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Abstract
Introduction: Early detection of ST-segment elevation myocardial infarction (STEMI) on
the prehospital electrocardiogram (ECG) improves patient outcomes. Current software
algorithms optimize sensitivity but have a high false-positive rate. The authors propose an
algorithm to improve the specificity of STEMI diagnosis in the prehospital setting.
Methods: A dataset of prehospital ECGs with verified outcomes was used to validate an
algorithm to identify true and false-positive software interpretations of STEMI. Four
criteria implicated in prior research to differentiate STEMI true positives were applied:
heart rate <130, QRS <100, verification of ST-segment elevation, and absence of artifact.
The test characteristics were calculated and regression analysis was used to examine the
association between the number of criteria included and test characteristics.
Results: There were 44,611 cases available. Of these, 1,193 were identified as STEMI by
the software interpretation. Applying all four criteria had the highest positive likelihood
ratio of 353 (95% CI, 201-595) and specificity of 99.96% (95% CI, 99.93-99.98), but the
lowest sensitivity (14%; 95% CI, 11-17) and worst negative likelihood ratio (0.86; 95% CI,
0.84-0.89). There was a strong correlation between increased positive likelihood ratio
(r2= 0.90) and specificity (r2= 0.85) with increasing number of criteria.
Conclusions: Prehospital ECGs with a high probability of true STEMI can be accurately
identified using these four criteria: heart rate <130, QRS <100, verification of ST-segment
elevation, and absence of artifact. Applying these criteria to prehospital ECGs with software
interpretations of STEMI could decrease false-positive field activations, while also reducing
the need to rely on transmission for physician over-read. This can have significant clinical
and quality implications for Emergency Medical Services (EMS) systems.

Goebel M, Westafer LM, Ayala SA, Ragone E, Chapman SJ, Mohammed MR,
Cohen MR, Niemann JT, Eckstein M, Sanko S, Bosson N. A novel algorithm for
improving the prehospital diagnostic accuracy of ST-segment elevation myocardial
infarction. Prehosp Disaster Med. 2024;39(1):37–44.

1. University of Massachusetts Chan Medical

School – Baystate, Department of

Emergency Medicine, Springfield,

Massachusetts USA

2. Fairview Hospital, Emergency Department,

Barrington, Massachusetts USA

3. Belchertown Fire Rescue, Belchertown,

Massachusetts USA

4. Greenfield Community College,

Greenfield, Massachusetts USA

5. Christiana Care Health System,

Wilmington, Delaware USA

6. Los Angeles City Fire Department,

Emergency Medical Services Bureau, Los

Angeles, California USA

7. University of California Los Angeles, Los

Angeles, California USA

8. Harbor-UCLA Medical Center,

Department of Emergency Medicine,

Torrance, California USA

9. The Lundquist Institute at Harbor-UCLA

Medical Center, Torrance, California USA

10. Keck School of Medicine of the University

of Southern California, Department of

Emergency Medicine, Los Angeles,

California USA

11. Los Angeles County EMS Agency, Los

Angeles, California USA

Correspondence:

Mat Goebel, MD

University of Massachusetts Chan Medical

School

Baystate, Department of Emergency Medicine

Springfield, Massachusetts USA

E-mail: mgooebel@gmail.com

Conflicts of interest/funding: This work was

supported by theNational Center for Advancing

Translational Sciences, National Institutes of

Health under grant TL1TR002546. The

authors have no other conflicts of interest to

declare.

Keywords: diagnostic accuracy; ECG; software

interpretation; ST-segment elevation myocardial

infarction

Abbreviations:

AUC: area under the receiver operator curve

CCL: cardiac catheterization lab

D2B: door-to-balloon

ECG: electrocardiogram

ED: emergency department

EMS: Emergency Medical Services

ePCR: electronic patient care record

LAFD: Los Angeles Fire Department

LP15: LIKEPAK 15

PCI: percutaneous coronary intervention

SRC: STEMI receiving center

STEMI: ST-segment elevation myocardial

infarction

Received: September 2, 2023

Revised: October 10, 2023

Accepted: October 27, 2023

doi:10.1017/S1049023X23006635

© The Author(s), 2023. Published by Cambridge

University Press on behalf of World Association

for Disaster and Emergency Medicine. This is an

Open Access article, distributed under the terms

of the Creative Commons Attribution licence

(https://creativecommons.org/licenses/by/4.0/),

which permits unrestricted re-use, distribution,

and reproduction in any medium, provided the

original work is properly cited.

