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ABSTRACT
Two major outbreaks associated with coronaviruses were reported in 2003 and
2012, respectively [1]. In December 2019, an epidemic of atypical pneumonia was
observed in Wuhan, China. The causative agent of this outbreak was a novel
coronavirus called severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
The World Health Organization (WHO) later named the disease associated with
this virus as coronavirus disease-19 (COVID-19). In March 2020, COVID-19 was
declared a global pandemic [2].
Keywords
COVID-19; myocardium; interleukin; heart; children; Cardiomyopathy.

The purpose of the study: analytical review of modern scientific literature
sources covering the issues of prevention of complications of myocardial injury in
children infected with COVID-19.

Materials and methods. An analysis of 25 foreign literature sources was
conducted on this topic.

Charge: SARS-CoV-2 is a positively charged single-stranded RNA virus. This
creates a wide spectrum of diseases affecting many organs. By early May 2020, the
virus had reached more than 200 countries worldwide and killed at least 4 million
people. As of February 10, 2021, there have been more than 106 million confirmed
cases of COVID-19 and more than 2 million deaths worldwide [ 3 ].

The virus can directly invade various cells of the human body, including lung,
heart and intestinal cells. Subsequently, tissues are damaged by direct viral
invasion, cytokines, and indirect effects of inflammatory agents. A strong
inflammatory reaction accompanied by a cytokine storm is the main factor causing
the development of the disease in various organs. Initially, most patients have
fever, dry cough and shortness of breath. As the disease progresses, patients may
develop nausea, vomiting, abdominal pain, and diarrhea [ 4 ]. About 10% of
patients develop severe disease and require intensive care and supplemental
oxygen therapy. These patients are at high risk of acute respiratory distress
syndrome with diffuse alveolar damage, heart damage, viremia, bacterial
infections, and multiorgan failure [5].

Pathophysiology of COVID-19
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The pathophysiology of COVID-19 occurs in three stages. The first stage
begins with the penetration of the virus into the epithelium of the respiratory
organs, and then cell proliferation begins. The initial immune response is
characterized by the activation of monocytes and macrophages and is characterized
by mild symptoms. At the next stage, pulmonary vasodilatation and an increase in
vascular permeability are observed. Leukocyte migration then leads to fluid
extravasation and pulmonary edema. As a result, alveolar damage, hypoxia,
cardiac damage and stress occur. The final stage is characterized by a strong
inflammatory reaction followed by a large second-order cytokine storm [6].

A state of hyperinflammation

Excessive release of pro-inflammatory cytokines leads to a dramatic increase
in immunity against the virus. In fact, plasma levels of interleukin-2 (IL2),
interleukin-6 (IL-6), tumor necrosis factor a (TNF a ), and C-reactive protein (CRP)
are significantly increased in patients with COVID-19. They are the main causes of
multi-organ failure [7]. The innate immune system plays a crucial role in the
uncontrolled inflammatory response mounted against the virus.

SARS-CoV-2 and the pediatric population

The Chinese Center for Disease Control reports that less than 1% of COVID-19
patients are children under the age of 10. Other major authors in China have
reported a milder course of COVID-19 in a group of children, with most having
mild symptoms. However, infants infected with COVID-19 had a more severe
illness than older children [8]. The reasons for the mild manifestation of the disease
in children are not yet clear. Some theories support the idea that children have less
functional AAF2 receptors than adults; Another theory is that AAF2 receptors are
abundant in children, which in turn lowers plasma levels of Ang II. Ang II is
recognized to be strongly associated with the clinical course of COVID-19. Indeed,
the hospitalization rate of children with COVID-19 is low and the mortality rate is
less than 5% [9]. However, a minority of children are prone to serious
manifestations of the disease, especially cardiovascular damage.

