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Abstract

Timely diagnosis of ST-elevation myocardial infarction (STEMI) is crucial
for the treatment of patients with acute coronary syndrome. Artificial intelligence-enabled
electrocardiogram (AI-ECG) has shown potential for the accurate and timely detection of
STEMI on 12-lead electrocardiograms (ECGs). However, its impact on clinical treatment

times is unknown.

To evaluate the potential of AI-ECG-assisted detection of STEMI to reduce
treatment delays for patients with STEMI, we conducted an open-label, cluster random-
ized controlled trial involving 43,234 eligible patients (mean age, 60 years; 49.5% male)
without a history of coronary angiography within 3 days in the emergency department or
inpatient wards at Tri-Service General Hospital, Taipei, Taiwan between May 1, 2022,
and April 31, 2023. Patients were randomly assigned 1:1 to AI-ECG-assisted detection of
STEMI (intervention group) or to standard of care (control group). The primary end point
was door-to-balloon time; ECG-to-balloon time was also evaluated as a branch of the
primary analysis. Secondary end points included incidence of new-onset low ejection frac-

tion, cardiac death, and all-cause mortality.
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The use of AI-ECG demonstrated a positive predictive value of 89.5% (95% confidence

100.0%). For patients in the emergency department, the median door-to-balloon time was
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96.0 minutes (interquartile range, 78.0 to 137.0) in the con-
trol group (P=0.002). When analyzing both emergency and
inpatient cases, the median ECG-to-balloon time was
78.0 minutes (interquartile range, 56.9 to 88.2minutes) in
the intervention group compared with 83.6 minutes (inter-
quartile range, 72.7 to 127.8 minutes) in the control group
(P=0.011). In the intervention group versus the control
group, there were 340 versus 304 cases, respectively, of
new-onset heart failure with reduced ejection fraction
(odds ratio, 1.12; P=0.151), 85 versus 116 cases of cardiac
death (odds ratio, 0.73; P=0.029), and 1153 versus 1127
cases of all-cause mortality (odds ratio, 1.02; P=0.568).

In patients with STEMI, AI-ECG-assisted
triage of STEMI decreased the door-to-balloon time for
patients presenting to the emergency department and
decreased the ECG-to-balloon time for patients in the
emergency room and inpatients. (Funded by the National
Science and Technology Council, Taiwan and others;
ClinicalTrials.gov number, NCT05118009.)

Introduction

cute coronary syndrome, particularly ST-segment

elevation myocardial infarction (STEMI), repre-

sents a substantial health care burden and contri-
butes to global morbidity and mortality." Timely diagnosis
and immediate initiation of primary percutaneous coronary
intervention (PPCI) are essential for improving the progno-
sis of patients with STEML® However, distinguishing
patients with STEMI from those with undifferentiated chest
pain remains a clinical challenge in acute settings. Inexperi-
enced physicians may exhibit reduced accuracy in diagnos-
ing STEMI, potentially leading to misdiagnoses,** which are
observed in approximately 20.5% of STEMI cases and are
related to poorer prognoses.” Providing clinical support to
frontline physicians is of paramount importance for optimiz-
ing the management of STEMI.

Delayed treatment, stemming from a combination of sys-
tematic and nonsystematic factors, is independently asso-
ciated with increased mortality in PPCl-treated patients
with STEML® Because nonsystematic issues, such as
cardiac arrests and endotracheal tube intubation, are chal-
lenging to address,” minimizing systematic errors is essen-
tial for improving health care quality.®
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Clinical decision support systems (CDSSs) are extensively
used to optimize workflows and improve patient out-
comes.” However, although commercial electrocardio-
gram (ECG) machines typically encompass an automatic
analysis system, which includes a diagnostic function for
STEMI, diagnostic accuracy is usually poor.'® Incorporat-
ing such low positive predictive values into an automatic
alarm system may pose a risk to patient safety because of
the potential for alert fatigue.'""?