ORIGINAL RESEARCH

February 2024 Prehospital and Disaster Medicine

https://doi.org/10.1017/S1049023X23006635 Published online by Cambridge University Press

https://orcid.org/0000-0001-8978-1787
mailto:mgooebel@gmail.com
https://doi.org/10.1017/S1049023X23006635
https://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1049023X23006635&domain=pdf
https://doi.org/10.1017/S1049023X23006635


Introduction
ST-segment elevation myocardial infarction (STEMI) is a time-
sensitive condition that requires prompt diagnosis. Time from
onset of symptoms to definitive treatment is directly related
to patient survival, with current guidelines recommending
percutaneous coronary intervention (PCI) within 90 minutes of
emergency department (ED) arrival (“door-to-balloon” or D2B).1–3

Prehospital acquisition of electrocardiograms (ECGs) is consistently
associated with reduced time to treatment of STEMI due to
pre-activation of the cardiac catheterization lab (CCL) and is a
Class I American Heart Association (Dallas, Texas USA)
recommendation.1,4–10

Currently, Emergency Medical Services (EMS) systems
use a variety of methods for ECG interpretation, including
paramedic interpretation, software interpretation, and transmission
of the ECG for interpretation by a remote physician, or some
combination of the three. While paramedic ECG interpretation
with sufficient training has been shown to be non-inferior to that of
an emergency physician, training to achieve this level of competence
is time and resource intensive, making it infeasible for many EMS
systems.11 Transmission of the ECG to a physician is a commonly
applied solution, but this can be unreliable due to technical
difficulties, such as poor wireless data signal.12–14 Additionally,
reliance on ED physician interpretation creates additional inter-
ruptions and increases physician workload, both of which are
hypothesized to impact ED patient care.15–18 Software algorithms
are an easy solution, widely available on the cardiac monitor, and can
be highly accurate.19 However, if applied in isolation, they often
result in a high rate of false-positive activation given the wide use of
screening prehospital ECGs.19–26 The authors previously derived a
set of criteria to optimize specificity of software interpretation of
STEMI from the literature and applied it to a small dataset.27 In this
study, the authors aim to apply these criteria to a large external dataset
with known outcomes in order to classify software interpretations of
STEMI as either true positive or false positive to validate criteria that
optimize specificity and can easily be applied by a paramedic.

In the EMS setting, it may be desirable to identify a subgroup of
patients who could bypass the need for physician over-read and
reduce time to definitive care. The authors hypothesize that for
EMS patients with an ECG software interpretation of STEMI, a
set of simple criteria can be used, based on common causes of false-
positive interpretations, to improve the specificity of the software
interpretation. The authors further hypothesize that through this
combination of clinician and machine, a subset of STEMI patients
can be identified with specificity and positive likelihood ratio
sufficient for prehospital CCL activation by paramedics without
physician over-read, where those that fall out of the algorithm
default to the current standard of care for cases with a high
suspicion for STEMI. The objective of this study was to determine
the accuracy of adding this set of criteria to STEMI-positive
ECGs, compared to software interpretation alone, in a population
with known outcomes.

Methods
Study Design
A retrospective analysis was performed using a large dataset of
previously collected consecutive cases with prehospital 12-leadECGs
recorded by a single large urban EMS agency. This study was
approved by the University ofMassachusetts ChanMedical School -
Baystate (Springfield,MassachusettsUSA) institutional reviewboard

having been deemed not human subjects research (protocol number
BH-22-186).

