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Abstract: Background/Objectives: The newly emergent COVID-19 pandemic involved primarily
the respiratory system and had also major cardiovascular system (CVS) implications, revealed by
acute myocardial infarction (AMI), arrhythmias, myocardial injury, and thromboembolism. CVS
involvement is done through main mechanisms—direct and indirect heart muscle injury, with high
mortality rates, worse short-term outcomes, and severe complications. AMI is the echo of myocardial
injury (revealed by increases in CK, CK-MB, and troponin serum markers—which are taken into
consideration as possible COVID-19 risk stratification markers). When studying myocardial injury,
physicians can make use of imaging studies, such as cardiac MRI, transthoracic (or transesophageal)
echocardiography, coronary angiography, cardiac computed tomography, and nuclear imaging
(which have been used in cases where angiography was not possible), or even endomyocardial biopsy
(which is not always available or feasible). Two-case-series presentations: We present the cases of
two COVID-19 positive male patients who were admitted into the Clinical Department of Cardiology
in “Sfântul Apostol Andrei” Emergency Clinical Hospital of Galat, i (Romania), who presented with
acute cardiac distress symptoms and have been diagnosed with ST elevation AMI. The patients
were 82 and 57 years old, respectively, with moderate and severe forms of COVID-19, and were
diagnosed with anteroseptal left ventricular AMI and extensive anterior transmural left ventricular
AMI (with ventricular fibrillation at presentation), respectively. The first patient was a non-smoker
and non-drinker with no associated comorbidities, and was later discharged, while the second one
died due to AMI complications. Conclusions: From this two-case series, we extract the following:
old age alone is not a significant risk factor for adverse outcomes in COVID-19-related CVS events,
and that the cumulative effects of several patient-associated risk factors (be it either for severe forms
of COVID-19 and/or acute cardiac injury) will most probably lead to poor patient prognosis (death).
At the same time, serum cardiac enzymes, dynamic ECG changes, along with newly developed
echocardiographic modifications are indicators for poor prognosis in acute cardiac injury in COVID-
19 patients with acute myocardial injury, regardless of the presence of right ventricular dysfunction
(due to pulmonary hypertension).
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1. Introduction

As a newly emergent viral outbreak of the severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2), manifested by the coronavirus disease 2019 (COVID-19), the disease came
with a primary involvement of the respiratory system (ranging from asymptomatic disease
forms to acute respiratory distress syndrome—ARDS) and also with major cardiovascu-
lar implications (acute myocardial infarction—AMI, arrythmias, myocardial injury, and
pulmonary thromboembolism), be it either as direct complications of the disease or as
exacerbations of a previous disease, as acute events or as post-acute sequelae [1,2]. Even
from the early pandemic days, COVID-19 was found to be responsible for both arterial
and venous thrombotic complications [3,4], with major echo in AMI patient medical care
addressability, some studies reporting up to 50% fewer (or late) AMI patient admissions
during the pandemic [5–7].

Acute myocardial injury is a relatively frequent event among patients suffering from
COVID-19, correlating directly with the severity of this disease [1,2]. If patients suffering
from coronary artery disease (as a long-term illness) or with atherosclerotic disease risk
factors get infected with the SARS-CoV-2 virus, there is an increased risk of having an
acute coronary syndrome (ACS) [1]. The risk of suffering from an AMI is reported as
double in the first seven days after a patient is diagnosed with COVID-19, other studies
reporting an AMI risk of up to five times higher for such patients (and even a tenfold risk
of developing acute ischemic stroke) [3,8]. A possible mechanism for such major organ
system involvement could be explained through a systemic inflammatory hyperreactivity,
which is activated by the viral presence and mediated by various inflammatory circulating
cytokines, determining atherosclerotic plaque instability with consequent rupture and
AMI (with an incidence of up to 8.9% of COVID-19 patients) [1,8,9]. The cardiovascular
consequences of COVID-19 can either manifest as an acute event, as stated earlier, or as
long-term complications with severe sequelae [1,2,4].

2. Materials and Methods

We conducted searches in PubMed, Google Scholar, and Research Gate and exam-
ined meta-analyses and clinical trials from 2020 to 2024, using keywords such as acute
myocardial infarction, treatment, therapy, clinical trials, and SARS-CoV-2. We searched
for information about the emerging COVID-19 pandemic, in which effects appear first
on the respiratory system, but also has severe effects on the cardiovascular system, man-
ifesting as acute myocardial infarction, myocardial injury, arrhythmia, and pulmonary
thromboembolism. At the same time, a two-case series is presented with the main ob-
jectives of paralleling the patients’ overall and general characteristics, COVID-19-related
and cardiovascular symptoms, paraclinical aspects, treatments used, and outcomes, and
to draw conclusions that will be compared to the literature data. We were particularly
interested in the almost opposite patient characteristics and cardiovascular presentation
and outcomes. In regards to the case series, the criteria for selection included: confirmed
COVID-19 diagnosis through laboratory testing (PCR testing), confirmed AMI diagno-
sis (based on clinical presentation, EKG changes, and biomarker evidence), a temporal
relationship to these two diseases (the onset of AMI symptoms occurred during active
COVID-19 infection), severity of COVID-19 (mild to severe/critical, to explore the potential
associations between COVID-19 severity and the incidence or outcomes of AMI), patient
demographics (we have included patients with diverse demographic backgrounds in the
research for potential disparities in the incidence and outcomes of such patients), comorbid-
ity presence (and which types), clinical presentations of the AMI, and treatment modalities
with possible impact on the patient outcomes. The exclusion criteria included other types
of COVID-19 myocardial injury, such as myocarditis. Data collection and analysis was
done with the help of the electronic and physical databases of the hospital, taking into
consideration the abovementioned parameters. These rigorous criteria aid in enhancing
the validity and generalizability of the research findings, in the hopes of shedding light on
the COVID-19-AMI interplay, improving clinical practice, and public health strategies.
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3. Results
3.1. COVID-19 Cardiovascular System Pathophysiology

SARS-CoV-2 is a virus with extensive organotropism, being able to inflict injury
to various organ systems, such as respiratory (as main target), renal, or cardiovascular,
and to different tissues (liver or brain). Its CVS involvement results in multiple possible
complications, such as arrhythmias, myocarditis, myocardial injury, AMI, heart failure, or
thromboembolic events [1,8,10].

