of the disagreement in the score for History, therefore, may be attributable 

to variability in physician conception of what constitutes chest pain suspicious for ACS.

The agreement on ECG interpretation was comparable to other studies assessing interrater 

reliability of ED physician ECG reads. The fact that the agreement for troponin (an objective 

number that should have been easily classified) was less than 100% suggests that the 

physicians did not consistently score the variables fully utilizing all of the tools (electronic 

health record, HEART score calculator) available to them.

Limitations

Our study had several limitations. First, while the physicians were blinded to each other’s 

HEART scores, they may have discussed some patients’ clinical picture prior to estimating 

their HEART score. This may lead to a bias toward higher levels of agreement.

Second, we utilized the kappa score to evaluate inter-rater reliability given strong precedent 

for this test in the health care literature, with kappa > 0.6 indicating substantial inter-rater 
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reliability. However, many clinical risk tools for chest pain in the emergency department 

setting aim for a negative predictive value of > 99% - effectively, a miss rate of < 1% for 

patients with a major cardiac event.

Third, our study examined patients who presented to the ED between 7 a.m. – 11 p.m. 

Patients who presented to the ED with chest pain between 11 p.m. and 7 a.m. may have 

different demographic and epidemiologic profile compared to patients at other times of day.

Finally, this analysis was performed at a tertiary care academic medical center ED. Our 

results may not be generalizable to the primary care, urgent care, or inpatient setting.

Conclusion

In conclusion, we found substantial inter-rater reliability of the HEART score to identify 

low-risk patients. Our findings support the adoption of the HEART score into emergency 

department chest pain management algorithms.8 Given the importance of accurate 

cardiovascular risk stratification in the ED, further studies should elucidate how higher 

concordance between providers might be achieved.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Point estimates and 95% confidence intervals for agreement statistics: kappa statistic for 

HEART (moderate risk and higher, 4+) and weighted kappa statistics for history, EKG, risk 

factors and troponin
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