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Aims ST-elevation (STE) criteria on the electrocardiogram (ECG) are poorly sensitive for acute coronary occlusion myocardial 
infarction (ACOMI or OMI). This study evaluates the sensitivity of STE criteria on serial ECGs for total left anterior descend
ing (LAD) coronary artery occlusion. We compared STE criteria with expert interpretation and a validated artificial intel
ligence (AI) ECG model for diagnosing LAD OMI.

Methods 
and results

This is a retrospective sub-study of the DOMI-ARIGATO case-control study of OMI (808 patients, 265 with OMI). All cases 
of total (TIMI-0 flow) LAD occlusion were assessed for STE criteria. An OMI ECG expert blindly interpreted all serial ECGs. 
An AI model (PMCardio Queen of Hearts) was applied to the first available 12-lead ECG. Among the 53 cases of acute LAD 
OMI with TIMI-0 flow, 20 (38%) did not meet STE myocardial infarction (STEMI) criteria on any pre-angiography ECG; 16/ 
20 had at least two ECGs before angiography. Both the expert and AI model had 100% sensitivity for diagnosing LAD OMI 
on the first ECG in these 20 cases. Door-to-balloon time (DBT) was significantly shorter for those meeting STEMI criteria. 
Infarct size, measured by ejection fraction and peak troponin, did not differ between cases with and without STEMI criteria.

Conclusion The STEMI criteria missed 38% of acute total LAD occlusions on all serial ECGs. Both expert interpretation and the AI mod
el demonstrated 100% sensitivity on the first ECG for all cases. Despite the lack of STEMI criteria, these cases had similar 
infarct sizes but were associated with longer DBTs.
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Clinical perspective

• What is new? This study demonstrates that standard 
ST-elevation (STE) criteria on ECGs miss 38% of total LAD oc
clusions with TIMI-0 flow, while both blinded expert interpret
ation and an AI model showed 100% sensitivity on the first 
ECG recorded in these patients.

• What are the clinical implications? These findings under
score the need for a paradigm shift from the STEMI model, 
which relies exclusively on STE, to the OMI-NOMI framework 
that incorporates additional ECG signs and opens the door for 
AI integration.

• Additional insight: Patients with LAD occlusion not meeting 
STEMI criteria had similar infarct sizes but longer 
door-to-balloon times, highlighting the necessity for revised 
ECG diagnostic methods to reduce treatment delays. An artifi
cial intelligence application designed to diagnose OMI not meet
ing STEMI criteria had 100% sensitivity.

Research perspective

• What new question does this study raise? How can we 
improve the diagnosis of patients with occlusion myocardial in
farction (OMI) who do not present with significant ST-elevation?

• What question should be addressed next? Assessment of 
patient outcome of OMI-based (instead of STEMI-based) diagnos
tic and management strategies to guide urgent revascularization.

• Further investigation: Evaluations should focus on whether 
incorporating additional diagnostic criteria and AI tools can re
duce missed diagnoses and improve clinical outcomes in patients 
with suspected OMI.

Introduction
Emergency reperfusion is universally recognized as the treatment 
standard for ST-elevation myocardial infarction (STEMI). This strategy 
is based on seminal research from over 40 years ago, which established 
a link between STE on the electrocardiogram (ECG) and acute coron
ary artery occlusion due to plaque rupture with thrombosis.1 In this 
model, the ECG serves as the ‘gatekeeper’ for identifying patients 
with acute coronary artery occlusion who require emergent reperfu
sion. Unfortunately, STE is imperfect for detecting an acute coronary 
occlusion, resulting in delay in timely reperfusion treatment for many 
patients. In fact, a recent meta-analysis documented only 43% sensitivity 
of traditional STEMI ECG quantitative criteria (see Table 1) for identi
fying an acute coronary artery occlusion.2 Among patients with 
non-STE myocardial infarction (NSTEMI), 25–34% have thrombolysis 
in myocardial infarction (TIMI) flow grade 0–1 at next day angiography, 
and this subgroup has nearly twice the mortality of patients with 
NSTEMI who demonstrate TIMI flow ≥ 2, despite younger age and few
er comorbidities.3,4 Koyama et al.5 performed emergent angiography 
on consecutive patients with suspected MI and persistent symptoms; 
57% of STEMI, and 47% of NSTEMI, had TIMI-0 flow. Meyers et al.6

showed that expert OMI ECG diagnosis has double the sensitivity over
all for OMI, at nearly equal specificity and better overall accuracy.

