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Abstract

Severe acute respiratory syndrome coronavirus 2 infection affects not only the
lungs, but also the cardiovascular system, having a major impact on patients’
outcomes. Myocardial injury (MI) occurs in the context of coronavirus infectious
disease 2019 (COVID-19) and is associated with a higher risk of severe clinical
outcome and mortality. COVID-19-related MI can have various clinical manifest-
ations, of which the main ones are myocarditis, stress cardiomyopathy, acute
coronary syndrome, and pulmonary embolism. The exact mechanisms of how MI
occurs in these patients are not yet fully known. Direct injury, through direct viral
myocardial invasion, and indirect injury, through interaction with angiotensin I
converting enzyme 2, increased inflammation, and thrombocyte and endothelial
dysfunction, could be involved in acute MI in patients with COVID-19. A better
understanding of these multiple potential mechanisms may help to develop new
targeted therapeutic strategies. The purpose of this review is to provide the
current understanding of the potential mechanisms involved in MI induced by
COVID-19 and to discuss the current progress in the therapeutic strategies.

Key Words: Myocardial injury; Myocarditis; Stress cardiomyopathy; Acute coronary
syndrome; Pulmonary embolism; Coronavirus infectious disease; SARS-CoV-2

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Myocardial injury (MI) has been described in coronavirus infectious disease
2019 patients and is associated with a higher risk of severe clinical outcome and
mortality, but the exact mechanisms involved are not completely elucidated. Multiple
potential mechanisms have been proposed, such as direct viral infection and indirect
injury through inflammation, angiotensin I converting enzyme 2 interaction and
hemostatic anomalies. Understanding the mechanisms underlying MI is needed to
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guide effective therapeutic strategies in these patients.
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INTRODUCTION

Since December 2019, coronavirus infectious disease 2019 (COVID-19) caused by
severe acute respiratory syndrome coronavirus (SARS-CoV)-2 has quickly become a
global health issue that is having a major impact on the healthcare system worldwide.
High infectivity and rapid transmission of the virus have led to an international public
health crisis. A wide range of symptoms had been reported, with most infected
patients developing respiratory tract disease with different severity level. Not only the
lungs are affected, and other organs are involved, with COVID-19 affecting multiple
organs and systems, with different cardiovascular implications. Also, cardiovascular
comorbidities have an important impact on the severity of COVID-19 and they seem to
be linked with severe clinical outcomes and higher risk of death. Clinical studies have
reported that COVID-19 can significantly affect the heart, causing acute myocardial
injury (MI)[1-3], in patients with and without pre-existing cardiovascular disease[4].
Ml is defined as an elevation of at least one cardiac troponin (cTn) concentration above
the 99th percentile upper reference limit[5]. COVID-19-related MI can have various
clinical manifestations, of which the main ones are myocarditis[6-8], stress cardiomy-
opathy[9,10], acute coronary syndrome[11-13], and pulmonary embolism[14-16]. In
this review, we aim to provide an overview of the potential mechanism involved in MI
induced by COVID-19, and the progress in the therapeutic strategies addressing it.

PUTATIVE MECHANISMS OF MI

COVID-19 may cause MI via various mechanisms, either directly, or indirectly. The
first mechanism might be a direct injury to myocardial cells due to a viral invasion of
endothelial cells and cardiomyocytes via angiotensin I converting enzyme (ACE)2.
Other possible mechanisms are: downregulation of ACE2, cytokine storm/cytokine
releasing syndrome, and hypercoagulation (Figure 1).

Direct injury

SARS-CoV-2 is an RNA virus with a high affinity for ACE2. For virus attachment to
the receptor, SARS-CoV-2 uses the S protein and the transmembrane protease serine 2
(TMPRSS2) to cleave the S protein and facilitate infection[18,19]. The receptors of
ACE2 are located in the lung, heart, endothelial cells and immune cells[20]. These
locations could explain intracellular viral replication in the myocardium and other
tissues, resulting in degeneration, necrosis and dysfunction. Recently, it has been
showed that ACE2 and other mediators of SARS-CoV-2 entry (such as cathepsin B and
cathepsin L) are preferentially enriched in cardiomyocytes, explaining at least in part
the cardiac susceptibility to COVID-19[21].

