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Abstract

Background: When a patient is suspected of having an acute myocardial infarction, they are accepted or declined for primary
percutaneous coronary intervention partly based on clinical assessment of their 12-lead electrocardiogram (ECG) and ST-elevation
myocardial infarction criteria.

Objective: We retrospectively determined the agreement rate between human (specialists called activator nurses) and computer
interpretations of ECGs of patients who were declined for primary percutaneous coronary intervention.

Methods: Various features of patients who were referred for primary percutaneous coronary intervention were analyzed. Both
the human and computer ECG interpretationswere simplified to either “ suggesting” or “ not suggesting” acute myocardial infarction
to avoid analysis of complex heterogeneous and synonymous diagnostic terms. Analyses, to measure agreement, and logistic
regression, to determine if these ECG interpretations (and other variables such as patient age, chest pain) could predict patient
mortality, were carried out.

Results. Of atotal of 1464 patients referred to and declined for primary percutaneous coronary intervention, 722 (49.3%)
computer diagnoses suggested acute myocardial infarction, whereas 634 (43.3%) of the human interpretations suggested acute
myocardial infarction (P<.001). The human and computer agreed that there was a possible acute myocardial infarction for 342
out of 1464 (23.3%) patients. However, there was a higher rate of human—computer agreement for patients not having acute
myocardial infarctions (450/1464, 30.7%). The overall agreement rate was 54.1% (792/1464). Cohen k showed poor agreement
(k=0.08, P=.001). Only the age (oddsratio [OR] 1.07, 95% CI 1.05-1.09) and chest pain (OR 0.59, 95% CI 0.39-0.89) independent
variables were statistically significant (P=.008) in predicting mortality after 30 days and 1 year. The odds for mortality within 1
year of referral were lower in patients with chest pain compared to those patients without chest pain. A referral being out of hours
was atrending variable (OR 1.41, 95% CI 0.95-2.11, P=.09) for predicting the odds of 1-year mortality.

Conclusions. Mortality in patients who were declined for primary percutaneous coronary intervention was higher than the
reported mortality for ST-elevation myocardial infarction patients at 1 year. Agreement between computerized and human ECG
interpretation is poor, perhaps leading to a high rate of inappropriate referrals. Work is needed to improve computer and human
decision making when reading ECGs to ensure that patients are referred to the correct treatment facility for time-critical therapy.
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Introduction

Background

According to the British Heart Foundation, circulatory diseases
cause more than one-quarter (27%) of al deaths in the United
Kingdom [1]. In the United Kingdom, more than 100,000
hospital admissions each year are due to heart attacks (280
admissions per day) [1]. Acute coronary syndrome occurs due
to arestriction in blood flow in the coronary arteries[2]. Acute
coronary syndromes are subdivided into (1) ST-elevation
myocardial infarctions, (2) non-ST-elevation myocardial
infarctions, and (3) unstableangina[3]. ST-elevation myocardial
infarctionisgenerally more seriouswhen thereistotal occlusion
of a coronary blood vessdl leading to extensive damage to a
large area of the heart [4]. Once a blocked artery is suspected,
apatient istypically referred for reperfusion therapy which can
include a primary percutaneous coronary intervention [5]. The
preferred treatment for an acute myocardia infarction with
ST-segment elevation is angioplasty (primary percutaneous
coronary intervention) given that thisis an effective therapy for
opening occluded arteries [6-8]. The admission criteria for
primary percutaneous coronary intervention are often variable
and partly based on electrocardiogram (ECG) interpretation and
patient symptoms, hence not al referrals are accepted. Even if
ST-elevation myocardial infarction is present, ECG
interpretation can be difficult because of different factors,
including misleading computerized interpretations, signal noise,
poor confidence or competency in reading ECGs, human error,
and indeed, borderline ECGs (not precisely normal, but not
significantly abnormal either), that makeit difficult for clinicians
to make a binary decision. A strict criterion may result in
patients with acutely occluded coronary arteries not getting the
treatment in time. It has been reported that several patients not
meeting ST-elevation myocardia infarction criteria who were
nevertheless referred for primary percutaneous coronary
intervention did indeed require angioplasty [9].