In this context, the recent discovery of ECG findings beyond STE that 
identify acute coronary occlusion myocardial infarction (ACOMI, shor
tened to OMI) has led to a fundamental change in the acute myocardial 
infarction (AMI) paradigm from ‘STEMI/NSTEMI’, which represents 

one aspect (STE) of one test (the ECG) to ‘Occlusion MI vs. 
Non-Occlusion MI, or ‘OMI/NOMI,’ a paradigm that describes the 
underlying pathophysiology.7 The OMI is defined as persistent acute 
coronary occlusion without collateral perfusion with imminent and on
going infarction.7–21

In patients with OMI (whether the ECG shows STE or not), there is a 
high incidence of recanalization (spontaneous reperfusion) aided by 
antiplatelet and antithrombotic therapy, in the time period between re
cording the first contact ECG and performing the angiogram.22 Thus, 
only 64% of definite true STEMI have TIMI-0 flow at angiography23

and 16–20% have TIMI-3 flow.24,25 Nevertheless, the concept of diag
nosing patients who have an open artery at angiogram with an ‘OMI’ 
remains challenging for many sceptics, and thus, there is a need to assess 
the sensitivity of STEMI criteria vs. expert interpretation specifically for 
cases with a culprit with TIMI-0 flow (angiographically confirmed per
sistent acute occlusion). Furthermore, due to a larger myocardial terri
tory supplied by the LAD, LAD OMI has been shown to result in larger 
infarcts, with higher mortality, than OMI of other epicardial coronary 
arteries.26 Therefore, assessing the sensitivity of STEMI criteria vs. ex
pert annotation for acute total LAD OMI (as defined by culprit 
TIMI-0 flow) is of significant clinical relevance.

Considering the above issues and recognizing the continued import
ance of the ECG in AMI management, an artificial intelligence (AI)–pow
ered ECG analysis, compared with STEMI criteria, has doubled the 
sensitivity for OMI at equal specificity and may improve precision in 
ECG interpretation in suspected STEMI, leading to improved out
comes.27 Therefore, we also sought to evaluate the performance of 
an AI algorithm for identifying acute OMI due to total LAD occlusion 
among patients who did not meet current STEMI ECG criteria.

Methods
Study design and setting
This is a sub-study of a retrospective case-control study called the Diagnosis 
of Occlusion MI And Reperfusion by Interpretation of the 
electrocardioGram in Acute Thrombotic Occlusion (DOMI ARIGATO) 
database (clinicaltrials.gov number NCT03863327), a collaboration be
tween two medical centres aimed at examining the sensitivity and specificity 
of blinded expert interpretation of the ECG for OMI. Stony Brook 
University Hospital (SBUH) is a suburban academic hospital functioning 
as a regional cardiac catheterization referral centre. The emergency depart
ment (ED) at Hennepin County Medical Center (HCMC) is situated in an 
urban academic setting. Both institutions experience more than 100 000 
ED visits annually. Ethical approval was obtained from the Institutional 
Review Boards at both sites. This study did not receive any funding from 
external sources. For full details, see Meyers et al.6 and Figure 1.

Table 1 ST-elevation myocardial infarction criteria 
from the 4th universal definition of myocardial 
infarction29,54

Electrocardiographic manifestations suggestive of acute myocardial 
ischaemia (in the absence of left ventricular hypertrophy and bundle 

branch block)