Only a few case reports have demonstrated the presence of the genome of SARS-
CoV-2 in cardiac samples[4,5]. The COVID-19 virus was detected in the interstitial and
endothelial cells and not necessarily in the myocytes, which emphasized the presence
of lymphocyte and monocyte infiltration, and a particularly high level of monocytes
causes myocardial ischemia[24,25]. Varga et al[27] have suggested that viral attack
determines endothelium injury. This issue causes endotheliitis with the recruitment of
inflammatory cells, apoptosis and pyroptosis, and subsequent microcirculatory
distress[26,27]. Hence, the latest Position Statement[28] issued by the Working Group
on Atherosclerosis and Vascular Biology, together with the Council of Basic
Cardiovascular Science of the European Society of Cardiology acknowledges the key
role of the endothelium in COVID-19-associated cardiovascular pathophysiology, and
recommend that endothelial biomarkers and tests of function to be considered for
early detection of cardiovascular complications.
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Direct mechanism
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Figure 1 Schematic of the putative mechanisms of myocardial injury in severe acute respiratory syndrome coronavirus 2 infection. ACE2:

Angiotensin | converting enzyme 2.
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Downregulation of ACE2

Recognition of ACE2 as the primary human receptor for the SARS-CoV-2 was the first
step to identify the virus tropism and pathogenicity[29,30]. The literature shows that
ACE2 is expressed in type II alveolar epithelial cells, myocardial cells, vascular
endothelium, esophageal and bladder epithelium cells, and renal cells[31,32]. The
virus uses S protein for binding to the ACE2 receptor of target cells, and the cellular
serine protease TMPRSS2 cleaves the S protein into two functional domains, S1 that
binds to ACE2 and S2 designed for membrane fusion[30,33-37]. The cleavage can be
produced near a fusion peptide located within the S2 domain[33,38]. This mechanism
helps the virus priming and entry into the cells and promotes virus infectivity[30,33,
39,40]. Lai et al[39] have demonstrated that SARS-CoV fusion depends on calcium
level, so a low level of calcium decreases infectivity. It is known that ACE2 and ACE
are linked to the renin-angiotensin-aldosterone system, which promotes angiotensin I
maturation, and has a crucial effect on the cardiovascular system[41].

Angiotensin I hydrolyzation produced by ACE2 yields angiotensin 1-9 peptide, on
which ACE acts to produce angiotensin 1-7 (Ang 1-7)[17]. Ang 1-7 is the ligand for the
G-protein Mas receptor that provides cardioprotective effects as vasodilatory, antipro-
liferative and antioxidative effects[17]. ACE2 has a direct effect on angiotensin II,
producing Ang 1-7, but also acts on bradykinin ligand receptor, Des-arg9-bradykinin,
thereby inactivating an inflammatory response[17,41,42].

In SARS-CoV 2 infection, decreased ACE2 expression causes lower levels of Ang 1-7
and an increase in angiotensin II level[17,41,43]. This effect results in vasoconstriction,
inflammation, proliferation, fibrosis, apoptosis, and de novo heart injury or aggravation
of pre-existing cardiovascular problems[43].

Ang II activates both mitogen-activated protein kinase and ADAM-17 phosphory-
lation that generates reactive oxygen species (ROS), which promote endothelial
dysfunction and thrombosis[44,45].

Downregulation of ACE2 causes an increased level of angiotensin II, which induces
production of inflammatory cytokines such as interferon-y, interleukin (IL)-6, and the
chemokine monocyte chemoattractant protein (MCP)-1, promoting inflammation[45-
47]. MCP-1 can be an ROS source, promoting negative remodeling after MI[44,46].

Cytokine storm/cytokine release syndrome

Many severe infectious and noninfectious diseases, including COVID-19, are
associated with cytokine overproduction, activating lots of signals and communication
pathways[48,49]. The inflammation starts in the lungs via ACE2 receptor, which is
localized in the pneumocytes, local pulmonary macrophages, and dendritic cells, and
it spreads through the circulation to organs expressing ACE2, with significant effects
on the cardiovascular system[50].