There are three main mechanisms of CVS damage by the COVID-19 virus, each
pathway leading to a type of injury:

- direct damage to the heart muscle by angiotensin-converting enzyme 2 (ACE-2) viral
entry with inflammation and cell destruction.

- indirect damage owing to the ACE-2 downregulation after viral replication takes place,
with consequent angiotensin II (Ang II)/angiotensin II receptor type I (AT1) system
overactivation, with inflammatory, oxidative, and vasoconstrictive effects.

- indirect damage by B and T cell immune activation, with the development of a
systemic inflammatory response and CVS stress (hypoxemic mechanism) [1,10–12].

As a relatively frequent event, myocardial injury is the result of cardiac muscle cell
infection by the virus itself, with added effect, produced inflammation (with reactive
oxygen species and free radicals’ production), microvascular thrombosis, and oxygen
supply–demand imbalance [1,11,13]. This propensity toward heart muscle damage by the
viral load is supported by genetic testing on autopsy heart samples, which identified the
viral genome in almost half of cases. Associated changes in the heart muscle were found in
the form of inflammation and fibrosis [1,11]. These changes were translated in increased
values for CK and CK-MB, two indicators of myocardial damage [5].

Of particular interest is the interaction between the COVID-19 virus and the renin
angiotensin system (RAS), through classic pathway activation, ACE-2 (found in the lung,
myocardial pericytes, and circulatory endothelium) playing the role of RAS regulator.
Through molecular studies, it was found that ACE-2 is the entry receptor of the SARS-
CoV-2 inside the cell. This is achieved by activating the external membrane spike protein S
through the transmembrane protease serine 2 (TMPRSS2). This entry receptor is afterwards
internalized, SARS-CoV-2 releasing its RNA in order to replicate and initiate transcription
of the virus’ genome, with the synthesis and assembly of viral structure proteins and the
subsequent release of viral loads (exocytosis). After internal replication and exocytosis, the
host cell can become disabled or even destroyed. Activation of Ang II/AT1 (patients having
increased Ang II levels) leads to endothelial damage, inflammation, and vasoconstrictive
and pro-coagulation effects, with vascular permeability increase and organ damage [1,8,14].

Regarding the indirect damage by B and T cell immune activation, there is the so-called
‘cytokine storm’, which was frequently observed in severe cases of SARS-CoV-2 infection
(with severe lung and CVS disease), involving high serum levels of interleukins (IL-2, IL-7,
IL-10, TNF-α) and finally leading to organ failure. Due to the high activated macrophage
serum levels, other cytokines are being released (IL-6, IL1b). This systemic inflammatory
response is responsible for heart cell apoptosis and/or fibrosis, inotropism, and hyperco-
agulability (due to procoagulant factor release) [1,8,13]. The endothelial dysfunction and
microvascular lesions that occur are due to inflammation and adhesion molecule expression,
along with the release of procoagulant factors, further accelerating the inflammatory and
prothrombotic effects and interacting with atherosclerotic plaques, with rupture, throm-
bosis, and consequent AMI (a phenomenon that was also observed in influenza virus
outbreaks) [1,11,13,14]. Inflammation is also responsible for the lack of equilibrium be-
tween oxygen supply and demand [1,11]. Endothelial cells are a preferentially targeted in
COVID-19, and their morphological and functional damage in COVID-19 patients has a
crucial effect, contributing to multiorgan dysfunction through hyperinflammation; this fact
can be explained through a direct viral effect, oxidative stress, cytokine release, coagula-
tion problems, and immune system response, but also a possible pre-existing endothelial
dysfunction [15–17]. The effect is an acute endothelialitis/endotheliitis extending to the
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entire circulatory system, with abnormal vasoconstriction, inflammatory-cell-luminal plug-
ging, intravascular thrombosis, affecting both arterial and venous circulations. Autopsy
findings report finding apoptotic endothelial cells with viral inclusions, and microvas-
cularization, with lymphocytic endothelitis (inflammation found around and infiltrating
the blood vessels and endothelial cells). Apoptotic endothelial cells or dead endothelial
cells were found in COVID-19 patients in the lung, heart, kidney, and small bowel. This
virus-mediated apoptotic response disrupts the endothelial cell barrier and determines
interstitial edema, circulating immune cell (that are activated) recruitment, along with the
activation of platelets and the coagulation cascade [16].

As such, the CVS is targeted both directly (through viral damage to myocardial
cells) and indirectly (through immune cell activation and ACE-2 downregulation), leading
patients who suffer from CVS diseases or diabetes to having susceptibility to a more severe
form of COVID-19 [1,18,19]. Patients with CVS involvement are reported as having high
mortality rates, with worse short-term outcomes and severe complications [5,10,14].

3.2. AMI-COVID-19 Patient Characteristics

AMI is the main form of myocardial injury (revealed by increases in CK, CK-MB, and
troponin serum markers—taken into consideration as possible COVID-19 risk stratification
markers), with some subtypes being described in the literature:

- type 1—the result of coronary thrombosis, which develops in instances of plaque
rupture—either by erosion or ulceration, or dissection.