With the advent of deep learning techniques, artificial
intelligence (AI) systems have demonstrated significant
benefits in ECG interpretation.'>'* The integration of arti-
ficial intelligence-enabled electrocardiogram (AI-ECG)
into CDSS has been confirmed through a randomized con-
trolled trial (RCT), highlighting its potential for diagnosing
asymptomatic left ventricular dysfunction and reducing
mortality.">'® We hypothesize that AI-ECG-based CDSS
can also be applied to enhance STEMI management.

Previous studies have shown that the performance of
AI-ECGs developed for STEMI identification has generally
reached or exceeded the expertise of cardiologists.'”"''®
Subsequent before-and-after analyses have demonstrated
the effectiveness of AI-ECG-based CDSS in reducing
door-to-balloon time."”*° It has been suggested that
health care quality improvement over time could poten-
tially influence the findings from before-and-after analy-
ses.”? In addition, patients with STEMI in the inpatient
department exhibit a higher risk of mortality compared
with those experiencing STEMI outside of the hospital set-
ting.”»** This finding could potentially be attributed to
greater delays in treatment activation in the inpatient
department than in the emergency department.” Cur-
rently, few RCTs have evaluated the impact of AI-ECG
systems in STEMI management,”® whether in the emer-
gency or inpatient department. We designed the Artificial
Intelligence-Powered Rapid Identification of ST-Elevation
Myocardial Infarction via Electrocardiogram (ARISE) trial
to assess the impact of AI-ECG in facilitating STEMI diag-
nosis and management.

Methods

The two-center, open-label, cluster randomized controlled
ARISE trial (NCT05118009) followed the A/B testing
methodology, whereby different software versions are
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randomly assigned to users, which aligns with the prag-
matic RCT approach.”’” The study adhered to Consoli-
dated Standards of Reporting Trials (CONSORT)-AI
Extension guidelines for reporting (CONSORT-AI Exten-
sion checklist)?® and was approved by the institutional
review board (IRB) at Tri-Service General Hospital, Taipei,
Taiwan (IRB A202105120). Informed consent was
obtained from all 20 on-duty cardiologists in the hospital’s
catheterization laboratory who participated in the study.
The ethical committee permitted the enrollment of
patients during the trial period without consent given the
need for timeliness of emergent procedures. Additional
information is available in the protocol provided with the
full text of this article at ai.nejm.org.

The ARISE trial was conducted at both an academic medi-
cal center and a community hospital in Taiwan, both of
which shared the catheterization laboratory. Patients with
STEMI visiting the community hospital were required to
be referred to the academic medical center. Although
these patients were not considered to be study partici-
pants, patient-level data from electronic health records
(EHRs) were analyzed to investigate the impact of
AI-ECG support on on-duty cardiologists. The ethical
committee concluded that AI-ECG software qualified as a
medical device with minimal risk, in accordance with the
announcement by the Taiwan Food and Drug Administra-
tion (Taiwan Food and Drug Administration document
1101603684).

The ARISE trial involved a total of 43,994 patients without
a history of coronary angiography who received an ECG in
the emergency department or inpatient department at Tri-
Service General Hospital between May 1, 2022, and April
31, 2023 (Fig. 1). Patients were randomly assigned 1:1 to
AI-ECG-assisted detection of STEMI (intervention group)
or standard of care (control group) according to the date of
their first ECG such that those who had their first ECG on
odd dates were assigned to one group and those with first
their ECG on even dates were assigned to the other group.
The simple randomization method ensured that only a sin-
gle sequence of random assignments,” which was gener-
ated by an independent database programmer before the
trial, was used to ensure blindness from the previous day.

For the on-duty cardiologists participating in the trial, the
specific assignment to either the intervention or control
group was revealed at 8 a.m. on the respective day. Only
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the first ECG of each patient during the study period was
included for analysis. Initially, the intervention and con-
trol groups consisted of 21,989 and 22,005 patients,
respectively. After excluding 760 patients younger than
18 years of age, the final analysis included 21,612 patients
in the intervention group and 21,622 patients in the con-
trol group.

The AI algorithm used 12-lead ECG waveform data to
identify STEML'® The algorithm was reported to have a
positive predictive value of 93.2% in a preliminary pro-
spective study in an emergency department.”® In the cur-
rent study, cardiologists on duty were assigned to either
the Al-assisted group or the control group daily, and all
were aware of whether or not they would receive support
from the AI-ECG system. Frontline physicians did not
participate in the study and were blinded to the daily
randomization.

