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ABSTRACT

Background: Current guidelines rely on millimetric ST-elevation (STEMI) criteria to identify acute coronary
occlusion, yet many patients with total occlusion do not meet these thresholds. This systematic review and
meta-analysis was aimed to evaluate the diagnostic performance of the ECG criteria based on the Fourth
Universal Definition of ST-elevation Myocardial infarction for identifying angiographic acute total coronary
occlusion (TIMI 0) and to determine the prevalence of "hidden" Occlusion Myocardial Infarction (OMI)
within the NSTEMI population.

Methods: Following PRISMA-DTA guidelines, a systematic search was conducted in PubMed, Embase, and
Cochrane Library. Eleven studies were included for prevalence analysis of the NSTEMI group, and nine
studies were used for diagnostic test accuracy (DTA) in a combined STEMI/NSTEMI cohort. Pooled estimates
were calculated using a random-effects model and HSROC analysis. Clinical utility was tested using Decision
Curve Analysis. Quality was assessed via QUADAS-2, and publication bias was evaluated using Egger's test.
Results: The pooled prevalence of OMI within the NSTEMI population was 39% (11 studies; I? = 99.67%).
In the DTA analysis, ST-elevation criteria demonstrated a pooled sensitivity of 0.65 (95% CI: 0.59-0.75) and
a specificity of 0.59 (95% CI: 0.22-0.87). Forest plot analysis revealed a "sensitivity ceiling," with the majority
of studies falling to the left of the 0.70 threshold. The HSROC AUC was 0.69, while the pooled LR+ (2.09),
LR- (0.53), and NPV (0.73) indicated weak discriminative power. Decision Curve Analysis (DCA) showed
that the ST Elevation ECG criteria failed to exceed the net benefit of "treat all" or "treat none" strategies across
a 0-0.5 threshold range. Risk of bias was low, and Egger's test (P=0.46) showed no significant publication
bias.

Conclusion: Standard ST-elevation criteria are a clinically inadequate gatekeeper, failing to identify one-third
of the 39% of NSTEMI patients with an active total coronary occlusion. The low NPV and lack of net benefit
in DCA provide a clear mandate to transition toward a more sensitive OMI/NOMI diagnostic framework to
prevent dangerous delays in reperfusion.
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Introduction: infarction (1).Current guidelines recommend
12 lead electrocardiogram is the most commonly  primary PCI within 12 hours for patients presentiang
employed tool in the diagnosis of myocardial with Acute ST elevation myocardial infarction .
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Based on the admission ECG , Acute myocardial
infarction is presently classified as ST elevation or
Non ST elevation types(2).ST elevation by ECG is
universally defined as Imm STE in any of two
contiguous leads except in Leads V2 and V3 wherein
>1.5 mm in women irrespective of age ,>2.5 mm in
men less than 40 years or >2mm in men above 40
years or a new left bundle branch block is stipulated
for diagnosis of acute myocardial infarction by
ECG(3 ,4,5 ).ECG.ST elevation is also thought to
represent and as a marker of acute total occlusion of
the culprit coronary artery in ST Elevation
Myocardial infarction ,while NSTE myocardial
infarction is thought to have partly occluded coronary
arteries (6) and the decision for emergent reperfusion
is primarily made based on the presence of acute ST
elevation at ECG (2).

Acute total occlusion of infarcted myocardium and
results in  transmural ischemia of myocardium
resulting in large infarct size and mortality .The
magnitude of ST elevation correlates with size and
complications of infarction including arrythmias,
cardiac rupture and cardiogenic shock (1)., However
ECG has reduced sensitivity to detect acute
occlusions of coronary arteries (2), especially when
the culprit arteries are LCX (50% of cases) and RCA
(32% of cases) that supply the postero inferior
territory of LV myocardium (1,7). Well developed
collaterals that could prevent ST elevation LCX (left
circumflex) occlusion have been implicated for false
negative ST criteria in ECG to identify acute
coronary occlusion

Non ST elevation myocardial infarction (NSTEMI)
comprises of two thirds of myocardial infarction (2).
NSTEMI is attributed to incomplete coronary
thrombosis (8).However about 25-30% of NSTEMI
(Non ST elevation myocardial infarction) have total
occlusion demonstrated by early angiography (4,9),
which are missed by applying ST elevation criteria
alone by ECG (2,7,10-12).

It has been observed that such totally occluded
NSTEMI patients have double the infarct size, 72%
higher mortality at 6 months and higher event rates
compared to NSTEMI patients without occluded
culprit arteries (13).Moreover, ST elevation criteria
is also found to be 15-20% falsely positive.Hence it
is essential to identify those patients in the subgroup
of NSTEMI to timely revascularize and save the
myocardial jeopardy(3). Occlusive or Non occlusive

myocardial infarction paradigm may better identify
the patients based on underlying pathology than risk
stratifying the patients based only on whether ST
elevation is present or absent in ECG for acute
myocardial infarction patients(14) inorder to reduce
false negative patients stratified by ST elevation
ECG criteria alone(2,4,9 ).

