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Abstract

The course of COVID infections is mainly determined by cardiovascular functional impairment. Patients with preexisting cardiac
disease have a significantly worse prognosis than patients with no known cardiac disease. The same applies to comorbidities such as
diabetes mellitus and more advanced age. Cardiac involvement can be direct or indirect. Mild and fulminant myocarditis, myocardial
scarring, post-infectious arrhythmias and stress cardiomyopathy, among others, can determine the prognosis of patients. ACE-II
receptors play a major role in the initiation of endothelititis. Other receptors such as a disintegrin and metalloprotease-17 (ADAM-
17), transmembrane protease serine type2 (TMPRSS2) and neuropilin 1 are also involved in this process. This review provides an

overview of the cellular pathology of cardiac impairment in COVID infection.
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Introduction

The high morbidity and mortality caused by coronavirus disease 2019 (COVID-19) includes cardiovascular functional impairment.
Evidence suggests that COVID infection causes symptomatic cardiac insufficiency in patients with preexisting cardiac disease and tro-
ponin elevation in critically ill patients. The present work deals with the different cardiac manifestations of COVID infection and their

pathophysiological basis.
Discussion

The reasons for a high morbidity and mortality caused by coronavirus disease 2019 (COVID-19) are multifactorial and include cardio-
vascular functional impairment. Evidence suggests that COVID infection causes symptomatic cardiac insufficiency in patients with pre-
existing cardiac disease, as well as a troponin elevation in critically ill patients [1,2]. Fulminant myocarditis, predicted to be responsible
for 7% of the lethal outcome with cardiac involvement, has been demonstrated in autopsy studies and in 58% of patients after surviving

a COVID infection with cardiac involvement by cardiovascular magnetic resonance imaging [3-5]. Other studies with cardiovascular mag-
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netic resonance imaging have demonstrated persistent myocardial inflammation in up to 60% and irreversible myocardial injury such as

scarring in 30.8% of cases [6,7].

Clinically, chest pain, persistent palpitations and an increased incidence of stress cardiomyopathy have been reported between 5%, 9%
and 7.8%, respectively, by 60 days post a COVID infection [8-11].

In particular patients with cardiac involvement show increased cardiometabolic complications in the further course of the coronavirus

disease. These are expressed in a reduced cardiac reserve and a dysregulation of the renin-angiotensin-aldosterone system (RAAS) [12].
The post-infectious arrhythmias frequently stem from a cardiomyopathy resulting from myocardial fibrosis [13].

The increased expression of cytokines such as IL-6, IL-1 and tumor necrosis factor-a, which persists even after a survived infection,
leads to altered ventricular action potentials via modulation of cardiomyocyte ion channel expression. This in turn can lead to postural

orthostatic tachycardia syndrome and sinus tachycardia due to the adrenergic modulation [14,15].

As a major receptor, SARS-CoV-2 interacts with ACE2, which occurs with a broad expression pattern in the heart, lung, gastrointestinal
tract and kidney [16-19].

This binding alters the ACE2 signaling pathways to the extent that ACE2 is downregulated and angiotensin II levels increase. This pro-
inflammatory mediator leads to direct endothelititis [20-22]. The process plays a critical role in the pathogenesis of multiorgan failure in
COVID-19.

In this context, endothelial dysfunction results from discrepancies between reactive oxygen species production and nitric oxide reduc-
tion, remodeling of the left ventricle by differentiation of fibroblasts into myofibroblasts after secretion of transforming growth factor-
beta (TGFfB) by monocytes and ultimately fibrosis [23-26].

In turn, endothelial dysfunction, in response to the infection, induces the coagulation system, leading to thrombotic complications
[27,28]. In this regard, the increased incidence of thromboembolism during and post a COVID-19 infection emphasizes the role of endo-

thelial dysfunction due to systemic vasculitis and endothelititis [28-32].

The thromboembolic complications that occur in rare cases post a COVID vaccination correspond in their pathophysiology to the au-
toimmune heparin-induced thrombocytopenia type-II termed mini-HIT, hence, they occur independently of vasculitis and endothelititis
[23-35]. However, the tissue tropism of SARS-CoV-2 clearly diverges from the virus-host cell interaction via the ACE2 receptor, such that

vasculitis from the heart occurs via the neuropilin-1 receptor, among others [36-38].

Neuropilin-1(NRP1) already plays a major role in cell survival, cell proliferation as well as angiogenesis in the context of malignancies
[39,40].