- type 2—the result of mismatch between myocardial oxygen supply and demand
(without thrombosis) [1,8,13].

- type 3—the result of an overlap between the first two subtypes [1].

COVID-19 patients are at risk for developing some form of myocardial injury, some-
times difficult to diagnose due to atypical presentation (chest pain absence). From these,
those with AMI (with or without prior CVS disease) were reported to have higher mor-
tality rates, arrhythmias, acute respiratory distress, acute kidney injury, and electrolyte
alteration [1]. Such patients were the unfortunate ones, due to major drawbacks in AMI-
COVID-19 patient care: late presentation to the emergency unit (due to possible fear of
contamination), prolonged door to balloon time, worsening outcomes, and decrease in
ST-elevated AMI activations [20–22].

3.3. AMI-COVID-19 Imaging Studies

When studying myocardial injury, physicians can make use of imaging studies such
as cardiac MRI, transthoracic (or transesophageal) echocardiography, cardiac computed
tomography, and nuclear imaging (which have been used in cases where angiography was
not possible), or even endocardial biopsy (which is not always available or feasible) [1,12,23].
In COVID-19 times, medical personnel were advised to limit patient contact and aerosol-
generating procedures (such as transesophageal echocardiography) [23].

Echocardiography was initially (and as first option) used in monitoring COVID-19
patients with or without cardiac injury, being easy to use, available, and portable [12,24].
Echocardiographic changes seen in a COVID-19 patient can be dilatation and dysfunction
of the right ventricle (especially in critical patients, with tricuspid annular plane systolic
excursion (TAPSE) reduction, a mortality predictor), wall thickening, dyskinesia (regional
or global), with decreased left-ventricle ejection fraction [1,12,25,26].

CMR (cardiac MRI) is the most important tool when characterizing myocardial injury
(especially myocarditis), complementing echocardiographic findings, most importantly
when a non-ischemic type of injury is suspected (and in an ambulatory setting) [12,24]. The
literature data reports up to 78% of patients with evidence of myocardial injury—edema, in-
flammation, necrosis, and late lesions (myocarditis-like scar, ischemia, and infarction) [1,23].
This particular type of imaging investigation was also used in order to compare cardiac
injury cases in COVID-19 patients and those developed after the vaccine [27].
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Cardiac CT was used in COVID-19 patients for evaluating lung disease, but in cases
with cardiac injury, by using contrast CT, physicians could evaluate a delayed subendocar-
dial enhancement (a marker for myocarditis); it was also used in the evaluation of coronary
artery disease in such patients [12,24]. Fluorodeoxyglucose (FDG) positron emission to-
mography (PET) was also used in COVID-19 cases with myocardial injury and was able to
identify inflammation and thus, myocarditis, (revealed by a segmental FDG uptake and
matching defects in perfusion), but it is not recommended as a routine practice [12,24].

Histopathology data revealed findings such as inflammation, microvascular thrombi,
and intraluminal megakaryocytes [1].

3.4. Two-Case Presentation Series

In March 2022, two COVID-19 positive male patients were admitted into the Cardiol-
ogy Clinic of the “Sfântul Apostol Andrei” Emergency Clinical Hospital of Galat, i suffering
from acute cardiac distress symptoms, and werediagnosed with ST elevation AMI.

The first patient was an 82-year-old non-smoking male with no alcohol consumption,
or prior heart disease history, presenting with prolonged retrosternal chest pain (angina)
extending in both arms. The patient was diagnosed with anteroseptal AMI and was found
to be positive for COVID-19, with no other sick contacts. On examination, the patient had a
body temperature of 36.4 Celsius, with a heart rate of 62 bpm (beats per minute), a blood
pressure of 116/75 mmHg, and an oxygen saturation of 97% without additional oxygen
therapy. The physical examination revealed no significant changes, while the laboratory
results revealed a non-specific inflammatory syndrome (an ESR of 65 mm/h, a fibrinogen
level of 828 mg/dL, an LDH of 637 U/L, and a C reactive protein of 69.1 mg/L) with cardiac
cytolysis syndrome (CK-MB—109 U/L) and a modified ECG with a 1–2 mm elevation of
the ST segment in V1 to V3 derivations with negative T waves from V1 to V6 (Figure 1). On
echocardiography, an enlarged heart with an akinetic region of the left ventricle was found
(anterior wall and septum) having a markedly decreased left-ventricle ejection fraction
(LVEF) of only 10%, with right heart dysfunction and pulmonary hypertension; mitral and
tricuspid valve regurgitation was also found. The coronary angiography report revealed
a left main artery atherosclerotic stenosis of 40%, with a left anterior descending artery
having acute thrombotic occlusion and a left circumflex artery with 80% stenosis, and
angioplasty was attempted without success. A chest X-ray was done, reporting left basal
lung changes with alveolar condensation.

During the patient’s hospital stay, his general health improved under strict treatment
for the coronary disease (dual antiplatelet treatment, betablockers, nitrate derivates, statins,
aldosterone antagonists, and factor Xa inhibitor), with antiviral and antibiotic treatment for
his moderate COVID-19 disease (Favipiravir, cephalosporin—ceftriaxone). The patient was
discharged without angina symptoms, with a corrected lipid profile but with an increased
NT proBNP serum level (4133 pg/mL).

