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Background: Although ST-segment elevation (STE) has been used synonymously with acute coronary
occlusion (ACO), current STE criteria miss nearly one-third of ACO and result in a substantial amount
of false catheterization laboratory activations. As many other electrocardiographic (ECG) findings can
reliably indicate ACO, we sought whether a new ACO/non-ACO myocardial infarction (MI) paradigm
would result in better identification of the patients who need acute reperfusion therapy.
Methods: A total of 3000 patients were enrolled in STEMI, non-STEMI and control groups. All ECGs were
reviewed by two cardiologists, blinded to any outcomes, for the current STEMI criteria and other subtle
signs. A combined ACO endpoint was composed of peak troponin level, troponin rise within the first 24 h
and angiographic appearance. The dead or alive status was checked from hospital records and from the
electronic national database.
Results: In non-STEMI group, 28.2% of the patients were re-classified by the ECG reviewers as having ACO.
This subgroup had a higher frequency of ACO, myocardial damage, and both in-hospital and long-term
mortality compared to non-STEMI group. A prospective ACOMI/non-ACOMI approach to the ECG had
superior diagnostic accuracy compared to the STE/non-STEMI approach in the prediction of ACO and
long-term mortality. In Cox-regression analysis early intervention in patients with non-ACO-predicting
ECGs was associated with a higher long-term mortality.
Conclusions: We believe that it is time for a new paradigm shift from the STEMI/non-STEMI to the ACOMI/
non-ACOMI in the acute management of MI. (DIFOCCULT study; ClinicalTrials.gov number,
NCT04022668.)

� 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Acute reperfusion of the occluded coronary arteries is one of the
most impressive advancements in the whole history of medicine
[1]. Prior to the discovery of thrombolytics, clinicians had to
observe the patients while they were completing their myocardial
infarction (MI) and then used to classify them according to
whether their subsequent electrocardiogram (ECG) developed the
Q-waves. After large-scale thrombolytic trials showed a clear sur-
vival benefit, especially in patients showing ST-segment elevation
(STE), the paradigm shifted from this passive ‘‘Q-wave/non-Q-
wave MI” to more active ‘‘STE-MI/non-STE-MI” [2,3]. Although
these studies had not utilized coronary angiography, the term
‘‘STEMI” spontaneously became synonymous with acute coronary
occlusion or near-occlusion (ACO) that necessitates acute reperfu-
sion and it continues to be used as such in the international guide-
lines [4–9]. Surprisingly, such a connection has never been
explored in a dedicated trial.

In reality, STEMI criteria have a limited diagnostic accuracy for
ACO, causing a substantial amount of false catheterization labora-
tory activations [7–9], more importantly, missing nearly one-third
of ACO [10–16] and causing this unfortunate group of patients,

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcha.2020.100603&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ijcha.2020.100603
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:mr_aslanger@hotmail.com
https://doi.org/10.1016/j.ijcha.2020.100603
http://www.sciencedirect.com/science/journal/23529067
http://www.journals.elsevier.com/ijc-heart-and-vasculature


2 E.K. Aslanger et al. / IJC Heart & Vasculature 30 (2020) 100603
labeled as non-STEMI, to be deprived of emergent reperfusion ther-
apy, just as they were in the old days of Q-wave/non-Q-wave MI
approach.

Accordingly, several authors called for a new paradigm shift
from STEMI/non-STEMI to ACO-MI/non-ACO-MI [17–19], as ACO
can be reliably recognized with the help of many other ECG find-
ings, such as minor STE not fulfilling STEMI criteria [18], STE dis-
proportionate to preceding QRS [19,20], unusual patterns with
contiguous leads showing opposite ST deviations [21] and some
patterns not showing STE at all [22,23]. However, it is uncertain
whether this new approach would result in better identification
of the patients who need acute reperfusion therapy and/or
whether the ECG has sufficient diagnostic power to go beyond
established STEMI criteria. The objective of this study is to provide
answers to these critical questions.
2. Methods

2.1. Patient population

The study was undertaken at Dr. Siyami Ersek Thoracic and Car-
diovascular Surgery Training and Research Hospital, Istanbul, a ter-
tiary center for primary percutaneous coronary intervention (PCI).
An institutional review board approval was obtained.