By incorporating subtle ECG findings beyond the
traditional ST elevation mm criteria alone which are
termed STEMI equivalents(4) namely, Wellens
pattern, De Winter pattern,abnormal notching in
terminal QRS ,ST depression in V!-V4 hyper acute
tall T waves, T -wave V!>V6,T inversion in aVL ,ST
elevation in aVR with diffuse ST depression in lateral
leads, Aslanger pattern ,South African Flag sign,
modified smith sgarbossa criteria , shark fin sign
,precordial swirl pattern,isolated posterior wall
infarction pattern, Northern OMI pattern and ST
elevation inaVR with widespread ST depression , an
astute clinican can suspect potential acute coronary
occlusion in addition to the standard ST elevation
criteria alone in emergency settings. Hence some
authorities  strongly propose OMI (occlusion
myocardial infarction ) and NOMI (non occlusive
myocardial infarction paradigm should replace the
current ST/Non ST paradigm to identify and stratify
patients for early revascularization in acute
myocardial infarction (1,3,6-7,14-17) authorities and
opine further that as ST elevation by ECG alone is a
poor surrogate for acute total occlusion (2), analyzing
together with clinical pretest probability and these
subtle ECG finding(6) ,would improve diagnostic
sensitivity to detect occluded MI early (“finding high
risk needle in haystack”) for timely reperfusion
strategy (18).

This systematic review and meta-analysis was
undertaken to evaluate the diagnostic utility of
the Fourth Universal Definition of Myocardial
Infarction ST-elevation ECG criteria in identifying
acute total coronary occlusion (TIMI 0 flow).
Specifically, this study aims to address the following
research questions: Diagnostic Performance in
Mixed Cohorts: What is the diagnostic accuracy of
ST-elevation ECG criteria for identifying acute total
coronary occlusion in a combined population of
STEMI and NSTEMI patients? Prevalence of
"Hidden" OMI: What is the pooled incidence
of Occlusion Myocardial Infarction (OMI) within the
subgroup of patients initially categorized as
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NSTEMI? And Clinical Triage Risk: How
effectively can ST-elevation alone serve as a
gatekeeper for emergent reperfusion, and
specifically, what proportion of patients with total
coronary artery occlusion are missed (false
negatives) when ST-elevation is absent on the
admission 12-lead ECG?

METHODS :

SEARCH STATEGY:

A systematic search was conducted across the
PubMed, Embase, Google scholar, The Tamilnadu
Dr. MGR medical university academic databases to
identify studies in English language spanning years
from 2008-2024 from any Geographical location
evaluating the diagnostic accuracy of ST-elevation
ECG criteria for occlusive myocardial infarction. The
search strategy utilized a combination of official
Medical Subject Headings (MeSH) and specific
author keywords. The MeSH terms included
Myocardial Infarction/diagnosis,
Occlusion/diagnosis, Electrocardiography/standards,
and Sensitivity and Specificity. Key terms included
Occlusion Myocardial Infarction, OMI, TIMI O,
STEMI, NSTEMI, Diagnostic Test Accuracy,
Coronary Angiography, ST-segment elevation, and
Sensitivity and Specificity.The primary search string
employed was as follows: ("Myocardial
Infarction"[Mesh] OR “MI") AND ("ST-segment
elevation" OR "STEMI") AND ("TIMI 0" OR “total
occlusion" OR “complete occlusion") AND
("angiography" OR "CAG" OR “culprit"). Following
the removal of duplicates and rigorous screening
against pre-defined inclusion criteria,a ). A total of 11
studies (19-29) were included in the final analysis.
To ensure statistical homogeneity and clinical
relevance, the data were analyzed in two distinct
phases:Prevalence Analysis: All 11 studies
addressing the NSTE group were utilized to calculate
the pooled prevalence of OMI specifically within
the NSTEMI population. Diagnostic Test Accuracy
(DTA): A subset of9 studies (20-25,27-
29)  addressing the combined STEMI and
NSTEMI cohorts was used for the DTA analysis.
The 2 remaining studies (19,26) were excluded from
this phase as they focused exclusively on NSTEMI
patients, which would have skewed the combined
diagnostic performance metrics.

Coronary

[Title] Records identified from:
- PubMed (n = 15,580)

Records removed prior to screening
Duplicate records removed: n =

- manual search(n = 99) 10,378

- References (n = 37)
- Database (n =47)

Identification

Records excluded by title and
abstract
n=5323

Records screened
(n=5385) —_—
Records assessed for eligibility
n=62 i

=10
l Sensitivity specificity could not be

Screening

Records excluded n =51

ECG criteria not precisely focused

Included

Studies included in review
n=11 comprising 28,764 OMI
patients out of 93,591 acute MI
patients for NSTEMI group and

n=9 for combined STEMI and NSTE
MI group

The meta-analysis was conducted and reported in
accordance with the PRISMA-DTA statement which
provides specific guidelines for the transparent
reporting of diagnostic test accuracy studies and
depicted in TABLE/FIG; PRISMA FLOW
CHART]I.