The second cardiac patient was a 57-year-old chronic alcohol consumer and smoker,
with a complex history involving ischemic stroke, hypertension, chronic alcoholic hepatitis,
and high serum cholesterol was admitted in GCS = 3 points coma with a severely affected
health state after resuscitated cardiac shock, which developed after initially intense central
chest pain. The SARS-CoV-2-positive patient (known to our clinic) was suffering from
an extensive anterior transmural AMI, complicated with primary ventricular fibrillation
and cardiogenic shock. On examination, the patient had a body temperature of 37 Celsius,
with a heart rate of 146 bpm, blood pressure of 108/58 mmHg, with intravenous dobu-
tamine and an oxygen saturation of 100% on mechanical ventilator machine. The physical
examination revealed equally poorly reactive and constrictive pupils, facial asymmetry,
pachyonychia, pale skin with lower extremity cold, marbled skin (livedo reticularis), with
perspiration, cachexia, and unstable hemodynamics. The laboratory results revealed a
non-specific inflammatory syndrome (fibrinogen—733.60 mg/dL, LDH—983 U/L, and C
reactive protein—218.40 mg/L) with cardiac cytolysis syndrome (CK-MB—55.70 ng/dL,
myoglobin > 500 ng/mL, and troponin I > 20 ng/mL). The ECG evaluation revealed a
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5 mm elevated ST segment elevation in V2 to V6, DI, aVL, with Q waves present in V2–V6,
DII, DII, aVF, 80 s QRS complex (Figure 2). On transthoracic echocardiography, the left
ventricle was dilated with extensive akinesia of the ½ apical anterior wall and 2/3 apical
septum, with an LVEF of 30%, with no right cavity changes or pulmonary hypertension.
A chest X-ray was done, reporting bilateral alveolar condensates. The chest CT COVID-
related lung changes (Figure 3) were found with diffuse left and right superior lobe alveolar
ground-glass opacities with crazy-paving pattern and bilateral pleural effusion.
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During the patient’s hospital stay, his general health declined in spite of the ad-
ministered treatment for the coronary disease (dual antiplatelet treatment, anticoagu-
lants, diuretics, and aldosterone antagonists, along with dexamethasone, dobutamine),
with antiviral and antibiotic treatment for the severe COVID-19 disease (Remdesivir,
fluoroquinolone—levofloxacin), and other symptom-related and sustaining treatment
(acetylcysteine, proton pump inhibitor, B1, B6, C and D vitamins, zinc, metamizole). The pa-
tient died after four days of in-hospital admission in the ICU, succumbing to unresponsive
cardiac arrest.

4. Discussion

The emergence of the novel SARS-CoV-2 virus with the widespread global pandemic
of COVID-19 translated in an unprecedented health crisis, affecting patients and health
departments across multiple countries [28,29]. A system frequently and severely affected
by this disease is the cardiovascular one, although the upper and lower respiratory ones
are the main targets, with symptoms raging from mild (cough, shortness of breath) to
severe (dyspnea, respiratory failure) [30,31]. COVID-19 patients suffering from pre-existing
cardiovascular pathology (most frequentlyhypertension—59.8%) were found to have poor
outcomes, with increased mortality rates (associating severe COVID-19 forms and frequent
ICU admissions) due to (acute and chronic) cardiovascular injuries, such as arrhythmias,
myocarditis, infarction, endothelial cell injury, myocardial interstitial fibrosis, venous,
and arterial thrombo-embolic events, heart failure, cardiogenic shock, right ventricular
dysfunction, Takotsubo cardiomyopathy, and pericardial effusion [28,30,32–35]. The patient
from the second case presentation had a poor outcome (death), associating a severe COVID-
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19 form with previous cardiovascular pathology, hypertension, supporting the current
medical literature reports.

Various mechanisms are considered as being involved in the pathogenesis of this com-
plex disease: cytokine storm, direct myocardial cell injury (through the ACE2 receptors),
catecholamine surge, electrolyte imbalance, systemic inflammation, and hypoxia [30,33,36].
Acute cardiac injury (defined as increased cardiac biomarker levels and/or newly de-
veloped ECG or echocardiographic abnormalities) was found to be the most prevalent
complication of cardiovascular system involvement by COVID-19, affecting elderly patients
with comorbidities and poor outcomes; as such, this type of cardiac injury is considered an
independent risk factor for the severe COVID-19 forms and also an independent predictor
of patient mortality [30,37–39]. Arrythmias were found in up to 60% of cases, possibly
being responsible for the hemodynamic instability and overall complications, with an
underlying mechanism determined by direct or indirect endomyocardial injury [30,40,41].
Other possible risk factors for cardiovascular events in COVID-19 (but also for severe forms
of COVID-19 and higher mortality risk) are considered—diabetes, hypertension, previous
stroke or cardiovascular events, COPD and other respiratory diseases, chronic kidney or
liver disease, and malignancy [30,37,42,43].

As the most frequent COVID-19-related CVS complication, acute cardiac injury was
found in almost 25.9% of cases, manifesting with higher frequency as acute coronary
syndrome, cardiogenic shock, or heart failure [30,44,45].

The two-case series reported in the current work revealed two almost entirely differ-
ent clinical, evolutionary, and paraclinical aspects of the COVID-19 patients. Although
both were male patients, the age difference is significant, along with personal history
and initial hospital admission clinical manifestations. The first SARS-CoV-2 positive pa-
tient, an 82-year-old with no unhealthy or risky behaviors, no associated diseases (zero
comorbidities), was at the first in-hospital admission for an anteroseptal AMI with wall
akinesia, right heart dysfunction, and pulmonary hypertension, with a moderate form of
COVID-19. The second patient, a much younger 57-year-old man, a chronic alcohol abuser
and smoker, with prior hospital admissions for important associated pathologies—ischemic
stroke, hypertension, chronic hepatitis, and hypercholesterolemia, was currently admitted
for an extensive anterior transmural AMI with ventricular fibrillation, cardiogenic shock,
and a coma of 3 point on the GCS. The first patient survived, being discharged with an
improved general health state, while the second one died, presenting with reported medi-
cal literature, poor outcome predictors (severe COVID-19, prior hypertension, and other
comorbidities—stroke, serum cardiac enzymes, ECG, and echocardiography changes).