Between May 2017 and December 2018, adult patients admit-
ted to the emergency department with a clinical picture suggestive
of acute coronary syndrome were scanned (by B.S�.). Consecutive
patients with an initial diagnosis of MI according to the fourth uni-
versal definition of MI, who had a technically adequate admission
ECG, were enrolled in STEMI and non-STEMI groups, according to
whether their admission ECGs fulfilling STEMI criteria or not, until
1000 patients were allocated to both groups [4]. A computer-
generated random date list was used to enroll another 1000
patients as the control group, who had been excluded for acute
coronary syndrome with serial unchanging ECGs and negative
serial troponins for at least 12-hours after beginning of symptoms.
To define the respective frequency of each individual clinical pre-
sentation (STEMI, non-STEMI, control), we also reckoned the total
admission rates during the allocation period for weighted analysis.
2.2. Study protocol

Baseline characteristics were obtained via chart review. GRACE
risk score at admission was calculated retrospectively [24]. Tro-
ponin I Abbott c4100i (Abbott Diagnostics, Chicago, IL, USA) was
used as the troponin assay. Admission troponin was defined as
the first troponin obtained at the emergency department or
catheterization laboratory; before, during or immediately after car-
diac catheterization. In addition to peak troponin level, a 24 to 48-
hour troponin level was also sought, as it was shown to be better
correlated with infarct size [25]. Coronary angiograms were per-
formed via femoral route. Routine echocardiographic assessment
was performed in the first 24-hours of admission, predominantly
after revascularization. All patients were given guideline-
recommended contemporary treatment.

All ECGs were randomly sorted and then reviewed by two car-
diologists (E.A., M.A.S�.), who were blinded to the angiographic and
clinical outcomes. After the calculation of interobserver variability,
a final composite evaluation by two reviewers was undertaken.
Any disagreement was resolved with the help of a third cardiolo-
gist (M.D.). Also, one of the ECG reviewers (E.A.) reviewed all ECGs
twice, three months apart, for the assessment of intra-observer
variability. Using 12-lead information and a set of predefined
ECG findings [18–23] the reviewers also attempted to predict
whether an ACO was present and classified ECGs into a diagnostic
category as defined previously (Table S1) [26]. If present and
needed, ECGs with additional leads were also included in the anal-
ysis. Type Ic ECGs (Fig. S1) were allowed to be reclassified as type
1b, if additional criteria were positive [27–30]. An ECG was only
deemed to be compatible with ACO when it is classified as type
1a or 1b.

The coronary angiograms were reviewed by two interventional
cardiologists (Ö.Y., E.B.), who were blinded to the ECGs. Any dis-
agreement was resolved by a third cardiologists’ opinion (C.Y.K.).
The presence of culprit lesion was defined based on several angio-
graphic properties including appearance, presence of angiographic
thrombus or critical stenosis with less than Thrombolysis in
Myocardial Infarction 3 flow. In the case of total occlusion, the
absence of collaterals and easiness of crossing the lesion with
guidewire were also used in the decision about the acute or chronic
nature of total occlusion.
2.3. Endpoints

Because the artery may spontaneously open by the time of the
angiogram [31] or total occlusion may be chronic in nature, we
defined a composite ACO using following criteria: (1) total occlu-
sion or presence of culprit lesion on angiography with a peak tro-
ponin I level equal to or greater than 1.0 ng/ml plus an at least 20%
rise within 24 h [4] or (2) a highly elevated peak troponin (greater
than 5.0 ng/mL), which was shown to be correlated with ACO [32]
or (3) cardiac arrest before any troponin rise has been documented
with supporting clinical evidence of possible ACO [4]. Each individ-
ual’s vital status was checked from hospital records for all cause in-
hospital mortality and from the electronic national database for
all-cause long-term mortality.
2.4. Statistical analysis

We estimated that the enrollment of 963 patients in non-STEMI
group would provide the study with a statistical power of 95% to
detect a relative excess mortality rate of 5% in ACOMI subgroup
(from 10% to 15%) with the use of a two-sided test at the 0.05 level,
with a frequency prediction of 25% for ACOMI. Fewer patients
would be necessary to detect a 10% difference in the area under
curve (AUC, from 0.700 to 0.770) for the comparison of diagnostic
accuracy of two approaches in predicting ACO and long-term mor-
tality (267 and 383, respectively).

