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Objective: This study aims to explore the origin, diagnosis, and modern clinical
diagnostic methods of myocardial infarction, a critical condition caused by the
disruption of blood supply to the heart muscle. Method: A comprehensive review of
current literature and clinical guidelines was conducted, focusing on the
pathophysiological mechanisms, diagnostic criteria, and advancements in diagnostic
technologies. The study analyzed data from clinical trials, imaging techniques, and
biomarker evaluations to assess the effectiveness of contemporary diagnostic approaches.
Results: The findings indicate that myocardial infarction predominantly results from
coronary artery occlusion, leading to ischemia and necrosis of the myocardial tissue.
Diagnostic advancements include high-sensitivity —cardiac troponin assays,
electrocardiography (ECG), echocardiography, and coronary angiography, which have
significantly improved early detection and risk stratification. Additionally, non-
invasive imaging modalities such as cardiac MRI and CT angiography enhance
diagnostic accuracy. Novelty: This study highlights the integration of novel biomarkers
with advanced imaging techniques as a transformative approach in the early diagnosis
and management of myocardial infarction, offering new insights into improving patient
outcomes through rapid and precise clinical assessment.

INTRODUCTION

Myocardial infarction, its causes, types and stages
Myocardial infarction (ischemia) is the necrosis of the heart muscle, most often in

the left ventricle. It occurs when blood flow in a coronary artery is impaired or stopped.

Due to insufficient blood supply, cells do not receive oxygen, die, and the affected

area of the myocardium loses its ability to contract and relax. This can lead to cardiac

dysfunction until a heart attack occurs.

Men over 40 and women in menopause are more susceptible to myocardial

infarction. In general, myocardial infarction is less common in women than in men, but

after age 70, the risks are equal.

Causes of myocardial infarction
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The most common cause of myocardial infarction is atherosclerosis, which is

accompanied by the formation of atherosclerotic plaques. This pathology accounts for

90% of all cases of myocardial infarction.

s, 0
Ry
\\_\\_a»mum 996"/{ B

Figure 1.

Atherosclerosis
Narrowing of the lumen of the vessel in atherosclerosis

With atherosclerosis, cholesterol plaques with blood clots form on the walls of

blood vessels, which partially or completely block blood flow.
Other causes of myocardial infarction:

1.

4.
5.
6.

Spasm - local narrowing of the lumen of the artery. For example, with drug use,
severe stress, and extreme physical activity;

Thrombosis - blockage of a vessel with a blood clot (thrombus), for example, due
to rupture of an atherosclerotic plaque or a blood clotting disorder;

Embolism - partial or complete blockage of a vessel by a foreign body (embolism).
For example, a blood clot that formed in a large artery and then broke off, moving
with the blood flow, "stuck" in the lumen of a narrower coronary artery. In
oncological diseases, embolism can become part of a neoplasm;

Hypoxia - insufficient supply of oxygen in the bloodstream;

Aortic or coronary artery dissection;

Hereditary pathologies of the coronary arteries.

Types of myocardial infarction

a.
1.

According to the symptoms:

Typical - pain in the heart area, behind the sternum, cold sweat, increased anxiety
and inexplicable fear of death;

Atypical - with or without unusual pain symptoms.

RESEARCH METHOD
Atypical myocardial infarction with pain syndrome:

1.

Peripheral - with pain in various parts of the body: arm, back, lower jaw;
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2. Abdominal pain - pain in the stomach area, radiating to the chest, sometimes

accompanied by nausea and vomiting;

Abdominal infarction

1.

2.

With an abdominal infarction, pain occurs in the stomach and spreads to the
chest.
Painless atypical myocardial infarction:

No symptoms Acute onset of chest pain Chest pain resolving Chest pain resolving

Elevation Resolving Resolving
of ST ST-segment STsegment
segment elevation elevation

Normal electracardiogram

Figure 2.

Asthmatic - symptoms similar to an asthma attack with shortness of breath;
Arrhythmic - manifested by heart rhythm disturbances;

Brain - associated with impaired cerebral circulation, may resemble a stroke.
Nausea, dizziness, and loss of consciousness may also be present;

Asymptomatic - a dangerous and uncomfortable form, since according to the
patient's feelings, the symptoms of a heart attack are not detected or are absent at
all, which makes it difficult to self-diagnose and call an ambulance in a timely
manner.