Regarding the poor outcome, risk factors related to COVID-19 and acute cardiac
injury (from which both patients suffered, confirmed by cardiac enzyme assay, ECG and
echocardiography), our patients presented the following:

- the first patient (associating right ventricular dysfunction)—had only one COVID-19-
associated CVS events risk factor—old age;

- the second patient—suffered from severe COVID-19 (associated with hypertension as a
risk factor for severe disease and associated CVS events), had significant comorbidities
(previous stroke and chronic liver disease) as risk factors for CVS events in COVID-
19; this patient developed arrhythmia (ventricular fibrillation) with hemodynamic
instability and death;

Two rather straightforward conclusions can be drawn from the two latter statements—old
age alone is not a significant risk factor for adverse outcomes in COVID-19-related CVS
events, and that the cumulative effects of several associated risk factors (be it either for
severe forms of COVID-19 and/or acute cardiac injury) will most probably lead to poor
patient prognosis (death). At the same time, serum cardiac enzymes and ECG changes,
along with newly developed echocardiographic modifications, are indicators for poor
prognosis in acute cardiac injury in COVID-19 patients, regardless of right ventricular
dysfunction (with pulmonary hypertension).
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Old age is not only a number but a state of health, which poses the patient at risk not
only for an easier SARS-CoV-2 infection, but also for developing severe forms of COVID-19
(with or without CVS abnormalities), with higher mortality rates [46,47]. As such, as-
sociated with old age, are: increased ACE2 receptor expression, immune dysregulation
(resulting also from sex steroids and growth hormone decrease), gut microbiota changes
(contributing to the cytokine storm), mitochondrial dysfunction and oxidative stress in
immune cells and pneumocytes—associated with senescence, life-style associated factors
(compromised physical activity, nutrition) and aging-associated illnesses (especially CVS,
diabetes mellitus) [46]. Multiple 2020 studies (Guo et al., Song et al., Wang et al., Zhang
et al., Wei et al., Lian et al., Godaert et al.) reported CVS events in COVID-19 patients in the
form of acute cardiac injury in up to 21.6% of them. Elderly patients suffered from frequent
arrhythmias (up to 14.81% and, in non-survivors, 20.6%) and cardiac failure/insufficiency
(up to 22.22% and, in non-survivors, 42.4%) [48–54]. Our finding that old age alone is
not in fact a stand-alone risk factor regarding COVID-19 and its complications (including
mortality) is supported by the current literature, which reports a relatively weak influence
(after the adjustment for age-related risk factors—mostly comorbidities—diabetes, CVS, hy-
pertension, stroke, respiratory and renal disease, and, respectively, immune dysregulation,
which is involved also in tumor development and progression) [55,56].

Up to 90% of COVID-19 patients revealed ECG changes due to various causes—myocardial
injury, microthrombi, plaque rupture, hypoxic injury, and cytokine storm, with various
arrhythmias or ST and T wave alterations. Poor outcome is associated with QT interval
prolongation, T wave and ST segment modifications, and ventricular fibrillation or tachy-
cardia [57]—findings that were revealed in the case of the second patient, with death as the
final complication and poor outcome. We come in support of the current medical literature,
which states that ECG on admission for COVID-19 patients can be used as a mortality risk
predictor [58]. Echocardiographic studies in COVID-19 patients revealed that severe forms
are associated with right and/or left ventricular dysfunction (±pericardial effusion) with
wall dyskinesia (hypokinesia/akinesia), another tool which can be used for prognosis eval-
uation; these changes were also associated with cardiac enzyme elevations; some studies
imply the use of procalcitonin as a predictive factor for COVID-19 evolution [59–61].

5. Conclusions

COVID-19 is a multi-system disease that affects mainly the respiratory one, with
important implications regarding CVS disease. From the two COVID-19 patients with AMI
presented in the current work, the following was reported: old age alone is not a significant
risk factor for adverse outcomes in COVID-19-related CVS events, and that cumulative
effects of several associated risk factors (be it either for severe forms of COVID-19 and/or
acute cardiac injury) will most probably lead to poor patient prognosis (death). At the same
time, serum cardiac enzyme and ECG changes, along with the newly developed echocardio-
graphic modifications, are indicators for poor prognosis in acute cardiac injury in COVID-19
patients, regardless of right ventricular dysfunction (with pulmonary hypertension).
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23. Gackowski, A.; Lipczyńska, M.; Lipiec, P.; Szymański, P.; Review Committee of the Polish Cardiac Society. Echocardiography
during the coronavirus disease 2019 (COVID-19) pandemic: Expert opinion of the Working Group on Echocardiography of the
Polish Cardiac Society. Kardiol. Pol. 2020, 78, 357–363. [CrossRef] [PubMed]

24. Sánchez Tijmes, F.; Marschner, C.A.; de Matos, J.F.R.G.; Urzua Fresno, C.M.; Gutiérrez Chacoff, J.M.; Thavendiranathan, P.;
Fuss, C.; Hanneman, K. Imaging Acute and Chronic Cardiac Complications of COVID-19 and after COVID-19 Vaccination.
Radiographics 2023, 43, e230044. [CrossRef]

25. Skulstad, H.; Cosyns, B.; Popescu, B.A.; Galderisi, M.; Salvo, G.D.; Donal, E.; Petersen, S.; Gimelli, A.; Haugaa, K.H.; Muraru,
D.; et al. COVID-19 pandemic and cardiac imaging: EACVI recommendations on precautions, indications, prioritization, and
protection for patients and healthcare personnel. Eur. Heart J. Cardiovasc. Imaging 2020, 21, 592–598. [CrossRef] [PubMed]