Baseline characteristics were summarized using standard
descriptive statistics. Comparisons of relevant parameters between
groups were performed by chi-square, Mann-Whitney U, Kruskal-
Wallis H test, one-way ANOVA and student t-test, as appropriate.
Patients with missing values were excluded pairwise from analy-
ses. Kaplan-Meier analysis was performed to determine the cumu-
lative long-term mortality rates in different ECG subgroups, which
were then compared using the log-rank test. A Cox-regression
model was used to perform a survival analysis according to inter-
vention timing and revascularization status. Baseline characteris-
tics with a P-value of 0.05 or less in the univariate analysis were
included and a step-down procedure was applied for the selection
of final covariates. A Cohen’s j test was run to determine the
intra- and inter-observer agreement for ECG classifications. The
sensitivity, specificity and diagnostic accuracy of STE/non-STE or
ACO/non-ACO-ECG approaches were calculated using receiver
operating characteristics analysis. These calculations were
repeated after weighing cases for the total number of hospital
admissions. Statistical analyses were performed with SPSS (version
24.0; SPSS Inc., Chicago, IL) and MedCalc Software (version 18.2.1
[Evaluation version]; MedCalc Software, Ostend, Belgium).
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3. Results

During the study period, there were 1152 STEMI and 2353 non-
STEMI admissions to the emergency department, whereas 15,510
patients with a clinical picture suggestive of acute coronary
syndrome were ruled-out by serial troponin follow-up.
One-thousand patients of each presentation group were included.
Baseline characteristics of the patients were summarized at
Table S2. Missingness rate was very low for primary objectives.
3.1. Detection of ACO in non-STEMI group

In non-STEMI group, 282 patients (28.2%) were re-classified by
the ECG reviewers as having ACO on the basis of their type 1b
ECGs. Intra-observer (j = 0.944; 95% confidence interval [CI],
0.934 to 0.954; P < 0.001) and inter-observer agreement
(j = 0.834; 95% CI, 0.818 to 0.850; P < 0.001) for detecting these
subtle ECGs was very good. The reason for type 1b ECG was minor
STE with reciprocal ST-depression in 215 (76.2%) (Fig. S2) [18],
hyperacute T-waves or de Winter’s pattern in 35 (12.4%) (Fig. S3)
[22,23], subtle anterior STE in 18 (6.3%) [19,20] and nonconsecu-
tive STE in 14 (4.9%) of the patients [21]. The reason for less pro-
nounced ECG changes in this group may partly be explained by
the more limited infarct size as indicated by the lower 24 to 48-
hour troponin I level (5.703 [IQR 19.347] ng/ml vs. 32.990
[43.356] ng/ml in STEMI-group, P < 0.001) and higher left ventric-
ular ejection fraction (50% [IQR 20%] vs. 45% [20%], respectively;
P < 0.001), and/or involvement of an electrocardiographically silent
area as indicated by the more frequent involvement of the circum-
flex artery as the infarct-related artery (27.9% vs. 17.8%, respec-
tively, P = 0.001).

When this subgroup of all Non-STEMI was classified as ‘‘non-
STEMI subgroup-A” and the remaining non-STEMI patients were
Table 1
Baseline characteristics*.

STEMI
(N = 1000)

NSTEMI
(N = 1000

Characteristic NSTEMI
Subgroup
(n = 282)

Age - years 61 ± 13 61 ± 13
Male sex – no. (%) 757 (76) 200 (71)
Medical history – no./total no. (%)
Hypertension 481 (48) 156 (55)
Diabetes 292 (29) 107 (38)
Dyslipidemia 276 (27) 262 (36)
Current smoker 514 (51) 123 (44)
Prior MI 185 (19) 74 (26)
Prior PCI 150 (15) 54 (19)
Prior CABG 55 (5) 30 (11)