SARS-CoV-2 infects the heart

In the case of COVID-19, there are three mechanisms that cause cardiac
damage: (1) direct injury caused by direct entry of the virus into myocardial cells,
(2) hypoxia caused by myocardial ischemia and (3) increased inflammatory
response to endothelial damage and microvascular thrombi [10]. The virus has a
direct effect on myocardial cells, directly binding to AAF2 receptors present on
these cells, causing direct myocardial damage [11]. The role of AAF2 and
angiotensin in the heart is well studied. Their interaction inhibits oxidative stress
and cardiac regeneration, while inducing coronary vasorelaxation [12]. AAF2
expression is increased in early stages of myocardial injury. In COVID-19, AAF2 is
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significantly reduced and the protective effect of angiotensin is lost and myocardial
injury is exacerbated. Interestingly, AAF2 expression has been found to be low in
the elderly, which may partially explain the severe course of the disease in this age
group [13]. In addition, many people say that patients with cardiovascular diseases
are at high risk of contracting SARS-CoV-2 and having a severe disease. The
mortality rate in such patients also increased significantly [14]. It is associated with
ischemic damage of the cardiovascular system caused by a viral infection.

Similarly, electrocardiographic = abnormalities are associated  with
inflammatory markers and cardiac damage [15]. Increased inflammatory markers
are accompanied by elevated cardiac biomarkers and are associated with cardiac
damage. Successive severe clinical presentation, morbidity and mortality rates
increase [16]. In a retrospective study conducted in China earlier this year, the
authors found that elevated cardiac biomarkers were associated with increased
mortality from COVID-19 [17]. Many studies have shown that patients with
cardiovascular diseases such as hypertension and coronary artery disease have a
higher risk of contracting severe forms of COVID-19 and a greater risk of death. In
a recent meta-analysis, Lee et al reported that the relative risk of severe COVID-19
and requiring intensive care in patients with hypertension and coronary artery
disease was 2.03 (95% CI 1.54-2.68), respectively.,) and 3.3 (95% CI 2.03-5.36,) [18].

Type I: acute myocardial injury

Type 1 myocardial damage is determined by a change in the
electrocardiogram associated with myocardial ischemia or, in its absence, an acute
increase in the level of cardiac troponin. The presence of acute myocardial injury in
patients with COVID-19 causes a 3.4-fold increase in the risk of death. Similarly,
acute myocardial injury occurs in one-fifth of hospitalized patients with COVID-19.
In addition, myocardial damage causes a high need for mechanical ventilation.

Myocardial infarction, acute myocardial injury, occurs as a result of migration
of atherosclerotic plaque in people with atherosclerosis. Viral products bind to
immune receptors in the cells located inside the platelet, activating them and
making the platelet prone to movement. These infection and inflammatory
products cause coronary endothelial dysfunction and thrombosis [19].

Type II myocardial damage

Type II MI results from an imbalance in myocardial oxygen demand and
supply. In the setting of COVID-19, type II MI can be caused by several factors: (1)
the presence of an atherosclerotic plaque that leads to a gradual decrease in blood
flow, (2) endothelial dysfunction, (3) increased AT levels. (4) high blood pressure
and vascular hypoxia (5) [20]. In situations of severe stress and increased
inflammation, SARS-CoV-2 infection can cause myocardial ischemia and infarction
by disrupting the balance between myocardial oxygen supply and demand. This
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imbalance may or may not be influenced by the atherosclerotic plaque due to the
greater physiological stress caused by the infection.

The incidence of myocardial ischemia in the general COVID-19 population
ranges from 7% to 40%.

Heart failure and myocardial damage account for approximately 40% of
deaths in SARS-CoV-2-positive patients. In this case, the risk of death is
significantly higher than the death rate associated with old age and pre-existing
diseases.

Myocardial damage and elevated troponin have been reported in 12% of adult
SARS-CoV-2 patients [21]. In another large study of only pediatric patients, at least
73 percent of enrolled patients had elevated cardiac biomarkers. In 50% of them,
only troponin was elevated, most of them increased the level of Pro-BNP above 400
pg / ml.

In addition to increased troponin levels, an increased risk of death was
associated with a worse clinical outcome (higher need for mechanical ventilation)
as well as higher levels of other biomarkers such as IL-6, CRP, and D-dimer.
Patients with myocardial injury and elevated troponin levels are more common
than patients without myocardial injury. This phenomenon has not yet been
reported in the pediatric population. The most common echocardiographic change
in patients with any element of myocardial injury is right ventricular enlargement
and dysfunction. Left ventricular dysfunction is less common in the literature. Focal
and diffuse ST-segment elevation electrocardiography is also common.

