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Abstract:

Increased morbidity and mortality are associated with coronavirus disease 2019 (COVID-19) when there is cardiovascular (CV) involvement. Due
to the absence of prospective, well-designed, controlled studies, the exact mechanism responsible for cardiac injury among patients with
COVID-19 remains uncertain. However, possible mechanisms described in observational studies can be considered. Non-ischemic events and
ischemic myocardial involvement are the two main pathophysiological mechanisms of acute cardiac injury in COVID-19 patients. Non-ischemic
myocardial injury is probably predominant and is secondary to multiple pathological mechanisms. Cardiac involvement is relatively common
among hospitalized patients with COVID-19 and is associated with a greater risk of in-hospital mortality and ventricular arrhythmias. There was
also a high and significantly positive linear correlation between troponin T and plasma high-sensitivity C-reactive protein levels. It is important to
promptly detect CV involvement to avoid increased mortality in these patients. These findings highlight the importance of clinical surveillance and
laboratory testing of serum troponin levels to ensure appropriate early identification and proceed with appropriate treatment. This should apply to
patients with/without prior CV involvement. There are several possible mechanisms of myocardial tissue damage and the exact mechanisms
involved need to be explored in well-designed studies.
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Article History

Increased morbidity and mortality are associated with
coronavirus disease 2019 (COVID-19) when there is
cardiovascular (CV) involvement [1 - 5]. The publication of
numerous articles regarding clinical outcomes has contributed
to some understanding of several aspects of this novel disease,
but COVID-19 is still relatively poorly understood [6 - 10].
This pandemic is caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Up till June 26, 2020, this
disease resulted in considerable morbidity and mortality
worldwide, with 9,473,214 laboratory-confirmed cases and
484,249 deaths [8]. There is increasing evidence of higher
mortality risk associated with the presence of CV involvement
in patients with COVID-19 [11 - 15].
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studies to better comprehend the diagnostic and therapeutic
management in emerging diseases should be helpful. However,
with the exception of a few case reports, it is interesting to note
that with nearly half a million deaths, no prospective autopsy
investigation has, to our knowledge, been reported so far.

Due to the absence of data based on prospective, well-
designed controlled studies, the exact mechanism of cardiac
injury among patients with COVID-19 remains uncertain.
However, different possible mechanisms described in
observational studies can be considered [20 - 29]. Non-
ischemic events and ischemic myocardial involvement are the
two main pathophysiological mechanisms of acute cardiac
injury in COVID-19 patients [13]. It is believed that non-

SARS-CoV-2 appears to be easily transmittable, very ischemic myocardial injury is predominant and is secondary to

contagious, and with higher morbidity and mortality in older
patients and those at risk [14 - 19]. Therefore, clarification of
the disease pathogenesis and prospective histopathological
studies are relevant. The insight provided by histopathological
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multiple pathological mechanisms, namely, increased cytokine
secretion and hypoxia-induced cardiac myocyte apoptosis.

Several observational studies reported the incidence of
cardiac involvement in patients with COVID-19. Huang ef al.
[11] found that 12% of patients (5/41) with COVID-19 had
associated acute cardiac injury. They observed myocardial
inflammation in their patients by means of troponin I elevation
and decreased cardiac ejection fraction in the echo-
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cardiography. Wang et al. [12] demonstrated that 7% of the
patients, out of the total of 138 patients hospitalized with
COVID-19, developed an acute cardiac injury. The patients in
the intensive care unit (ICU) were more likely to develop
cardiac involvement (22%) than those who were not admitted
to the ICU. Patients with known ischemic heart disease and
cardiomyopathy were at higher risk. Higher mortality was seen
when COVID-19 was associated with acute myocarditis, acute
myocardial infarction, and rapid-onset heart failure [11]. This
shows that CV involvement is associated with poor clinical
outcomes of COVID-19.

Alhogbani [21] described the evidence from coronavirus-
associated acute myocarditis, manifested as myocardial edema
and acute myocardial injury assessed by cardiac magnetic
resonance imaging. There is controversial evidence on the fact
that this myocardial involvement may result from direct viral
myocardial infection and inflammation. In a recent case report
[27], there was scarce interstitial mononuclear inflammatory
infiltrates assessed by histology in the myocardial tissue
without substantial cardiac muscle tissue damage in a patient
with COVID-19. Nevertheless, it was demonstrated that
plasma troponin T levels were positively correlated (f = 0.530,
P <0.001) in a significant manner with plasma high-sensitivity
C-reactive protein (CRP) levels [15]. These findings indicate
that myocardial injury may be associated with inflammatory
pathogenesis during the progress of the disease. However,
direct evidence demonstrating that SARS-CoV-2 infects the
myocardial tissue or pericardial effusion liquid in patients with
COVID-19 is currently lacking.