Population and Setting
The Los Angeles Fire Department (LAFD; Los Angeles,
California USA) is the 9-1-1 EMS provider for the city of Los
Angeles, serving a population of four million, with over 200,000
transports annually. The LAFD is one of 28 municipal fire
departments operating in Los Angeles County, which has a
regional cardiac care system comprised of 34 hospitals designated
as STEMI receiving centers (SRCs).28 Paramedics acquire 12-lead
ECGs on all patients with chest pain, discomfort, or other
symptoms in whom paramedics suspect a cardiac etiology, as well as
patients at high-risk for an acute cardiac event based on medical
history, patients with new dysrhythmia, and patients resuscitated
from cardiac arrest. At the time of the acquisition of these cases,
paramedics used the LIFEPAK 15 (LP15; Stryker Medical,
Kalamazoo, Michigan USA) monitor’s interpretation produced by
the University of Glasgow (Glasgow, Scotland) ECG analysis
program (Version 27) to identify a possible STEMI and assess the
quality of the tracing. If the software generated the statement “∗∗∗
MEETS ST ELEVATION MI CRITERIA ∗∗∗,” the patient was
triaged as a STEMI. The ECG tracing is wirelessly transferred to a
tablet computer, which transmits the tracing over a cellular data
connection to the SRC. The ECG transmission occurs separate of
the patient care record. Paramedics then call to notify the SRC. All
SRCs reported patient outcomes to a single registry maintained by
the Los Angeles County EMSAgency, as previously described.29 All
patients transported by LAFD paramedics with a possible STEMI
identified either prehospital or in the ED are included in the registry.

During the study period of July 2011 through June 2012, LAFD
clinicians documented patient encounters using the HealthEMS
electronic patient care record (ePCR) system (Stryker Medical;
Kalamazoo, Michigan USA) and used the LP15 monitor. Adult
patients (age 18 years or older) were included if the EMS case was
in the ePCR system and had at least one 12-lead ECG interpreted
by the LP15 algorithm. Patients less than 18 years of age
were excluded because the LP15 does not give a STEMI
interpretation for these patients. Additionally, interfacility transfer
cases were excluded. Only a single ECG was used from each
patient encounter, selected based on the first ECG of adequate
quality. The ECG selection methodology is described in the
previous publication that detailed the creation of this dataset.30

Measurements
In the dataset, each case was classified as to whether emergent
coronary angiography was indicated based on hospital data in the
SRC registry by following the same classification method used by
prior investigators.31 Cases were classified as “emergent coronary
angiography indicated” if the SRC registry confirmed any one of
the following outcomes: PCI was performed; or PCI was not
performed due to the need for coronary artery bypass grafting, intra-
aortic balloon pump placement, difficult catheterization, multivessel
coronary artery disease, coronary vasospasm, or patient death. Cases
were also classified as “emergent coronary angiography indicated” if
the CCL was cancelled or not activated due to advanced age, allergy
to contrast, CCL not available, presence of a do not resuscitate order,
comorbidity, refusal of treatment, or transfer (ie, were it not for the
presence of a specific condition or circumstance, then the patient
would have gone to the CCL). Cases were classified as “emergent
coronary angiography not indicated” if any of the following were true:
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the SRC data included a completed catheterization with no lesion
and no vasospasm reported; the SRC data indicated that the CCL
was cancelled or not activated due to physician interpretation of not
STEMI or poor-quality prehospital ECG; or the patient with a field
ECG interpretation of not STEMI was not found in the SRC
registry, as the SRC database is inclusive of all cases of STEMI
diagnosed in the field or SRC EDs.

For cases in which the LP15 interpretation was STEMI
but the outcome was not available in the registry, three
cardiologists blinded to the patients’ treatment and outcome each
independently classified the ECG as to whether emergent coronary
angiography was indicated. A simple majority was used for
any disagreements. The cardiologists’ interrater reliability was
evaluated using Fleiss’ kappa.

Outcome Measures
For this analysis, the authors sought to validate a set of criteria
derived from the literature and previously applied to a small dataset,
designed to exclude false-positive software interpretations of
STEMI (Table 1).22,25,30,32 Criteria suggesting a true positive were:
free of artifact or baseline wander,≥ one millimeters (mm) of
ST-segment elevation in ≥ two contiguous leads, heart rate< 130
beats per minute, and QRS duration< 100 milliseconds.23,27,30,33,34

A case was considered true positive if it met all four criteria.
The primary outcome was the test characteristics of the complete set
of four criteria when applied to a prehospital ECG software
interpretation of STEMI in order to identify true positive STEMI.
Secondary analyses evaluated the association of the number of
criteria used and the test characteristics.

