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ABSTRACT ARTICLE DETAILS

Background: The 12-lead electrocardiogram (ECG) remains the cornerstone of rapid diagnosis in  Published On:
acute myocardial infarction (AMI). Early identification of high-risk ECG patterns is critical for 25 June 2025
timely intervention, risk stratification, and improving clinical outcomes.

Obijective: This article reviews the electrocardiographic hallmarks of AMI, emphasizing high-risk
features that necessitate emergent reperfusion therapy, discriminate STEMI from NSTEMI, and
predict adverse cardiovascular events.

Methods: A narrative review of current literature was conducted, focusing on ECG patterns
associated with acute coronary syndromes (ACS), including ST-segment elevation (STE), ST
depression, hyperacute T waves, Q waves, and conduction abnormalities. Special attention was
given to STEMI-equivalent patterns and occlusive myocardial ischemia.

Results: Key high-risk ECG findings include:

STE in >2 contiguous leads (indicating transmural ischemia).

New left bundle branch block (LBBB) meeting Sgarbossa criteria.

Global ST depression with STE in aVR (suggesting left main or triple-vessel disease).

Posterior STEMI (ST depression in V1-V3 with dominant R waves).

De Winter’s T waves (upwardly concave ST depression with hyperacute T waves in precordial
leads).

These patterns correlate with large ischemic burden, proximal coronary occlusion, and higher
mortality.

Conclusion: Mastery of high-risk ECG patterns enables rapid triage, appropriate revascularization,
and reduced morbidity in AMI. Future advancements in Al-assisted ECG interpretation may further
enhance early detection.

KEYWORDS: Acute myocardial infarction (AMI), Electrocardiogram (ECG), ST-segment Available on:
elevation myocardial infarction (STEMI), High-risk ECG patterns, Myocardial ischemia, https://ijmscrs.com/
Reperfusion therapy, Sgarbossa criteria, Occlusive coronary disease
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INTRODUCTION

Acute myocardial infarction (AMI) remains a leading cause
of global morbidity and mortality, with timely diagnosis and
intervention being pivotal to survival. The 12-lead
electrocardiogram (ECG) serves as the first-line diagnostic
tool, capable of distinguishing between ischemic etiologies,
guiding emergent reperfusion strategies, and predicting
adverse outcomes. While ST-segment elevation myocardial
infarction (STEMI) is universally recognized as a medical
emergency requiring immediate percutaneous coronary
intervention (PCI), numerous other ECG patterns—often
termed "STEMI-equivalents" or "high-risk NSTEMI"—carry
similar prognostic implications but are frequently
underrecognized in clinical practice.1,2

Emerging data underscore the role of ECG in identifying left
main coronary occlusion, multivessel disease, and
mechanical complications (e.g., ventricular septal rupture).
Furthermore, advanced criteria such as the Anderson-Wilkins
score (assessing STE morphology) and modified Sgarbossa
rules (for paced rhythms) refine diagnostic accuracy.2

Pathophysiology of High-Risk Electrocardiographic
Patterns in Acute Myocardial Infarction

The electrocardiographic manifestations of acute myocardial
infarction (AMI) arise from a complex interplay of ischemic
injury, cellular electrophysiological disturbances, and the
anatomical distribution of coronary artery occlusion. The 12-
lead ECG serves as a dynamic reflection of these
pathophysiological processes, with distinct patterns emerging
based on the severity, duration, and location of myocardial
ischemia.3

ST-segment elevation (STE), the hallmark of transmural
ischemia, results from abrupt coronary occlusion, typically
due to thrombus formation over a ruptured atherosclerotic
plague. The ensuing oxygen supply-demand mismatch leads
to myocardial membrane instability, with potassium efflux
and intracellular  calcium  accumulation altering
transmembrane potentials. This depolarization delay in
ischemic zones generates injury currents, manifesting as STE
in leads overlying the affected territory. The morphology of
STE—whether convex, concave, or obliquely straight—
correlates with the acuteness and extent of injury. For
instance, anterior STEMI (V1-V4 STE) often indicates left
anterior descending (LAD) artery occlusion, associated with
a high risk of left ventricular dysfunction and cardiogenic
shock due to the large myocardial territory at risk. In contrast,
inferior STEMI (11, 111, aVF STE) typically stems from right
coronary artery (RCA) or left circumflex (LCx) occlusion,
with concomitant right ventricular involvement (e.g., STE in
V1 or V4R) signaling proximal RCA occlusion and
heightened risk of hemodynamic compromise.4,5
Reciprocal ST-segment depression, frequently observed in
contralateral leads, reflects remote subendocardial ischemia

due to either collateral blood flow diversion or diffuse
coronary disease. Notably, ST depression in V1-V3 with tall
R waves may localize to the posterior wall (a "posterior
STEMI"), often missed without additional posterior leads.
The pathophysiological basis lies in the loss of opposing
electrical forces normally generated by the posterior
myocardium, unmasking anteriorly directed depolarization
vectors.5