New ST-elevation at the J-point in two contiguous leads with the 

cut-point ≥ 1 mm in all leads other than leads V2–V3 where the 

following cut-points apply: ≥2 mm in men ≥40 years; ≥2.5 mm in men  
< 40 years; or ≥1.5 mm in women regardless of age
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Selection of participants
This retrospective cohort study included patients presenting to two EDs 
with symptoms indicative of possible ACS. This study was a sub-study of 
the DOMI-ARIGATO database, for which detailed selection of participants 
has been described previously. In brief, both sites performed searches of the 
cath lab activation databases, as well as ED to hospital admissions for pos
sible ACS. Patients without ECGs in the electronic medical record or with
out sufficient retrospective information available to determine the primary 
outcome (the presence or absence of our OMI definition) were excluded. 
The definition of OMI for DOMI-ARIGATO was (i) TIMI-0/1/2 flow or (ii) 
TIMI-3 flow with peak 4th generation troponin T of at least 1.0 ng/mL or 
peak 4th generation troponin I of at least 10 ng/mL. For this analysis, the fi
nal study group in this analysis consisted of patients with an LAD culprit and 
TIMI-0 flow.

Measurements
Chart review and data collection methods have been described in detail.6

Demographic data, clinical status, laboratory results, serial ECGs, and angio
graphic findings were collected using the web-based Research and 
Electronic Data Capture (REDCap) site hosted by SBUH.28 All available 
transfer, pre-hospital, and study site ECGs were included. The first and sub
sequent serial ECGs of all patients of the original study (cases and controls) 
were measured and assessed for STEMI criteria and for OMI/Not-OMI by 
one of the authors (S.W.S.). The ECG interpretation was blinded to all pa
tient information, except age and sex, which are necessary for determining 
the presence of STEMI criteria. Serial ECGs were interpreted (and STE 
measured) sequentially for each patient, with the interpreter unable to 
change prior interpretations, and blinded to the baseline ECG until after in
terpreting the first ECG of the series and then re-interpreted that first ECG 
with access to the baseline ECG. The STEMI criteria were defined according 
to the fourth universal definition of MI and thus measured in millimetres 
using the QRS onset (PQ junction) and the J-point (see Table 1).29 If any 
ECG prior to angiogram met STEMI criteria, the patient was considered 
to be STEMI(+) OMI; if not, then STEMI(−) OMI. Finally, all initial ECGs 

were interpreted by the PMcardio OMI AI ECG model (Queen of 
Hearts, Powerful Medical, Slovakia).

In addition to diagnostic STE (suspected true positive STEMI criteria), 
when the subjective interpretation was OMI, ECG findings20 which influ
enced that interpretation were recorded for each lead: subtle STE not 
meeting criteria, hyperacute T-waves (including the ‘de Winter pattern’),12

reciprocal STD and/or negative hyperacute T-waves, STD maximal in V1– 
V4 indicative of lateral (formerly ‘posterior’) OMI,30 suspected acute 
pathologic Q waves (meaning Q waves associated with subtle STE which 
cannot be attributed to old MI), terminal QRS distortion (absence of 
S-wave preceding any subtle STE, where an S-wave would be expected),31

any STE in inferior leads with any STD or T-wave inversion in lead aVL,32

and positive modified Sgarbossa criteria (MSC) for a patient with left bundle 
branch block (LBBB) or ventricular paced rhythm (VPR).33–35 Sensitivity 
was defined as the rate of true positives among those with the outcome 
(OMI, better defined in next paragraphs). Specificity, defined as the true 
negative rate among those without the outcome, could not be calculated 
because our data excluded those without LAD OMI.

Inter-rater agreement
In the original study, inter-rater agreement was assessed between HPM and 
SWS for all cases interpreted by both, with 97.2% agreement for the deter
mination of STEMI criteria (kappa = 0.893) and 94.0% agreement for the 
diagnosis of OMI (kappa = 0.849). For this sub-analysis, all cases of LAD 
OMI with TIMI-0 flow were separately and blindly adjudicated for formal 
STEMI criteria by an independent cardiologist (W.H.F.) without knowledge 
of study goals or patient selection process.

Outcomes
In this present analysis, OMI was determined solely by angiographic findings 
as reported in the catheterization report. If the report stated a culprit artery 
with total occlusion, 100% occlusion, or TIMI-0 flow, it was coded as TIMI-0 
flow. If no TIMI flow was reported in the catheterization report, an angio
grapher reviewed all the cineangiograms to report a TIMI flow. We report 

Figure 1 Flowchart showing inclusion and exclusion criteria used to arrive at the primary analysis cohort.
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numbers of ECGs recorded, door-to-balloon times (DBTs), peak tropo
nins, and ejection fractions (EFs) for those with vs. without STEMI criteria.