The original dataset did not contain human-derived reports of
the presence of ST-segment elevation or the presence of artifact on
each ECG. These data points were generated post-hoc by a team of
medical students, resident physicians, and paramedics. All raters
received training by the primary investigator, which included a
standardized training video followed by a practice rating session
using a standard set of ECGs. After training, each rater was
assigned a portion of the total ECGs with overlap such that each
ECGwas given a binary rating by three independent raters for both
the presence of artifact and the presence of ST-segment elevation.
A simple majority was used as the final rating for each category.
Interrater reliability was evaluated using Fleiss’ kappa for both the
artifact and ST-segment elevation ratings.

Statistical Analyses
Statistical analysis was performed inR (RCoreTeam;Vienna,Austria)
using the Tidyverse and Tidymodels packages.35,36 The test

characteristics of sensitivity, specificity, area under the receiver operator
curve (AUC), and positive and negative likelihood ratios, along with
their 95% confidence intervals, were determined. All four criteria were
applied to cases the software identified as STEMI and additionally
tested combinations of one, two, or three criteria as different versions of
the algorithm in addition to the software interpretation alone.
Contingency tables (2x2) were created to compare each version to
the gold standard of appropriate CCL activation. Linear regression was
used to test for associations between test characteristics and the number
of criteria used in each version of the algorithm.

Results
The dataset included a total of 44,611 prehospital cases with
associated ECGs. Of these, 1,193 had a software interpretation of
STEMI. Outcomes were missing in 299 of these cases, and the
cardiologists’ consensus was used. There were no cases of missing
ECG measurements. There were no missing labels for artifact or
ST-segment elevation, as these were done post-hoc. Based on
the definition of “emergency coronary angiography indicated,”
529 patients were ultimately classified as STEMI and 44,082 as not
STEMI. A detailed breakdown of cases by computer interpretation
of STEMI, unmet criteria, and outcomes can be found in the
Supplementary Material (available online only). The cohort
characteristics are found in Table 2. The patients in the STEMI
and non-STEMI groups were predominantly white (62% versus
54%), predominately male (72% versus 50%), and in their mid-60s
(median age 63 versus 65). For cases that did not meet all four
criteria, the most common unmet criterion was heart rate, followed
by ST-segment elevation, QRS duration, and finally artifact
(Figure 1). The interrater reliability for rating artifact was poor
(Fleiss’ kappa -0.12; P< .01), but ST-segment elevation agreement
was moderate (Fleiss’ kappa 0.39; P < .01). The interrater
reliability of the three cardiologists’ decision to activate the CCL
was moderate (Fleiss’ kappa 0.43; P < .01).

Table 3 shows the sensitivity, specificity, positive and negative
likelihood radios, and AUC for each combination of the four

Criteria False Positive Characteristic

Free of Artifact or Baseline
Wander

Artifact or Baseline wander

≥1 mm of ST-Segment Elevation
in≥ 2 Contiguous Leads

Minimal ST-Segment Elevation

Heart Rate< 130 Beats per
Minute

Atrial Flutter

QRS Duration≤ 100 Milliseconds Bundle Branch Block,
Pacemaker, Metabolic
Derangement

Goebel © 2024 Prehospital and Disaster Medicine

Table 1. Selected Criteria and the Cause of Software False
Positive STEMI Interpretation They Aim to Identify
Abbreviation: STEMI, ST-segment elevation myocardial infarction.

Characteristic STEMI, N= 529a No STEMI,
N= 44,082a

Age 63 (54, 75) 65 (52, 80)

Gender

Female 150 (28%) 22,102 (50%)

Male 379 (72%) 21,980 (50%)

Race

Asian 23 (4.9%) 1,121 (6.1%)

Black 78 (16.7%) 7,042 (38%)

Native American 0 (0.0%) 67 (0.4%)

Other 73 (15.7%) 99 (0.5%)

Pacific Islander 3 (0.6%) 156 (0.8%)

White 289 (62.0%) 9,886 (54%)

Unknownb 63 (11.9%) 25,711 (58.3%)

Ethnicity

Hispanic 117 (53%) 5,286 (32%)

Non-Hispanic 104 (47%) 11,278 (68%)

Unknownb 308 (58.2%) 27,518 (62.4%)