Oudit et al[51] have shown that an increased level of Ang II determines infiltration
and activation of neutrophils in the myocardium, which release inflammatory
cytokines (IL-6, IL-1B and MCP-1) and are a source of ROS, with a negative inotropic
effect on murine myocardial contraction[51].
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SARS-CoV-2 activates the innate immune system and triggers the JAK-STAT
pathway via the pattern of recognition receptor, with overproduction of IFNs[38,52].
IFN type I increases the inflammatory factors and activates the cytokine storm[38,52,
53]. Rapid replication of the virus determines the activation and differentiation of T
helper (Th)1 cells, producing cytokines such as IL-6, granulocyte-macrophage colony-
stimulating factor and IFN-y, and increases the number of Th1l and Th2 cells,
macrophages and natural killer cells[54]. The virus has developed new mechanisms
through nonstructural protein to avoid the immune system, and suppresses the effects
of IFNs, which lead to virus dissemination and promotion of cytokine realizing
syndrome[50,54-57]. The first cytokines produced in the early phase of the infection
are IL-6, tumor necrosis factor (TNF)-o, IL-1, IL-8 and MCP-1[56,58].

In the severe form of COVID-19, chemokines CCL3, CXCL8, CXCL9 and CXCL10
are released into the blood circulation, as well as proinflammatory cytokines TNF-o,
IFN-y, IFN-q, IL-12, IL-1B, IL-6, IL-33, IL-18 and transforming growth factor B, leading
to an important inflammatory response[18,53,58,59]. Latest studies indicate that a
higher level of inflammatory biomarkers such as IL-6, IL-8 and TNF-a determine MI
and correlate with high mortality[60,61].

IL-6 plays the main role in inflammation. There are two mechanisms through the
JAK-STATS3 signaling pathway for activating and promoting inflammation[59]. The
first mechanism of action is the cis-signaling pathway that uses membrane IL-6
receptor, which activates the innate and acquired immune system[62,63]. The second
mechanism is through the trans-signaling pathway, which uses soluble IL-6 receptors
for activating cells without IL-6 membrane receptors, such as endothelial cells[62-64].

The IL-6 mechanism results in oversecretion of vascular endothelial growth factor,
MCP-1, IL-8 and IL-6, and decrease of E-cadherin on endothelial cells, promoting
apoptosis of cardiac cells and left ventricular remodeling[49,62,65]. Del Turco et al[62]
have shown that hyperinflammation promotes vascular permeability, leakage,
endothelial dysfunction, and hypercoagulation with a significant impact on the
cardiovascular system. Also, the production of matrix metalloproteinase by the
monocytes/macrophages increases the risk of atherosclerotic plaque rupture and the
probability of MI[62].

Hypercoagulability

Endothelial dysfunction, hyperinflammation, and hypoxia induced by SARS-CoV-2
contribute to a procoagulant status with majors effects on the cardiovascular system
[66]. Inflammation and coagulation play a bidirectional role in vascular disease[67].
The inflammation causes endothelial dysfunction, which activates coagulation and
together with the coagulation factors, increases cytokine production by the endothelial
and mononuclear cells[67]. Endothelial dysfunction by activating the complement
system, causes a hypercoagulant state and promotes inflammation[68].

The central role in thrombogenesis is played by tissue factor (TF)[50,68]. TF is a
transmembrane protein expressed on the surface of macrophages, cardiomyocytes and
smooth muscle cells[48,49]. The monocytes in atherosclerotic plaques tend to express
more TF than the circulating ones, which stimulates cytokines such as IL-6, platelet-
derived growth factor and MCP-1, and leads to thrombus formation. In severe
infection, cytokines, especially IL-6, determine TF exposure and systemic activation of
coagulation[68-70]. TF binds to factor VIla, leading to thrombin formation, which
converts fibrinogen into fibrin and determines coagulation[70]. Thrombin also binds to
another class of specific receptors, protease-activating cell receptors (PARs), which are
expressed in many cell types, including endothelial cells, monocytes, platelets, smooth
muscle cells, and fibroblasts. Their activation is a key promoter of both coagulation
and inflammation[70]. Four PAR types are identified; type 2 determines overpro-
duction of ROS with negative inotropic action and adhesion molecules by macro-
phages, and induces neutrophil infiltration and expression of TNF-o and IL-1[69,71].

Neutrophil-derived extracellular traps are an extracellular web of chromatin and
antimicrobials produced by neutrophils as an innate mechanism to combat pathogens.
They can trigger the processes of inflammation and thrombosis by activating
endothelial cells and platelets[72-74].

Severe hypoxia activated in SARS-CoV-2 infection leads to multiple effects such as
endothelial inflammation with metabolic changes that affect ATP production and an
increase in mitochondrial ROS, which causes platelet hyperactivation and apoptosis
with release of proinflammatory and procoagulant factors[75,76].