In the intervention group, real-time analysis was performed
by the AI-ECG system on all ECGs completed that day
(details are shown in Supplementary Method 1 in the Sup-
plementary Appendix). Immediate short message service
(SMS) notifications, including ECG images, were sent to the
on-duty cardiologists when the AI-ECG system detected
potential STEMI cases to allow for review and confirmation.
Given the lack of real-time documentation of ischemic-
related symptoms in EHRs, on-duty cardiologists needed to
assess patient symptoms upon receiving the AI-ECG alert.
When STEMI was confirmed, the cardiologists could then
activate the catheterization laboratory for PPCI.

In the control group, potential patients with STEMI were
initially assessed by frontline physicians, who then notified
the on-duty cardiologists for confirmation. Regardless of
whether the AI-ECG system was used, frontline physicians
were able to request consultation from the on-duty cardi-
ologists. All frontline physicians could see the interpreta-
tion from a Philips automatic ECG analysis system for
ECG interpretation, although the Philips system did not
trigger subsequent SMS notifications to on-duty cardiolo-
gists because of concerns of alert fatigue.''* Only on-duty
cardiologists had the authority for catheterization labora-
tory activation, according to our national policy.

The diagnosis of STEMI in this trial was made according
to ischemic-related symptoms and ST-segment elevation
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Figure 1. CONSORT-AI Flow Diagram.
Of note, in the intervention group, there were 57 patients (0.3%) who underwent ECG examination while our Al-ECG system was
inoperative (postanalysis revealed that they were all classified as Al-ECG—potential non-STEMI). Although they were not covered by the
Al-ECG-based clinical decision support systems, we still included them in the analysis based on the intention-to-treat design. Al denotes
artificial intelligence; AlI-ECG, artificial intelligence—enabled electrocardiogram; CONSORT, Consolidated Standards of Reporting Trials;
ECG, electrocardiogram; and STEMI, ST-segment myocardial infarction.

on ECGs without considering the value of cardiac troponin
level***! (details are shown in Supplementary Method 2).
Our EHR recorded all STEMI cases confirmed by urgent
coronary angiography, independent of this trial.

For patients with STEMI who underwent urgent coronary
angiography, four cardiologists reviewed the patients after
the trial to further divide them into two groups: STEMI
with occluded vessel(s) or STEMI with nonobstructive cor-
onary arteries. For patients without urgent coronary angi-
ography, the cardiologists reviewed 45 AI-ECG-identified
potential STEMI cases and categorized them into two
groups: STEMI without coronary angiography or without
STEMI. Because of the large number of cases identified as
potentially without STEMI by AI-ECG, a case-by-case
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review was deemed impractical, and all of these patients
were categorized as without STEMI. For the primary anal-
ysis, only patients with STEMI with occluded vessel(s)
were used. For event and accuracy analyses, all patients
with STEMI were included. We acknowledge that this
pragmatic approach might miss some patients with STEMI
without urgent coronary angiography.

The index time in our study was defined as the time of
ECG conduction. The baseline characteristics of each
patient were collected from the EHR before the index
time. The presence of coronary artery disease, diabetes
mellitus, hypertension, hyperlipidemia, and chronic kid-
ney disease was identified by the appropriate International
Classification of Diseases codes. Patient information in
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the emergency department was acquired during the triage
process, focusing on typical chest pain symptoms at the
triage station to enable subsequent stratified analysis
(details are shown in Supplementary Method 2).