Clinical parameters
Systolic blood pressure - mmHg 136 ± 33 146 ± 34
Heart rate – min.�1 80 (27) 81 (24)
ECG to PCI time – min. 40 (42) 360 (2834
Killip Class, – no. (%)
1 906 (91) 260 (92)
2 16 (2) 8 (3)
3 36 (4) 8 (3)
4 35 (4) 6 (2)
GRACE risk score 147 (42) 142 (33)

Laboratory investigations
Creatinine – mg/dl 0.8 (0.3) 0.9 (0.3)
Hemoglobin – g/dl 13.7 (2.5) 13.3 (2.7)
Admission troponin I – ng/ml 3.462 (19.555) 0.700 (3.1

CABG, coronary artery by-pass grafting; ECG, electrocardiogram; GRACE, Global Registr
intervention.

* Values are mean ± standard deviation or median (interquartile range).
y P value is for comparisons between non-STEMI group-A and -B.
reclassified as ‘‘non-STEMI subgroup-B”, non-STEMI subgroup-A
was more similar to the STEMI group rather than to non-STEMI
subgroup-B in terms of the frequency of ACO (85.3% in STEMI
group vs. 60.9% in non-STEMI subgroup-A, P < 0.001 and 25.3% in
non-STEMI subgroup-B, P for difference with non-STEMI
subgroup-A < 0.001) and in terms of myocardial damage measured,
as by 24- to 48-hour troponin I (32.990 [IQR 43.356] ng/ml vs.
5.703 [19.347] ng/ml, P < 0.001 and 0.622 [3.112] ng/ml,
P < 0.001; respectively), although their baseline characteristics
were similar (Table 1). More importantly, in-hospital and long-
term mortality rates in non-STEMI subgroup-A was similar to
STEMI group (8.3% vs. 5.0%, P = 0.073 and 13.7% vs. 10.6%,
P = 0.188, respectively), but significantly higher than non-STEMI
subgroup-B (5.0%, vs 1.8%, P = 0.009 and 10.6% vs. 4.4%,
P = 0.001, respectively) (Table 2 and Fig. 1).

3.2. STEMI/non-STEMI vs. ACOMI/non-ACOMI approach to the ECG

The ECG reviewers prospectively classified 35.6% (1070/3000)
of ECGs as STEMI and 35.5% (1066/3000) of ECGs as ACOMI;
25.6% (769/3000) being shared in the both MI definitions. Both
unweighted and weighted (corrected for admission rates of
STEMI/non-STEMI/control) sensitivity, specificity, positive and
negative predictive values (PPV and NPV, respectively) of STEMI/
non-STEMI and ACOMI/non-ACOMI approaches for ACO and long-
term mortality were presented in Table 3. The diagnostic accuracy
of the ACOMI/non-ACOMI approach was superior to the STEMI/
non-STEMI approach in three out of four comparisons.

3.3. The effect of intervention timing according to ECG

Since the main difference between two approaches originates
from ECG subtypes covered by these definitions, we sought to
)
Control
(N = 1000)

P-valuey

A
NSTEMI
Subgroup B
(n = 718)

61 ± 13 48 ± 16 0.383
466 (65) 646 (65) 0.069

418 (58) 195 (20) 0.405
264 (37) 83 (8) 0.730
207 (20) 207 (21) 0.826
292 (41) 483 (48) 0.371
200 (28) 89 (9) 0.628
159 (22) 111 (11) 0.298
66 (9) 63 (6) 0.485

146 ± 28 139 ± 24 0.971
81 (26) 77 (19) 0.618

) 2760 (4800) N/A <0.001
0.386

672 (94) 1000 (100)
10 (1) 0 (0)
30 (4) 0 (0)
5 (1) 0 (0)
142(41) 129 (44) 0.573

0.9 (0.4) 0.8 (0.2) 0.260
13.3 (2.7) 13.9 (2.5) 0.908

19) 0.356 (1.546) 0.002 (0.003) <0.001

y of Acute Coronary Events; MI, myocardial infarction; PCI, percutaneous coronary



Table 2
Distribution of coronary involvement endpoints across groups.

