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Myocardial infarction is irreversible injury to heart muscle caused by prolonged ischemia. In the most
common form, an atherosclerotic plague within a coronary artery ruptures or erodes, activates
platelets and coagulation, and produces a thrombus that sharply reduces blood flow. The affected
myocardium receives insufficient oxygen for aerobic metabolism, loses contractile function, develops
membrane and mitochondrial injury, and begins to die if perfusion is not restored. The emergency is
therefore time-dependent, but the often-repeated claim that all myocardial cells die after exactly
thirty minutes is too absolute. The rate and extent of necrosis vary with the completeness and
duration of occlusion, collateral circulation, oxygen demand, prior conditioning, and treatment. A
myocardial infarction can cause arrhythmia, heart failure, shock, mechanical complications, or sudden
death, yet many patients survive and recover meaningful function through rapid recognition,
evidence-based reperfusion, medication, and cardiac rehabilitation. (Thygesen et al., 2018)

Etiology and Classification

Type 1 myocardial infarction results from an acute atherothrombotic event, usually plaque rupture or
erosion followed by clot formation. Type 2 myocardial infarction occurs when myocardial oxygen
supply and demand become severely imbalanced for another reason, such as profound anemia,
hypoxemia, sustained tachyarrhythmia, severe hypertension or hypotension, coronary spasm, or
critical illness, without acute coronary thrombosis being the defining mechanism. Other categories
include infarction associated with sudden cardiac death or coronary procedures. Clinicians also
distinguish ST-elevation myocardial infarction, in which electrocardiographic findings commonly
indicate acute transmural injury requiring urgent reperfusion, from non-ST-elevation myocardial
infarction, in which cardiac troponin demonstrates myocardial injury without persistent diagnostic ST
elevation. These categories guide management, but no label should be assigned from symptoms
alone.

Atherosclerosis and Plaque Disruption

Atherosclerosis develops over years through lipid accumulation, inflammation, endothelial
dysfunction, and remodeling of the arterial wall. A plaque may narrow the vessel gradually, but
infarction often occurs when a vulnerable plaque suddenly disrupts and exposes thrombogenic
material to circulating blood. Platelets adhere and aggregate, while the coagulation cascade forms
fibrin. The resulting thrombus may partially or completely occlude the artery or generate distal
emboli. Risk is influenced by age, tobacco use, hypertension, diabetes, dyslipidemia, chronic kidney
disease, family history, inflammatory conditions, and other factors. Emotional stress can increase
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sympathetic activity and myocardial demand, but chronic anxiety should not be described as the
direct general cause of MI. It may contribute to risk or trigger events in susceptible individuals, while
the underlying vascular disease and acute mechanism require proper evaluation.

Cellular Pathogenesis

When coronary flow falls, cardiomyocytes cannot produce sufficient adenosine triphosphate through
oxidative phosphorylation. They shift toward anaerobic metabolism, accumulate lactate and hydrogen
ions, and lose efficient contraction. lon pumps fail, intracellular sodium and calcium increase, cell
membranes and mitochondria become damaged, and inflammatory signaling begins. If ischemia is
brief and perfusion returns, some dysfunction may be reversible, a phenomenon seen in stunned
myocardium. With sustained severe ischemia, injury progresses from the subendocardium toward the
outer myocardial wall in a wavefront. Reperfusion limits the amount of necrosis but can itself produce
oxidative and inflammatory injury; nevertheless, restoring blood flow remains the central lifesaving
goal. Dead myocytes are removed and replaced by collagen scar, which cannot contract like normal
myocardium.

Effects on Cardiac and Systemic Function

The functional effect depends on infarct size and location. Loss of contractile tissue lowers stroke
volume and may elevate pressures behind the affected ventricle, producing pulmonary congestion
and shortness of breath. Ischemic tissue can disrupt electrical conduction and create ventricular
tachycardia, ventricular fibrillation, bradyarrhythmia, or heart block. A large infarction can cause
cardiogenic shock, in which inadequate cardiac output fails to maintain organ perfusion. Papillary
muscle rupture may produce acute mitral regurgitation, ventricular septal rupture can create a left-to-
right shunt, and free-wall rupture can cause tamponade. Later remodeling may dilate the ventricle
and contribute to chronic heart failure. The heart does not necessarily stop contracting throughout
the entire body during every infarction; injury ranges from small localized necrosis to catastrophic
pump failure.