The prespecified primary end point was door-to-balloon time
in patients with STEMI with occluded vessel(s). Because the
door-to-balloon time may not represent the first medical con-
tact time for patients in the inpatient department, the primary
analysis considered only patients in the emergency depart-
ment. We also analyzed the ECG-to-balloon time for both
patients in the emergency department and inpatient patients
simultaneously. The AI-ECG intervention was expected to be
the most beneficial for patients identified as potentially hav-
ing STEMI. Therefore, we conducted prespecified stratified
analyses of the primary end point based on the AI-ECG
results. For the prespecified exploratory analysis, we con-
ducted additional stratified analyses and further analyses for
each period of the treatment waiting time. In sensitivity anal-
yses, patients with STEMI with occluded vessel(s) without
ST elevation in the first ECG, patients with instances of
intubation or resuscitation before coronary angiography, and
patients who refused PPCI treatment were excluded in
adherence to established quality indicator policies.*”

The prespecified secondary end points were all-cause mor-
tality within 365days from the first ECG, cardiac death
within 365days, new-onset low ejection fraction within
90days, hospitalization for patients in the emergency
department, and STEMI-related diagnoses. STEMI-related
diagnoses encompassed the following: STEMI with
occluded vessel(s); urgent coronary angiography: STEMI
with occluded vessel(s) plus STEMI with nonobstructive
coronary arteries; all patients with STEMI: STEMI with
occluded vessel(s) plus STEMI with nonobstructive coro-
nary arteries plus STEMI without coronary angiography;
and STEMI without coronary angiography. For patients
with STEMI with occluded vessel(s), the ejection fraction,
the highest level of high-sensitivity cardiac troponin I
(hscTnl), the highest level of creatine kinase (CK), and the
length of hospitalization were compared in post hoc analy-
ses. An accuracy analysis of the AI-ECG system was also
performed (details are shown in Supplementary Method 3).

Prior to the ARISE trial, we conducted a pilot study of
25,002 patients and observed that AI-ECG intervention
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had the potential to reduce the door-to-balloon time from
70.0+13.6 minutes to 64.1+12.4minutes.”® Based on a
significance level of P<0.05, a statistical power of 0.80,
and a sample size ratio of 1.0 between the intervention
and control groups, we concluded that we would require
77 patients with STEMI in each group. Considering that
the incidence of STEMI among patients undergoing ECG
examinations in our hospital is around 0.4%,’° approxi-
mately 19,250 patients in each group (intervention and
control) were required. That figure corresponds roughly
to the total number of patients who underwent ECG
examinations in our hospital annually. Therefore, the trial
was conducted for 1year to achieve a total of 21,612 and
21,622 cases in the intervention and control groups,
respectively.

The detailed statistical plan was based on an intention-to-
treat design (details are shown in Supplementary Method 4).
The statistical analysis was performed using R version
3.4.4. For time difference analysis, the Mann-Whitney U
test using the wilcox.test function was chosen primarily
because of the skewed distribution of treatment waiting
time,* and raov function in R package Rfit version 0.24.2
was used to support stratified analysis for interaction
terms. Logistic regression was used to estimate the odds
ratios for event analyses. The prespecified stratified analy-
sis was conducted by adding interaction terms to the logis-
tic regression model for testing. For numeric prognosis
analyses, the same statistical method of time difference
analysis was used. For the accuracy analyses, we calculated
the confidence intervals (CIs) for each percentage using
the Z distribution and used chi-square tests for conducting
stratified analyses.

Results

Table 1 presents the baseline characteristics of patients
stratified by randomization (details regarding the partici-
pating cardiologists are shown in Supplementary Result 1).
The average age of patients was 60 years, 49.5% were
male, and 7.2% were from the community hospital, of
whom 36.8% were from the inpatient department. Of the
21,612 patients in the intervention group, 77 (0.4%), 23
(0.1%), and 7 (0.0%) were classified as having STEMI

NEJIM Al is produced by NEJM Group, adivision of the Massachusetts Medical Society.

Downloaded from ai.ngfm.org on June 27, 2024. For personal use only.

No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.

For personal use only. No other uses without permission. Copyright © 2024 Massachusetts

edical Society.



with occluded vessel(s), STEMI with nonobstructive coro-
nary arteries, and STEMI without coronary angiography,
respectively. Of the 21,621 patients in the control group,
68 (0.3%), 18 (0.1%), and 16 (0.1%) were classified into
the corresponding subgroups, respectively. The average
age of patients with STEMI with occluded vessel(s) was
65years, and 80% were male. Notably, in the inpatient
department, there were seven patients with STEMI with
occluded vessel(s) in the intervention group and only
one in the control group. No significant differences in
baseline characteristics were observed between the inter-
vention and control groups for both the entire patient pop-
ulation and specifically, among patients with STEMI with

occluded vessel(s) (details are shown in Supplementary
Result 2).

