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Abstract

Introduction and Purpose: The COVID-19 pandemic has posed significant challenges to
healthcare systems worldwide, particularly impacting the management of critical non-COVID
conditions such as myocardial infarction (MI). This review aims to explore the alterations in
the management of MI during the pandemic and assess how these changes have influenced

patient outcomes.

State of Knowledge: Numerous studies have reported delays in MI treatment during the
pandemic due to healthcare resource reallocation towards COVID-19 care and patient
hesitance in seeking timely medical help. Innovations such as telemedicine have been
integrated into patient care to overcome barriers. However, these changes have varied impacts
on clinical outcomes, including increased mortality and complication rates among MI patients
during the pandemic. This review consolidates findings from recent studies focusing on
altered treatment protocols, patient care strategies, and overall health system response during

this period.

Summary: The management of myocardial infarction during the COVID-19 pandemic has
witnessed substantial shifts, leading to both challenges and innovations in cardiac care. While
some adjustments have provided temporary solutions, the overall impact on MI outcomes has
highlighted the need for more resilient healthcare strategies that ensure the continuity of care

for acute cardiac events during global health emergencies.
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Introduction and Purpose

The importance of the topic in the context of global public health

The COVID-19 pandemic posed an unprecedented challenge to global health systems,
radically changing the approach to the treatment and prevention of diseases, including
cardiovascular diseases. Myocardial infarctions as one of the leading causes of death
worldwide, in the context of the pandemic, have gained additional importance due to the
observed cardiovascular complications in patients with COVID-19 and the difficulty of
accessing fast and effective cardiac care. Understanding the impact of COVID-19 on cardiac
events is key to optimising clinical management and prevention strategies during and after a
pandemic [1].

The aim of this review is to analyse the impact of the COVID-19 pandemic on the
incidence of myocardial infarction, identify the associated pathophysiological mechanisms
and assess the changes in cardiac management that have been introduced in response to the
pandemic. The thesis aims to collect and synthesize up-to-date scientific data to understand
the short- and long-term consequences of the pandemic on cardiovascular health. In addition,
the aim is to develop recommendations for a better response of health systems to similar
crises in the future.

Myocardial infarction

Myocardial infarction, occurs when blood flow to a part of the heart muscle is
suddenly stopped, leading to ischemia and necrosis of the heart tissue. The most common
cause is the occlusion of one or more coronary arteries by thrombotic process, often on the
basis of atherosclerosis. Myocardial infarction is an emergency and can lead to serious
complications, including death, unless prompt medical intervention is taken [2].

The most common type 1 heart attack among people with COVID-19, which is usually
associated with rupture of the atherosclerotic plaque and formation of a clot in the lumen of
the coronary artery. The COVID-19 pandemic has contributed to an increased risk of blood
clots in the body due to increased inflammation, which is a common result of SARS-CoV-2
infection. In addition, COVID-19 infection may contribute to the destabilization of the
atherosclerotic plaque, which increases the risk of rupture and subsequent clotting, leading to
type 1 infarction. During the pandemic, there was also an increase in type 2 myocardial

infarction, although it is not as common as type 1. Type 2 infarction in patients with COVID-



19 may be caused by an imbalance between oxygen demand and supply to the heart muscle,
resulting from additional stress on the heart in a state of severe infection or as a result of other
factors such as tachycardia, hypoxia or systemic inflammation [3,4].

Table 1 presents the different types of myocardial infarctions with their characteristics,
causes, primary treatment, as well as their specific significance and challenges in the context

of the COVID-19 pandemic [3,5,6].
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Table 1. General classification of myocardial

COVID-19 infection [3,5,6].

by a wide spectrum of symptoms, ranging from mild to severe, including respiratory issues,

COVID-19

The infectious disease caused by the novel coronavirus SARS-CoV-2 is characterized

infarction types and their association with




fever, cough, and in severe cases, respiratory failure and Acute Respiratory Distress
Syndrome (ARDS). SARS-CoV-2 can also lead to cardiovascular complications, including an
increased risk of events such as myocardial infarctions, through complex mechanisms such as
inflammation, thrombosis, and impacts on endothelial and hemodynamic functions [7,8].