STEMI
(N = 1000)

non-STEMI
(N = 1000)

Control
(N = 1000)

P-value*

Subgroup A
(n = 282)

Subgroup B
(n = 718)

ECG type – no. (%) <0.001
1a 767 (77) 0 (0) 0 (0) 0 (0)
1b 0 (0) 282 (100) 0 (0) 16 (2)
1c 123 (12) 0 (0) 3 (1) 64 (6)
1d 110 (11) 0 (0) 0 (0) 6 (1)
2 0 (0) 0 (0) 296 (41) 54 (5)
3 0 (0) 0 (0) 318 (44) 260 (26)
4 0 (0) 0 (0) 101 (14) 600 (60)

Troponin level – ng/dl
Admission troponin 3.463 (19.550) 0.700 (3.119) 0.356 (1.546) 0.002 (0.003) <0.001
24–48 h troponin 32.990 (43.356) 5.703 (19.347) 0.622 (3.112) 0.002 (0.003) <0.001
Peak troponin 34.873 (42.473) 6.893 (20.803) 1.135 (4.589) 0.002 (0.003) <0.001
20% increase within first 24–48 h 739/851 (57) 213/261 (82) 347/705 (49) 7/1000 (1) <0.001

Angiographic involvement – no./total no. (%)
LMCA 34/909 (4) 18/246 (7) 23/574 (4) 0/2 (0) 0.931
LAD 578/909 (64) 174/246 (71) 302/574 (53) 1/2 (50) <0.001
Cx 377/909 (41) 137/246 (56) 279/574 (49) 1/2 (50) 0.121
RCA 523/909 (58) 137/246 (56) 275/574 (47) 1/2 (50) <0.001
IRA – no./total no. (%) 0.009
LMCA 9/872 (1) 6/215 (3) 4/425 (1) N/A
LAD 369/872 (42) 83/215 (39) 138/425 (33) N/A
Cx 155/872 (18) 60/215 (28) 134/425 (32) N/A
RCA 325/872 (37) 61/215 (28) 105/425 (21) N/A
Culprit plaque 818/890 (92) 136/226 (60) 166/534 (31) N/A <0.001
Angiographic ACO 558/909 (61) 73/245 (30) 95/574 (17) N/A <0.001
Echocardiography
Ejection fraction – % 45 (20) 50 (20) 50 (20) 60(5) <0.001

Composite ACO endpoint – no./total no. (%)
833/977 (85) 170/279 (61) 179/708 (25) 0/1000 (0) <0.001

Mortality – no./total no. (%)
In-hospital mortality 83/1000 (8) 14/282 (5) 13/718 (2) 0/1000 (0) <0.001
Long-term mortality 135/986 (14) 29/274 (11) 31/699 (4) 1/1000 (0) <0.001
Follow-up, days 610 (381) 676 (177) 688(153) 781 (351) <0.001

ACO, acute coronary occlusion; Cx, circumflex artery; ECG; electrocardiogram; LAD, left anterior descending artery; LMCA, left main coronary artery; IRA, infarct-related
artery; RCA, right coronary artery.

* P values for comparisons among the first three groups, since P-value is always < 0.001 when the control group is included.

Fig. 1. Cumulative survival according to presentation groups. Kaplan-Meier estimates of the cumulative survival according to groups are presented, first non-ST-elevation
myocardial infarction (STEMI) group as a whole (Panel A), and then as divided into two according to the presence of an ACO-predicting ECG (non-STEMI-A) or not (non-
STEMI-B) (Panel B).
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Table 3
Sensitivity, specificity, positive and negative predictive values of both approaches for acute coronary occlusion and long-term mortality.*

ACO, acute coronary occlusion; AUC, area under curve; CI, confidence interval; MI, myocardial infarction; NPV, negative predictive value; PPV, positive predictive value; STE,
ST-segment elevation.