A direct correlation with the NRP1 expression level [41,42] is furthermore suspected in the very high morbidity and mortality rate
of COVID-19 in the elderly and in patients with comorbidities such as diabetes, cardiovascular disease and polycystic ovary syndrome
(PCOS).

The binding and displacement of typical angiogenic ligands at the b1 domain of NRP1 by the S protein of SARS-CoV-2 may play a
pathophysiological role in the severe vasculitis, which, in turn, may explain the severe course in patients with cardiovascular comorbidity
[43,44].

Citation: Mirzaie Masoud,, et al. “Cellular Pathology of COVID on the Heart: A Mini-Review”. EC Cardiology 8.8 (2021): 03-10.



Cellular Pathology of COVID on the Heart: A Mini-Review

05

A further receptor plays a crucial role in the COVID-19 virus, in particular in its extrapulmonary infestations, namely the transmem-
brane protease serine type2 (TMPRSS2). It cleaves the coronavirus spike (S) protein, which allows entry of the virus into the host cell by

binding to the specific cellular receptor [45-47].

It is even suggested that the imbalance of the renin-angiotensin system (RAS) resulting from the interaction between angiotensin-
converting enzyme 2 (ACE2), disintegrin and metalloproteinase domain 17 (ADAM17) and mainly with the expression of type II trans-

membrane serine protease (TMPRSS2) may explain the severe course [48,49].

One of the first signs of cardiac involvement is the elevation of cardiac troponin levels in 12-28% of cases, which has a high associa-
tion with hypertension, coronary artery disease (CAD) and diabetes. This group of patients suffers from a severe course and has a higher
mortality [50-52].

Patients with a pre-existing cardiovascular disease and elevated troponin T have the highest mortality [53-56] whilst patients without

cardiovascular disease and without troponin T elevation have the best prognosis for cardiac involvement after COVID infection [53].

A similar prognostic factor is serial N-terminal B-type natriuretic peptide (NT-proBNP), the elevation of which is associated with un-

equivocally poor survival [54].

Additionally, several studies have shown a clear correlation between troponin T level and NT-proBNP, C-reactive protein (CRP), cre-
atine kinase and myoglobin, the elevation of which is associated with significantly higher mortality as a sign of a more severe systemic
inflammation [56-58].

SARS-CoV-2 infection induces the expression of a number of proinflammatory cytokines such as tumor necrosis factor superfamily
TNF superfamily member 10 (TNFSF), CC chemokine ligand (CCL)2, CXC chemokine CXCL2, CXCL1, IL33, CCL3L1 in BALF, neuregulinl,

amphiregulin among others, which trigger a so-called cytokine storm [59-63].

This leads to a myocardial ischemia, both, directly mainly through ACE2 and indirectly through hypoxia induced via severe pulmonary
inflammation [64-67].

The higher susceptibility to COVID infection in men may be explained, at least in part, by a higher plasma level of ACE2 than in women,
which results from activation of a disintegrin and metalloprotease-17 (ADAM-17). The resulting renin-angiotensin overactivity has car-
diotoxic effects [68,69].

A similar mechanism with the excessive ACE2 expression is hypothesized for the severe course in the elderly. The comorbidity often
presents in vascular disease, such as diabetes, hyperlipidemia and arterial hypertension and it may also indirectly influence infection-

related mortality by altering the immune response [70,71].

In summary, cardiac involvement secondary to COVID infection may manifest as acute coronary syndrome, myocardial infarction, heart

failure, cytokine storm, myocardial dysfunction, myocarditis and stress cardiomyopathy [72].

Diagnostic measures include determination by state trajectory of TnT concentration and ECG changes (defined as ST-segment el-
evation/ST-T0); coronary angiography; hemodynamic stress quantified by BNP and NT-proBNP concentrations; serum CK-MB; elevated

plasma d-dimer, TnT, LDH and IL levels; endomyocardial biopsy in selected cases; and cardiac imaging patterns [73-76].

The drugs initially used for prophylaxis of COVID-19 infection, such as hydroxychloroquine and azithromycin, resulted in QT prolonga-

tion, severe arrhythmias and rarely sudden death as rare side effects, especially in female and elderly patients [77,78].
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Thus, utmost caution is advised in the use of hydroxychloroquine and azithromycin due to the serious adverse side effects [79,80].

Conclusion

The multiple cardiovascular manifestations in COVID-19 infection significantly influence the high morbidity and mortality. Therefore,

cardiologists must be involved at a very early stage in the management and treatment of patients.
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