Hyperacute T waves, characterized by symmetrical, peaked
amplitudes, represent the earliest ischemic change, preceding
STE. These result from accelerated repolarization in ischemic
myocytes due to adenosine triphosphate (ATP)-dependent
potassium channel activation, shortening action potential
duration. Their transient nature underscores the critical
window for intervention before irreversible necrosis occurs.
Conversely, deep T-wave inversions, as seen in Wellens’
syndrome, indicate reperfusion following critical LAD
stenosis, where residual stunned myocardium generates
abnormal repolarization currents.6

Q waves, a marker of completed necrosis, emerge hours to
days post-occlusion as electrically inert tissue fails to
contribute to depolarization, leaving unopposed forces from
healthy myocardium to dominate the QRS complex. Their
presence in anterior leads correlates with higher infarct
burden and adverse remodeling.6

Conduction abnormalities, such as new-onset left bundle
branch block (LBBB), complicate interpretation but signify
extensive septal ischemia disrupting the His-Purkinje system.
The modified Sgarbossa criteria aid in diagnosing occlusion
MI in LBBB by identifying discordant STE proportional to
QRS  depth, reflecting ventricular  depolarization-
repolarization mismatch.6

Global ST depression with STE in aVR suggests left main
or triple-vessel disease, where widespread subendocardial
ischemia generates a "current of injury" directed toward the
right superior lead (aVR). Similarly, De Winter’s pattern—
upwardly concave ST depression with hyperacute T waves in
precordial leads—indicates proximal LAD occlusion without
classic STE, attributed to alternating ischemic injury
gradients.6

These patterns collectively underscore the ECG’s role in
delineating ischemic pathophysiology, where each waveform
aberration mirrors the underlying cellular derangements,
coronary anatomy, and impending clinical risk.6,7

Clinical Significance of High-Risk Electrocardiographic
Patterns in Acute Myocardial Infarction

The electrocardiogram remains an indispensable tool in the
early diagnosis and risk stratification of acute myocardial
infarction, with specific patterns carrying profound
prognostic and therapeutic implications. The recognition of
these high-risk electrocardiographic manifestations is not
merely an academic exercise but a critical determinant of
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clinical outcomes, as they reflect the underlying severity of
coronary pathology, the extent of myocardial jeopardy, and
the urgency with which reperfusion strategies must be
implemented.7

Among the most critical patterns, ST-segment elevation
serves as the hallmark of transmural ischemia and is the
primary electrocardiographic criterion for emergent
reperfusion therapy. The anatomical localization of ST
elevation provides immediate insight into the likely culprit
artery, with anterior leads implicating the left anterior
descending artery, inferior leads suggesting right coronary or
circumflex involvement, and lateral changes pointing to
circumflex or diagonal branch occlusion. The magnitude of
ST elevation correlates with the degree of myocardial injury,
with more pronounced elevations indicating larger areas of
at-risk myocardium and consequently higher likelihood of
complications such as ventricular arrhythmias, cardiogenic
shock, or mechanical complications including ventricular
septal rupture or free wall rupture.8

Equally significant are the so-called STEMI-equivalent
patterns, which, despite lacking traditional ST elevation,
signify comparable levels of coronary occlusion and
myocardial threat. The presence of a new left bundle branch
block in the appropriate clinical context demands the same
urgency as overt ST elevation, as it frequently reflects
extensive septal infarction with disruption of the conduction
system. Posterior myocardial infarction, often overlooked
due to its subtle presentation as ST depression in the anterior
leads, represents a particularly treacherous entity, as the
substantial myocardial mass involved in the posterior and
lateral walls can rapidly deteriorate into

hemodynamic collapse if not promptly revascularized. The
De Winter pattern, characterized by upsloping ST depression
with tall, symmetrical T waves in the precordial leads,
represents an angiographic emergency, as it is virtually
pathognomonic for proximal left anterior descending artery
occlusion and carries a dismal prognosis without immediate
intervention.8,9

The ominous finding of global ST depression with
concomitant ST elevation in lead aVR cannot be overstated
in its clinical importance. This pattern serves as an
electrocardiographic red flag for either left main coronary
artery occlusion or severe triple-vessel disease, both
scenarios associated with catastrophic outcomes without
urgent revascularization. The pathophysiology underlying
this pattern involves widespread subendocardial ischemia
generating a resultant vector directed toward the right
shoulder, creating the characteristic aVR elevation that
should immediately alert clinicians to the presence of this
critical condition.10,11