Analysis
Descriptive statistics were calculated for cases and controls. Inter-observer 
agreement was calculated using κ values for categorical variables. Outcomes 
were compared between groups using Mann–Whitney U or Kruskal–Wallis 
tests for continuous measurements and Pearson’s χ2 or Fisher’s exact test 
for categorical measures. Where appropriate, median ± interquartile range 
(IQR) and mean ± standard deviation were reported. All tests were two- 
sided, and statistical significance was accepted at the 0.05 level, with 
Bonferroni corrections applied when applicable.

Results
Among the 808 patient study cohort, 148 (18.3%) patients had an acute 
completely occluded culprit coronary artery (TIMI-0 flow); the LAD 
was the infarct related artery in 53 of 148 (36%) patients (see 
Figure 1). Twenty of the 53 (38%) did not meet ECG criteria for 
STEMI. The site of LAD occlusion was proximal (n = 8) and mid (n =  
12); 19/20 patients underwent revascularization and 1 died before 
intervention. Tables 2 and 3 show context of these LAD occlusion pa
tients among the entire original cohort of 808 patients, specifically 
showing the results for each level of culprit artery TIMI flow.

Table 4 shows details of each of the 20 LAD occlusion (TIMI-0) pa
tients who never met STEMI criteria on any serial ECG, including the 

peak troponin, location of LAD occlusion, EF, DBTs, number of 
ECGs, and time from first to last ECG. Table 5 compares those with 
vs. without STEMI criteria.

The AI model and the expert both correctly identified all 53 patients 
with an LAD occlusion on the first recorded ECG, including the 20 pa
tients who did not meet ECG criteria for STEMI. Each of the 20 ECGs is 
shown in the Supplementary material. The frequency of each OMI ECG 
characteristic was as follows: STE < 1 mm, 85%; hyperacute T-waves, 
85%; at least one pathologic Q-wave, 70%; and reciprocal 
ST-segment changes, 50% (Table 6).

Among the 20 patients not meeting STEMI ECG criteria, the number 
of ECGs recorded prior to angiography ranged from 1 to 6, and 16 of 
20 patients had at least 2 ECGs before angiogram. Among these 16, the 
median time from the first to last ECG was 44 min (IQR: 13–147 min), 
range 17–2640 min. None of the serial ECGs met STEMI criteria. The 
median DBT for the 20 patients without STEMI criteria was 97 min 
(IQR 60–248 min) vs. 40 min (IQR 26–61 min) for those with STEMI 
criteria (P < 0.001). The DBT was > 90 min in 11/20 (55%) of those 
without STEMI criteria vs. 7/33 (21%) (P = 0.012) for those with 
STEMI criteria (Tables 4 and 5).

Outcomes
There was no significant difference in peak troponins between 
STEMI(+) LAD OMI vs. STEMI(−) LAD OMI and no difference in post- 
revascularization EF. Peak troponin levels (4th generation troponin I at 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Eight hundred eight patients with symptoms of acute coronary syndrome, 265 OMI of any artery and 131 NOMI 
(by broad definition of OMIa), and 412 ruled out for any kind of MI

Culprit TIMI 
flow

n Meets STE criteria on at least one 
pre-angiography ECG

Expert diagnoses OMI on at least one pre-angiography ECG 
(sensitivity)

0 148 73 (49%) 141 (95%)

1 23 8 (35%) 20 (90%)

2 48 14 (29%) 32 (67%)

3 44 12 (27%) 31 (70%)

a‘Broad definition of OMI’ is (i) TIMI-0/1/2 flow or (ii) TIMI-3 flow with peak troponin T of at least 1.0 ng/mL or peak troponin I of at least 10 ng/mL. Two patients died before angiography, 
so the total is 263 with recorded TIMI flow.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Of the 808 patients in Table 2, those with LAD occlusion by various definitions