26. Kato, S.; Ishiwata, Y.; Aoki, R.; Iwasawa, T.; Hagiwara, E.; Ogura, T.; Utsunomiya, D. Imaging of COVID-19: An update of current
evidences. Diagn. Interv. Imaging 2021, 102, 493–500. [CrossRef]

27. Fronza, M.; Thavendiranathan, P.; Chan, V.; Karur, G.R.; Udell, J.A.; Wald, R.M.; Hong, R.; Hanneman, K. Myocardial Injury
Pattern at MRI in COVID-19 Vaccine-Associated Myocarditis. Radiology 2022, 304, 553–562. [CrossRef] [PubMed]

28. Farshidfar, F.; Koleini, N.; Ardehali, H. Cardiovascular complications of COVID-19. JCI Insight 2021, 6, e148980. [CrossRef]
29. Soumya, R.S.; Unni, T.G.; Raghu, K.G. Impact of COVID-19 on the Cardiovascular System: A Review of Available Reports.

Cardiovasc. Drugs Ther. 2021, 35, 411–425. [CrossRef] [PubMed]
30. Brogi, E.; Marino, F.; Bertini, P.; Tavazzi, G.; Corradi, F.; Forfori, F. Cardiac complications in patients with COVID-19: A systematic

review. J. Anesth. Analg. Crit. Care 2022, 2, 18. [CrossRef] [PubMed]
31. Brosnahan, S.B.; Jonkman, A.H.; Kugler, M.C.; Munger, J.S.; Kaufman, D.A. COVID-19 and Respiratory System Disorders: Current

Knowledge, Future Clinical and Translational Research Questions. Arterioscler. Thromb. Vasc. Biol. 2020, 40, 2586–2597. [CrossRef]
[PubMed]

32. Maitz, T.; Parfianowicz, D.; Vojtek, A.; Rajeswaran, Y.; Vyas, A.V.; Gupta, R. COVID-19 Cardiovascular Connection: A Review
of Cardiac Manifestations in COVID-19 Infection and Treatment Modalities. Curr. Probl. Cardiol. 2023, 48, 101186. [CrossRef]
[PubMed]

33. Chang, W.T.; Toh, H.S.; Liao, C.T.; Yu, W.L. Cardiac Involvement of COVID-19: A Comprehensive Review. Am. J. Med. Sci. 2021,
361, 14–22. [CrossRef] [PubMed]

34. Kounis, N.G.; Gogos, C.; de Gregorio, C.; Hung, M.Y.; Kounis, S.N.; Tsounis, E.P.; Assimakopoulos, S.F.; Pourmasumi, S.; Mplani,
V.; Servos, G.; et al. “When,” “Where,” and “How” of SARS-CoV-2 Infection Affects the Human Cardiovascular System: A
Narrative Review. Balkan Med. J. 2024, 41, 7–22. [CrossRef] [PubMed]

35. Bourgonje, A.R.; Abdulle, A.E.; Timens, W.; Hillebrands, J.L.; Navis, G.J.; Gordijn, S.J.; Bolling, M.C.; Dijkstra, G.; Voors, A.A.;
Osterhaus, A.D.; et al. Angiotensin-converting enzyme 2 (ACE2), SARS-CoV-2 and the pathophysiology of coronavirus disease
2019 (COVID-19). J. Pathol. 2020, 251, 228–248. [CrossRef] [PubMed]

36. Baroiu, L.; Dumitru, C.; Iancu, A.; Les, e, A.C.; Drăgănescu, M.; Baroiu, N.; Anghel, L. COVID-19 impact on the liver. World J. Clin.
Cases 2021, 9, 3814–3825. [CrossRef] [PubMed]

37. Zou, F.; Qian, Z.; Wang, Y.; Zhao, Y.; Bai, J. Cardiac Injury and COVID-19: A Systematic Review and Meta-analysis. CJC Open
2020, 2, 386–394. [CrossRef] [PubMed]

38. Li, X.; Guan, B.; Su, T.; Liu, W.; Chen, M.; Bin Waleed, K.; Guan, X.; Gary, T.; Zhu, Z. Impact of cardiovascular disease and cardiac
injury on in-hospital mortality in patients with COVID-19: A systematic review and meta-analysis. Heart 2020, 106, 1142–1147.
[CrossRef] [PubMed]

39. Guo, T.; Fan, Y.; Chen, M.; Wu, X.; Zhang, L.; He, T.; Wang, H.; Wan, J.; Wang, X.; Lu, Z. Cardiovascular Implications of Fatal
Outcomes of Patients with Coronavirus Disease 2019 (COVID-19). JAMA Cardiol. 2020, 5, 811–818+848. [CrossRef] [PubMed]

40. Akkawi, A.R.; Ghazal, M. COVID-19 and Cardiac Arrhythmias: A Review of the Literature. Cureus 2021, 13, e17797. [CrossRef]
[PubMed]

41. Babapoor-Farrokhran, S.; Rasekhi, R.T.; Gill, D.; Babapoor, S.; Amanullah, A. Arrhythmia in COVID-19. SN Compr. Clin. Med.
2020, 2, 1430–1435. [CrossRef] [PubMed]

42. Harrison, S.L.; Buckley, B.J.R.; Rivera-Caravaca, J.M.; Zhang, J.; Lip, G.Y.H. Cardiovascular risk factors, cardiovascular disease,
and COVID-19: An umbrella review of systematic reviews. Eur. Heart J. Qual. Care Clin. Outcomes 2021, 7, 330–339. [CrossRef]
[PubMed]