ECG interpretationiscentral to deciding whether patients should
be declined or accepted for primary percutaneous coronary
intervention. The ECG is the most widely used diagnostic tool
for patients with suspected acute myocardial infarction [10,11].
Many prehospital protocols require the acquisition of asingle
12-lead ECG when assessing a patient for a ST-elevation
myocardial infarction or ischemia. However, if necessary, a
second or third prehospital ECG isrecorded to correctly identify
aST-elevation myocardia infarction dueto the number of ECGs
(15% in [5]) that are nonspecific, ambiguous, and perhaps
borderline [5]. When arriving at an emergency, paramedics are
often first to record and interpret the ECG. Different studies
[12,13] have been conducted to compare ECG interpretation
accuracy between paramedics and physicians. Mencl et a [12]
found no correl ation between training, experience, or confidence
in the ability of paramedics to recognize ST-elevation
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myocardial infarctions. The paramedics in the study were only
able to identify inferior ST-elevation myocardial infarctions
and norma ECGs; paramedics ECG interpretations cannot be
solely relied on (low sensitivity and specificity) for activating
the catheterization laboratory (CathLab), in which diagnostic
imaging equipment used to visualize the arteries and the
chambers of the heart and to treat any stenosis or abnormality,
in aprimary percutaneous coronary intervention service [12].

Identification of patients with acute myocardial infarction
continues to be challenging, especially when automated ECG
interpretation is inconclusive or misleading. However, a study
[13] has shown that, when the ECG exhibits vagueness, clinician
input (using the internet) can improve diagnostic performance
and reduce time to treatment. It is well documented that
misinterpretation of the ECG can lead to incorrect decision
making regarding treatment, such as false activations (rates of
up to 36% [14]) or patients being declined. According to
Degheim et al [15], 12.5% of all CathLab activationswerefalse
activations for misinterpreted ST-elevation myocardial
infarction. These false activations have both clinical and
financial costs.

Prior Work

Given the challenges of reading ECGs, computer interpretation
has been used for many yearsto assist human interpreters. In a
retrospective cross-sectiona study [16] of 200 prehospital ECGs,
computer interpretation for detecting ST-elevation myocardial
infarction achieved a specificity of 100% (100/100; 95% ClI
0.96-1.00) and a sensitivity of 58% (58/100; 95% CI 0.48-0.67).
This illustrates that this computer algorithm would have
incorrectly declined 42% of patients but had zero inappropriate
activations [16]; the most common incorrect computer
statements for false negatives were “data quality prohibits
interpretation” and “abnormal ECG unconfirmed.” Another
study [17] concluded that computer-interpretation failed to
identify a number of patients with ST-elevation myocardial
infarction. This shows that prehospital computerized ECG
interpretation is suboptimal for ST-elevation myocardial
infarction detection and should not be used as a single method
for prehospital activation of the CathLab. Cardiologists are the
most accurate diagnosticians and are the least likely to falsely
activate the CathLab [18]. Nevertheless, other physicians,
paramedics, and specialized nurses (activator nurse) are expected
to competently read ECGs.

Study Goals

Having summarized the research to date, we have identified
that ECG interpretation is challenging for both humans and
computers, and there is a need to better understand the
characteristics of the patients who are declined for primary
percutaneous coronary intervention, especially given that there
areanumber of likely fal se negatives (patientswho are declined
but needed an emergency intervention).
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We aimed to analyze agreement between computer and human
(activator nurses) ECG interpretations for patients who were
referred to but declined for primary percutaneous coronary
intervention.

Methods

Data Set

This study involved an analysis of an anonymized dataset from
Altnagelvin Hospital (Northern Ireland, United Kingdom) of
consecutive patients who were declined for primary
percutaneous coronary intervention from January 2015 to
December 2017. The total study population consisted of 1464
patients who were referred but declined for a primary
percutaneous coronary intervention.

Data Collection

When paramedi cs suspect acute myocardial infarction based on
ECG findings, they contact the primary percutaneous coronary
intervention department at the hospital and describe the
symptoms and ECG findingsto an activator nurse. The activator
nurse routinely records this referral using a paper-based form,
which is then digitized to a spreadsheet. Therefore, the data
contained some inconsi stencies and missing val ues.

Data Analysis

All statistical analyses were performed using R (version 3.5.2,
RStudio). The time-series visualization of interpretations was
generated using an R package for visua analytics (ggplot2;
version 3.3.2). Data were interrogated for missing values and
completeness. There were no missing values in the most
important data columns (ie, computer ECG interpretation,
activator nurse ECG interpretation); however, to overcome data
inconsistencies, the required fields were manually cleaned.
There were typographical issues such as the inconsistent use of
mixed upper and lower case, spelling mistakes, use of shorthand,
and abbreviations used in the computer and human ECG
interpretation columns. Comparisons between the distinct groups
were investigated for significance using chi-square tests for
categorical dichotomous variables. One-tailed Student t or
Mann-Whitney tests were used for continuous variables
depending upon whether the variableswere normally distributed.
Logistic multivariate regression analysis was performed on
independent variables such as gender, age, out of hours, chest
pain, activator nurse interpretation, computer interpretation,
and computer and activator nurse agreement where the response
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variables included 30-day and 1-year mortality (encoded as 1
or 0, where 1=mortality). We a so investigated mutual agreement
and disagreement over the 24-hour day. To analyze the
agreement between the computer and activator nurse, all
interpretations were simplified and re-encoded as either
suggesting or not suggesting acute myocardial infarction. To
achievethisbinary encoding of ECG interpretations, 3 medical
doctors (AP, SL, and CK—2 of whom were clinical lead and
consultant cardiologists) reviewed the original interpretations.
The 3 medical doctors independently reclassified these
statements as either suggesting acute myocardial infarction or
not suggesting acute myocardial infarction, then they met asa
team to arrive at consensus when there were discrepancies.