Another plausible mechanism of cardiac involvement
implicates that the human cell receptor angiotensin-converting
enzyme 2 (ACE2) has a strong binding affinity to the virus
Spike protein of SARS-CoV-2. Since ACE2 is highly
expressed in the heart, it is reasonable to hypothesize that
COVID-19-induced cardiac injury might be mediated by ACE2
[22 - 26]. ACE2 is a key counter-regulatory enzyme that
degrades angiotensin Il to angiotensin-(1-7), thereby
attenuating its effects on vasoconstriction, sodium retention,
and fibrosis [30 - 33]. There are some inconsistent results in
animal studies demonstrating the complexity of renin-
angiotensin-aldosterone system responses and emphasizing the
notion that findings from experimental animal studies may not
extrapolate to similar physiological responses in human
subjects [34 - 37]. Indeed, basic studies performed in animals
have shown mixed findings with respect to the effects of
angiotensin-converting enzyme (ACE) inhibitor agents and
angiotensin receptor blockade (ARB) on ACE2 levels or
activity in different tissues [34 - 44]. Some studies have shown
that ARB may increase messenger RNA expression or protein
levels of ACE2 in tissue [34, 40], while other studies
demonstrated no effect [37]. This shows the importance,
relevance, and necessity of human studies to shed more light
on this system. The drug-induced increased ACE2 expression
produced by ACE inhibitors or ARB might aggravate lung
injury of patients with COVID-19. However, the beneficial
effect of ACE inhibitors was demonstrated in patients with
viral pneumonia [41]. In 1055 adult study patients, with a
positive polymerase chain reaction test for different types of
viral pneumonia, there were lower rates of death and intubation
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in those patients with continued use of ACE inhibitors, and
also a significant reduction in the pulmonary inflammatory
response and cytokine release caused by virus infection was
observed [41]. Similar beneficial findings were shown in
another study that demonstrated a significant decrease in
mortality, length of stay, and mechanical ventilation in patients
taking ACE inhibitors or ARB, who were hospitalized with
pneumonia and compared with a matching cohort [42]. The
beneficial effects of ACE inhibitors and ARB may be related to
a compensatory increase in ACE2 by their attenuating effects
on the ACE2 downregulation produced by the binding of
SARS-CoV Spike protein to ACE2 in the lungs and other
organs [28, 44]. However, the evidence regarding their
utilization in patients with COVID-19 infection is still
emerging, and larger, prospective, randomized, clinical studies
are required to produce definitive answers. At present, for
patients with COVID-19 who previously used ACE inhibitors
or ARB, their utilization may not need to be discontinued
based on current data.

Another possible mechanism involved in cardiac injury
may be the increased cytokine secretion during COVID-19. In
a study of 46 patients, a significantly higher left ventricular
index of myocardial performance, longer isovolumic relaxation
time, lower flow propagation velocity, and Doppler-derived
cardiac output was shown during the acute infection when
compared with those at 30 days. It was suggested that left
ventricular dysfunction in the acute phase of the disease might
be attributable to the cytokine storm syndrome, resulting from
an overaggressive host immune response to SARS-CoV
infection [28]. In another study [11], severely ill patients with
COVID-19 who were admitted to the ICU had higher plasma
levels of cytokines, including interleukin (IL)-2, IL-7, IL-10,
granulocyte-colony stimulating factor, and IgG-induced protein
10. They also had higher plasma levels of monocyte
chemoattractant protein-1, macrophage inflammatory protein
1-alpha, and tumor necrosis factor a. Some other markers of
the inflammatory response, such as CRP, procalcitonin, and
leukocytes, were also found to be significantly increased
among patients who suffered from cardiac injury [11]. The
storming activation and secretion of these inflammatory
cytokines can lead to apoptosis or necrosis of myocardial cells
in COVID-19 [11 - 13].

Another interesting possible mechanism of cardiac injury
is the altered myocardial demand/supply ratio in association
with increased cardio-metabolic demand in the myocardial
tissue, which can result in myocyte hypoxia [26]. This
alteration, in the context of systemic inflammation, associated
with acute respiratory illness-related hypoxia, can further
impair myocardial oxygen demand/supply relationship and lead
to acute myocardial injury [26]. In addition, the endothelial
dysfunction developed in systemic inflammation and the
increment in pro-coagulant activity [29] of the blood can
further contribute to thrombosis over a ruptured coronary
plaque. The intrinsic inflammatory process within the
atherosclerotic coronary plaques is exacerbated during the
systemic inflammatory response in patients with COVID-19,
making them susceptible to fissure, initiating an acute
myocardial infarct [29].
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Several observational studies reported evidence of higher
morbidity and mortality risk associated with the findings of
inflammation and CV involvement and especially cardiac
injury in patients with COVID-19. Shi et al. [13] were the first
to report that cardiac injury was independently associated with
an increased risk of mortality in COVID-19. They showed that
cardiac involvement is relatively common among hospitalized
patients with COVID-19 and that it is associated with a higher
risk of in-hospital mortality and ventricular arrhythmias [13].
These findings highlight the importance of clinical surveillance
and laboratory testing of serum troponin levels to establish
carly identification of atypical cases with an acute illness of
COVID-19 and proceed with appropriate treatment. A meta-
analysis [43] that included 341 patients with severe COVID-19
found that troponin I plasma values were significantly
increased. Therefore, it seems rational to assume that initial
measurements of serum biomarkers of cardiac injury should be
performed immediately after hospitalization for COVID-19
patients, and further in-hospital monitoring may help to
identify a subset of severe cases with possible cardiac
involvement and consequently predict a worse clinical
scenario.

CONCLUSION

In conclusion, it is paramount to promptly detect CV
involvement since mortality increases with cardiac injury in
COVID-19. Myocardial injury was found to be related to
cardiac dysfunction, ventricular arrhythmias, and it was
independently associated with an increased risk of morbidity
and mortality in patients with COVID-19. There was a high
and significantly positive linear correlation between troponin T
and plasma high-sensitivity CRP levels. The exact mechanism
of cardiac injury needs to be further explored in well-designed
studies.
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