Table/fig 1: PRISMA Flow Chart

le/fig 2: Baseline characteristics

S. Mea Pri
N Ye | Study n HT | HL | Smoki | or
o Author ar | design | Country| age [ M | F [DM| N | P | ng | MI

Dixon WC et | 200 | Retrospect 759 | 195
1 al (19) 3 ive USA | 66 719
Marti D etal | 201 | Prospectiv
2 (20) 4 e Spain | 63 | 333 | 114 | 81 [ 167 | 190] 240 | 42
Wang TY etal | 201 | Retrospect 284 | 221 | 145 979
3 @ 6 ive usa | 75 | 81| 51| 31 7
Karwowski J | 201 | Prospectiv 471 | 235 | 155 | 469 | 284
4| etal2) 7 e Poland | 63 | 4 [ 4 | 7 [ o | 5| 2501

| Hillinger P ct | 201 | Prospectiv | Switzerl

5 al 23) 3 e and 60 | 216 | 101 | s1 | 187 [149] 117 | 76
Aslanger EK

etal

(DIFFOCULT | 202 | Retrospect | Turkey / 141 105

6 )(24) 0 ive USA | 69 [ 3 | 587 [663| 5 |745| 929 | 459
Aslanger EK | 202 | Retrospect | Turkey

7| etal(2s) 0 ive USA | 62 | 934 | 428 [ 475 | 765 | 273| 621 | 350
Morawska I et | 202 | Retrospect

8 al (26) 1 ive Poland | 71 | 203 | 106 | 162 | 332 [ 159| 114
Tanaka T etal | 202 | Retrospect

9 @7 1 ive Japan | 72 | 178 | 53 | 101 | 174 | 109 | 115 | 38

T | Meyers HP et | 202 | Retrospect

0 al (28) 1 ive USA

T | KolaMetal | 202 | Retrospect

1 (29) 4 ive Albania | 64 | 237 | 97 | 102 | 256 | 250

Definitions are tabulated in TABLE/FIG; 3.
Table/fig 3: Definations
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Definition
ECG with ST elevation and occlusive MI by
angiography

Sno | Terminology
T True posiive  STEMI

B True negatve STEMI ECG without ST clovation and non-occlusive M

3 False positive STEMI ECG with ST elevation but non occlusive MI

3 Falsc Negative STEMI ECG without ST clevation but occlusive MI

3 OMI Angiographic_culprit Iesion with TIMIT 02 flow

6 AsTanger pattern STE in lead 111 alone, STD in V4-V6 with terminal
positive T wave, STE in VI>V2

7 South African Flag sign STE in I, aVL and V2 with reciprocal STD in inferior
leads,

g DeWinter pattern Upsloping STD 1-3 mm in V1-V6 with hyperacute T
waves

9 Wellens pattern Deeply inverted or biphasic T in V2-V3,isoelectic or

minimally elevated ST segment, absent precordial Q
wave with normal R wave progression in precordial
leads

Tn LBBB concordant STE Imm , concordant STD
imm in V1-V3 discordant STE with ST/S >25%
Wide , rounded and Targe STE which resembles a
shark fin

10 Modified Sgarbasso criteria

11 Shark fin sign

T2 | Hyperacute T waves “Tall and broad T waves i carly occlusion phase.

13| Fragmented QRs Multiple notches within the QRS {

14| STE ST segment clevation

15| STD ST segment depression

6 | TIMI Thrombolysis in myocardial nfarction

17 NOMI Non occlusion myocardial infarction

1§ | NSTEMI Non-ST segment myocardial infarction

9| Precordial swirl pattern Mild STE aVR, STE VI-V2, STD V5-V6 isoclectric

V3-vV4

STD maximally in VI-V4

Any STE in aVR and aVL with negative T wave along
with any STD in inferior and lateral leads with positive
T wave.

Tsolated Posterior myocardial infarction
21| Northern OMI pattern

The meta-analysis was framed as per PICOTTS
Framework
P (Population): Adults presenting with acute
myocardial infarction (AMI) who underwent urgent
or early coronary angiography.
e | (Index Test): The 12-lead ECG ST-
elevation criteria as defined by the Fourth

Universal Definition of Myocardial
Infarction.
e (C (Comparator): Patients with acute

myocardial infarction who did not meet the
ST-elevation criteria (NSTEMI cohort).
e O (Outcome): Diagnostic accuracy metrics

including Sensitivity, Specificity,
Likelihood Ratios (LR+/-), Diagnostic Odds
Ratio (DOR), PPV, NPV, and

HSROC/Decision Curve Analysis.

e T (Target Condition): Angiographically
confirmed acute total coronary occlusion
(TIMI 0 flow).

e T (Time): Acute phase of presentation (from
symptom onset to angiography).

e S (Setting): Cardiovascular centers
with 24/7 cardiac catheterization
laboratory capabilities

Inclusion criteria ;
Studies were included if they involved adult patients

(>18 years) presenting  with acute myocardial
infarction who underwent both 12-lead
electrocardiography and coronary

angiography within 24 hours of

presentation. Eligible studies were required to
document the presence or absence of an angiographic
culprit coronary artery occlusion and be available
as full-text English-language
publications between 2008 and 2024. No restrictions
were placed on geographical location or study
design, ensuring a comprehensive synthesis of
available evidence.