Hypoxia promotes thrombogenesis through a direct mechanism via early growth
response factor 1 induction, but also through and an indirect mechanism mediated by
inflammatory cytokines (TNF-a and IL-1)[75-78]. Hypoxia also activates hypoxia-
inducible transcription factors that promote coagulation targeting factors such as
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plasminogen activator inhibitor 1, but also the pyrin domain containing 3 inflam-
masome pathway with an increase of IL-1B, which causes venous thromboembolism
(VTE)[79].

Platelets play a crucial role in coagulation and are the first blood cells that respond
to endothelial damage. Coronavirus disease causes platelet hyperactivation due to P-
selectin increased membrane expression, which interacts with its counter-receptors on
neutrophils or other inflammatory cells, thereby activating thrombogenesis.[80]. After
autopsy of patients with acute MI, many megakaryocytes and inflammatory cells are
found in the microvascular system, along with venous thrombosis and platelet-rich
thrombi[81]. Recent studies have shown that the antiphospholipid antibodies interact
with complement factors, platelets, and endothelial cells, promoting coagulation;
ongoing and future research will validate the role of antiphospholipid syndrome in
COVID-19[82].

CLINICAL IMPLICATIONS

Various potential therapeutic strategies addressing specific pathophysiological
mechanisms are currently used to prevent and/or alleviate the MI caused by COVID-
19. Some pharmacological agents target mechanisms with definite evidence of causing
cardiovascular damage, hence being part of standard of care therapy and
recommended by existing guidelines, while others address hypothetical mechanisms,
hence being under study.

Is it safe to continue using ACE inhibitors or angiotensin receptor blockers in

COVID-19 patients?

Considering that one potential mechanism of acute MI is mediated by ACE2[83], the
question arises whether therapy with ACE inhibitors (ACEIs) or angiotensin receptor
blockers (ARBs) should be continued or stopped. Existing evidence-based consensus
and position statements[34-87] issued by prominent cardiovascular and hypertension
societies recommend against modifying this therapy if it is already underway, and to
prescribe it for newly diagnosed patients as usual, given the absence of consistent
evidence regarding their potential risk[88,89]. A randomized clinical study of 659
patients hospitalized with mild to moderate COVID-19 and ACEIs or ARBs therapy
prior to hospitalization has shown that there was no significant difference in the mean
number of days alive and out of the hospital between the patients assigned to
discontinue or continue this therapy[90]. Also, a large meta-analysis of > 28000
hypertensive patients with COVID-19 on ACEIs or ARBs has found a beneficial effect
of using renin-angiotensin-aldosterone system inhibitors in these patients[91].
Nevertheless, additional studies are warranted to evaluate the role of ACE2 poly-
morphisms in conferring an increased risk of adverse outcomes, as recently disclosed
by a systematic review and meta-analysis that evaluated the clinical outcomes in
COVID-19 patients on ACEIs or ARBs[92].

Potential therapies for COVID-19 patients with cytokine storm mechanism

IL-6 receptor antagonists such as tocilizumab and sarilumab may represent an
interesting alternative for patients with significantly elevated IL-6, ferritin, D-dimer
and high-sensitivity troponin I (Tnl) levels[89]. A Randomized, Embedded,
Multifactorial Adaptive Platform Trial for Community-Acquired Pneumonia (REMAP-
CAP) has investigated the effectiveness of tocilizumab and sarilumab on survival and
organ support in critically ill COVID-19 patients and it has shown improved outcomes
and survival[93]. Other clinical trials are underway[94-96].

Another potential therapeutic is colchicine, due to its anti-inflammatory effect
through inhibition of cytokine production and neutrophil activity, and it does not have
an immunosuppressive effect compared with tocilizumab and sarilumab[97]. Several
small randomized controlled trials have already shown a positive impact of adding
colchicine to the standard treatment in COVID-19 patients[98-100]. Randomized trials
with larger populations are in progress[101-103]. Given the high prevalence of
thromboembolic anomalies and coagulopathy in patients with COVID-19, use of
thromboprophylaxis may be necessary.

What are the current recommendations for antithrombotic therapy in VTE

prophylaxis in patients with COVID-19?
In nonhospitalized patients with mild COVID-19, anticoagulants and antiplatelet
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therapy are not recommended routinely[104], but should be considered depending on
risk assessment[105]. For those with confirmed VTE, the CHEST guidelines
recommend a direct oral anticoagulant (DOAC) with apixaban, rivaroxaban,
dabigatran or edoxaban (before dabigatran and edoxaban an initial parenteral antico-
agulation is needed). When a DOAC is not used, vitamin K antagonists are
recommended over low-molecular-weight heparin (LMWH)[106] (Table 1).