Ethical Aspects

Permission for the study was obtained from the Regional Ethical
Review Board (IRAS 251710) of the Nationa Health Service
Office for Research Ethics Committees Northern Ireland. The
study complied with the Declaration of International Research
Integrity Association. After the study received ethical approval
for secondary dataanalysis, the staff nurse removed all personal
identifiable information such as names, date of birth, and unique
patient identifiers.

Results

Activator Nurse and Computer ECG Interpretations

The computer suggested acute myocardial infarction more often
than the activator nurses (722/1464, 49.3% vs 634/1464, 43.3%;
P=.001). Figure 1 depicts the acute myocardial infarction
interpretation rate per hour for both the activator nurses and the
computer. The highest relative rate of acute myocardial
infarction interpretation by activator nurses occurred at 1 AM
(26/45, 57.8%) and 4 AM (17/29, 58.6%). The activator nurses
seemed to interpret more acute myocardial infarctions during
the middle of the night (12 AM to 6 AM) with a mean of 53%
(SD 5.3%) compared to during daytime hours (mean 41%, SD
6.6%; P=.001). In contrast, computer interpretation did not show
much variation with respect to hours of the day; for the middle
of the night (12 AM to 6 AM), the average acute myocardial
infarction interpretation rate was a mean of 47% (SD 4.7%)
compared with a mean 50% (SD 5.2%) for the daytime hours.
There was dightly more variation in activator nurse
interpretations than in those of the computer over the hours of
the day.
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Figure 1. (&) Activator nurse and (b) computer interpretations of acute myocardia infarction rate by the hour. AMI: acute myocardial infarction; Ml:

myocardial infarction.
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The human and computer ECG interpretations agreed for 54.1%
of patients (792/1464; P<.001). Thisgtatisticincludes suggesting
and not suggesting acute myocardia infarction (Figure 2). The
human—computer agreement rates were analyzed per hour;
Figure 3 shows that the maximum agreement occurred at 12
PM and 2 PM during the daytime. Whereasin the middl e of the
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than in those suggesting acute myocardial infarction (mean
57%, SD 7.5% vs mean 43% SD 4.7%; P<.001). There was
more uncertainty out of hours when compared to in hours.
Activator nurses suggested more acute myocardial infarctions
during the middle of the night than in the daytime.
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Figure 3. Activator nurse and computer agreement by the hour.
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The analysis of disagreement between human and computer
interpretationswas performed by first analyzing instanceswhere
activator nurses suggested acute myocardia infarction and the
computer did not, and then vice versa. Maximum disagreement
occurred at 11 AM.
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Activator Nur se Suggested Acute Myocardial
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The number of patientsfor whom the activator nurse suggested
acute myocardia infarction but the computer did not were
selected and displayed per hour. The total number of such
instanceswas 292/1464 (19.9%). Activator nurseinterpretations
suggested acute myocardia infarctions and the computer
interpretation disagreed for more patients during the middle of
the night (between 1 AM and 2 AM; Figure 4a).

Figure 4. (a) Activator nurse interpretation suggesting acute myocardia infarction and computer disagreed; (b) computer interpretation suggesting

acute myocardial infarction and activator nurse disagreed.
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Computer Suggested Acute Myocar dial Infarction

Computer interpretation suggested acute myocardial infarction
and the corresponding activator nurses’ interpretation disagreed
for 26.0% of patients (380/1464). The maximum disagreement
occurred in the evening at 8 PM (P<.001; Figure 4b).

Analysis of Other Variables

Patients With Chest Pain

More males (1002/1464, 68.4%) were referred to primary
percutaneous coronary intervention than females. More than
half (769/1464, 52.5%) of the patients had either chest pain
(n=556) or resolved chest pain (n=213). Most of these patients
were male (385/556, 69.2%). More patients reported chest pain
during the middle of the night (4 AM to 5 AM: 34/55, 61.8%;
P=.02; Figure5).