Exclusion criteria;

Studies were excluded if they involved animal
models, consisted only of abstracts, or were limited
to isolated case reports and narrative reviews. To
ensure the specificity of the ECG analysis, patients
with pre-existing conduction abnormalities (e.g.,
Left Bundle Branch Block), valvular heart
disease, cardiomyopathies, or myocarditis were also
excluded. Finally, any study providing inadequate
ECG or angiographic detail to confirm the presence
of a culprit occlusion was omitted from the final
synthesis.

QUALITY ASSESSMENT;

The methodological quality of the included studies
was independently assessed by the two authors using
the Quality Assessment of Diagnostic Accuracy
Studies-2 (QUADAS-2) tool. in accordance with the
Cochrane Handbook for Systematic Reviews of
Diagnostic Test Accuracy, this tool evaluated four
key domains: patient selection, index test, reference
standard, and flow and timing. Each domain was
assessed for risk of bias, and the first three domains
namely patient selection, index test, and reference

standard were assessed, rated and evaluated

for applicability concerns. Each domain was
categorized as having a 'low,' 'high,’ or 'unclear' risk
of bias based on signaling questions.

For retrospective studies, particular attention was
paid to whether the patient enrollment was
consecutive and if the index test was interpreted
blindly to the reference standard.
Any disagreements between  the authors
regarding the risk of bias ratings were resolved
through discussion or by consultation with a third

two

reviewer, if necessary, until a consensus was reached.
The results
summarized using a risk of bias table

Statistical Analysis

The relevant data for this study were collected and

of the quality assessment were

organised into a master chart using Microsoft Excel.
To assess the diagnostic accuracy, sensitivity,
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specificity, Positive likelihood ratio (LR+), negative
likelihood ratio (LR-), and diagnostic odds ratio
(DOR) were calculated for each study. Ninety-five
per cent confidence intervals (95% CI) for sensitivity
and specificity were computed using the normal
approximation to the binomial distribution.
Cochran's Q, 72, and I? were used to assess between-
study variability. The random-effects model was
applied to obtain pooled estimates of sensitivity,
specificity, LR+, LR-, and DOR. Heterogeneity was
assessed using established thresholds, with I? values
above 75% indicating substantial heterogeneity. To
assess diagnostic accuracy across studies, a summary
Receiver Operating Characteristic (ROC) curve. To
summarise the overall diagnostic performance of the
included studies, a Hierarchical Summary Receiver
Operating Characteristic (HSROC) was constructed.
The HSROC model incorporates the Moses-
Littenberg model, and the Area Under the Curve
(AUC) Decision curve analysis was used to assess the
clinical utility of the diagnostic test All analyses and
figures were generated using Python (version 3.11)
with the following packages: pandas, NumPy,
matplotlib, scikit-learn, and stats models. Microsoft
Excel 11.0 was used for tables and supplementary
calculations. Statistical significance was defined as p
<0.05.

RESULTS:

Study Characteristics

A total of 11 studies(19-29) comprising 3
prospective (20,22-23) and 8 retrospective studies
(1,21,24-29) published in English between 2008 and
2024 were included in the diagnostic accuracy meta-
analysis evaluating the prevalence of acute occlusive
myocardial infarction in NSTE Myocardial infarction
group(NSTEMI).Since two (19,26) of the 11studies
dealt exclusively NSTEMI patients , a total of 9
studies(20-25,27-29) were evaluated for diagnostic
accuracy of ST-segment elevation (STE) for
identifying Occlusion Myocardial Infarction (OMI)
in combined STE and NSTE myocardial infarction
groups. Across all studies, a total of 63,541 patients
with acute myocardial infarction patients were
analysed in the studies addressing the NSTEMI
group and 62,806 patients with acute myocardial
infarction were analysed in the studies addressing the
combined STEMI and NSTEMI groups and depicted
in PRISMA flow chart TABLE/FIG:1 The baseline
characteristics of study depicted in TABLE/FIG2

The mean age was found to be 65 +/-4.97 years.
36,799(57.9%) patients were male.it was noted that
25,320 (36.7 %) patients were diabetic and
27,225(34.9%) patients were hypertensive .
TABLE/FIG: 4 showed pooled prevalence of 39%
OMI (occlusive myocardial infarction) in NSTEMI
patients.. However Heterogeneity showed the high (I?
=99.67%, p < 0.001%;) indicates substation variation
across the studies.

Table/fig 4: Diagnostic test accuracy metrics for
combined ST and NSTEMI groups.

