
Vol.:(0123456789)

Canadian Journal of Emergency Medicine 
https://doi.org/10.1007/s43678-021-00255-z

Vol.:(0123456789)1 3

COMMENTARY

From STEMI to occlusion MI: paradigm shift and ED quality 
improvement

Jesse T. T. McLaren1,2,6   · H. Pendell Meyers3 · Stephen W. Smith4 · Lucas B. Chartier2,5

Received: 6 September 2021 / Accepted: 13 December 2021 
© The Author(s) 2021

Keywords  ST Elevation Myocardial Infarction · Electrocardiography · Quality Improvement · Emergency Department

A generation ago the ST-elevation myocardial infarction 
(STEMI) paradigm led to quality improvement (QI) in the 
emergency department (ED). Now, insights from angiogra-
phy and advances in electrocardiogram (ECG) interpreta-
tion have led to the new paradigm of occlusion myocardial 
infarction (OMI), creating the possibility of further QI. This 
article reviews the current STEMI paradigm, the emergence 
of the OMI paradigm, and the use of QI to continuously 
improve care for acute myocardial infarction (AMI) patients 
in the ED.

STEMI paradigm and QI

Thrombolytic therapy in the 1990s led to a paradigm shift 
in the treatment of AMI through emergent reperfusion. This 
changed the use of the ECG, from retrospectively classifying 
AMI into Q-wave/non-Q wave to prospectively identifying 
those with ST elevation, as a marker of AMIs with persistent 
occlusion without collateral circulation, which need emer-
gent reperfusion. ED providers responded with QI initiatives 
to reduce reperfusion delays for AMIs with ST elevation, or 
STEMI, from emergency nurse-initiated ECG acquisition to 
emergency physician-initiated cath lab activation.

However, from the beginning of the STEMI paradigm 
there were questions about ECG interpretation at the heart 
of the diagnostic process. A 1994 report on ED delays pub-
lished in Annals of Emergency Medicine summarized, “ECG 
abnormalities may be subtle or open to different interpreta-
tion, such as early repolarization or pericarditis. Only bor-
derline or minimal ST-segment elevation may be present, 
and the emergency physician may be uncertain of its sig-
nificance. The presence of left bundle branch block or left 
ventricular hypertrophy may complicate ECG diagnosis. The 
emergency physician may suspect that the ST elevation is 
old, but a previous ECG may be unavailable for comparison. 
The computer interpretation of the ECG on which some phy-
sicians rely may be incorrect. The emergency physician may 
not be sufficiently trained to recognize certain ECG patterns 
as signs of AMI” [1].

At the time little could be done to improve on these qual-
ity issues. Those that did not meet STEMI criteria were 
labeled “non-STEMI” (NSTEMI) and did not receive emer-
gent reperfusion. But in the nearly 30 years since this para-
digm emerged, insights from angiography and advances in 
ECG interpretation have identified the limits of this para-
digm and given rise to a new one.
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From STEMI to OMI

Whereas the original thrombolytic trials were limited by 
rudimentary ECG analysis and AMI diagnosed by CK-MB 
(not angiography, and not even troponin), studies using angi-
ography and formal STEMI criteria have put the paradigm 
to the test. For patients with STEMI, as adjudicated retro-
spectively by cardiologists, a recent prospective validation 
of STEMI criteria found that automated interpretation of the 
first ED ECG was only 35% sensitive for STEMI and 21% 
sensitive for any occlusion [2]. In a meta-analysis of 40,777 
NSTEMIs in highly-monitored randomized-controlled tri-
als, Khan et al. found a quarter of patients had a completely 
occluded coronary artery at the time of delayed angiography 
and had a nearly double mortality rate compared to NSTEMI 
patients with an open artery [3].

In response to these limitations, advances in ECG inter-
pretation have identified signs of acute coronary occlusion 
that do not meet STEMI criteria. Emergency physicians 
such as Dr. Stephen Smith have played a leading role in 
these advances, which are summarized in his article in the 
Canadian Journal of Cardiology by Miranda et al. [4], and 
most recently in an article that provides step by step instruc-
tions in the diagnosis of OMI, and exclusion of mimics [5]. 
Examples include reciprocal ST depression in aVL, which 
can identify subtle inferior OMI and exclude pericarditis; a 
decision rule can differentiate between subtle left anterior 
descending (LAD) coronary artery occlusion and normal 
variant ST elevation in leads V2–V4; the modified Sgarbossa 
criteria can identify acute coronary occlusion in the presence 
of left bundle branch block and ventricular paced rhythms; 
the T/QRS ratio can differentiate LV aneurysm morphol-
ogy from acute infarct; and primary ST depression maximal 
in V1-4 can identify posterior OMI. Table 1 demonstrates 
examples of these OMI ECG findings, and the full range 
can be found in these references by Miranda et al. [4] and 
Aslanger et al. [5].