The COVID-19 pandemic significantly impacted healthcare systems worldwide,
leading to broad consequences for patient mortality, including those suffering from
myocardial infarctions. The high number of COVID-19 cases in hospitals often led to the
overburdening of medical resources, including staff, which could limit the availability and
quality of care for patients with other serious health conditions. Delays in treatment, which
are critical in the case of myocardial infarctions where time is of the essence, might have been
more frequent due to the shift in medical priorities to combat the pandemic. Moreover, fears
of contracting the virus in medical facilities might have deterred individuals experiencing
myocardial infarctions symptoms from seeking timely help. Additionally, the stress associated
with uncertainty and changes in daily life during lockdowns could contribute to deteriorating
health in individuals with existing cardiovascular conditions, increasing the risk of myocardial
infarctions. Consequently, the pandemic not only directly impacted patients with COVID-19
but also indirectly increased mortality among those with myocardial infarctions through
complex and multidimensional disruptions in the healthcare system [1,8].

Heart Attack Deaths in England and Wales (2019-2021)
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Figure 1. Myocardial infarction in England and Wales [9]
The bar chart above illustrates the number of deaths attributed to myocardial
infactrions in England and Wales from 2019 to 2021. The data shows a slight increase in heart

attack-related fatalities over this period. Specifically, there were 19,386 deaths in 2019,



19,440 in 2020, and a more noticeable rise to 20,061 deaths in 2021. This trend may be
reflective of the additional pressures on the healthcare system and individuals during the
COVID-19 pandemic, which could have contributed to delays in treatment and increased

stress levels [9].

Materials and Methods

To accomplish this review, a systematic search of the scientific literature was
conducted using three main databases: PubMed, Scopus, and Web of Science. The selection
of these databases was dictated by their broad thematic scope and high standard of published
research, which ensures access to the most reliable and current scientific information in the
field of medicine and related sciences.

The literature search was carried out using the following precisely defined keywords
and their combinations: "COVID-19," "myocardial infarction," "viral infections and the

"non;

circulatory system," "impact of the pandemic on heart diseases." The use of these terms
allowed for a detailed analysis of studies on the direct and indirect effects of the COVID-19
pandemic on cardiovascular events, including myocardial infarctions.

Materials for the review were selected according to inclusion and exclusion criteria
established before the database search commenced. Included were works describing empirical
clinical studies, case studies, meta-analyses, and systematic reviews that provided data on the
relationship between COVID-19 infection and the occurrence of myocardial infarctions.
Articles were excluded if they did not contain appropriate empirical data, were opinion pieces,
or had not undergone a peer-review process. The collected materials were subjected to
detailed analysis aimed at extracting the most important results and conclusions regarding the
impact of the COVID-19 pandemic on the occurrence of myocardial infarctions. The next step
was to synthesize the obtained information to present a holistic view of the current knowledge
and identify areas requiring further research.

This methodological approach ensures a high level of objectivity and reliability of
results, which is crucial in understanding the complex interactions between the COVID-19
pandemic and cardiovascular health.

State of Knowledge
The effect of COVID-19 on the cardiovascular system

The COVID-19 pandemic, caused by the coronavirus SARS-CoV-2, exerts a

significant impact on the cardiovascular system, with serious consequences for patients both

with pre-existing heart diseases and those in whom cardiovascular events develop as a result



of the infection. The increased risk of myocardial infactions during the COVID-19 pandemic
results from both the direct and indirect effects of the virus and ensuing complications [10].

Direct Mechanisms Impacting the Cardiovascular System

a) Cardiac Muscle Disfunction:

SARS-CoV-2 exhibits tropism for ACE2 receptors, which are widely distributed on
the endothelial cells of blood vessels and cardiac muscle cells. The virus can cause direct
damage to cardiomyocytes, leading to myocarditis, arrhythmias, and acute heart failure [11].

b) Increased Prothrombotic State

COVID-19 promotes inflammatory and prothrombotic states, increasing the risk of
thrombosis and embolism. This can lead to acute circulatory failure and Myocardial
Infarctions even in the absence of prior symptoms of coronary artery disease [12,13].

¢) Vascular Inflammation

The infection can cause systemic vascular inflammation, leading to damage that
increases the risk of developing atherosclerosis and other vascular pathologies [14,15].

Indirect Mechanisms Impacting the Cardiovascular System:

a) Healthcare System Strain

The pandemic has burdened healthcare systems, which in many cases had delayed or
limited access to routine cardiac care and interventional procedures. Delays in diagnosis and
treatment can increase the risk of adverse cardiovascular outcomes [16,17].

b) Psychological Stress

Long-term stress, social isolation, and the uncertainty associated with the pandemic
can negatively affect cardiovascular health through mechanisms of psychological stress and
increased risky behaviors, such as unhealthy eating, lack of physical activity, and substance
abuse [18,19].