S. No Name Sensitivity | Specificity | LR+ | LR- | DOR | CI Lower
1| Marti D et al (20) 0.77 018 094| 127 074 032 1.69
2| Wang TY etal (21) 0.66 075 2.68] 045 593 5.70 6.18
KarwowskiJ etal
3] @) 0.80 055| 1.78] 036] 498 449 553
Hillinger P ctal
4] (23) 0.57 098 | 34.60| 043] 79.79 24.26 26245
Aslanger EK et al
5 | (DIFFOCULT)(24) 0.66 062 174] 054 321 2.67 3.87
Aslanger EK et al
6] (25) 0.68 087| 537] 037] 1462 11.02 19.39

<

27) 0.86 062 228] 023] 996 5.12 19.38
Meyers HP ctal
(28) 0.44 023 057| 240| 024 0.16 036

Kola M et al (29) 0.59 0.78 2.76| 0.52 5.33 3.05 9.30

o

©

TABLE/FIGS depicts the diagnostic test accuracy
metrics for combined ST elevation and Non- ST
elevation myocardial infarction groups. The random-
effect meta-analysis showed a pooled sensitivity of
0.65(95% CI:0.31-0.89) with no significant
heterogeneity (Q =0.557,df=8, p>0.001; t>=0.00;
I? = 0.00%). The pooled specificity was 0.59 (95%
CI: 0.22-0.87), with no significant heterogeneity (Q
=1.726,df =8, p<0.001; t = 0.00; I* = 0.00%).The
pooled LR+* was 2.09 (95% CI: 1.59-2.76), with
significant heterogeneity (Q = 835.85, df = §, p <
0.001*; 12 = 0.156; I = 99.04%). The pooled LR-T
was 0.53 (95% CI: 0.44-6.51), with significant
heterogeneity (Q = 220.824, df = 8, p < 0.001%*; > =
0.761; I*=96.38%). The pooled diagnostic odds ratio
(DOR) was 4.21 (95% CI: 2.73-6.50), with
significant heterogeneity (Q = 368.04, df = §, p <
0.001*; 1 = 0.369; I> = 97.83%).. The table above
also shows that sensitivity ranged between 0.44 and
0.86, Except for one study LR+( positive likelihood
ratio) was below 5.37 and 7 studies demonstrated
values below 2.76.LR- (negative likelihood ratio)
was found to be above 0.23 for all the studies. DOR
values were below 10 for majority (8 out of 9)
studies.

Table/fig S: Predictive values for combined ST
and NSTEMI groups.
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Forest Plot — Sensitivity (95% CI)

S.No Name PPV NPV Accuracy Davidmarti } (0.61-0.88)
1 Marti D et al (20) 0.07 0.90 023 '
2 Wang TY etal (21) 057 0.82 0.72
3 Karwowski J et al (22) 0.64 0.73 0.68 |
4 Hillinger P et al (23) 0.96 0.75 0.81 Wang mim 65 - 0.67)
5 Aslanger EK et al (DIFFOCULT)(24) 0.56 0.72 0.64
6 Aslanger EK et al (25) 0.69 0.87 0.82
7 Tanaka T etal (27) 0.63 0.86 0.72 Karwowski 3 o (0.79 - 0.82)
8 Meyers HP et al (28) 0.37 0.29 0.34 '
9 0.88 0.43 0.65
KolaMctal 29) Hillinger —_— (10.4970.65)
Aslangers  (DIFOCCOT Study) »—03‘—1 (0.63 - 0.70)
TABLE/FIG6 which depicts predictive values for 3 @ rooed snsiviy
| 18 Sensitivity
combined ST elevation and Non- ST elevation rstangers e 1063072
myocardial infarction groups. showed a pooled PPV }
of 0.58(95% CI:0.50-0.65) with significant Tnaka § ———e—— @7-oom
heterogeneity (Q = 433.85, df =8, p < 0.001%; 12 = 1
0.17; I> = 98.13%). The pooled NPV was 0.73 (95% erers M R
CI: 0.65-0.80), with significant heterogeneity (Q = ‘
Kola ———e—i (0.53 - 0.65)
516, df = 8, p 0.001%; > = 0.29 I = 98.16%). The 1
pooled Accuracy was 0.63 (95% CI: 0.56-0.70), . ‘ osh-0m8
with significant heterogeneity (Q = 804.98, df = 8§, p i
04 0.5 0.6 0.7 0.8 09
<0.001*; t>=0.18; I* = 99.01%). sty
Table/fig 6: Pooled Prevalence of OMI for
NSTEMI group. The forest plot for specificity TABLE/FIGS;
confirms a moderate and inconsistent diagnostic
SNo | Name Year | Total | OMI | NOMI | Prevalence | CI195% performance, with the pooled diamond centered near
AMI oMI C1 CI Upper . . .
_ lover 0.60. The studies demonstrate significant
1 Dixon WC et al (19) 2008 | 30336 7199 23187 0.24 0.23 0.24
2 Marti D et al (20) 2014 | 447 35 412 0.08 0.05 0.10 1 111 . 1 1
3 Wem‘gTY etal (21) 2016 50632 16584 | 34084 0.33 0.32 0.33 VarlabllltY' three Studles fell tO the left Of thls
arwowski J et al 3 33 5. 3 . . . .
B e e o o e e 0w estimate (lower specificity), four studies fell to the
6 Aslanger EK et al 2020 | 2000 840 1160 . . . . .
(DIFFOCULT24) 042 040|044 right, and three studies intersected the vertical line of
7 Aslanger EK etal (25) | 2020 1362 405 957 0.30 0.27 0.32 . . .
8 [Momwdaleu@q) [2021 [399  [136 |26l o 029|039 the pooled estimate. This balanced but wide
9 Tanaka T et al (27) 2021 | 231 98 133 0.42 0.36 0.49
10 MoesiPadey Do 14 20 e ol od6 105 distribution visually underscores the criteria's
inability to reliably identify non-occlusive events."
KolaMetal (29) 0.72 0.67 0.77