In acutely ill hospitalized patients with COVID-19, anticoagulant thrombopro-
phylaxis is recommended. The CHEST guidelines are in favor of anticoagulation with
LMWH or fondaparinux over unfractionated heparin (UFH) or DOAC[106]. UFH is
not preferred, in order to limit staff exposure, and DOAC is not recommended as a
primary prevention strategy due to possible risk of interactions between therapies for
COVID-19 and oral anticoagulants[106]. The American Society of Hematology
guidelines do not recommend any specific anticoagulant to be used as first-choice
treatment[107]. There is no recommendation to increase intensity of anticoagulation
thromboprophylaxis, and the current standard dose should be used over intermediate
or full treatment dosing[106-109]. However, the Italian Society on Thrombosis and
Haemostasis suggests that the use of intermediate dose of LMWH should be
considered in patients with multiple risk factors for VTE[110]. Also, the Royal College
of Physicians suggests that a higher dose of LMWH may be considered in these
patients[105].

In acutely ill hospitalized patients with COVID-19 with confirmed VTE, the CHEST
guidelines recommend initial parenteral anticoagulation with LMWH or IV UFH or
initial direct oral anticoagulation with apixaban or rivaroxaban (dabigatran and
edoxaban can be used after initial parenteral anticoagulation)[106].

In critically ill patients with COVID-19 anticoagulant thromboprophylaxis is
recommended. The CHEST guidelines are in favor of anticoagulation with LMWH or
UFH over fondaparinux or a DOAC[106]. If there is any contraindication to pharmaco-
logical thromboprophylaxis, mechanical thromboprophylaxis may be considered, but
it is not recommended to add it to pharmacological treatment[106].

Most guidelines recommend the use of current standard dose over intermediate or
full treatment dosing due to insufficient data regarding intensified treatment[106-108].
Nevertheless, the Anticoagulation Forum suggests, based on expert opinion, that an
increased dose of anticoagulant thromboprophylaxis such as enoxaparin 40 mg or 0.5
mg/kg subcutaneous twice daily, UFH 7500 U subcutaneous three times daily or low-
intensity heparin infusion, should be considered for these patients[109]. The Royal
College of Physicians also suggests intermediate dose of LMWH[105]. In critically ill
COVID-19 patients with confirmed VTE, the CHEST guidelines recommend parenteral
anticoagulation with LMWH or fondaparinux over UFH[106]. The CHEST and the
Royal College of Physicians guidelines recommend a minimum duration of 3 mo of
anticoagulation therapy for COVID-19 patients with confirmed VTE[105,106].

In COVID-19 patients discharged from hospital, we may consider extending
thromboprophylaxis for those with increased postdischarge risk of VTE and low
bleeding risk[105,106,109]. The Royal College of Physicians recommends a duration of
14-28 d of thromboprophylaxis with LMWHJ[105]. The Anticoagulation Forum
suggests using anticoagulants such as betrixaban maximum 35-42 d, rivaroxaban
maximum 31-39 d or enoxaparin maximum 6-14 d[109].

In patients with recurrent VITE and COVID-19 despite anticoagulation with DOAC
or vitamin K antagonist therapy, the CHEST guidelines recommend switching
treatment to LMWH. In patients with recurrent VTE despite anticoagulation with
LMWH they suggest increasing the dose of LMWH by 25%-30%][106].

Regarding antiplatelet therapy for COVID-19 patients, there are no data that would
suggest any benefit of using antiplatelet agents to prevent thrombosis and we should
consider the risk associated with the use of them given that a thrombocytopenic status
may exist in patients with COVID-19[66,67]. Furthermore, the CHEST guidelines
recommend against the use of antiplatelet agents for VTE prevention[106].