Figure5. Proportion of patients with chest pain by the hour.
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Logistic regression anaysis was performed on independent
variables including gender, age, out of hours, chest pain,
activator nurse interpretation, computer interpretation, and
computer—activator nurse agreement with theresponse variables
being 30-day (Table 1) and 1-year mortality (Table 2). Ageand
chest pain were the only independent variables that were
statistically significant (P<.001) for predicting mortality after
30 days or 1 year. Another trending variable was out of hours
which increased the chance of mortality within 1 year (odds
ratio[OR] 1.41, 95% Cl 0.95-2.11). Being referred out of hours
was more predictive for 1-year mortality than 30-day mortality.
Being older (OR 1.07, 95% CI 1.05-1.09) increased the
probability of 30-day and 1-year mortality. Activator nurse and
computer agreement of acute myocardial infarction and having
chest pain reduced the odds of mortality after 1 year. The odds
of mortality within 30 days and 1 year of referral were lower
in patients with chest pain compared to those patients without
chest pain.
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Table 1. Oddsratios of variables derived from multiple logistic regression where the response variable was mortality after 1 year.
Variable Oddsratio (95% Cl) SE P value
Out of hours (true/false) 1.41(0.95-2.11) 0.012 .09
Age 1.07 (1.05-1.09) 0.434 <.001
Chest pain (true)® 0.59 (0.39-0.89) 0.012 .008
Activator nurse diagnosis suggesting acute myocardial infarction (true) 1.26 (0.73-2.16) 0.012 .39
Computer diagnosis suggesting acute myocardia infarction (true) 1.30(0.78-2.17) 0.013 31
Activator nurse-computer acute myocardial infarction agreement (true) 0.97 (0.47-2.03) 0.011 .95

342 patients with chest pain died after 1 year, whereas 130 patients without chest pain died after 1 year.

Table 2. Oddsratios of variables derived from multiple logistic regression where the response variable was mortality after 30 days.
Variable Oddsratio (95% Cl) SE P value

Out of hours (truef/false)

Age

Chest pain (true)®

Activator nurse diagnosis suggesting acute myocardia infarction (true)
Computer diagnosis suggesting acute myocardial infarction (true/false)

Activator nurse—computer acute myocardia infarction agreement (true)

1.39(0.90-220)  0.012 17
106 (1.04-1.08) 0434 <.001
0.47(0.29-0.74)  0.012 001
1.06 (059-1.87)  0.012 84
0.86(0.49-157) 0013 68
146 (0.65-331) 0011 35

895 patients with chest pain died after 30 days, whereas 92 patients without chest pain died after 30 days.

Acute Myocardial I nfarction Terminology

Table 3 shows the most frequently used terms by the computer
and activator nurses for ECG interpretation to suggest acute
myocardial infarction or not suggest acute myocardial infarction.
The computer used the term abnormal ECG most frequently,
which we classified as not suggesting acute myocardial
infarction, whereas activator nurses used the term high take-off
for interpreting the ECG, which we classified as not suggesting
acute myocardial infarction. Moreover, the computer used the

term acute myocardial infarction most frequently for suggesting
acute myocardial infarction, and activator nurses used the terms
ST depression or ST-elevation for suggesting acute myocardial
infarction. Overall, the activator nurses used 45 unique terms
to interpret the ECG as not suggestive of acute myocardial
infarction and used 19 different terms in suggesting acute
myocardial infarction. In contrast, the computer used 59
different termsto interpret the ECG as not suggestive of acute
myocardial infarction and 60 unique terms in suggesting acute
myocardial infarction.

Table 3. Freguently used terms by computer and activator nurses for suggesting or not suggesting acute myocardial infarction.

Classification and rank® Computer Activator nurse
Interpretation term Patients, n (%) Interpretation term Patients, n (%)
Suggests acute myocardial infar ction®
1 “_acute myocardial infarc- 337 (47) “Ste” 159 (25)
tion”
2 “inferior infarct” 23(3) “St depression” 125 (20)
3 “anterior injury” 34 (5) “twi” 129 (20)
Does not suggest acute-myocar dial infarction®
1 “abnormal ECG” 382 (51) “nil acute’ 377 (45)
2 “LBBB” 108 (15) “ high take-off” 187 (23)
3 “borderline ECG” 41 (5.5) “RBBB” 59 (7)

#Terms with low frequencies (1 or 2) are not included.
bn=722 for Computer; n=634 for Activator nurse.
®n=742 for Computer; n=830 for Activator nurse.
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I nterpretation Terminology

Activator nurses were more consistent in their nomenclaturein
suggesting acute myocardial infarction. In contrast to the
activator nurse, the computer used a greater range of
nomenclature in suggesting acute myocardial infarction (Table
3). The terms with low frequencies (1 or 2 instances) are not
included.