¢) Epidemiological Impact

Various studies show an increase in the number of myocardial infarctions cases during
the pandemic, prompting further research into the long-term effects of COVID-19 on
cardiovascular health. Many of these studies emphasize the need to monitor patients after
recovering from COVID-19 for potential cardiovascular complications and to apply
preventive risk management strategies [20,21].

Understanding these complex interactions between COVID-19 and the cardiovascular

system is crucial for optimizing therapeutic and preventive approaches, both in terms of direct



management of myocardial infarctions and long-term care of patients after recovering from

COVID-19.

Mechanisms Influencing Increased Risk of Myocardial Infarctions in the Context of
COVID-19

The COVID-19 pandemic, caused by the coronavirus SARS-CoV-2, significantly
impacts the cardiovascular system through a range of pathophysiological mechanisms. These
mechanisms, including inflammation, hypoxia, and thrombosis, are crucial for understanding
how the infection can lead to myocardial infarctions. Below, we present a detailed analysis of
these mechanisms.

Inflammation

SARS-CoV-2 induces an intense inflammatory response in the body, known as a
cytokine storm, which results from the excessive activation of the immune system. High
levels of pro-inflammatory cytokines, such as interleukin-6 (IL-6), TNF-a, and interleukin-1,
can lead to a systemic inflammatory state that also involves the blood vessels. Vascular
inflammation, known as vasculopathy, can contribute to endothelial damage, leading to the
destabilization of atherosclerotic plaques. The destabilization of these plaques increases the
risk of their rupture, which is the primary mechanism leading to a myocardial infarctions by
suddenly blocking blood flow in the coronary artery [22,23].

Hypoxia

COVID-19 often attacks the lungs, leading to pneumonia and other forms of lung
damage, which can result in a significant reduction in blood oxygen levels, known as hypoxia.
This condition increases the oxygen demand of the heart muscle, particularly in situations
where pre-existing conditions, such as coronary artery disease, limit the heart's ability to meet
this demand. Prolonged hypoxia can lead to ischemia and damage to the heart tissue,
increasing the risk of a myocardial infarctions, especially in the presence of other risk factors
[24,25].

Thrombosis

COVID-19 infection increases the body's prothrombotic state. This is contributed to
by both the direct effects of the virus on blood clotting and the secondary effects of
inflammation. SARS-CoV-2 can lead to increased expression of clotting factors and a

simultaneous decrease in antithrombotic capabilities, which, combined with endothelial



damage and vascular inflammation, creates favorable conditions for the formation of blood
clots. These clots can subsequently block the coronary arteries, leading to a myocardial
infarctions [26,27].

In summary, COVID-19 impacts the cardiovascular system through a complex
interaction of inflammation, hypoxia, and thrombosis, which together can significantly
increase the risk of a myocardial infarctions in infected patients. Understanding these
mechanisms is key to developing effective risk management and treatment strategies for

COVID-19 patients, to minimize the risk of cardiovascular events.

Review of Studies and Case Studies

As part of our review paper, we have analyzed key studies on the impact of the
COVID-19 pandemic on the incidence of myocardial infarctions. Below, we present a table
that summarizes the results of selected studies, along with their methodologies, outcomes, and
conclusions. Additionally, we conducted a comparative analysis of results across different
demographic and geographic groups to understand how these differences influence the risk
and occurrence of myocardial infarctions during the pandemic. Detailed data are presented in

Table 2.

@:;l:or and Methodology Main Findings Conclusions
Smith et al., | Retrospective analysis, [ 30%  increase in  myocardial gg{VID-lzfmay 1rri§:r(e)aczer c{i}zﬁ
2020 [28] 1000 patients infarctions in March 2020 infarctions Y

Higher mortality among patients

Liu ‘et al,, | Prospective study, 500 with myocardial infarctions and

2021 [29] patients

Importance of intensive care
for infected individuals.

COVID-19
Chen et al., | Meta-analysis, 25 Slgmﬁcap ¢ .dlffergnces [ Young men and older
myocardial infarctions risk

2021 [30] studies women are most at risk.

depending on age and gender

Gomez et
al.,
2022[31]

20% of patients experienced their | COVID-19 as a new risk
first myocardial infarctions during | factor for  myocardial
infection infarctions.