In the emergency department, the median door-to-balloon
time was 82.0minutes (interquartile range, 625 to
89.5minutes) in the intervention group compared with
96.0 minutes (interquartile range, 78.0 to 137.0 minutes) in
the control group (P=0.002). When analyzing both emer-
gency and inpatient cases, the median ECG-to-balloon time
was 78.0 minutes (interquartile range, 56.9 to 88.2 minutes)

Table 1. Baseline Characteristics and Diagnostic Group in Intervention and Control Groups.*

Characteristic

Al-ECG result
Potential STEMI
Potential non-STEMI
Hospital
Academic medical center
Community hospital
Department
Emergency department
Inpatient department
Time frame
Regular hours
Off hours
Gender (male)
Age — yr, mean (£SD)
Age group — yr
<65
65-74
>75
Coronary artery disease
Diabetes mellitus
Hypertension
Hyperlipidemia
Chronic kidney disease
Diagnostic group
STEMI with occluded vessel(s)
STEMI without occluded vessel(s)
STEMI without coronary angiography
Probably non-STEMI

All Patients STEMI with Occluded Vessel(s)
Intervention Control Intervention Control
(n=21,612) (n=21,622) P Valuef (n=77) (n=68) P Valuef
0.625 0.965
108 (0.5%) 101 (0.5%) 67 (87.0%) 59 (86.8%)
21,504 (99.5%) 21,521 (99.5%) 10 (13.0%) 9 (13.2%)
0.568 1.000
20,040 (92.7%) 20,080 (92.9%) 73 (94.8%) 64 (94.1%)
1,572 (7.3%) 1,542 (7.1%) 4 (5.2%) 4 (5.9%)
0.451 0.067
13,606 (63.0%) 13,688 (63.3%) 70 (90.9%) 67 (98.5%)
8,006 (37.0%) 7,934 (36.7%) 7 (9.1%) 1 (1.5%)
0.328 0.055
12,384 (57.3%) 12,289 (56.8%) 37 (48.1%) 22 (32.4%)
9,228 (42.7%) 9,333 (43.2%) 40 (51.9%) 46 (67.6%)
10,722 (49.6%) 10,675 (49.4%) 0.617 64 (83.1%) 52 (76.5%) 0.318
60.31+18.4 60.2+£18.3 0.601 64.8+£13.2 65.1+£11.3 0.899
0.449 0.780
12,056 (55.8%) 12,191 (56.4%) 40 (51.9%) 33 (48.5%)
4,881 (22.6%) 4,829 (22.3%) 23 (29.9%) 24 (35.3%)
4,675 (21.6%) 4,602 (21.3%) 14 (18.2%) 11 (16.2%)
4,616 (21.4%) 4,677 (21.6%) 0.491 49 (63.6%) 48 (70.6%) 0.375
4,970 (23.0%) 5,080 (23.5%) 0.220 23 (29.9%) 24 (35.3%) 0.486
7,864 (36.4%) 8,037 (37.2%) 0.091 26 (33.8%) 27 (39.7%) 0.459
7,826 (36.2%) 8,004 (37.0%) 0.082 30 (39.0%) 30 (44.1%) 0.529
4,400 (20.4%) 4,560 (21.1%) 0.061 19 (24.7%) 11 (16.2%) 0.207
0.196
77 (0.4%) 68 (0.3%)
23 (0.1%) 18 (0.1%)
7 (0.0%) 16 (0.1%)
21,505 (99.5%) 21,520 (99.5%)

* Values are numbers (percentages) unless indicated otherwise. AI-ECG denotes artificial intelligence—assisted electrocardiogram; SD, standard
deviation; and STEMI, ST-segment myocardial infarction.
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in the intervention group compared with 83.6 minutes
(interquartile range, 72.7 to 127.8 minutes) in the control
group (P=0.011). The overall trend was consistent in the
sensitivity analysis that excluded patients with nonsyste-
matic delayed factors, in adherence to established quality
indicator policies.*

Because of the limited sample size, the stratified analysis
based on AI-ECG results did not confirm the prespecified
hypothesis (P for intervention group x AI-ECG group
interaction >0.05) (details are shown in Supplementary
Result 3). For ECG-to-balloon time, the AI-ECG interven-
tion demonstrated a consistent pattern across all stratified
analyses (Fig. 2).