Discussion

Principal Findings

The level of agreement between human and computer ECG
interpretation for acute myocardial infarction regarding patients
who were declined for primary percutaneous coronary
intervention is an interesting research area for clinicians. It
unveils useful insights. In this study, we analyzed an
anonymized data set from Altnagelvin Hospital (Northern
Ireland, United Kingdom) of patients who were declined for
primary percutaneous coronary intervention from January 2015
to December 2017. Thetotal study population consisted of 1464
patientswho were declined for aprimary percutaneous coronary
intervention (996/1464, 68.0% men). The decison was
appropriate for al patients; none of the patients who were
declined for primary percutaneous coronary intervention
experienced an acute ST-elevation myocardial infarction. More
declined patients were referred out of hours 66.3% (971/1464).
Out of all 1464 declined patients, 117 (8.0%) patients died
within 30 days, and atotal of 174 (11.8%) patients died within
1 year. Furthermore, the 1-year mortality rate was highest if the
patient was referred at 4 AM (7/12, 58.3%). This is not
surprising as patientswho arelesssick arelesslikely to present
in the middle of the night.

Human and computer ECG interpretations did not have a high
level of agreement, and the computer tended to suggest acute
myocardial infarction more often than the specialist activator
nurses, especially for the declined patients. A total of 722/1464
(49.3%) computerized diagnoses suggested acute myocardial
infarction, whereas only 634/1464 (43.3%) activator nurse
diagnoses suggested acute myocardia infarction (P=.001).
However, the activator nurse interpreted that ECGs suggested
acute myocardial infarction more often during the middle of
the night (12 AM to 6 AM: mean 53%, SD 5.3%) than in
daytime hours (mean 41%, SD 6.6%; P=.001). In contrast, the
computer interpretation did not show much differencefor hours
of the day; for the middle of the night (12 AM to 6 AM), the
average acute myocardial infarction ECG interpretation was
47% (SD 4.7%), and for the rest of the hours of the day, the
average acute myocardial infarction ECG interpretation was
50% (SD 5.2%). We specul ate that there may be human bias at
night—the activator nursestend to overidentify acute myocardial
infarction during the night possibly because they are forced to
make a decision when there are fewer consultants or clinicians
available for a second opinion.

Prior research stated that major problems in computer
interpretation were the interpretation of rhythm disturbances
and the diagnosis of acute myocardial infarction, T-wave
changes, and ventricular hypertrophy [19]. Researchers aso
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found that there was a considerable difference in accuracy
between 3 different computer systems[19].

Therewere only 342/1464 (23.3%) patients for whom therewas
human and computer agreement that there was an acute
myocardial infarction. There was agreement more often for not
being acute myocardial infarction (450/1464, 30.7%; P<.001).
The overall agreement rate was only 54.1% (792/1464). The
maximum agreement between activator nurses and the computer
occurred from 2 PM to 4 PM (139/231, 60.2%). There were
292/1464 (19.9%) patients for whom the computer did not
suggest an acute myocardial infarction but the activator nurse
did, and 380/1464 (26.0%) patientsfor whom the activator nurse
identified an acute myocardial infarction but the computer did
not. The peak disagreement rate between activator nurse and
computer occurred at 11 AM (53/98, 54.1%). The result shows
that the computer interpreted ECGs as suggesting acute
myocardial infarction more often than activator nurses. Activator
nurse—computer agreement was poor (Cohen k=0.08, P=.001).
Activator nurses seemed to use fewer terms, whereas the
computer used amost 60 different terms suggesting acute
myocardial infarction. Previous studies [20] show that there is
significant interobserver variability that resultsin fal se positives
and fal se negatives. Thereisahigher rate of discordance among
clinically significant ECGs[21].

Additionally, 556 out of 1464 (38.0%) patients who were
declined had chest pain. More patientsreported chest pain during
themiddle of the night, between 4 AM and 5 AM (34/55, 61.8%;
P=.001). This could be because underlying medical conditions
and obstructive sleep apnea can be a trigger for myocardial
infarction [22]. For logistic regression analysis, both age and
chest pain were the only independent variables that were
statistically significant in predicting mortality after 30 days
(P<.001 and P=.001, respectively) and 1 year (P<.001 and
P=.008, respectively). Another trending variable was out of
hours, which increased the odds of 1-year mortality. Being
referred out of hours was more predictive for 1-year mortality
than 30-day mortality. This could be because not al referral
resources were available out of hours. The odds of mortality
within 30 daysand 1 year of referral were lower in patientswith
chest pain than in those patients without chest pain. This might
be because people with chest pain call for help sooner and
receivethe appropriate treatment. People without chest pain are
more likely to be misdiagnosed.