* Weighted values were corrected for the real admission rates of each group (STEMI, non-STEMI, and control).
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compare ECG subtypes according to early (ECG-to-PCI time less
than 120 min) and late (ECG-to-PCI time equal or greater than
120 min) coronary intervention. In Cox-regression models for com-
paring mortality according to intervention timing or whether the
patient underwent revascularization, the models only included
baseline GRACE score as a covariate, since GRACE risk score
single-handedly outperformed the inclusion of the baseline factors,
including age, gender, systolic blood pressure, heart rate, crea-
tinine, etc. Early intervention in patients with type 1a ECG was
associated with a significantly lower long-term mortality com-
pared to late intervention after controlling for baseline GRACE risk
score (HR, 0.47; 95% CI 0.23 to 0.97; P = 0.042), however, this was
not valid for the patients with type 1b (HR, 0.85; 95% CI 0.26 to
2.75; P = 0.796) or other ECG subtypes. When other ECG subgroups
were combined and compared with type 1a and type 1b ECGs,
early intervention in non-ACO-predicting ECGs was associated
with an increased long-term mortality risk, even after correcting
for baseline GRACE risk scores (HR, 2.81; 95% CI 1.10 to 7.12;
P = 0.030) (Table S3). Coronary revascularization, either with PCI
or coronary artery by-pass grafting (CABG), reduced mortality dra-
matically from 47.1% (32/68) to 12.0% (83/690) in type 1a ECGs (HR
0.21, 95% CI 0.12 to 0.35; P < 0.001). It did not reach statistical sig-
nificance in patients with type 1b ECGs (14.7%[14/95] vs. 7.7%
[15/196]; HR 1.07, 95% CI 0.40 to 2.84, P = 0.887) and others
(2.1%[29/1329] vs. 4.3% [23/531]; HR 1.86, 95% CI 0.99 to 3.48,
P = 0.051), despite showing a trend to the opposite directions.
The results were similar when only patients with composite ACO
endpoint were included.
4. Discussion

Our results indicate that ACOMI/non-ACOMI approach can con-
sistently recognize a high-risk subgroup in the non-STEMI popula-
tion having a higher frequency of ACO, larger infarct size, and
higher short- and long-term mortality. Less pronounced ECG
changes in this group may be partly explained by the more limited
infarct size and/or involvement of an electrocardiographically
silent area, but this was not always the case.

The ACOMI/non-ACOMI approach has a significantly superior
diagnostic accuracy in the prediction of ACO and long-termmortal-
ity compared to the STEMI/non-STEMI approach. Furthermore,
since STEMI criteria do not exclude spontaneously reperfused or
subacute MIs (type 1d ECGs), and many of these patients have pos-
itive composite ACO endpoint and high mortality rates despite the-
oretically not necessitating acute reperfusion, the real impact of
the new paradigm might be underestimated.

An interesting finding came forward when we attempted to fur-
ther delineate this difference by examining the relationship
between intervention timing and mortality according to ECG sub-
groups. Early intervention (ECG-to-PCI time < 120 min.) in patients
with type 1a ECG was associated with significantly lower long-
term mortality compared to late intervention (ECG-to-PCI
time � 120 min.), even after controlling for baseline GRACE risk
score. For type 1b ECGs, mortality seems unchanged according to
the intervention timing. Coronary revascularization, either with
PCI or coronary artery by-pass grafting (CABG), reduced mortality
in type 1a ECGs but it did not reach statistical significance in
patients with type 1b ECGs. These findings should be interpreted
with caution because some of the patients with subtle ECG changes
had a large MI and, for the time being, there is no reliable way of
differentiating these patients from the patients with a more lim-
ited area-at risk that would negate the benefits of early interven-
tion. Moreover, this is a post hoc analysis and our study is not
adequately powered to detect a modest benefit from early inter-
vention over late intervention.

On the other hand, non-ACO-predicting ECG types showed sig-
nificant harm with early intervention. This previously unreported
finding is interesting, but not unexpected. Revascularization in
stable coronary artery disease is known to be associated with bet-
ter outcomes in patients with moderate-to-severe ischemia, but
with worse prognosis in patients with mild or no ischemia [33–
35]. Although we did not attempt to measure ischemic area in



6 E.K. Aslanger et al. / IJC Heart & Vasculature 30 (2020) 100603
our patients, a non-ACO-predicting ECG may be a reflection of a
limited area-at-risk and less benefit from emergent revasculariza-
tion. Furthermore, the presence of destabilized plaque and/or vul-
nerable myocardium, and time lag of adjunctive therapy may
create an even more susceptible environment to periprocedural
myocardial injury. Therefore, a critical amount of salvageable myo-
cardium may be necessary for gaining benefit from intervention
during an acute ischemic event. Further studies are needed to clar-
ify this issue.