These advances have given rise to a new paradigm, shift-
ing the focus from the surrogate marker of ST segment 
millimeter criteria to the underlying pathology: occlusion 
MI [6]. Recent studies have now directly compared these 
paradigms. In the DIFOCCULT study, Aslanger et al. found 
that advanced ECG interpretation by cardiologists could 
reclassify 28% of NSTEMI as OMI, and this subgroup had 
a higher mortality rate than NSTEMIs whose ECGs had no 
evidence of OMI [7]. Meyers et al. showed that STEMI (+) 
OMI and STEMI (−) OMI have the same infarct size, mor-
tality, number of wall motion abnormalities, and coronary 
interventions, which are significantly different than NSTEMI 
and especially NSTEMI that are non-OMI [8]. Furthermore, 
they found that emergency physicians expertly trained in 

ECG interpretation could identify OMI with twice the sen-
sitivity as STEMI criteria, and significantly earlier [9].

These developments have answered the questions raised 
by Annals in 1994: computer interpretation and the STEMI 
paradigm on which it is based have limited accuracy for 
identifying acute coronary occlusion, evidence-based 
advances in ECG interpretation can differentiate between 
different causes of ST elevation and identify OMIs that do 
not meet STEMI criteria, and emergency physicians can be 
trained in this new paradigm. This new knowledge needs to 
be translated to the ED through QI approaches.

OMI paradigm and QI

Among QI interventions, standardization and automation 
are higher on the hierarchy of effectiveness [10]. But we 
are currently operating with a paradigm based on a subop-
timal standard, reinforced by inaccurate automation. All 
research, guidelines, and QI initiatives are designed only 
to improve care for patients with OMI that meet STEMI 
criteria on their ECG, ignoring those who don’t. Ulti-
mately, we need to complete the paradigm shift, with OMI 
as the new standard, aided by artificial intelligence ECG 
interpretation of the totality of the ECG, not only the ST 
segments. Until that time, other QI interventions assume 
greater importance.

EDs should assess ECG and OMI quality benchmarks. 
A Door-to-ECG time of less than 10 min has been a key 
quality benchmark that has helped emergency nurses 
improve the speed of triage ECG acquisition through 
multiple QI interventions [11]. But there is a surprising 
lack of complementary quality benchmark for emergency 
physicians, perhaps because of simplified STEMI crite-
ria. ECG-to-Activation time reflects the diagnostic time 
of emergency physicians, is independent of cath lab capa-
bilities, and can be compared across different settings; this 
metric can help identify preventable reperfusion delays 
and promote new advances in ECG interpretation [12]. 
In our QI project, including a grand rounds presentation 
based on the article by Miranda et al., followed by weekly 
ECG audit and feedback to all physicians on signs of OMI, 
ECG-to-Activation time was reduced by 20 min [13].

EDs should review the ECG-to-Activation time 
(whether this activates their own cath lab or activates 
transfer to another centre’s cath lab) for all their patients 
with OMI. This includes the 25% or more of NSTEMI 
patients with occluded arteries on angiogram and the third 
of true STEMI patients that have an open artery by the 
time of angiogram. In order to identify all patients with an 
occluded artery at ED presentation, the definition of OMI 
includes the following: (1) confirmed OMI (angiographic 
culprit lesion with TIMI 0–2 flow), and (2) presumed OMI 
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with significant cardiac outcome, defined as: (a) angio-
graphic acute but non-occlusive culprit lesion with highly 
elevated troponin (as defined in several studies, between 
70 and 300 times the 99th percentile upper reference limit, 
depending on the assay), (b) highly elevated troponin and 

new regional wall motion abnormality on echocardiogra-
phy, in those without angiography, or (c) STEMI(+) ECG 
with death before angiogram [7–9]. EDs can design QI 
interventions based on this outcome, and target the dif-
ferent components of the reperfusion decision (Table 2).