Clinical Presentation

Common symptoms include central chest pressure, squeezing, fullness, burning, or pain that may
radiate to an arm, shoulder, back, neck, jaw, or upper abdomen. Shortness of breath, sweating,
nausea, vomiting, lightheadedness, fatigue, anxiety, or a sense that something is seriously wrong
may occur. Symptoms can begin suddenly or develop gradually and may come and go. Women, older
adults, people with diabetes, and patients with chronic kidney disease may have less typical
presentations, but chest discomfort remains important across groups. Some infarctions are clinically
silent. Physical signs can include pallor, diaphoresis, abnormal blood pressure, tachycardia or
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bradycardia, low oxygen saturation, pulmonary crackles, a new murmur, or evidence of poor
perfusion. None of these findings is sufficiently specific to confirm the diagnosis, and a normal initial
examination does not exclude it.

Emergency Response

Suspected heart attack requires emergency assessment rather than self-diagnosis. In the United
States, a person with warning symptoms should call emergency medical services, because trained
responders can begin evaluation and coordinate transport to an appropriate hospital. Driving oneself
can delay care and creates danger if an arrhythmia or loss of consciousness occurs. Treatment advice
must be individualized; patients should not take medications based only on a general web article,
especially when allergy, bleeding risk, interactions, or another diagnosis is possible. The essential
public-health message is to recognize warning signs and seek help promptly. Faster treatment can
preserve myocardium and reduce complications. (American Heart Association, 2025)

Electrocardiography

A 12-lead electrocardiogram should be obtained rapidly when acute coronary syndrome is suspected.
ST-segment elevation in a characteristic distribution can identify a STEMI and suggest the involved
coronary territory. ST depression, T-wave inversion, transient changes, or a normal initial tracing may
occur in NSTEMI or unstable angina. Serial ECGs are valuable because changes evolve and a single
early tracing can be nondiagnostic. Posterior and right-sided leads may clarify selected cases. The
ECG does not directly visualize an obstruction; it records electrical activity and injury patterns.
Coronary angiography, computed tomography in selected diagnostic pathways, and other imaging
methods provide anatomical information.

Cardiac Biomarkers

Cardiac troponin is the principal biomarker of myocardial injury. High-sensitivity assays detect smaller
changes and support earlier rule-in or rule-out pathways when interpreted with symptom timing,
serial values, ECG findings, and clinical probability. An elevated troponin does not automatically prove
type 1 MI. Myocarditis, heart failure, renal dysfunction, pulmonary embolism, sepsis, tachyarrhythmia,
and other conditions can injure myocardium. The formal diagnosis requires a rise or fall in troponin
with at least one value above the assay’s threshold plus evidence of acute ischemia. Creatine kinase-
MB has a more limited role in contemporary practice. Laboratory results must therefore be
interpreted as part of a clinical pattern rather than treated as a stand-alone answer.
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Imaging and Coronary Assessment

Echocardiography can identify regional wall-motion abnormalities, ventricular function, valvular
complications, and alternative diagnoses. Coronary angiography defines arterial anatomy and permits
percutaneous treatment during the same procedure. Chest imaging may evaluate other causes of
pain or complications, while cardiac magnetic resonance can characterize infarction, myocarditis, or
alternative forms of injury in selected cases. The choice depends on urgency and diagnostic
uncertainty. Exercise stress testing is generally not the immediate test for a patient with active
suspected infarction; it is used in appropriate stable situations after acute danger has been
addressed.