Artery TIMI flow n Meets STE criteria on at least 1 
pre-angiography ECG 

(sensitivity %)

Expert diagnoses OMI on at least 
one pre-angiography ECG 

(sensitivity%)

AI model diagnoses OMI on at 
least one ECG pre-angiogram 

(sensitivity %)

LAD Using OMI 

definition from 
original study)a

90 44 (49%) 81 (90%) b

0 53 33 (62%)c 53 (100%)c 53 (100%)c

1 8 5 (63%) 8 (100%) 8 (100%)

2 14 2 (14%) 8 (57%) b

3 15 4 (27%) 12 (80%) b

LAD, left anterior descending coronary artery.
aOMI outcome definition of the original study is (i) TIMI-0/1/2 flow or (ii) TIMI-3 flow with peak troponin T of at least 1.0 ng/mL or peak troponin I of at least 10 ng/mL.
bBecause the topic here is LAD occlusion with TIMI-0 flow, we applied the AI model only to cases of (i) LAD occlusion with TIMI-0 flow and (ii) with TIMI-1 flow.
cP < 0.0001 by χ² comparing sensitivity of STEMI criteria with expert and AI model.
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HCMC, 4th generation troponin T at SBUH) are listed in Table 4. 
Among SBUH patients, for those with a DBT of <90 min, the median 
peak troponin T was 7.29 ng/mL; for those with DBT > 90 min, the me
dian peak troponin T was 4.34 ng/mL (P = 0.52 by Mann–Whitney U 
test). Among the 20 patients with LAD occlusion not meeting STEMI 
criteria, 11 (55%) had EF < 50% and 1 (5%) died during index hospital
ization. The median EF after angiogram for those which did (n = 33) vs. 

did not (n = 20) meet STEMI criteria was 40% (IQR 35–49) vs. 43% 
(35–48) (P = 0.94). Recovery EF was not available. Among the patients 
whose ECGs did not meet STEMI criteria on any ECG, the interven
tional cardiologist gave a final diagnosis of ‘STEMI’ in 10/20 patients 
and ‘NSTEMI’ in 8/20 patients. This final diagnosis was significantly cor
related with DBT; a proven NSTEMI patient with DBT less than 
120 min was likely to receive a final diagnosis of ‘STEMI’ (9/12 patients, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 4 Characteristics of all 20 patients with TIMI-0 flow in the left anterior descending coronary artery whose serial 
ECGs never meet STEMI criteria: (i) peak contemporary (not high sensitivity) troponin measured, or maximum, as 
indicated by *; (ii) location of LAD occlusion; (iii) ejection fraction post-angiogram; (iv) cardiologist ECG interpretation as 
STEMI or not; and (v) door-to-balloon times

Case HCMC 
peak 

troponin I 
(ng/mL)

SBUH peak 
troponin T 

(ng/mL)

Location of 
LAD occlusion 

(m, mid; p, 
proximal)

Ejection fraction (%) 
on echocardiogram 

performed after 
angiogram

Door-to-balloon 
time in minutes

Number of 
ECGs

Time from 
first to last 

ECG in 
minutes

Final Dx: 
STEMI vs. 

NSTEMI vs. 
unknown

1 3.19 Mid 35 83 2 37 S

2 1.87 Mid 61 124 5 44 U

3 60.9 Mid 25 69 5 43 U

4 5.6 Mid 40 1032 3 945 N

5 71.6 Mid 52 56 3 49 S

6 14.4* Proximal 25 105 3 59 N

7 19.0 Mid 43 175 3 50 N

8 1.33 Mid 56 2212 6 1070 N

9 8.53 Proximal 10 108 3 38 S

10 0.53 Proximal 50 81 1 N/A S

11 0.89* Mid 30 35 883 4 2634 N

12 94.8 Proximal (died before echo) 63 1 N/A N

13 4.34 Mid 55 405 2 121 N

14 15.8 Mid 43 43 1 N/A S

15 8.82 Mid 37 50 2 36 S

16 4.82 Proximal 45 19 2 17 S

17 2.23 Proximal 45 579 6 532 N

18 7.29 Proximal 35 71 1 N/A S

19 35.7 Mid 35 451 2 225 S

20 7.7 Proximal 45 97 1 N/A S

Median 

(IQR)