Table 1   Examples of evidence-based criteria to identify occlusion myocardial infarction

OMI in the presence of LBBB or ventricular paced rhythm 
Smith Modi�ied 

Sgarbossa criteria: 

one lead with one 

of the following 

identi�ies OMI 

1. concordant STE 

1mm 

2. concordant STD 

1mm in V1-3 

3. excessive 

discordant STE 

de�ined as 

ST/S>25% 

*LBBB with ST/S>25% in V3, from LAD occlusion 

OMI in the presence of LV aneurysm morphology (anterior QS waves) 
One lead V1-4 

with T/QRS>0.36 

identi�ies acute 

MI; T/QRS<0.36 is 

old MI with 

persisting STE 

(left ventricular 

aneurysm 

morphology) or 

subacute MI 

*Anterior QS + STE with T/QRS>0.36 in V3, from acute LAD occlusion 

Subtle inferior OMI 
Any primary STD 

in aVL (i.e not 

secondary to 

LBBB, LVH or 

WPW) makes any 

inferior STE an 

inferior MI until 

proven otherwise, 

and excludes 

pericarditis 

*

*

      * 

  * 
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ECG interpretation is a core competency for emergency 
medicine trainees [14]. It should be updated to include 
advances in OMI, which have been led by emergency phy-
sicians and empower emergency providers to better inter-
pret ECGs at the bedside. As with point-of-care ultrasound 
(POCUS) skills [15], advanced ECG interpretation requires 
workshops and training to incorporate interpretation into 
clinical decision-making, in addition to ED administrative 
support and quality assurance. Moreover, the OMI paradigm 
shift is not just about the ECG. The entire outcome is chang-
ing from a single element of the ECG (i.e., certain ST eleva-
tion voltage) to a patient-oriented one (i.e. occlusion or not), 
and QI needs to reflect that. While POCUS is not needed 
for obvious STEMI(+)OMI and can unnecessarily prolong 
ECG-to-Activation time, advanced POCUS training can help 

identify regional wall motion abnormalities that complement 
subtle STEMI(−)OMI ECGs. Patient alerts for refractory 
ischemia could help identify OMI patients who require cath 
lab activation even in the absence of ECG changes (as cur-
rent guidelines recommend). Protocols and audits of STAT 
cardiology consultations can help with joint decision-mak-
ing for challenging cases that incorporate clinical, ECG and 
POCUS findings. Collaboration between emergency and 
cardiology departments on tracking OMI quality metrics, 
and implementing and assessing OMI quality improvement 
projects, can help emergency physicians and cardiologists 
advance towards the paradigm shift together.

Table 1   (continued)

Posterior OMI  
Primary STD (i.e 

not secondary to 

RBBB) maximal in 

V1-4 is speci�ic for 

posterior OMI, in 

contrast to STD 

maximal in V5-6 

from 

subendocardial 

ischemia 

*Primary STD in V2-3, from circum�lex occlusion. There is also a touch of STE in V6, 

which may be commonly seen in posterior OMI 

Subtle LAD occlusion  
If STE V2-4: 

1. Any of the 

following exclude 

normal variant 

STE: Q wave V2-4, 

terminal QRS 

distortion (lack of 

S or J wave) V2-3,  

STE>5mm, convex 

ST in any of V2-

V6, or inferior 

reciprocal STD 

2. Smith formula 

* 

 

 

 

 

*

* 

 

 

 

 

 

*

References for evidence-based criteria can be found in the articles by Miranda et al. [4] and Aslanger et al. [5]
OMI occlusion myocardial infarction, LBBB left bundle branch block, STE ST elevation, LAD left anterior descending artery, STD ST depres-
sion, LVH left ventricular hypertrophy, WPW Wolf-Parkinston-White, RCA​ right coronary artery, RBBB right bundle branch block
a https://​www.​mdcalc.​com/​subtle-​anter​ior-​stemi-​calcu​lator-4-​varia​ble

https://www.mdcalc.com/subtle-anterior-stemi-calculator-4-variable
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Conclusion

A generation ago, EDs responded to the STEMI paradigm 
through QI interventions that expedited the ECG acquisi-
tion and cath lab activation of patients with acute coronary 
occlusion that met STEMI criteria. Now insights from angi-
ography and advances in ECG interpretation have led to the 
new paradigm of OMI. This creates the foundation for a 
new generation of ED quality improvement for all patients 
with OMI—including new outcome measures, new qual-
ity metrics, and new interventions based on clinical, ECG 
and POCUS findings. By engaging with the emerging OMI 
paradigm through the lens of QI, emergency providers can 
develop local initiatives and promote new standards of care.
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