Many studies have shown that there is a high prevalence of arterial and venous
thromboembolism in hospitalized patients with COVID-19 despite standard
thromboprophylaxis[14]. Hence, is it possible that a higher dose of anticoagulant
might be necessary? The recommendation of the intensity of anticoagulant thrombop-
rophylaxis is not based on direct evidence of the effects of intermediate or therapeutic
dose in primary prevention because of the lack of well-designed randomized clinical
studies. A collaboration between three randomized clinical trial platforms ATTACC
(Antithrombotic Therapy to Ameliorate Complications of COVID-19), REMAP-CAP
(Randomized Embedded Multi-factorial, Adaptive Platform Trial) and ACTIV-4a
(Accelerating COVID-19 Therapeutic Interventions and Vaccines) is ongoing in order
to clarify this issue[113].
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Table 1 Recommendations of thromboprophylaxis and treatment of VTE in patients with coronavirus disease 2019

COVvID-19 ;
. Prevention Treatment Refs.
patients
Outpatient Thromboprophylaxis is not DOAC (apixaban, rivaroxaban, dabigatran NIH COVID-19 Treatment Guidelines[104], CHEST
routinely recommended or edoxaban) Guideline[106]
Acutely ill LMWH or fondaparinux Initial anticoagulation with LMWH or IV CHEST Guideline[106]

hospitalized patient

Critically ill
COVID-19 patient

standard dose

UFH or DOAC (apixaban, rivaroxaban)

LMWH or UFH standard or LMWH or fondaparinux The Royal College of Physicians[105], CHEST

intermediate dose

Guideline[106], ASH guidelines[107], ISTH interim
guidance[108]

COVID-19: Coronavirus disease 2019; DOAC: Direct oral anticoagulation; NIH: National Institutes of Health; LMWH: Low-molecular-weight heparin;
ASH: American Society of Hematology; ISTH: International Society Onthrombosis and Haemostasis; UFH: Unfractionated heparin.

Jaishideng®

Potential therapies for COVID-19 patients with thrombocytopathy and
endotheliopathy

As mentioned before, currently there is no specific recommendation for using
antiplatelet agents in COVID-19 patients. However, according to the present
understanding of the mechanisms of thrombocytopathy and endotheliopathy,
targeting therapeutics to both endothelium and platelets may be effective. Considering
the effects of aspirin such as antithrombotic and anti-inflammatory actions and
inhibition of virus replication[114], clinical trials on the protective effect of aspirin in
COVID-19 patients are underway[115,116].

In addition to this, antithrombotic agents with vasodilatory action on vascular
smooth muscle cells and anti-inflammatory action, such as prostacyclin and NO, may
become a potential therapeutic alternative in patients with thrombocytopathy and
endotheliopathy[80]. Clinical trials on administration of prostacyclin or NO in COVID-
19 patients are in progress[117,118]. Similarly, dipyridamole, a phosphodiesterase 3
inhibitor with antiplatelet and anti-inflammatory action, could have beneficial effects
in COVID-19 patients[119]. The potential therapeutic benefits are being investigated
[120,121].

A recent systematic review and meta-analysis has shown that the use of statins in
patients with COVID-19 has a beneficial effect on improving clinical outcomes[122].
However, we must consider that elevated liver enzymes are common in patients with
moderate to severe COVID-19, even though its impacts is still unknown and statin
therapy should be discontinued in these patients[123,124]. Multiple clinical trials on
using statins in COVID-19 patients are ongoing[116,125-127].

Experimental therapies

Various pharmacological agents aiming to limit viral entry into cells are currently
under study. Previous data[128-130] have endorsed recombinant human ACE2 as an
attractive therapeutic target for the current COVID-19; the molecule acting as a decoy
receptor, hence curbing viral entry[83]. The efficacy of recombinant ACE2 is being
investigated in a small pilot trial including patients with severe COVID-19 (Clinical-
trials.gov NCT04287686).

An alternative way of blocking SARS-CoV-2 cell invasion is inhibition of TMPRSS2
activity. Some potential therapeutic strategies targeting TMPRSS2 are already tackling
COVID-19 clinically, while others are just being tested in the laboratory[131]. The
former includes serine protease inhibitors such as camostat mesylate[19], which is
presently considered for off-label treatment of SARS-CoV-2-infected patients (Clinical-
trials.gov NCT04321096).

CONCLUSION

Ml is an important cardiovascular manifestation in COVID-19 patients associated with
increased severity and high risk of mortality. At this point, the pathophysiology
underlying COVID-19-related MI is not fully understood, but clinical evidence has
shown that not only a direct mechanism is involved, but also SARS-CoV-2 might affect
the cardiovascular system in an indirect manner through interaction with ACE2,
production of cytokines, thrombocyte and endothelium dysfunction, and hypercoagu-
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lation. Elucidating the mechanisms underlying MI could help develop effective
therapeutic strategies.
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