Limitations

This was a retrospective analysis. The results are based on a
single data set from one hospital in Northern Ireland, which can
limit the results; the results may not be generalizable for the
overal population and primary percutaneous coronary
intervention services.

Policy and Practical | mplications

Algorithms to detect acute myocardia infarction need to be
improved. More ECG data are needed for training ECG
interpretation algorithms. Perhaps deep learning and neural
networks can be used with the ECG interpretation algorithms
for more accurate results. In addition, enhanced training and
education can provide nurses and activator nurses with support
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for enhanced ECG interpretation capabilities. ECG interpretation
inaprimary percutaneous coronary intervention service should
be more sophisticated and rely upon more than ST-elevation
myocardial infarction criteria. Algorithms could be trained to
read ECGs using ECG data sets that have a better ground truth
for a fully occluded artery. This label could be based on
immediate angiographic findings from ST-el evation myaocardial
infarction and non—ST-elevation myocardial infarction patients.

Conclusion

The agreement between computerized and human ECG
interpretation was poor for patients who were declined for
primary percutaneous coronary intervention. This uncertainty
makesit difficult to accept or declinereferrals. Theresults show
that the computer suggests acute myocardial infarction more
often than activator nursesfor declined patients. Work is needed
toimprove computer and human decision making to ensure that
patients are referred to the correct treatment facility for
time-critical therapy. In future, there might be comparison
among the computer human agreement between maleand female
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patients and various age groups. We believe that this might be
an interesting research question.

Clinical Perspectives

The 12-lead ECG remains the mainstay in assessing patients
with suspected coronary artery occlusion. However, despite
improvements in the quality of data acquisition and
computer-generated reports, the accuracy of using ECG to
diagnose occluded coronary arteries remains suboptimal. There
remains aneed for improved computer-generated interpretation,
which may need to consider patient factors such as sex, age,
risk factors, and ongoing symptoms. Including these factors
could improve diagnostic accuracy and help triage patients to
the best possible treatment. What is unknown is whether this
would lead to better clinical outcomes in terms of reduced
infarction size and better survival in patients having a
myocardial infraction. This study described the interaction and
ECG interpretation agreement rate between humans and
computers and how they might have an impact on outcomes.

The authors disclose receipt of the following financia support for the research, authorship, and/or publication of thisarticle: This
research is supported by the European Union’s Interreg VA Programme, managed by the Special European Union Programmes
Body. The views and opinions expressed in this paper do not necessarily reflect those of the European Commission or the Special
European Union Programmes Body.

Conflictsof I nterest
None declared.

References

1.  Heart statistics. British Heart Foundation. URL : https://www.bhf.org.uk/what-we-do/our-research/heart-statistics [accessed
2020-05-01]

2. Amsterdam EA, Wenger NK, Brindis RG, Casey DE, Ganiats TG, Holmes DR, ACC/AHA Task Force Members. 2014
AHA/ACC guideline for the management of patients with non-ST-elevation acute coronary syndromes: areport of the
American College of Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation 2014 Dec
23;130(25):e344-e426. [doi: 10.1161/CIR.0000000000000134] [Medline: 25249585]

3. TorresM, Moayedi S. Evaluation of the acutely dyspneic elderly patient. Clin Geriatr Med 2007 May;23(2):307-25, vi.
[doi: 10.1016/j.cger.2007.01.007] [Medline: 17462519]

4.  Diagnosis-heart attack. UK National Health Service. URL: https://www.nhs.uk/conditions/heart-attack/diagnosis/ [accessed
2020-04-02]

5. Verbeek PR, Ryan D, Turner L, Craig AM. Serial prehospital 12-lead electrocardiograms increase identification of
ST-segment elevation myocardial infarction. Prehosp Emerg Care 2012 Jan 05;16(1):109-114. [doi:
10.3109/10903127.2011.614045] [Medline: 21954895]

6.  Widimsky P. Long distance transport for primary angioplasty vsimmediate thrombolysis in acute myocardial infarction
Final results of the randomized national multicentre trial—PRAGUE-2. Eur Heart J 2003 Jan;24(1):94-104. [doi:
10.1016/s0195-668x(02)00468-2]