Figure 3 presents the event analysis of the AI-ECG inter-
vention in the diagnosis and management of STEMI. Car-
diac death was significantly different between the groups
(0.4% in the intervention group vs. 0.5% in the control
group; odds ratio, 0.73; 95% CI, 0.55 to 0.97). The only
significant result in STEMI-related diagnoses was a lower
incidence of STEMI without coronary angiography in the
intervention group (odds ratio, 0.37; 95% CI, 0.14 to
0.94). There was no significant difference in all patients
with STEMI between the two groups (odds ratio, 1.05;
95% CI, 0.80 to 1.38), indicating that more patients
in the intervention group were scheduled for urgent coro-
nary angiography (Supplementary Result 4 shows the
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Figure 2. Time Difference Analysis for STEMI with Occluded Vessel(s).
Panel A shows the intention-to-treat analysis on door-to-balloon time. Because the door time was unavailable for patients in the IPD, the
prespecified primary analysis included only the patients in the ED. There were three and two STEMIs with occluded vessel(s) without
balloon time in the intervention and control groups, respectively, because they were found to be ineligible for primary percutaneous
coronary intervention during coronary angiography. Panel B shows the ECG-to-balloon time for patients in the ED and IPD. One
additional STEMI with occluded vessel(s) without balloon time in the intervention group in IPD was excluded in this analysis. Panel C
shows the door-to-balloon time comparison in patients without nonsystematic delayed factors (nondiagnostic ECG, intubation/
resuscitation, and patient declined). The stratified analysis in the lower panel was the only prespecified stratified analysis. Al-ECG
denotes artificial intelligence—electrocardiogram; ECG, electrocardiogram; ED, emergency department; IPD, inpatient department; and
STEMI, ST-segment myocardial infarction.

NEJM Al

NEJIM Al is produced by NEJM Group, adivision of the Massachusetts Medical Society.
Downloaded from ai.ngfm.org on June 27, 2024. For personal use only.

No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.
For personal use only. No other uses without permission. Copyright © 2024 Massachusetts Medical Society.



Intervention Control Odds Ratio P Value
Event/n (%) Event/n (%) (95% C1)
All-Cause Mortality 1153/21,612 (5.3%)  1127/21,622 (5.2%) n 1.02 (0.94,1.12)  0.568
Cardiac Death 85/21,612 (0.4%)  116/21,622 (0.5%) b 0.73 (0.55,0.97)  0.029
Low Ejection Fraction 340/21,612 (1.6%)  304/21,622 (1.4%) W 1.12(0.96,131)  0.151
Hospitalization for ED Patients 4781/13,606 (35.1%) 4721/13,688 (34.5%) " 1.03 (0.98,1.08)  0.261
STEMI-Related Diagnoses :
STEMI with occluded vessel(s) 77/21,612 (0.4%) 68/21,622 (0.3%) = 113 (0.82,157)  0.453
Urgent coronary angiography 100/21,612 (0.5%) 86/21,622 (0.4%) e 1.16 (0.87, 1.55) 0.303
All STEMIs 107/21,612 (0.5%)  102/21,622 (0.5%) Fe+  1.05(0.80,138)  0.726
STEMI without coronary angiography for Al-potential STEMI 7/108 (6.5%) 16/101 (15.8%)  F——®——: 0.37 (0.14, 0.94) 0.036
e
RN N
Intervention vs. Control