19.1 (10–66) 4.8 (1.9–8.8) 43 (35–50) 97 (60–428) 2.5 (1.5–3.5) 43.5 (8.5–173)

For all 20, sensitivity of the expert and of AI model were 100% on the first ECG. *Not measured to peak; highest troponin measured is displayed.
IQR, interquartile range; S, STEMI; N, NSTEMI; U, discharge diagnosis unknown; mLAD, mid LAD; pLAD, proximal LAD.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 5 LAD TIMI-0 OMI, comparing those with vs. without STEMI criteria

STE criteria (on any 
serial pre-cath ECG)

# DBT, 
median 
(IQR)

DBT <  
90 min

Ejection fraction 
(%), median (IQR)

Peak troponin I (ng/mL) 
(HCMC), median (IQR)

Peak troponin T (ng/mL) 
(SBUH), median (IQR)

No 20 97 (60–428) 9/20 (45%) 43 (35–48) 19.1 (14–61) 4.8 (1.9–8.8)

Yes 33 40 (22–61) 26/33 (79%) 40 (35–49) 12.4 (4.5–56) 7.1 (2.9–11.2)

P value <0.001 0.012 0.94 0.53 0.52

DBT, door-to-balloon time; HCMC, Hennepin County Medical Center; SBUH, Stony Brook University Hospital; IQR, interquartile range.
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75%), while a patient with a DBT greater than 120 min was likely to re
ceive a final diagnosis of NSTEMI (7/8 patients, 88%) (see Table 7).

Inter-rater agreement
Finally, another (cardiologist) interpreter assessed all 53 TIMI-0 LAD 
OMI: of the 20 OMI that were assessed as not having met STEMI cri
teria, the independent blinded cardiologist agreed with the absence 
of STEMI criteria in 19 cases (95%), and the last case was a woman 
judged to have exactly enough STE to meet criteria (1.0 mm STE in 
V1 and 1.5 mm in V2). We resolved the disagreement between the 
two interpreters using computer automated measurement of the ST 
segments, which found insufficient STE for formal STE criteria. Of 
the 33 that met STEMI criteria, the independent blinded cardiologist 
agreed on all 33.

Discussion
To our knowledge, this is the first study to document the sensitivity of 
contemporary STEMI criteria for identifying an acute LAD occlusion 
(TIMI-0 flow). The main findings in this study include the following: (i) 
guideline-defined STEMI ECG criteria are absent in 38% of patients 
with AMI with total LAD occlusion; (ii) patients with acute LAD occlu
sion not meeting STEMI criteria had significantly longer DBTs than 
those meeting STEMI criteria; (iii) significant left ventricular dysfunction 
was present and statistically similar in LAD occlusion patients regardless 
of STEMI criteria; (iv) all patients with an acute LAD occlusion were 
correctly identified by both an expert and an AI model on the first 
ECG, offering an opportunity to provide timely treatment of AMI 
with an occluded culprit artery to a substantially greater number of pa
tients; and (v) the majority of these subtle LAD OMI with TIMI-0 flow 

did not undergo timely reperfusion, likely because they did not have 
STE that meets ‘criteria’. While many clinicians feel that ‘missed 
STEMI’ is mostly a problem for the circumflex distribution,36 our find
ings contradict this notion by highlighting the proportion of anterior 
acute coronary occlusions missed in the highest risk artery.

The 2022 American College of Cardiology (ACC) chest pain guide
lines12,30,37,38 and the recent 2024 Society for Cardiovascular 
Angiography & Interventions (SCAI) Expert Consensus Statement on 
Managing Patients with STEMI39 recognized the limited sensitivity of 
traditional electrocardiographic STE criteria to identify patients with 
acute coronary artery occlusion. To improve diagnostic sensitivity, add
itional criteria beyond STE were proposed including the following: (i) 
presence of hyperacute T-waves (including the subset known as de 
Winter T-waves); (ii) presence of findings consistent with acute poster
ior myocardial infarction; and (iii) presence of left bundle branch block 
or paced rhythm meeting the Smith-modified Sgarbossa criteria. 
Importantly, this ACC document does not address subtle STE (e.g. 
less than STEMI millimetre criteria), and no criteria for hyperacute 
T-waves and acute posterior myocardial infarction are offered. 
Therefore, many physicians and first responders are either unfamiliar 
with these new recommendations or find them too complicated to 
be useful in making the decision to activate the cardiac catheterization 
laboratory.