Cardiomyopathy

Severe systemic inflammation in COVID-19 induces cardiotoxicity and leads
to cardiovascular dysfunction. In vitro studies have shown that exposure to high
levels of IL-6 and TNF-a resulted in left ventricular systolic dysfunction and
reduced contractility [22]. In another study, the incidence of cardiomyopathy in
patients infected with the virus was found to be as high as 33%. Tricuspid, aortic, or
mitral regurgitation, leading to hemodynamic changes, has been observed in 10%
of patients hospitalized for COVID-19. In addition, various studies have reported
cardiac dysfunction in 41.2% of patients hospitalized for COVID-19. Although it is
less common in the pediatric population, in several studies the authors have
identified the presence of left ventricular dysfunction in patients under 20 years of
age.

Multisystem inflammatory syndrome in children (BKTYS)

In April 2020, the National Health Services in Great Britain reported the first
case of BKTYS. At that time, it was a new combination of atypical Kawasaki disease
and toxic shock syndrome under severe COVID-19. Subsequently, WHO and the
United States Center for Disease Control and Prevention established diagnostic
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criteria with similar characteristics [23]. The first is characterized by acute necrotic
arteritis characterized by infiltration of neutrophils into the vessel walls. After this,
an aneurysm is formed inside the coronary artery. Macrophages and T-cell
lymphocytes infiltrate the damaged vessel wall to initiate the chronic form of
vasculitis. Proliferation of myofibroblasts over the years leads to coronary artery
stenosis. In the initial acute phase, myocardial edema may develop, which leads to
myocarditis before the symptoms of aneurysm. Transient left ventricular
dysfunction occurs and leads to cardiovascular shock in some patients.

During SARS-CoV-2 infection, patients who develop BKTYS are usually more
than patients who develop Kawasaki disease, and the average age of the former is 9
years. Symptoms begin about 4-6 weeks after exposure to the virus and usually
have a negative PCR test. They usually have a variety of respiratory symptoms,
ranging from fever and cough to shortness of breath. Gastrointestinal symptoms
such as abdominal pain and diarrhea are also present in 70% of patients with
BKTYS. Common cardiac abnormalities in BKTYS are arrhythmias, conduction
abnormalities, ventricular dysfunction, dilatation or aneurysm of the coronary
arteries, and pericarditis. According to most reports, the most common cardiac
abnormality is LV dysfunction.

Patients with BKTYS may develop coronary artery abnormalities such as
dilatation and aneurysm. Reports have shown a range of variations from small
aneurysms to large aneurysms. Although a mechanism similar to that observed in
Kawasaki disease has been hypothesized to occur with BKTYS, the actual
pathophysiology behind the coronary artery abnormalities has not yet been
elucidated [24].

In addition to coronary artery anomalies, the second most common cardiac
anomaly in BKTYS is arrhythmia. First-degree heart block is the most common
form of arrhythmia. Usually reported in children with LV dysfunction.
Electrocardiogram shows QT prolongation, ST segment changes or T-wave
abnormalities [25]. Laboratory examination reveals an increase in inflammatory
markers such as troponin, natriuretic peptide (Pro-BPN), D-dimer and ferritin,
erythrocyte sedimentation rate (EChT), interleukin-6 (IL-6), procalcitonin and C-
reactive . An extended general blood analysis reveals neutrophilia, lymphopenia
and thrombocytopenia. Chest X-ray shows cardiomegaly, mediastinal
abnormalities. More than 50% of these patients have left ventricular dysfunction or
heart failure documented on echocardiography. T1- and T2-weighted cardiac
magnetic resonance imaging reveals diffuse increased intensity consistent with
myocardial edema. The natural course of BKTYS is not yet known. Ventricular
dysfunction improves over time. More studies are needed to determine the long-
term effects of BKTYS.
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Summary

Cardiovascular disease is important for patients diagnosed with COVID-19.
Multidisciplinary teams with cardiology services are essential to prevent
complications in patients with COVID-19, as well as in patients with underlying
heart disease who are predisposed to severe COVID-19. We emphasize that
devoting adequate resources to timely diagnosis and treatment of cardiovascular
complications is critical to reducing morbidity and mortality from cardiovascular
disease. In addition, it is important to perform a complete evaluation with an
electrocardiogram, echocardiography, and a basic cardiac examination for timely
diagnosis and treatment.
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