According to the depth of the injury:

1. Transmural - by damaging the entire thickness of the myocardium from the outer
shell (epicardium) to the inner shell (endocardium);

2. Intramural - infarction in the thickness of the myocardium;

3. Subendocardial - infarction near the inner lining of the myocardium;

4. Subepicardial - infarction near the outer layer of the myocardium.

5. Transmural myocardial infarction usually occurs when a coronary artery is
completely blocked and the blood supply is cut off.

By size:
1. Macrofocal,
2. Fine-focus.
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By localization:
1. Right ventricle
2. Left ventricle.
According to the presence of complications:
1. Complicated,
2. Without complications.
Stages of development of myocardial infarction
Regardless of the type of myocardial infarction, it goes through four main stages:
1. Acute - lasts from 10-20 minutes to 2 hours;
2. Acute - from 2 hours to 14 days;
3. Subacute - up to 1 month;
4. Post-infarction period - from 1 month.
Symptoms of myocardial infarction
Myocardial infarction is an acute condition that occurs as a result of damage to an
area of heart muscle tissue. Contrary to popular belief, a heart attack is not always
accompanied by sharp chest pain on the left side.
With repeated myocardial infarction, as well as with diabetes mellitus, the
symptoms of myocardial infarction can be erased.

Figure 3.

Common symptoms of a heart attack:

1. Sharp, constant pain in the middle of the chest, which may radiate to the left
shoulder blade, jaw, neck, left arm, shoulder, or back;

2. Paroxysmal toothache, pain in the left side of the jaw, left shoulder, elbow, or leg
(attacks last 10-15 minutes, then pass);

3. Cold, clammy sweat, pale skin;

4. A feeling of constant fear of death (especially during attacks), anxiety that is
unusual for the patient, and sometimes panic;

5. A feeling of tightness or burning in the heart area (left chest) or esophagus;

6. Symptoms similar to food poisoning: nausea, abdominal pain, vomiting, and
diarrhea;

7. Symptoms reminiscent of an asthma attack: severe weakness, dizziness, shortness
of breath, feeling of lack of air;

8. A sharp, unexplained rise in temperature to 38.5 ° c.
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If you have one or more symptoms of a heart attack, you should not endure and
wait for the pain attack to pass, but immediately call an ambulance: call 103 or 112, tell
the dispatcher your address, gender and age. about the patient, as well as tell about the
symptoms.

A heart attack is a life-threatening condition. The sooner treatment begins, the
better the chances of recovery.

First aid for myocardial infarction

The main and most common symptoms of myocardial infarction are persistent
chest pain, cold sweat, pale skin, nausea, shortness of breath, a feeling of inexplicable
fear, dizziness, and loss of consciousness.

If you suspect a heart attack, you should do the following:

Call an ambulance (103 or 112). The dispatcher should provide the patient's
address, gender, and age, as well as a brief description of any symptoms, so that a
specialized cardiology or intensive care team can respond to the call.

Call your family, neighbors, or passersby for help.

Open the front door or gate in advance for emergency medical personnel.

Open the window to let fresh air into the room.

The patient should take a semi-sitting or lying position, without sudden
movements. Avoid physical and emotional stress, do not walk, do not eat and do not
smoke. Relatives should not disturb the patient or scare him with possible diagnoses.

Do not take nitroglycerin, as it significantly lowers blood pressure. Chewable
aspirin is acceptable - 250 mg (half a tablet), unless you are allergic to the drug.

If possible, relatives can help prepare the patient for hospitalization: gathering
necessary items and regularly taken medications.

Complications of myocardial infarction

The main cause of death in patients with myocardial infarction is the
complications that provoke it. They can occur if medical care is not provided in the first
hours after the onset of a heart attack. In most cases, complications lead to the death of
the patient.

RESULTS AND DISCUSSION

Cardiogenic shock is often accompanied by heart failure, pulmonary edema,
rupture of the interventricular septum and myocardium, myocardial aneurysms, cardiac
arrhythmias, pericardial inflammation, and postinfarction syndrome (Dressler
syndrome).

Acute heart failure is a condition in which the myocardium is unable to contract
normally. It can lead to pulmonary edema, thromboembolic complications, and
cardiogenic shock.

Cardiogenic shock is an extreme degree of heart failure of the left ventricular
myocardium, which pumps arterial blood. The pathology leads to a decrease in blood
pressure and impaired general circulation. The mortality rate from cardiogenic shock is
from 50 to 90%.
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In the first day after the onset of a heart attack, 1-3% of patients develop a ruptured
interventricular septum. Without surgical intervention, more than 50% of patients die
within the first week, and 92% within a year.