7.  Silber S, Albertsson B, Avilés FF, Camici PG, Colombo A, Hamm C, Task Force for Percutaneous Coronary Interventions
of the European Society of Cardiology. Guidelinesfor Percutaneous Coronary Interventions: The Task Forcefor Percutaneous
Coronary Interventions of the European Society of Cardiology. Eur Heart J 2005 Apr;26(8):804-847. [doi:
10.1093/eurheartj/ehi138] [Medline: 15769784]

8. Kedey EC, Boura JA, Grines CL. Primary angioplasty versus intravenous thrombolytic therapy for acute myocardial
infarction: a quantitative review of 23 randomised trials. The Lancet 2003 Jan;361(9351):13-20. [doi:
10.1016/s0140-6736(03)12113-7]

9. AppsA, MahotraA, Tarkin J, Smith R, Kabir T, Lane R, et a. High incidence of acute coronary occlusion in patients
without protocol positive ST segment elevation referred to an open access primary angioplasty programme. Postgrad Med
J 2013 Jul 30;89(1053):376-381. [doi: 10.1136/postgradmed]-2012-130818] [Medline: 23542430]

https://medinform.jmir.org/2021/3/e24188 JMIR Med Inform 2021 | vol. 9| iss. 3| €24188 | p. 9

(page number not for citation purposes)


https://www.bhf.org.uk/what-we-do/our-research/heart-statistics
http://dx.doi.org/10.1161/CIR.0000000000000134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25249585&dopt=Abstract
http://dx.doi.org/10.1016/j.cger.2007.01.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17462519&dopt=Abstract
https://www.nhs.uk/conditions/heart-attack/diagnosis/
http://dx.doi.org/10.3109/10903127.2011.614045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21954895&dopt=Abstract
http://dx.doi.org/10.1016/s0195-668x(02)00468-2
http://dx.doi.org/10.1093/eurheartj/ehi138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15769784&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(03)12113-7
http://dx.doi.org/10.1136/postgradmedj-2012-130818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23542430&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS Iftikhar et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Meek S, MorrisF. ABC of clinical electrocardiography. BMJ 2002 Feb 16;324(7334):415-418 [FREE Full text] [doi:
10.1136/bmj.324.7334.415] [Medline: 11850377)

Miranda DF, Lobo AS, Walsh B, Sandoval Y, Smith SW. New insights into the use of the 12-lead electrocardiogram for
diagnosing acute myocardial infarction in the emergency department. Can J Cardiol 2018 Feb;34(2):132-145. [doi:
10.1016/j.cjca.2017.11.011] [Medline: 29407007]

Mencl F, Wilber S, Frey J, Zalewski J, Maiers JF, BhallaMC. Paramedic ability to recognize ST-segment elevation
myocardial infarction on prehospital electrocardiograms. Prehosp Emerg Care 2013 Feb 12;17(2):203-210. [doi:
10.3109/10903127.2012.755585] [Medline: 23402376]

Anroedh SS, Kardys |, Akkerhuis KM, Biekart M, van der Hulst B, Deddens GJ, et a. e-Transmission of ECGs for expert
consultation resultsin improved triage and treatment of patients with acute i schaemic chest pain by ambulance paramedics.
Neth Heart J 2018 Nov;26(11):562-571 [FREE Full text] [doi: 10.1007/s12471-018-1187-0] [Medline: 30357611]
McCabe JM, Armstrong EJ, Kulkarni A, Hoffmayer KS, Bhave PD, Garg S, et al. Prevalence and factors associated with
fal se-positive ST-segment el evation myocardial infarction diagnoses at primary percutaneous coronary intervention—capable
centers: areport from the Activate-SF registry. Arch Intern Med 2012 Jun 11;172(11):864-871. [doi:
10.1001/archinternmed.2012.945] [Medline: 22566489]

Degheim G, Berry A, Zughaib M. False activation of the cardiac catheterization laboratory: the price to pay for shorter
treatment delay. JRSM Cardiovasc Dis 2019 Apr 08;8:2048004019836365 [ FREE Full text] [doi:
10.1177/2048004019836365] [Medline: 31007905]

BhallaMC, Mencl F, Gist MA, Wilber S, Zalewski J. Prehospital electrocardiographic computer identification of ST-segment
elevation myocardial infarction. Prehosp Emerg Care 2013;17(2):211-216. [doi: 10.3109/10903127.2012.722176] [Medline:
23066910]

Mawri S, Michaels A, Gibbs J, Shah S, Rao S, Kugelmass A, et a. The comparison of physician to computer interpreted
electrocardiograms on ST-el evation myocardial infarction door-to-balloon times. Crit Pathw Cardiol 2016 Mar;15(1):22-25.
[doi: 10.1097/HPC.0000000000000067] [Medline: 26881816]