Goebel © 2024 Prehospital and Disaster Medicine

Table 2. Cohort Characteristics
Abbreviation: STEMI, ST-segment elevation myocardial infarction.

aMedian (IQR); n (%).
b “Unknown” not included in known statistics.
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criteria. The version of the algorithm using all four criteria (V1) had
the highest positive likelihood ratio (95% CI, 210-595) and
specificity (95% CI, 99.93-99.98), but the lowest sensitivity
(95% CI, 11-17). The AUC for this version was 0.57 (95% CI,
0.55-0.58; Figure 2). Overall, 89 cases met all four criteria (7.5%
overall). There was a positive correlation between number of

criteria used and positive likelihood ratio (adjusted r2= 0.90),
as well as specificity (adjusted r2= 0.85). There was a negative
correlation between number of criteria used and sensitivity
(adjusted r2 = −0.94) and AUC (adjusted r2 = −0.95). The
software interpretation alone (algorithm V0) demonstrated a
sensitivity of 91% (95% CI, 88-93), specificity 98% (95% CI,

Goebel © 2024 Prehospital and Disaster Medicine

Figure 1. Which of the Four Criteria was Unmet and its Frequency.

Model Sensitivity Specificity Positive LR Negative LR AUC Criteria

V1 0.14 (0.11, 0.17) 1.00 (1.00, 1.00) 352.93 (209.51, 594.54) 0.86 (0.84, 0.89) 0.57 (0.55, 0.58) ART,HR,STE,QRS

V2 0.26 (0.22, 0.30) 1.00 (1.00, 1.00) 273.80 (195.94, 382.60) 0.74 (0.70, 0.78) 0.63 (0.61, 0.65) HR,STE,QRS

V3 0.18 (0.15, 0.22) 1.00 (1.00, 1.00) 76.98 (59.22, 100.08) 0.82 (0.79, 0.85) 0.59 (0.57, 0.61) ART,HR,QRS

V4 0.17 (0.14, 0.21) 1.00 (1.00, 1.00) 280.86 (184.37, 427.83) 0.83 (0.80, 0.86) 0.59 (0.57, 0.60) ART,STE,QRS

V5 0.29 (0.25, 0.33) 1.00 (1.00, 1.00) 246.72 (181.75, 334.93) 0.72 (0.68, 0.75) 0.64 (0.62, 0.66) ART,HR,STE

V6 0.36 (0.32, 0.41) 1.00 (0.99, 1.00) 77.32 (64.83, 92.21) 0.64 (0.60, 0.68) 0.68 (0.66, 0.70) ART,HR

V7 0.38 (0.34, 0.43) 1.00 (1.00, 1.00) 187.96 (148.90, 237.26) 0.62 (0.58, 0.66) 0.69 (0.67, 0.71) ART,STE

V8 0.23 (0.20, 0.27) 1.00 (1.00, 1.00) 73.21 (58.37, 91.83) 0.77 (0.73, 0.81) 0.61 (0.60, 0.63) ART,QRS

V9 0.49 (0.45, 0.53) 1.00 (1.00, 1.00) 223.36 (179.81, 277.45) 0.51 (0.47, 0.55) 0.74 (0.72, 0.77) HR,STE

V10 0.35 (0.31, 0.39) 1.00 (0.99, 1.00) 74.84 (62.57, 89.51) 0.65 (0.61, 0.70) 0.67 (0.65, 0.69) HR,QRS

V11 0.33 (0.29, 0.37) 1.00 (1.00, 1.00) 207.72 (159.24, 270.97) 0.68 (0.64, 0.72) 0.66 (0.64, 0.68) STE,QRS

V12 0.45 (0.40, 0.49) 0.99 (0.99, 0.99) 61.65 (53.34, 71.26) 0.56 (0.52, 0.60) 0.72 (0.70, 0.74) QRS

V13 0.65 (0.61, 0.69) 1.00 (0.99, 1.00) 149.30 (127.95, 174.22) 0.35 (0.31, 0.39) 0.82 (0.80, 0.84) STE

V14 0.65 (0.61, 0.69) 0.99 (0.99, 0.99) 69.64 (62.13, 78.07) 0.35 (0.31, 0.39) 0.82 (0.80, 0.84) HR

V15 0.50 (0.46, 0.54) 0.99 (0.99, 0.99) 68.58 (59.73, 78.74) 0.50 (0.46, 0.55) 0.75 (0.73, 0.77) ART

V0 0.91 (0.88, 0.93) 0.98 (0.98, 0.99) 56.49 (52.27, 61.05) 0.09 (0.07, 0.12) 0.95 (0.94, 0.96)