43. Aghagoli, G.; Gallo Marin, B.; Soliman, L.B.; Sellke, F.W. Cardiac involvement in COVID-19 patients: Risk factors, predictors, and
complications: A review. J. Card. Surg. 2020, 35, 1302–1305. [CrossRef] [PubMed]

44. Rusu, I.; Turlacu, M.; Micheu, M.M. Acute myocardial injury in patients with COVID-19: Possible mechanisms and clinical
implications. World J. Clin. Cases 2022, 10, 762–776. [CrossRef] [PubMed]

45. Babapoor-Farrokhran, S.; Gill, D.; Walker, J.; Rasekhi, R.T.; Bozorgnia, B.; Amanullah, A. Myocardial injury and COVID-19:
Possible mechanisms. Life Sci. 2020, 253, 117723. [CrossRef] [PubMed]

46. Farshbafnadi, M.; Kamali Zonouzi, S.; Sabahi, M.; Dolatshahi, M.; Aarabi, M.H. Aging & COVID-19 susceptibility, disease severity,
and clinical outcomes: The role of entangled risk factors. Exp. Gerontol. 2021, 154, 111507. [PubMed]

47. Xu, H.; Hou, K.; Xu, R.; Li, Z.; Fu, H.; Wen, L.; Xie, L.; Liu, H.; Selvanayagam, J.B.; Zhang, N.; et al. Clinical Characteristics and
Risk Factors of Cardiac Involvement in COVID-19. J. Am. Heart Assoc. 2020, 9, e016807. [CrossRef] [PubMed]

https://doi.org/10.33963/KP.15265
https://www.ncbi.nlm.nih.gov/pubmed/32241097
https://doi.org/10.1148/rg.230044
https://doi.org/10.1093/ehjci/jeaa072
https://www.ncbi.nlm.nih.gov/pubmed/32242891
https://doi.org/10.1016/j.diii.2021.05.006
https://doi.org/10.1148/radiol.212559
https://www.ncbi.nlm.nih.gov/pubmed/35166587
https://doi.org/10.1172/jci.insight.148980
https://doi.org/10.1007/s10557-020-07073-y
https://www.ncbi.nlm.nih.gov/pubmed/32926272
https://doi.org/10.1186/s44158-022-00046-7
https://www.ncbi.nlm.nih.gov/pubmed/37386548
https://doi.org/10.1161/ATVBAHA.120.314515
https://www.ncbi.nlm.nih.gov/pubmed/32960072
https://doi.org/10.1016/j.cpcardiol.2022.101186
https://www.ncbi.nlm.nih.gov/pubmed/35351486
https://doi.org/10.1016/j.amjms.2020.10.002
https://www.ncbi.nlm.nih.gov/pubmed/33187633
https://doi.org/10.4274/balkanmedj.galenos.2023.2023-10-25
https://www.ncbi.nlm.nih.gov/pubmed/38173173
https://doi.org/10.1002/path.5471
https://www.ncbi.nlm.nih.gov/pubmed/32418199
https://doi.org/10.12998/wjcc.v9.i16.3814
https://www.ncbi.nlm.nih.gov/pubmed/34141738
https://doi.org/10.1016/j.cjco.2020.06.010
https://www.ncbi.nlm.nih.gov/pubmed/32838255
https://doi.org/10.1136/heartjnl-2020-317062
https://www.ncbi.nlm.nih.gov/pubmed/32461330
https://doi.org/10.1001/jamacardio.2020.1017
https://www.ncbi.nlm.nih.gov/pubmed/32219356
https://doi.org/10.7759/cureus.17797
https://www.ncbi.nlm.nih.gov/pubmed/34660007
https://doi.org/10.1007/s42399-020-00454-2
https://www.ncbi.nlm.nih.gov/pubmed/32838188
https://doi.org/10.1093/ehjqcco/qcab029
https://www.ncbi.nlm.nih.gov/pubmed/34107535
https://doi.org/10.1111/jocs.14538
https://www.ncbi.nlm.nih.gov/pubmed/32306491
https://doi.org/10.12998/wjcc.v10.i3.762
https://www.ncbi.nlm.nih.gov/pubmed/35127893
https://doi.org/10.1016/j.lfs.2020.117723
https://www.ncbi.nlm.nih.gov/pubmed/32360126
https://www.ncbi.nlm.nih.gov/pubmed/34352287
https://doi.org/10.1161/JAHA.120.016807
https://www.ncbi.nlm.nih.gov/pubmed/32806998


J. Clin. Med. 2024, 13, 2936 12 of 12

48. Guo, T.; Shen, Q.; Guo, W.; He, W.; Li, J.; Zhang, Y.; Wang, Y.; Zhou, Z.; Deng, D.; Ouyang, X.; et al. Clinical characteristics of
elderly patients with COVID-19 in Hunan Province, China: A multicenter, retrospective study. Gerontology 2020, 66, 467–475.
[CrossRef] [PubMed]

49. Song, J.; Hu, W.; Yu, Y.; Shen, X.; Wang, Y.; Yan, J.; Yang, X.; Gong, S.; Wang, M. A comparison of clinical characteristics and
outcomes in elderly and younger patients with COVID-19. Med. Sci. Monit. 2020, 26, e925047. [CrossRef]

50. Wang, L.; He, W.; Yu, X.; Hu, D.; Bao, M.; Liu, H.; Zhou, J.; Jiang, H. Coronavirus disease 2019 in elderly patients: Characteristics
and prognostic factors based on 4-week follow-up. J. Infect. 2020, 80, 639–645. [CrossRef] [PubMed]

51. Zhang, J.; Hao, Y.; Ou, W.; Ming, F.; Liang, G.; Qian, Y.; Cai, Q.; Dong, S.; Hu, S.; Wang, W.; et al. Serum interleukin-6 is an
indicator for severity in 901 patients with SARS-CoV-2 infection: A cohort study. J. Transl. Med. 2020, 18, 406. [CrossRef]