Pulmonary edema is the accumulation of fluid in the lungs due to impaired or
stopped blood circulation. It causes suffocation, manifests itself as foamy breathing and
a bluish discoloration of the extremities (cyanosis).

Rupture of the left ventricular wall (myocardial rupture or cardiac rupture) occurs
in 1-3% of patients and occurs within the first day to 3 weeks. It most often occurs within
the first 24 hours or 4-7 days after the onset of a heart attack. Myocardial rupture leads to
the filling of the outer lining of the heart with blood (hemopericardium) and death within
minutes.

Left ventricular aneurysm - thinning and protrusion of the heart wall damaged by
necrosis. Significantly increases the risk of myocardial rupture.

Acute mitral valve insufficiency - mild in half of patients. Severe in 4% of patients,
but without surgical treatment leads to death in 24% of cases.

Ventricular fibrillation is a "wavy", chaotic contraction of the ventricles with
cessation of blood circulation. The condition is tantamount to death and will lead to it if
resuscitation is not started.

Post-infarction syndrome, or Dressler syndrome, is an autoimmune reaction of the
body to proteins in the heart that have changed after a heart attack. It causes
inflammation of the left shoulder blade, the pericardium (pericarditis), and individual
parts of the lungs - the membrane (pleurisy) and the alveoli (pneumonitis). As a rule, it
is controlled by taking medications, like other autoimmune diseases, but there is no cure.

Systematic manual Multivessel coronary artery disease and cardiogenic shock
thrombus aspiration Revascularization of the culprit lesion only
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Figure 4.

(NCT04184635)
ECLS-SHOCK
(NCT03637205)

Ischemic stroke - occurs in about 2% of cases as a complication of myocardial
infarction. It can lead to various disorders of brain function and, if not treated in time,
can lead to death.
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Diagnosis of myocardial infarction

The main diagnosis of a heart attack includes:

Collecting patient history and complaints;
Electrocardiography (ecg);

Rapid blood test for troponin i, myoglobin, cpk mb;
Troponin t test;

Echocardiography;

SN o

Coronary angiography.

When diagnosing a heart attack, the doctor must assess the patient's condition and
determine what symptoms he has. If the patient has previously been diagnosed with
heart disease, he or his relatives should inform him about it. It is also important to
provide the doctor with all medical documents (extracts from hospitals, research reports),
if any.

Electrocardiography allows you to assess the nature and extent of functional
damage to the heart muscle. However, in the early stages of some types of heart attack,
the ECG may not show any abnormalities. Therefore, if a heart attack is suspected, the
doctor may also perform a rapid blood test for troponin I, myoglobin, and creatine kinase
MB - the main markers of myocardial damage. A positive test result confirms the
diagnosis.

Coronary angiography and echocardiography are performed in the hospital. To
perform angiography, a contrast agent is injected into a vein, which allows you to see the
blood vessels in the image, detect a blood clot, and determine further treatment tactics.

Echocardiography is designed to assess the condition of the heart muscle tissue. It
is used to determine the safety of the heart's pumping function, exclude concomitant
cardiac pathologies (cardiomyopathies, pericarditis, cardiomegaly, endocarditis), and
identify complications of myocardial infarction, such as rupture of the interventricular
septum or aneurysm.

Treatment of myocardial infarction
Myocardial infarction requires urgent hospitalization, bed rest, and treatment

with fibrinolytic agents, anticoagulants, and antiplatelet agents, which dissolve existing
blood clots and prevent the formation of new ones.

The earlier treatment for myocardial infarction begins, the higher the chances of
recovery.

The first is pain relief. Pain increases the workload on the heart, increases blood
pressure, and causes reflex vasoconstriction, which further impairs blood supply to the
heart muscle.

When saturation decreases, oxygen therapy is performed, which saturates the
blood with oxygen and helps slow the development of necrosis.

Some laboratory tests are also recommended to select therapy.