Reperfusion

For STEMI caused by acute coronary occlusion, rapid reperfusion is a priority. Primary percutaneous
coronary intervention uses a catheter, balloon, and usually a stent to reopen the artery and is
preferred when it can be performed promptly by an experienced team. If timely PCl is not available
and no contraindication exists, fibrinolytic medication may be considered within appropriate time
windows, followed by transfer and further assessment. NSTEMI management is based on risk,
symptoms, hemodynamic status, ECG and troponin findings, and comorbidity; many patients benefit
from an early invasive strategy, but immediate treatment is not identical for everyone. “Angioplasty
with infusion of a stent” is incorrect terminology: a stent is a device deployed in the vessel, not
infused. (American College of Cardiology/American Heart Association Joint Committee on Clinical
Practice Guidelines, 2025)

Medication During and After Acute Coronary
Syndrome

Acute treatment may include antiplatelet therapy, anticoagulation, nitrates in appropriate patients,
analgesia, oxygen when hypoxemia is present, and other medications determined by the clinical
situation. Beta blockers, high-intensity statins, angiotensin-converting enzyme inhibitors or related
agents, mineralocorticoid receptor antagonists, and therapies for diabetes or heart failure may be
used according to ventricular function, blood pressure, kidney function, and contraindications. Dual
antiplatelet therapy combines aspirin with a P2Y12 inhibitor after many acute coronary syndromes
and stent procedures, but duration is individualized according to ischemic and bleeding risk. This
complexity is why a general disease study should explain medication classes and goals without
prescribing a regimen.
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Complications and Monitoring

Early complications include recurrent ischemia, arrhythmia, acute heart failure, cardiogenic shock,
pericarditis, thrombosis, and mechanical rupture. Continuous cardiac monitoring helps identify
dangerous rhythms. Repeated examination can reveal new murmurs, pulmonary congestion, or poor
perfusion. Later complications include ventricular remodeling, chronic heart failure, aneurysm, mural
thrombus, recurrent infarction, depression, fear of activity, and reduced quality of life. Prognosis
depends on age, infarct size, left ventricular function, time to reperfusion, kidney disease, diabetes,
shock, and adherence to secondary prevention. Many survivors do not remain permanently unable to
function; structured recovery can produce substantial improvement.

Cardiac Rehabilitation and Secondary Prevention

Cardiac rehabilitation is not merely exercise. It combines supervised physical activity, risk-factor
management, education, medication support, nutrition, smoking cessation, and psychosocial care.
Gradual activity helps patients regain confidence and functional capacity. Secondary prevention
addresses blood pressure, lipids, diabetes, tobacco, sleep, weight, diet, and physical activity while
continuing evidence-based medications. Depression and anxiety should be recognized because they
can affect recovery and adherence. Family and social support may improve participation. The goal is
neither a simple “cure” nor palliative care for every patient. Acute Ml is treated to restore blood flow,
limit damage, prevent death, and support long-term recovery. Palliative care may be appropriate for
selected patients with severe complications or advanced comorbidity, but it is not the standard
category for all infarctions.

Prevention

Population and individual prevention overlap. Tobacco control, access to primary care, healthy food
environments, physical activity, control of hypertension and diabetes, and treatment of high
cholesterol reduce risk. Patients with established cardiovascular disease require intensive secondary
prevention. Some risk factors, such as age and family history, cannot be changed, but they can guide
earlier assessment. Prevention should avoid blaming individuals because income, work, neighborhood
design, stress exposure, food access, and healthcare access affect cardiovascular risk. Effective
prevention combines personal clinical care with public policy.

Conclusion

Myocardial infarction is heart-muscle necrosis caused by acute ischemia, most commonly after a
coronary atherosclerotic plaque triggers thrombosis. Cellular energy failure, calcium overload,
membrane injury, inflammation, and necrosis can reduce contraction and create electrical instability.
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Presentation varies, so rapid ECG, serial high-sensitivity troponin, clinical assessment, and
appropriate imaging are essential. Treatment seeks to restore perfusion, control thrombosis and
ischemia, manage complications, and reduce recurrence. PCl, medication, surgery in selected
patients, and cardiac rehabilitation all have roles. The original description of Ml as a condition that
generally requires palliative care was inaccurate. For most patients, the goal is urgent lifesaving
treatment followed by recovery and secondary prevention. Anyone with possible heart-attack
symptoms should seek emergency assistance immediately rather than relying on an academic
description.
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