Table/fig 8 : Forest plot for specificity

TABLE /FIG 7; The forest plot analysis reveals a
'sensitivity ceiling' near 0.70, with the majority of
studies falling to the left of this threshold; this
visually demonstrates that standard criteria
consistently fail to identify at least one-third of
occlusions across diverse clinical settings." "
Table/fig 7 : Forest plot for sensitivity
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Forest Plat — Specificity (95% CI)
Davidmart - —e— (¢.15 - 0.2}
vizng #00.75 - 0.76}
Ki s {053 - 0571
Hillng —e (0 991
Asangers  {DIFOCCOT Studyl - 4 (0.59 - C.b3)
@ Fooled Spe
W Specificity
aslangers - | +#-(0.85 - 0.89)
lanaka - —— 1 {0.54 - 0.70)
Meyers —e—i{0.18 - 0,30)
xola - e 5% - 0,86}
Fuoled —_————— (045 -050)

0.2 n.a 06 0.8 10

The HSROC (Hierarchical Summary Receiver
Operating Characteristic) analysis
TABLE/FIG;9 yielded an Area Under the Curve
(AUC) of 0.69, indicating a modest discriminative
capacity. While the curve demonstrates performance
superior to random chance, it remains below the
threshold typically required for a clinically robust
diagnostic tool. This value reflects the trade-off
between the pooled sensitivity of
0.65 and specificity of 0.59, confirming that standard
criteria lack the precision necessary for definitive
clinical decision-making.
Table/fig 9: HSROC Curve

HSROC Curve with AUC

1.0 1

0.8 4

B
o
-4
14 ® Davidmarti
5 0.6 Wang
] ® Karwowski
a.
v ® Hillinger
2 .
= Aslangers
> ® Tanaka
z
2 Meyers
E 0.4 ® Kola
c
Y
w
0.2
0.0 - T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity (False Positive Rate)
HSROC approximation parameters:

intercept=0.815, slope=0.066, AUC=0.691

DECISION CURVE ANALYSIS;

The clinical utility of ST-elevation ECG criteria was
evaluated using Decision Curve Analysis
(DCA)TABLE/FIG;10 across a threshold
probability range of 0 to 0.5. Within this clinically
relevant window, the net benefit of the ST-elevation
ECG criteria failed to exceed the default "treat all"

and "treat none" strategies. This indicates that the
criteria provide no additional benefit for guiding
reperfusion decisions over default clinical
assumptions in the emergency setting.

Table/fig 10: Decision Curve Analysis

Decision Curve Analysis (DCA) for Study Models

nnnnnnnnnnnnnnnnnn

RISK OF BIAS ASSESSMENT; TABLE/FIG11:

Methodological quality was independently validated
by two observers using the QUADAS-2 tool,
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revealing an overall low risk of bias across all 11
studies (19-29) comprising 3 prospective (20,22-23)

and 8 retrospective studies (1,21,24-29). The
domains of patient selection, index test
interpretation, reference  standard accuracy,

and flow and timing were consistently rated as low
supported by robust protocols such as
consecutive sampling

appropriate blinding between ECG
and angiographic findings.
Furthermore, applicability  concerns were  low
across all domains, indicating that the study
populations and diagnostic methods are highly
representative of real-world clinical practice in the

risk,
and
interpretation

evaluation of suspected OMI.

Table/fig 11: Risk of Bias Results
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PUBLICATION BIAS;
’

Publication bias and small-study effects were
evaluated to ensure the robustness of the meta-
analytic findings. The funnel plot TABLE/FIG ;12
demonstrated that the majority of studies were
positioned within the 95% confidence intervals and
clustered around the pooled estimate, suggesting
moderate consistency across the literature. While a
slight visual asymmetry was noted, Egger’s
regression test yielded a non-significant intercept of
-2.24 (P = 0.46), confirming a lack of meaningful
asymmetry. Collectively, these findings indicate that

the results are not significantly influenced
by publication bias, ensuring the pooled estimates
remain robust and representative of the available

evidence.

Table/fig 12: Funnel Plot
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DISCUSSION:

Under current guidelines, acute myocardial infarction
is classified as either STEMI or NSTEMI based on
the initial ECG (8). Emergency revascularization is
prioritized for the STEMI group, as ST-elevation
thought to be a surrogate for acute total coronary
artery  occlusion (8,30)—a condition linked to
significantly higher mortality. This meta-analysis
investigated whether standard ST-elevation criteria
effectively identify all cases of angiographically
proven total coronary occlusion. Furthermore, it
tested the assumption that "STEMI" and "total culprit
occlusion" are clinically interchangeable by
quantifying the prevalence of "hidden" occlusions
that fail to meet traditional millimetric ECG
thresholds.