52. Wei, C.; Liu, Y.; Liu, Y.; Zhang, K.; Su, D.; Zhong, M.; Meng, X. Clinical characteristics and manifestations in older patients with
COVID-19. BMC Geriatr. 2020, 20, 395. [CrossRef] [PubMed]

53. Lian, J.; Jin, X.; Hao, S.; Cai, H.; Zhang, S.; Zheng, L.; Jia, H.; Hu, J.; Gao, J.; Zhang, Y.; et al. Analysis of epidemiological and
clinical features in older patients with coronavirus disease 2019 (COVID-19) outside Wuhan. Clin. Infect. Dis. 2020, 71, 740–747.
[CrossRef] [PubMed]

54. Godaert, L.; Proye, E.; Demoustier-Tampere, D.; Coulibaly, P.S.; Hequet, F.; Dramé, M. Clinical characteristics of older patients:
The experience of a geriatric short-stay unit dedicated to patients with COVID-19 in France. J. Infect. 2020, 81, e93–e94. [CrossRef]
[PubMed]

55. Romero Starke, K.; Petereit-Haack, G.; Schubert, M.; Kämpf, D.; Schliebner, A.; Hegewald, J.; Seidler, A. The Age-Related Risk of
Severe Outcomes Due to COVID-19 Infection: A Rapid Review, Meta-Analysis, and Meta-Regression. Int. J. Environ. Res. Public
Health 2020, 17, 5974. [CrossRef] [PubMed]

56. Zhang, H.; Wu, Y.; He, Y.; Liu, X.; Liu, M.; Tang, Y.; Li, X.; Yang, G.; Liang, G.; Xu, S.; et al. Age-Related Risk Factors and
Complications of Patients With COVID-19: A Population-Based Retrospective Study. Front. Med. 2022, 8, 757459. [CrossRef]
[PubMed]

57. Long, B.; Brady, W.J.; Bridwell, R.E.; Ramzy, M.; Montrief, T.; Singh, M.; Gottlieb, M. Electrocardiographic manifestations of
COVID-19. Am. J. Emerg. Med. 2021, 41, 96–103. [CrossRef] [PubMed]

58. De Carvalho, H.; Leonard-Pons, L.; Segard, J.; Goffinet, N.; Javaudin, F.; Martinage, A.; Cattin, G.; Tiberghien, S.; Therasse, D.;
Trotignon, M.; et al. Electrocardiographic abnormalities in COVID-19 patients visiting the emergency department: A multicenter
retrospective study. BMC Emerg. Med. 2021, 21, 141. [CrossRef] [PubMed]

59. Barman, H.A.; Atici, A.; Tekin, E.A.; Baycan, O.F.; Alici, G.; Meric, B.K.; Sit, O.; Genc, O.; Er, F.; Gungor, B.; et al. Echocardiographic
features of patients with COVID-19 infection: A cross-sectional study. Int. J. Cardiovasc. Imaging 2021, 37, 825–834. [CrossRef]
[PubMed]

60. Alam, L.; Omar, A.M.S.; Talebi, S.; Narula, J.; Argulian, E. Echocardiographic Findings in Patients with COVID-19 with Myocardial
Injury During the Omicron Variant Surge. Am. J. Cardiol. 2022, 172, 168–169. [CrossRef] [PubMed]

61. Stefanini, G.G.; Montorfano, M.; Trabattoni, D.; Andreini, D.; Ferrante, G.; Ancona, M.; Metra, M.; Curello, S.; Maffeo, D.; Pero, G.;
et al. ST-Elevation Myocardial Infarction in Patients With COVID-19: Clinical and Angiographic Outcomes. Circulation 2020, 141,
2113–2116. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1159/000508734
https://www.ncbi.nlm.nih.gov/pubmed/32474561
https://doi.org/10.12659/MSM.925047
https://doi.org/10.1016/j.jinf.2020.03.019
https://www.ncbi.nlm.nih.gov/pubmed/32240670
https://doi.org/10.1186/s12967-020-02571-x
https://doi.org/10.1186/s12877-020-01811-5
https://www.ncbi.nlm.nih.gov/pubmed/33032534
https://doi.org/10.1093/cid/ciaa242
https://www.ncbi.nlm.nih.gov/pubmed/32211844
https://doi.org/10.1016/j.jinf.2020.04.009
https://www.ncbi.nlm.nih.gov/pubmed/32305489
https://doi.org/10.3390/ijerph17165974
https://www.ncbi.nlm.nih.gov/pubmed/32824596
https://doi.org/10.3389/fmed.2021.757459
https://www.ncbi.nlm.nih.gov/pubmed/35087843
https://doi.org/10.1016/j.ajem.2020.12.060
https://www.ncbi.nlm.nih.gov/pubmed/33412365
https://doi.org/10.1186/s12873-021-00539-8
https://www.ncbi.nlm.nih.gov/pubmed/34798827
https://doi.org/10.1007/s10554-020-02051-9
https://www.ncbi.nlm.nih.gov/pubmed/33030636
https://doi.org/10.1016/j.amjcard.2022.03.008
https://www.ncbi.nlm.nih.gov/pubmed/35382926
https://doi.org/10.1016/j.amjcard.2022.03.008
https://www.ncbi.nlm.nih.gov/pubmed/35382926

	Introduction 
	Materials and Methods 
	Results 
	COVID-19 Cardiovascular System Pathophysiology 
	AMI-COVID-19 Patient Characteristics 
	AMI-COVID-19 Imaging Studies 
	Two-Case Presentation Series 

	Discussion 
	Conclusions 
	References