It is noteworthy that hyperacute T-waves were observed in 85% of 
cases not meeting STEMI criteria, though defining them precisely can be 
quite challenging. We know that they are not defined by amplitude 
alone.12 Although we believe that a major component is the ‘bulk’ of 
the T-wave, as measured by a large area under the curve in proportion 
to QRS amplitude, and excessive symmetry,12 this has not yet been 
quantitatively proven. Smith et al.40 have shown that, in anterior 
OMI, T-waves do not have greater amplitude than is seen in normal 
variant STE (early repolarization), but they do have a far higher 
T-wave to R-wave amplitude ratio because the R-waves in anterior 
OMI are smaller. The AI algorithm does recognize hyperacute 
T-waves, as demonstrated in the explainability maps, but the exact 
mechanism behind this remains unclear (see Figure 2).

Acute coronary artery occlusion is a dynamic process1,22; conse
quently, recording serial ECGs has been recommended to improve 
the detection of acute coronary artery occlusion when the initial 
ECG does not manifest traditional STEMI criteria.41–43 Although cur
rent guidelines recommend serial ECGs in suspected AMI, the diagnos
tic performance of this approach has never been documented.44 It is 
widely believed that hyperacute T-waves are a transitional state pre
ceding ST-elevation45–48 Thus, it is tempting to postulate that early 
cases of OMI will eventually evolve to STEMI; yet, our data contradict 
that notion. In our study, 17/20 patients with acute complete LAD oc
clusion had hyperacute T-waves on their initial ECG; of these, 16 (94%) 
had subsequent ECG(s) recorded and none ever evolved to STEMI 
criteria.

The majority of patients with electrocardiographically subtle LAD 
occlusion and TIMI-0 flow did not undergo timely reperfusion, likely be
cause they did not meet contemporary STEMI criteria for acute revas
cularization. Utilization of the AI model would have resulted in a 100% 

Table 6 Frequency of OMI findings in 20 cases of LAD 
OMI with TIMI-0 flow which did not meet STEMI criteria

Hyperacute T-waves12 17 (85%)

Pathologic Q-waves (meaning Q waves associated with subtle 
STE which were not attributed to old MI)

14 (70%)

Terminal QRS distortion (terminal QRS does not extend 
down to the baseline, with absence of both a J-wave and an 

S-wave)31

4 (20%)

Reciprocal STD and/or T-wave inversion 10 (50%)

Subtle STE not meeting criteria 17 (85%)

STD maximal in V2–V4 indicative of posterior OMI30 0 (0%)

Any STE in inferior leads with any STD/T-wave inversion in 

aVL32

4 (20%)

Positive modified Sgarbossa criteria in LBBB or VPR33–35 0

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 7 DBT by final diagnosis for 20 LAD OMI that did not meet STEMI criteria

Final diagnosis Median (IQRa) P value

STEMI (n = 10) 76 (50–97) 0.038

NSTEMI (n = 8) 492 (140–1622)

No final diagnosis available for two cases.
aIQR, interquartile range.
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sensitivity and the possibility of significantly shorter DBT and potentially 
improved outcomes for these patients.

McLaren et al.13 found that, when there is OMI with large infarct but 
without STE, the final discharge diagnosis is not changed from NSTEMI 
to STEMI, but when there is STE but no OMI, the diagnosis is changed 
away from STEMI. We found that among OMI, when there is absence 
of diagnostic STE, the discharge diagnosis of STEMI vs. NSTEMI corre
lated with DBT rather than with actual STEMI criteria; those with long 
DBT were much more likely to get a discharge diagnosis of NSTEMI and 
those with a short DBT got a diagnosis of STEMI. This raises the pos
sibility that STEMI vs. NSTEMI diagnoses may sometimes be retrospect
ively influenced by quality measure considerations.