Complete blood count with leukocyte count and ESR, smear microscopy (venous

blood) for pathological changes in leukocyte count
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In most cases, surgical treatment is performed to restore blood flow to the myocardium.
The main surgical interventions include stent placement, angioplasty, and coronary
artery bypass grafting.
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60 year old male with retrosternal chest pain. 65 year old diabetic with 3 hours duration of chest
ECG shows ST segment elevations in inferior pain. ECG shows ST-segment elevations, reciprocal
leads (Il, aVF and Ill). There are reciprocal ST depressions and pathological Q-waves.

segment depressions in aVL and |. There are
also pathological Q-waves in the inferior leads.

—» ST segment elevation
—» Pathological Q-waves
—» Reciprocal ST-segment depression

Figure 5.

Stenting

Stenting is an intravenous treatment that aims to artificially widen a narrowed
part of an artery. The operation is performed under real-time X-ray control.
Stenting
Coronary artery stenting

A balloon and a special metal structure called a stent are inserted into a coronary
artery through a vein in the thigh or arm. The stent can expand and contract according to
the size of the balloon.

When the device reaches the narrowed area of the artery, the doctor inflates the
balloon with a special liquid, thereby pressing the stent against the vessel walls. The
metal structure forms a frame in the lumen of the vessel, expanding it and restoring blood
circulation. After successful stent implantation, the balloon and guidewire are removed.

After the operation, the patient remains in the hospital for several days under the
supervision of doctors. Stenting is a relatively safe and less traumatic procedure, with a
minimal risk of complications.

Angioplasty

Angioplasty is also an intravenous treatment method similar to stenting, but less
effective. The essence of angioplasty is to introduce a stentless balloon into the narrowed
artery. When inflated, it widens the lumen of the vessel.

The procedure may be performed alone or with or after stent placement to correct
the fit of the stent to the artery walls. Balloon angioplasty is also used if a suitable stent
is not available.
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In cases where angioplasty and stent placement are not possible (for example, if
the condition of the vessels that can access the coronary artery is poor), bypass surgery is
performed.

Bypass surgery

Bypass surgery is a method of replacing part of the artery, bypassing the affected
area. It is used in cases where the degree of arterial damage does not allow the use of
other treatment methods. The essence of the method is to transplant a part of your own
healthy artery (shunt). A small incision is made in the main artery of the heart, the aorta,
into which one end of the shunt is sewn, and the other end is sewn into the incision in the
coronary artery below the narrowed or blocked area. Thus, the blood supply to the
myocardium bypasses the problem area through the shunt.

Detour 2

1. The essence of bypass surgery is to restore blood flow by bypassing the damaged
area by transplanting a healthy artery.

2. Bypass surgery requires direct access to the heart through an incision in the
sternum or multiple holes (for endoscopy).

3. The operation can be performed under anesthesia in a heartbeat, but in severe
cases it must be stopped using a heart-lung machine, which increases the risk of
complications and also eliminates the use of endoscopy.

4. Even after successful treatment, the dead area of the myocardium does not heal
and turns into a scar, and the heart weakens.

5. Prevention and prognosis of myocardial infarction

6. Prevention of myocardial infarction includes:

7. moderate physical activity, active lifestyle;

8. quitting smoking and alcohol;

9. proper nutrition: more vegetables, less salty and fatty foods;

10. good sleep;

11. blood pressure control;

12. blood glucose control;

13. Periodic examination by a therapist or cardiologist with an ECG, even if there are
no complaints. This is especially important if close relatives have had a heart
attack.

CONCLUSION

Fundamental Finding: This study concludes that effective management of
myocardial infarction relies on a combination of timely medical intervention, adherence
to prescribed medications, and lifestyle modifications. Key strategies include following
medical recommendations, engaging in moderate physical activity, avoiding harmful
habits, maintaining a heart-healthy diet low in salt and fats, and monitoring blood
pressure for early detection of abnormalities. Implication: These findings highlight the
critical role of patient education and regular monitoring in preventing recurrent cardiac
events and improving long-term cardiovascular outcomes. Comprehensive follow-up,
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including assessments of NT-proBNP, complete blood counts, electrolyte and iron levels,

lipid and carbohydrate metabolism, thyroid function, ECG, and echocardiography, is

essential for early identification of chronic myocardial pathology. Limitation: The study’s

limitations include the variability in patient adherence to lifestyle recommendations and

the lack of individualized data on the effectiveness of specific diagnostic markers in

diverse populations. Future Research: Future research should focus on personalized

approaches to post-myocardial infarction care, the development of predictive biomarkers

for early risk stratification, and the evaluation of novel therapeutic strategies to enhance

recovery and reduce the incidence of adverse cardiovascular events.
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