The revealed a39%
prevalence of total coronary occlusion within the
NSTEMI cohort, reinforcing observations by Knoery
C (31) et al. that such occlusions are remarkably
common in this population. These findings,
consistent with studies by Tzikas D (8) et al
and Hung CS (32) et al. establish a clear clinical
mandate for highly sensitive screening tools. Since
nearly four out of ten NSTEMI patients actually

meta-analysis pooled
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present with a totally occluded culprit artery, current
triage criteria must be robust enough to identify this
high-risk subgroup early, as emphasized by Hung CS
(32) etal.

This meta-analysis yielded a pooled sensitivity of
0.65 for ST-elevation criteria in detecting acute total
coronary occlusion, consistent with findings
by Sankardas MA (13) et al and Meyers HP (33) et
al. This sensitivity reveals a critical "one-third gap"
in diagnostic practice: 35% of acute occlusions are
missed by formal STEMI criteria.This significant
diagnostic failure aligns with the observations
of Aslanger EK(15) et al. and is further corroborated
by Barros V (7) et al, Tzikas D (8) et al , Zhong Z
(11) et al., Neto JNA (34) et al., Al-Zaiti S (35) et al
and Ayyad M (36) et al, all of whom observed that
standard ECG criteria are insufficiently sensitive to
identify complete vessel occlusion.

Furthermore, the meta-analysis yielded a pooled
specificity of 0.59, a remarkably low value for a
primary diagnostic standard. This indicates a high
frequency of "false alarms," where non-occlusive
conditions  mimic acute injury  patterns;
consequently, even if ST-elevation is present, we
cannot reliably confirm an acute total occlusion. This
finding aligns with observations by Cahill J (4) et al
and Aslanger EK (15) et al., who stipulated that the
traditional STEMI/NSTEMI paradigm lacks the
necessary sensitivity and specificity to accurately
identify acute coronary occlusion. Ultimately,
because these criteria are deficient in both measures,
they cannot reliably rule in or rule outa total
occlusion, suggesting that current millimetric
thresholds are an insufficient standalone gatekeeper
for emergency reperfusion therapy.

The meta-analysis yielded apooled positive
likelihood ratio (LR+) of 2.09, a statistically weak
value indicating that the presence of ST-elevation
only marginally increases the probability of a true
occlusion. Consequently, meeting formal STEMI
criteria is an unreliable "rule-in" tool and should not
be the sole factor used to confirm the need for
emergent intervention. This correlated with a pooled
negative likelihood ratio (LR-) of 0.53, which
confirmed a similarly poor "rule-out" capability.
This finding aligns with observations by Neto JNA
(34) et al., reinforcing that the absence of ST-
elevation does not reliably exclude a complete
coronary occlusion. Therefore, these criteria cannot

safely be used to defer angiography, as they provide
a false sense of security while leaving a high residual
risk of missed pathology. Ultimately, current ST-
elevation  thresholds are insufficient for
either confirming or excluding acute total occlusion
in clinical practice.

.A pooled diagnostic odds ratio (DOR) of 4.2 further
demonstrated the poor discriminative performance of
standard ST-elevation ECG criteria for predicting
acute total coronary occlusion. This relatively low
value reinforces the conclusion that these criteria
struggle to effectively differentiate patients with an
acute occlusion from those with non-occlusive
coronary artery disease. Consequently, the standard
ECG thresholds failed to achieve the high level of
diagnostic accuracy required for a definitive triage
tool in the acute setting.

The pooled PPV of 0.58 indicated that when standard
ECG criteria were met, there was only a 58%
probability of an wunderlying acute coronary
occlusion. In clinical practice, this translates to a high
'false alarm' rate, where approximately 42% of
emergent catheterization laboratory activations for
suspected OMI may be unnecessary. This low
predictive power likely stems from the poor
specificity (0.59) of the criteria, as non-occlusive
conditions frequently mimic the ST-elevation
patterns required by traditional guidelines.

The pooled NPV of 0.73is perhaps the most
clinically concerning metric. This indicates that even
when the ECG was 'megative' for ST-elevation, there
remained a 27% residual risk—more than one in four
patients—of an underlying total vessel occlusion. In
the context of emergency cardiology, a reliable rule-
out tool must achieve a significantly higher NPV to
ensure patient safety and avoid treatment delays.
Consequently, an NPV of only 0.73 provided
a concerning level of false reassurance, potentially
leading to the misclassification of high-risk OMI
patients as lower-priority NSTEMI.