Goebel © 2024 Prehospital and Disaster Medicine

Table 3. Test Characteristics for Each Combination of Criteria
Note: Estimate (95% CI).
Abbreviations: LR, likelihood ratio; AUC, area under receiver operator curve; ART, artifact; HR, heart rate; QRS, QRS duration; STE,
ST-segment elevation.
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98-99), positive likelihood ratio 56 (95% CI, 52-61), and AUC of
0.95 (95% CI, 0.94−0.96).

Linear regression showed small but statistically significant
associations between each criterion and AUC, positive likelihood
ratio, sensitivity, and specificity (ie, that adding additional
criteria resulted in incremental gains of test characteristics;
see Supplementary Material for detailed regression output). The
presence of ST-segment elevation on the positive likelihood ratio
had a larger effect size than other criteria on other test
characteristics. For any given test characteristic, the effect sizes
were usually small but with the same directionality: negative for
sensitivity and AUC, positive for positive likelihood ratio and
specificity (Figure 3).

Discussion
In this retrospective cohort study, these results suggest that adding
four human-applied criteria can improve the specificity of the
software interpretation of STEMI compared to software inter-
pretation alone. The presence of all four criteria increased the
likelihood of true positive STEMI, with a positive likelihood ratio
of 353 and 99.96% specificity. Given the high specificity, these
criteria could allow independent one-way decision making by
paramedics to activate the CCL without relying on transmission
for physician over-read, potentially reducing time to intervention
for a subgroup of STEMI patients. While this comes at a
significant cost in sensitivity, patients with a software interpreta-
tion of STEMI that do notmeet all four criteria could default to the
current standard of care for cases with a high suspicion of STEMI.
In this cohort, utilizing all four criteria to activate the CCL would
result in 97.6% reduction in false positives compared to using the
software interpretation alone (711 to 17). For patients meeting all

criteria, direct activation from the field without physician over-read
would be highly accurate and expedite definitive care. Even with a
very low pre-test probability of STEMI, cases with a software
interpretation of STEMI that meet all four criteria are extremely
likely to require emergency angiography.

While other criteria have been shown to increase the accuracy of
the identification of STEMI, these are not interpretable by a
human and would be better suited to revising software models.37–42

These four criteria together, easily interpreted and applied by EMS
providers, had greater specificity than any other combination. The
presence of EMS clinician confirmed ST-segment elevation had
the greatest effect on positive predictive value, more than heart rate,
QRS duration, or absence of artifact. V13 of the algorithm
(Table 3) only used ST-segment elevation to augment to the
software interpretation and had a positive likelihood ratio of 150
(95% CI, 128-174). A total of 536 cases would meet this version of
the criteria (44.9% overall). If there was a desire to simplify the
algorithm to use only a single criterion in addition to the software
interpretation, verification of ST-segment elevation would be the
best candidate. Training paramedics to identify and apply these
criteria would differ from traditional ECG training in that the sole
purpose is to identify whether a case is a true or false positive
without trying to identify the underlying nature (eg, left bundle
branch block). This simplification may reduce the training time
and costs associated with paramedic identification of STEMI.

The most frequent criteria not met were heart rate and
QRS duration, both of which have been implicated as common
causes for prehospital false-positive software interpretation of
STEMI.22,25,30,32 Artifact was also a frequent cause of failure,
although agreement on which ECGs contained artifact was poor.
While the raters were shown examples of high- and low-quality

Goebel © 2024 Prehospital and Disaster Medicine

Figure 2. Receiver Operator Curve Using Different Combinations of Criteria, as Detailed in Table 3.
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ECGs during their standardized training, there may be a need for
more objective criteria of poor ECG quality. The presence of
artifact had a similar magnitude in affecting the test characteristics
as other criteria, but poor interrater reliability may reduce its utility
overall. There are many challenges to acquiring high-quality
ECGs in the prehospital setting, but additional training on ECG
acquisition skills may improve data quality and obviate the need to
worry about artifact contributing to software misinterpretation.
Repeating the ECG may also have a role, as previous literature has
shown that repeat prehospital ECGs increase the identification of
STEMI.43,44 It is unclear if this effect is from the evolution of the
infarct or acquiring a higher quality ECG.