Figure 3. Analyses of Prespecified Secondary End Points.
The analysis of hospitalization was only for patients in the ED. The detailed definitions of each STEMI-related diagnosis are STEMI with
occluded vessel(s); urgent coronary angiography (STEMI with occluded vessel[s] + STEMI with nonobstructive coronary arteries); all
STEMI patients (STEMI with occluded vessel[s] + STEMI with nonobstructive coronary arteries + STEMI without coronary angiography);
and STEMI without coronary angiography. Because there was no STEMI without coronary angiography in Al-potential non-STEMI group
due to the pragmatic data collection strategy, the analysis for this event included only the Al-potential STEMI subgroup. Al denotes
artificial intelligence; Cl, confidence interval; ED, emergency department; and STEMI, ST-segment myocardial infarction.

prespecified stratified analysis and other detailed analyses).
The reduction in cardiac death might not come from
AI-ECG alerts in the AI-potential STEMI subgroup because
we observed a nonsignificant increasing trend of cardiac
death in the intervention group compared with the control
group (odds ratio, 1.36; 95% CI, 0.57 to 3.21). A noteworthy
but nonsignificant trend was the increased identification of
STEMI with occluded vessel(s) in the intervention group
compared with the control group from the inpatient depart-
ment (odds ratio, 6.94; 95% CI, 0.85 to 56.42).

We analyzed the differences in several important prognos-
tic indicators during hospitalization for STEMI with
occluded vessel(s) between the intervention and control
groups (details are shown in Supplementary Result 5). The
results showed no significant differences in these mea-
sures, including ejection fraction, highest level of hscTnl,
highest level of CK, and length of hospitalization. Further
subgroup analyses did not reveal any significant findings.

Table 2 shows the diagnostic accuracy of AI-ECG in the
trial, with a positive predictive value of 89.5% (95% ClI,
85.3 to 93.6%), a negative predictive value of 99.9% (95%
CI, 99.9 to 100.0%), a sensitivity of 89.5% (95% CI, 85.3

NEJM Al

to 93.6%), and a specificity of 99.9% (95% CI, 99.9 to
100.0%), significantly better than the Philips automatic
ECG analysis system (a stratified analysis and a false-
positive analysis are shown in Supplementary Result 6).

Discussion

The ARISE trial is a pragmatic RCT that compared the
implementation of the AI-ECG versus standard of care for
STEMI management. We found that the integration of
AI-ECG into the EHR as a CDSS significantly reduced the
door-to-balloon time in the emergency department setting
and the ECG-to-balloon time in patients in the emergency
department and inpatients. There was modest to no differ-
ence between the intervention and control groups in rates
of new-onset heart failure with reduced ejection fraction
or all-cause mortality.

Reducing door-to-balloon time in STEMI, a key perfor-
mance indicator, is crucial for improving prognosis. How-
ever, timely diagnosis and treatment are challenging in the
clinical setting.** Strategies have entailed improvement in
catheterization laboratory activation, rapid team prepared-
ness, data feedback, and administrative support.®®> All of
these interventions have demonstrated significant reduc-
tions in treatment waiting times, but they often incur
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Table 2. The Accuracy of the Deep Learning Model and the Philips Automatic System.*

Deep Learning Model

Philips Automatic System

Potential STEMI Potential Non-

Case/Control (n=209) STEMI (n=43,025)
Case
STEMI with occluded 126 (60.3%) 19 (0.0%)
vessel(s)
STEMI without occluded 38 (18.2%) 3 (0.0%)
vessel(s)
STEMI without coronary 23 (11.0%) 0 (0.0%)
angiography
All STEMI cases 187 (89.5%) 1 22 (0.1%)

Control

Probably non-STEMI 22 (10.5%) 43,003 (99.9%)

Sensitivity/ AMI Not AMI Sensitivity/
Specificity (n=1,001) (n=42,233) Specificity
99 (9.9%) 46 (0.1%)

14 (1.4%) 27 (0.1%)

16 (1.6%) 7 (0.0%)

Sensitivity 129 (12.9%) 80 (0.2%) Sensitivity

89.5% (187/209)

Specificity
99.9% (187/209)

61.7% (129/209)

42,153 (99.8%)+ Specificity

98.0% (187/209)

872 (87.1%)

* Values are numbers (percentages) unless indicated otherwise. The “case” group encompassed the combination of STEMI with occluded vessel(s),

STEMI without occluded vessel(s), and STEMI without coronary angiography groups, whereas the “contro

|”

group consisted of the remaining

“probably non-STEMI” group. AMI denotes acute myocardial infarction; and STEMI, ST-segment myocardial infarction.