Although we showed that AI was more sensitive than STEMI criteria, 
analysing specificity was not possible in this study. However, in the val
idation study, at fixed specificity, the AI model recorded double the sen
sitivity (67% vs. 33%) of STEMI millimetre criteria for OMI as defined by 
TIMI-0/1 flow or TIMI-2/3 flow with culprit and intervention.27 Other 
studies have assessed the performance of STEMI criteria by different 
definitions to diagnose LAD OMI. Smith et al.40 studied 355 consecutive 
LAD OMI, comparing the 143 (40%) which had ‘subtle’ STE to normal 
variant STE; ‘subtle STE’ was defined by absence of diagnostic STE, up
ward concavity in all of V2-V6, absence of terminal QRS distortion, ab
sence of pathologic Q-waves, and absence of any ST depression except 
in aVR. Using logistic regression on these 143 cases, compared with a 
control group of 171 cases with normal variant STE, a formula was de
rived and then validated, which differentiates normal variant STE from 
LAD OMI STE with high accuracy. The formula uses R-wave amplitude 
in lead V4 and the corrected QT interval, in addition to STE at 60 ms 
after the J-point in lead V3. Driver et al. improved the formula by adding 
the total QRS amplitude in lead V2 to the model. Bozbeyoglu et al.49

confirmed these findings in an external validation of the model. 
Together, these studies showed that using features other than STE, 
both sensitivity and specificity for LAD OMI could be improved. In an
other study by Smith,50 43% of LAD OMI had subtle STE and 20% had 
both subtle STE and upward concavity in all of leads V2-V6. Martí et al.51

took all consecutive patients with suspicion of ACS and any amount of 
STE for angiography and found that 20 of 156 with (13%) acute LAD 
(TIMI-0/1 flow) had ≤1 mm of STE, but they did not report on 
STEMI criteria; given that STEMI criteria require 1.5–2.5 mm in V2 
and V3, depending on age and sex, the proportion that failed to meet 

STEMI criteria is doubtless more than 13%. Subtle STE was not asso
ciated with better outcome than LAD occlusion with ‘diagnostic’ 
STE by both univariate and multivariate analysis. Unfortunately, neither 
Khan et al.4 nor Hung et al.3 reported the infarct artery that was oc
cluded in their meta-analysis of NSTEMI-OMI.

Limitations
This is a retrospective study based on data from two centres, with all of 
the inherent limitations. The number of patients analysed is relatively 
small, but we believe the findings are an accurate representation of 
the opportunity to improve the diagnosis of acute coronary artery oc
clusion. We examined a high risk group with a high incidence of OMI 
and STEMI. Next, the study did not enrol consecutive patients with 
acute chest pain, potentially biasing the results. Expert OMI interpret
ation was not performed by both expert interpreters for all 20 TIMI-0 
LAD OMI; thus, we cannot comment on possible inter-rater variability. 
Lastly, we did not have long-term clinical outcomes or recovery EF 
available; however, peak troponin correlates closely with EF recovery.52

In addition, peak troponin is highly correlated with mortality in patients 
with NSTEMI.53

Conclusion
Contemporary STE criteria for the diagnosis of acute left anterior des
cending coronary occlusion missed 38% of those with complete artery 
occlusion (TIMI-0 flow). In no case did serial ECGs develop STE criteria. 
These cases of OMI with subtle findings were associated with long 
DBTs and large infarct size as measured by peak troponin and EF, which 
did not differ from those with diagnostic STE. An AI platform algorithm 
for the ECG diagnosis of acute coronary artery occlusion had 100% 
sensitivity, equivalent to that of an expert, on the first ECG for all 20 
of these electrocardiographically subtle acute LAD Occlusions.

Supplementary material
Supplementary material is available at European Heart Journal: Acute 
Cardiovascular Care online.

Figure 2 This is the electrocardiogram from Case 1 (case details in Supplementary material section). Hyperacute T-waves are shown in leads V2–V4 
and highlighted by saliency mapping with vertical darker shading.
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