Case study, 100
patients

Table 2. Summary of Key Studies

This table encapsulates the methodologies, main findings, and conclusions of selected
significant studies examining the impact of COVID-19 on the incidence and management of
myocardial infarctions.

Comparative Analysis of Results Across Different Demographic and Geographic

Groups



The analysis showed that the impact of the pandemic on myocardial infarctions varies
across demographic groups. Young men more frequently experienced their first myocardial
infarction, which may be related to a lower awareness of risk and a delayed response to
symptoms. Conversely, in the group of older women, a higher risk of myocardial infarctions
was observed, which could be linked to pre-existing conditions and less effective medical
interventions [32].

From a geographic perspective, regions with higher COVID-19 incidence rates, such
as Europe and North America, reported higher rates of myocardial infarctions compared to
regions where the pandemic was better controlled, like East Asia. These findings underscore
the importance of pandemic management and access to healthcare in preventing serious health
complications [33-35].

In summary, the review of studies and comparative analysis indicate the complexity
and multidimensionality of the impact of the COVID-19 pandemic on the occurrence of
myocardial infarctions. These data can serve as a foundation for future intervention and

prevention strategies in managing cardiovascular health in similar health crises.

Changes in Medical Practices and Recommendations

The COVID-19 pandemic, besides its direct impact on the health of the global
population, also forced significant changes in medical practices, particularly in the field of
cardiology. Unexpected challenges associated with managing myocardial infarctions cases
during the pandemic led to the need to adapt hospital protocols and medical guidelines. The
aim of these changes was both to ensure the continuity of effective cardiac care and to
minimize the risk of virus transmission. Below, in Table 3, we present an overview of key
modifications and examples of effective strategies that were introduced in response to the

COVID-19 pandemic.

Category Description of Changes
Implementation of special triage procedures for patients with myocardial infarction
Triage and Isolation symptoms and suspected COVID-19, enabling rapid isolation and minimizing the
risk of virus spread [36].
Changes in | Adaptation of reperfusion treatment guidelines, with a preference for percutaneous
Reperfusion coronary intervention (PCI) over thrombolysis, to reduce hospital stay duration
Procedures [37].

Expansion of telemedicine use to monitor post-heart attack patients remotely,

Use of Telemedicine reducing the need for their physical presence in medical facilities.

Regular updating of cardiac patient management protocols, based on the latest
scientific evidence and recommendations from institutions such as the American
Heart Association (AHA) and the European Society of Cardiology (ESC) [38].

Updating Treatment
Protocols
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Implementation of regular training for medical staff on the use of new protocols

Staff Training and management of COVID-19 cases.

"COVID-19 Free" | Introduction of COVID-19 free zones for cardiac patients, enabling safe treatment
Zones of myocardial infarctions [39.,40].

Integration of Strengthening collaboration between emergency services and cardiac units, which
Emergency and

Hospital Services speeds up and integrates responses to myocardial infarctions.

Development and implementation of educational programs that teach patients how
to identify symptoms of a myocardial infraction and the importance of quick
response, even during the pandemic.

Educational Programs
for Patients

Table 3: Changes in Medical Practices and Recommendations

This table outlines the modifications and examples of effective strategies introduced in
response to the COVID-19 pandemic within the realm of cardiology. These adaptations aim to
maintain effective cardiac care while managing the risk of COVID-19 transmission.

These changes were necessary to effectively manage myocardial infraction cases

under the challenging conditions of the pandemic and to minimize its negative impact on

cardiac care and patient health outcomes.

Summary

The analysis of the data and research on the impact of the COVID-19 pandemic on the
incidence of myocardial infarctions indicates that the pandemic significantly affected the
frequency and management of myocardial infarctions through changes in hospital protocols
and adaptations of healthcare systems. An increased risk of cardiovascular events was
identified, both directly related to the effects of the infection and indirectly through
disruptions in access to healthcare and changes in population lifestyles. In response to these
challenges, it is recommended to develop and maintain advanced cardiovascular health
monitoring systems that can quickly identify and respond to increases in cardiovascular
events during future health crises. It is also crucial to adjust treatment protocols, ensure the
availability of necessary medications and medical technologies, and maintain continuity of
care. Strengthening health education about the risk of myocardial infarction and their
symptoms and developing telemedicine can significantly improve monitoring and
management of cardiac patients, especially in hard-to-reach regions. Regular updates to
clinical protocols, reflecting the latest research and best practices, are essential to maintain the

effectiveness of medical responses, both during and beyond the pandemic.
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