In addition to our results, we believe that there are other rea-
sons compelling the need for a transformation from STEMI/non-
STEMI to ACOMI/non-ACOMI paradigm. Universally recommended
STEMI criteria come from the studies designed for discriminating
biomarker-positive MI (mainly CK-MB) from benign-variant STE,
in which neither coronary angiography had been utilized nor
ACO had been sought for [36–39]. Our study, for the first time, val-
idates the diagnostic accuracy of 20-year-old STEMI concept, with
STE as a surrogate for the physiologic reality of ACO, which is really
meant by the term ‘‘STEMI”. However, the term STEMI restricts our
thinking to the point that it is only the ST-segment that matters for
the reperfusion decision, with no consideration of any other ECG
variables, such as the preceding QRS-complex, the T-wave, or even
the morphology of ST-segment itself. Recent studies clearly indi-
cated that any STE should be interpreted in the context of other
ECG variables [19,20]. Additionally, the term STEMI is somewhat
self-contradictory, since a patient without STE on ECG, but ACO
on the angiogram, is still classified as non-STEMI. But ACOMI/
non-ACOMI definition is not limited to ECG and permits retrospec-
tive reclassification of these patients. Lastly, it is important to note
that our data indicate this new paradigm still misses 17.9% ACOs in
the non-STEMI group. These patients are currently regarded as a
high-risk subgroup of non-STEMI, but presumably have the same
underlying pathophysiology with STEMI patients. Labeling these
patients as non-STEMI potentially hinders the discovery of new
ECG patterns or the quest for better diagnostic approaches. More-
over, the diagnosis of ACO-MI is not limited to the ECG, as it may
also be made with other modalities when the ECG is nondiagnostic,
but clinical suspicion is high; such as other biomarkers, echocar-
diography, computed tomography, or conventional angiography
itself.

Our study has several limitations. This is a retrospective study
and susceptible to bias. Intra- and interobserver agreement on
ECG classifications may change significantly according to the expe-
rience of ECG interpreters. An obstacle to the widespread applica-
tion of the ACOMI/non-ACOMI concept is its dependence on better
ECG interpreting skills, which may be hard to achieve in the real
clinical world, but this is an unavoidable necessary step for
improvement. Improved computer interpretation algorithms,
especially use of neural networks [40], may partly overcome this
issue. As a universally agreed definition of ACO is not present, we
created our own arbitrary definition. STEMI/non-STEMI/control
ratio shows variation among hospitals, therefore calculated PPV
and NPV may change accordingly. Although all patients were
intended to take guideline-recommended contemporary treat-
ment, this process was not controlled and the timing, the duration
and the percentage of used drugs might have influenced the out-
comes. We divided intervention timing according to ECG-to-PCI
time, but this was not a randomized process, and the decision to
undergo catheterization early or late might be influenced by mul-
tiple factors, although correction for baseline risk was performed.

In conclusion, ECG can reliably detect ACO in patients not fulfill-
ing STEMI criteria. The ACOMI/non-ACOMI approach results in bet-
ter identification of ACO and long-term mortality compared to the
STEMI/non-STEMI approach. On the other hand, undergoing
catheterization before scrutinizing the subtleties of ECG may be
equally hazardous as waiting for full-blown STEMI criteria to
develop. We believe that it is time for a new paradigm shift from
STEMI/non-STEMI to ACOMI/non-ACOMI in the acute management
of MI.
CRediT authorship contribution statement

Emre K.Aslangera: Conceptualization, Data curation, Formal
analysis, Methodology, Project administration, Supervision, Valida-
tion, Visualization, Writing - original draft, Writing - review & edit-
ing. Özlem Yıldırımtürk: Data curation, Formal analysis,
Methodology, Project administration, Supervision, Validation,
Visualization, Writing - review & editing. Barıs� S�ims�ek: Data cura-
tion, Methodology, Project administration, Validation, Visualiza-
tion, Writing - review & editing. Emrah Bozbeyoğlu: Data
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