Beyond the acute ischemic changes, certain chronic patterns
provide valuable prognostic information. Deep, symmetrical
T wave inversions in the precordial leads, as seen in Wellens
syndrome, indicate a pre-infarction state with critical stenosis

of the proximal left anterior descending artery. These patients
represent walking time bombs, as their electrocardiographic
findings predict imminent anterior wall infarction without
timely revascularization. Similarly, the presence of Q waves,
while traditionally considered a marker of completed
infarction, in the context of acute symptoms may indicate
ongoing myocardial necrosis and should not deter from
aggressive intervention.12,13

The clinical imperative to recognize these patterns extends
beyond simple diagnosis, as each carries specific
management implications. The differential outcomes based
on electrocardiographic findings have been well documented,
with proximal occlusion patterns demonstrating significantly
higher mortality rates compared to more distal lesions.
Furthermore, certain patterns may influence the choice of
reperfusion strategy, with some institutions advocating for
immediate transfer to cardiac catheterization laboratories
based solely on specific high-risk electrocardiographic
features, even in the absence of traditional ST elevation
criteria.14

In the contemporary era of increasingly sophisticated cardiac
care, the electrocardiogram remains remarkably resilient as
the initial diagnostic modality for acute coronary syndromes.
Its proper interpretation, with particular attention to these
high-risk patterns, continues to save countless lives through
prompt identification of those patients most in need of urgent
intervention. The clinical significance of these patterns
cannot be overstated, as they represent the crucial interface
between electrical manifestations and clinical decision-
making that ultimately determines patient outcomes in acute
myocardial infarction.15

CONCLUSION

The electrocardiographic evaluation of patients presenting
with acute myocardial infarction remains an indispensable
diagnostic tool that provides critical insights into the
underlying pathophysiological processes, guides immediate
therapeutic decisions, and predicts clinical outcomes with
remarkable precision. The identification of high-risk ECG
patterns transcends mere pattern recognition, representing
instead a sophisticated clinical skill that integrates electrical
manifestations with coronary anatomy and myocardial
pathophysiology. These patterns serve as vital biomarkers of
impending cardiac catastrophe, with each distinctive
waveform  aberration carrying specific  prognostic
implications that demand tailored management strategies.
The traditional ST-segment elevation myocardial infarction
patterns, while serving as well-established markers of
transmural ischemia requiring emergent reperfusion,
represent only one facet of the complex electrocardiographic
spectrum seen in acute coronary syndromes.

Of equal clinical importance are the STEMI-equivalent
patterns, which despite their varied presentations, signify
comparable degrees of coronary occlusion and myocardial
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jeopardy. The recognition of posterior wall infarction through
reciprocal changes, the identification of proximal left anterior
descending artery occlusion through De Winter's pattern, and
the detection of left main or triple vessel disease through
global ST changes with aVR elevation all represent critical
diagnostic competencies that directly impact mortality and
morbidity. These patterns collectively underscore the
principle that myocardial ischemia manifests along an
electrocardiographic continuum, where the absence of classic
ST elevation does not necessarily indicate benign pathology.
The clinical implications of these findings extend far beyond
the emergency department, influencing the entire spectrum of
cardiac care from pre-hospital triage to long-term prognostic
stratification. The presence of certain high-risk patterns may
prompt more aggressive revascularization strategies, earlier
mechanical circulatory support consideration, or more
intensive monitoring for complications. Furthermore, these
electrocardiographic markers provide valuable information
about infarct size, myocardial salvage potential, and
likelihood of electrical instability, all of which inform both
acute management and secondary prevention strategies.

As cardiovascular medicine continues to evolve with
advanced imaging modalities and biomarker technologies,
the 12-lead ECG maintains its fundamental role as the initial
diagnostic modality for acute myocardial infarction. Its
universal availability, rapid acquisition, and rich
informational content ensure its enduring clinical relevance.
However, the full potential of electrocardiographic diagnosis
can only be realized through comprehensive pattern
recognition that extends beyond simple ST elevation analysis
to include the full spectrum of ischemic manifestations.
Future directions in electrocardiography, including
computer-assisted interpretation and artificial intelligence
applications, promise to enhance our ability to detect these
high-risk patterns with greater sensitivity and specificity,
potentially revolutionizing the early diagnosis of acute
coronary syndromes.

In  conclusion, the meticulous interpretation of
electrocardiographic patterns in acute myocardial infarction
represents a critical clinical skill that directly impacts patient
outcomes. The ability to recognize and appropriately respond
to these high-risk patterns remains fundamental to the
practice of emergency and cardiovascular medicine, serving
as the crucial link between electrical manifestations and life-
saving interventions. As our understanding of ischemic
electrocardiography continues to deepen, so too does our
capacity to deliver timely, targeted care to patients
experiencing the most severe manifestations of acute
coronary artery disease. The electrocardiogram thus endures
not merely as a historical diagnostic tool, but as a dynamic
and essential component of contemporary cardiac care,
whose proper interpretation continues to make the difference
between myocardial salvage and irreversible loss, between
survival and mortality.
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