While these data demonstrate relatively favorable test character-
istics for the software interpretation of STEMI alone, systems that
solely rely on software interpretation experience false CCL
activations ranging from 10%-50%, likely owing to the broad
use of screening ECGs.22–26 The criteria can be used to identify
a subgroup of true STEMI patients with a very high degree
of certainty without the need for ECG transmission or
physician over-read, thus allowing for EMS routing and resource
mobilization as appropriate for a given system, while the
remainder of patients would default to the current standard of
care for cases with high suspicion of STEMI. This approach may
appeal to EMS systems where mobile data connections used for
ECG transmission are problematic, or in systems that cannot
afford the additional equipment needed for ECG transmission.

While hospitals will ultimately need to verify the prehospital
ECG upon arrival, applying the algorithm would allow for more
accurate activation of the CCL, reduce D2B time through parallel
processing, and preserve resources through reduction of ECG
overcalls. This could also be valuable for systems that currently
rely on transmission for physician interpretation by allowing
physicians to focus on the more challenging cases that fail the
algorithmic criteria and require further interpretation. This would
have the added benefit of reducing alarm fatigue and interruptions
in a specialty where disruptions to clinical workflow already occur
at a startlingly high frequency.15–18 The benefit of implementing
any of these systems will vary dramatically based on facility and
regional characteristics.

Limitations
These results must be considered in the context of multiple
limitations. Given the retrospective data, it is subject to
documentation errors and confounding. This study used Physio-
Control LIFEPAK 15 devices with the University of Glasgow
ECG analysis program (Version 27). While the dataset is over
10 years old, the current model of LIFEPAK being sold
(LIFEPAK 15 V4þ) still uses the same University of Glasgow
Version 27 software algorithm for ECG interpretation as the
devices in the dataset. These results may not be generalizable to
other brands of monitor, despite research implicating similar
sources of false positives between software algorithms.19,22–26

Goebel © 2024 Prehospital and Disaster Medicine

Figure 3. Number of Criteria Used and Their Effect on Test Characteristics of Sensitivity, Specificity, Positive Likelihood Ratio
(LR), and Area Under the Receiver Operator Curve (AUC).
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The reported differences in baseline sensitivity and specificity
would likely affect the performance of the algorithm when applied
to devices using different software interpretation. New software
interpretation that utilizes machine learning may have entirely
different sources of errors or be so accurate as to obviate the
incremental gains from an approach such as this.45,46

Previous studies have used a variety of gold standards for true
STEMI, including physician consensus of ECG findings,
disposition to CCL, cardiac biomarkers, and CCL outcomes,
which makes comparison difficult. The authors used appropriate
CCL activation, determined based on a number of outcomes as
well as cardiologist consensus. This was chosen because the primary
goal for EMS in the field is to determine which patients need
routing for emergent PCI. While the intent for this algorithm is to
eventually be applied by clinicians in the field, in this study, artifact
and presence of ST-segment elevation were evaluated by para-
medics, medical students, and residents in a controlled research
setting. Given the pressures involved while providing prehospital
care, it is unknown how accurately prehospital clinicians can utilize
these criteria to classify cases using this algorithm. Further,
the interrater reliability for artifact was poor, which could affect
the application of these criteria. Finally, this study was conducted
at a single urban agency, and as such, the results may not be
generalizable to all systems, particularly rural areas.

Conclusions
A simple set of four criteria (heart rate <130, QRS <100,
verification of ST-segment elevation, and absence of artifact)
applied in addition to the software ECG interpretation can identify
cases with a high probability of being a true STEMI. Activation of
the CCL in these cases by paramedics, without physician over-
read, would reduce the need for ECG transmission and physician
interpretation and may reduce D2B time. Future research should
evaluate the effects on prospective, real-time application of these
criteria and consider patient-oriented outcomes.
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