These findings are reflected in a pooled predictive
accuracy of 0.63, indicating that standard ST-
elevation criteria correctly identify acute total
coronary occlusion in only 63% of cases. This
result aligns with observations by Fitrah K (14) et al.,
highlighting a significant diagnostic ~gap where
nearly 40% of occlusions remain undetected.
Furthermore, the HSROC analysis yielded an AUC
of 0.69, confirming that standard ECG criteria
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possess only moderate discriminatory capacity for
diagnosing total occlusion. Together, these
metrics correlate to  underscore  that  current
millimetric thresholds lack the diagnostic precision
required to serve as a definitive gatekeeper for
emergency reperfusion therapy.".
The Decision  Curve  Analysis (DCA) further
confirmed the poor clinical utility of standard ECG
ST-elevation criteria. The net benefit curve for the
ECG criteria failed to exceed both the 'treat-all' and
'treat-none' strategies across the range of relevant
threshold probabilities. suggesting that these
traditional thresholds do not provide additional
decision-analytic value over a universal intervention
strategy. Consequently, relying solely on standard
ST-elevation criteria for triage may lead to
suboptimal clinical outcomes compared to a more
inclusive approach to emergency angiography.
Consequently, traditional ST-elevation criteria
demonstrate critically low sensitivity for identifying
occlusive myocardial infarction (OMI), particularly
within the NSTEMI cohort. The combined findings
of a pooled sensitivity of 0.65, an AUC of 0.69, and
a predictive accuracy of 0.63—compounded by weak
likelihood ratios—underscore the suboptimal clinical
utility of these thresholds. This limitation is further
corroborated by Decision Curve Analysis, which
indicates that these criteria fail to offer a significant
net benefit over 'treat-all' or 'treat-none' strategies,
rendering them an unreliable gatekeeper for emergent
intervention. This aligns with the stipulations of
Aslanger EK (15) et al., who postulated that STEMI
criteria were not originally designed to diagnose
acute coronary occlusion, a conclusion corroborated
by Rocha D (2) etal., and Cahill J (4) et al and Barros
V (7) etal.

The extreme heterogeneity observed in this study
reflects the inherent complexity of the OMI
spectrum and the natural diversity of coronary
anatomy. Such variation suggests that the
performance of standard criteria is highly context-
dependent, underscoring the necessity of
transitioning from binary millimetric thresholds to a
more objective, physiologically-based OMI/NOMI
paradigm. This shift is strongly stipulated by
Aslanger EK (15) et al. and further corroborated
by Tzikas D (8) et al., McLaren J (37) et al., and De
Alencar JN (38)

Ultimately, this meta-analysis provides a compelling
mandate for clinicians to look beyond the millimetric
constraints of the Fourth Universal Definition. The
evidence demonstrates that traditional ST-elevation
criteria serve as aninsufficient standalone
surrogate for acute coronary occlusion, frequently
failing to identify a significant proportion of high-
risk patients. To improve diagnostic precision,
clinicians should integrate clinical features and subtle
ECG markers—such as reciprocal ST-depression in
lead a VL, hyperacute T-waves, and de Winter’s
patterns—alongside Al-based ECG
biomarkers and point-of-care echocardiography.
Following the guidelines stipulated by Aslanger EK
(15) et al. and corroborated by Knoery C (31) et
al, De Alencar JN (38) et al and Ricci F (39) etal.The
implementation of these tools offers a promising path
toward a more precise, physiologically-
based OMI/NOMI paradigm. By rejecting a
standalone reliance on ST-elevation, the clinical
community can bridge the current diagnostic gap,
ensuring that the nearly one-third of 'hidden'
occlusion patients receive the urgent reperfusion
therapy required to improve survival outcomes.
STUDY LIMITATIONS:

While the findings of this meta-analysis offer
significant insights, they should be considered
alongside certain inherent limitations. The study
period (2008-2024) covers nearly two decades of
technological progress; earlier data may reflect the
use of older, non-computerised ECG models that
relied on manual measurements, whereas later
studies utilised automated digital algorithms. Such a
transition, combined with the inclusion of diverse
geographical populations—where ECG patterns can
vary by race and age—may introduce a degree of
measurement and biological variability. Furthermore,
the diagnostic accuracy of the ECG is fundamentally
constrained by the dynamic nature of coronary
occlusion, as patterns can evolve rapidly with
thrombus formation or spontaneous dissolution.
Finally, the reliance on human interpretation
introduces the potential for interobserver variation,
reflecting the subjective nature of identifying
ischemic changes. These factors, alongside the mix
of prospective and retrospective study designs,
should be acknowledged when translating these
results into clinical practice.

CONCLUSION;

IJDDT, Volume 16 Issue 33s, 2026

Page 976



Diagnostic Performance of ST-Elevation ECG Criteria for the Identification of Occlusive
Myocardial Infarction: A Systematic Review and Meta-Analysis

The meta-analysis demonstrated that with a 39%
prevalence of OMI in NSTEMIand a
suboptimal pooled sensitivity of 0.65in the
combined cohort, standard ST-elevation criteria lack
the necessary net clinical benefitand diagnostic
precision to serve as a reliable gatekeeper,

In the future, the implementation of Al-based ECG
tools, body surface potential mapping, and novel
cardiac biomarkers may offer a transformative
solution to bridge this substantial diagnostic gap,
necessitating a transition toward a physiologically-
based OMI/NOMI paradigmto ensure timely
reperfusion for all patients with acute coronary
occlusion; however, larger prospective studies
remain essential to validate these findings and their
long-term impact on clinical outcomes.
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