T This indicates positive predictive values.
I This indicates negative predictive values.

high costs. In contrast, low-cost interventions, such as
AI-ECG-based CDSS, have potential by expediting com-
munication between frontline physicians and on-duty
cardiologists. Numerous studies have shown the effective-
ness of AI-ECG-based CDSS in reducing treatment
delay.'”?° The ARISE trial, the first RCT evaluating the
efficacy of AI-ECG-based CDSS, provides compelling
evidence for future large-scale implementation of this
technology to further reduce ECG-to-catheterization labo-
ratory time.

We show that the median door-to-balloon time in the
emergency department was 86.0 minutes in the control
group (excluding patients with nonsystematic delays in
adherence to established quality indicator policies*),
a time that was higher than in our previous study
(70 minutes).” It had been proposed that the median
door-to-balloon time was 78 minutes (interquartile range,
62 to 106 minutes).’® Other research reported a median
door-to-balloon time of 86 minutes without prehospital
activation, similar to the results in this study.”” Upon a
comprehensive retrospective analysis of the study popula-
tion, it became evident that the time delay during the
pandemic era was partially attributable to the screening
for coronavirus disease 2019 (Covid-19) before PPCI.
However, because both groups in the RCT were equally
affected by the Covid-19 pandemic, we believe that the
time difference between the intervention and control
groups in the ARISE trial remains credible.

NEJM Al

AI-ECG-based CDSS provides an additional advantage by
minimizing the risk of misdiagnosis. Misdiagnoses among
patients with STEMI are frequently reported,” and the con-
straints of observational studies impede the precise identifi-
cation of such cases because they typically focus on patients
with a confirmed final diagnosis of STEMI. Furthermore,
regarding the rate of occluded vessels among patients with
STEMI who underwent urgent coronary angiography, we
observed that the proportions were comparable in the inter-
vention group (77/100, 77%) and the control group (68/86,
79%). It is more plausible that the decrease in patients with
STEMI without urgent coronary angiography identified in
posttrial review in the intervention group, compared with
the control group, is attributable to differences in the rate of
misdiagnosis. The high accuracy of AI-ECG has been vali-
dated in multiple prospective interventional studies, with a
positive predictive value exceeding 80%.'>*° This high
value is critical for the success of CDSS.” The ARISE trial
demonstrated a trend of increased STEMI with occluded
vessel(s) in the intervention group coupled with a significant
decrease in STEMI without coronary angiography, particu-
larly within the inpatient department. The ARISE trial
substantiated the potential advantages of AI-ECG in dimin-
ishing misdiagnoses, extending cardiology-level bedside
care to patients across the hospital, and consequently,
enhancing health care quality.

This study has several limitations. First, the sample size of
the ARISE trial may have been inadequate to detect
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significant differences in secondary end points, particu-
larly in subgroup analyses. Second, this study primarily
focused on reducing treatment waiting times, leading to
short-term outcome follow-up. The limited sample size
made it challenging to obtain sufficient statistical power,
even with extended follow-up for STEMI complications.
Third, the study was conducted at a single center, which
may restrict the applicability of the results to other health
care settings with different patient populations and
resources. Fourth, the pragmatic data collection process
may lead to overestimations of the negative predictive
rate and sensitivity of AI-ECG. Fifth, given the nature of
the intervention, it was not feasible to blind health care
providers and patients, which may have introduced bias
into the assessment of outcomes.

Conclusion

The ARISE study evaluated the impact of an AI-ECG inter-
vention on STEMI management. The incorporation of
AI-ECG as an affordable CDSS resulted in a significant
reduction in door-to-balloon time, underscoring its potential
to enhance the timeliness of care delivery. The intervention
also demonstrated promising accuracy in identifying poten-
tial STEMI cases, enhancing the attention of and proactive
management by health care providers. Further research
with larger sample sizes and extended follow-up periods is
necessary to provide additional validation of the benefits on
clinical outcomes.
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