HuitemaAA, Zhu T, Alemayehu M, Lavi S. Diagnostic accuracy of ST-segment elevation myocardial infarction by various
healthcare providers. Int J Cardiol 2014 Dec 20;177(3):825-829. [doi: 10.1016/j.ijcard.2014.11.032] [Medline: 25465827]
Saner H, Lindeland A, Scallen R, Paule W, Lange HW, Gobel FL. [Comparison of 3 ECG computer programs with
interpretation by physicians]. Schweiz Med Wochenschr 1987 Jul 07;117(27-28):1035-1039. [Medline: 3303319]
Brosnan M, LaGerche A, Kumar S, Lo W, Kalman J, Prior D. Modest agreement in ECG interpretation limitsthe application
of ECG screening in young athletes. Heart Rhythm 2015 Jan;12(1):130-136. [doi: 10.1016/j.hrthm.2014.09.060] [Medline:
25285648]

Wathen JE, Rewers AB, Yetman AT, Schaffer MS. Accuracy of ECG interpretation in the pediatric emergency department.
Ann Emerg Med 2005 Dec;46(6):507-511. [doi: 10.1016/j.annemergmed.2005.03.013] [Medline: 16308065]

Kuniyoshi FHS, Garcia-Touchard A, Gami A, Romero-Corral A, van der Walt C, Pusalavidyasagar S, et al. Day-night
variation of acute myocardial infarction in obstructive sleep apnea. JAm Coll Cardiol 2008 Jul 29;52(5):343-346 [FREE
Full text] [doi: 10.1016/j.jacc.2008.04.027] [Medline: 18652941]

Abbreviations

CathL ab: catheterization laboratory
ECG: electrocardiogram
OR: oddsratio

Edited by G Eysenbach; submitted 08.09.20; peer-reviewed by AUR Bacha; comments to author 08.10.20; revised version received
13.10.20; accepted 17.01.21; published 02.03.21

Please cite as:

Iftikhar A, Bond R, Mcgilligan V, Lesie SJ, Knoery C, Shand J, Ramsewak A, Sharma D, McShane A, Rjoob K, Peace A
Human—Computer Agreement of Electrocardiogram Interpretation for Patients Referred to and Declined for Primary Percutaneous
Coronary Intervention: Retrospective Data Analysis Study

JMIR Med Inform 2021;9(3):€24188

URL: https://medinform.jmir.org/2021/3/€24188

doi: 10.2196/24188

PMID: 33650984

©Aleeha Iftikhar, Raymond Bond, Victoria Mcgilligan, Stephen J Ledlie, Charles Knoery, James Shand, Adesh Ramsewak,
Divyesh Sharma, Anne McShane, Khaled Rjoob, Aaron Peace. Originaly published in JMIR Medica Informatics

https://medinform.jmir.org/2021/3/e24188 JMIR Med Inform 2021 | vol. 9 | iss. 3| €24188 | p. 10

(page number not for citation purposes)


http://europepmc.org/abstract/MED/11850377
http://dx.doi.org/10.1136/bmj.324.7334.415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11850377&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2017.11.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29407007&dopt=Abstract
http://dx.doi.org/10.3109/10903127.2012.755585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23402376&dopt=Abstract
http://europepmc.org/abstract/MED/30357611
http://dx.doi.org/10.1007/s12471-018-1187-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30357611&dopt=Abstract
http://dx.doi.org/10.1001/archinternmed.2012.945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22566489&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2048004019836365?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2048004019836365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31007905&dopt=Abstract
http://dx.doi.org/10.3109/10903127.2012.722176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23066910&dopt=Abstract
http://dx.doi.org/10.1097/HPC.0000000000000067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26881816&dopt=Abstract
http://dx.doi.org/10.1016/j.ijcard.2014.11.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25465827&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3303319&dopt=Abstract
http://dx.doi.org/10.1016/j.hrthm.2014.09.060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25285648&dopt=Abstract
http://dx.doi.org/10.1016/j.annemergmed.2005.03.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16308065&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(08)01671-9
https://linkinghub.elsevier.com/retrieve/pii/S0735-1097(08)01671-9
http://dx.doi.org/10.1016/j.jacc.2008.04.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18652941&dopt=Abstract
https://medinform.jmir.org/2021/3/e24188
http://dx.doi.org/10.2196/24188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33650984&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS Iftikhar et al

(http://medinform.jmir.org), 02.03.2021. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR Medical Informatics, is properly cited. The complete

bibliographic information, a link to the original publication on http://medinform.jmir.org/, as well as this copyright and license
information must be included.

https://medinform.jmir.org/2021/3/e24188 JMIR Med Inform 2021 | vol. 9 | iss. 3| 24188 | p. 11

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

