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Coronavirus Disease 2019 (COVID-19) is a rapidly progressing global pandemic that may present with a
variety of cardiac manifestations including, but not limited to, myocardial injury, myocardial infarction,
arrhythmias, heart failure, cardiomyopathy, shock, thromboembolism, and cardiac arrest. These cardio-
vascular effects are worse in patients who have pre-existing cardiac conditions such as coronary artery
disease, hypertension, diabetes mellitus, and coagulation abnormalities. Other predisposing risk factors
include advanced age, immunocompromised state, and underlying systemic inflammatory conditions.
Here we review the cellular pathophysiology, clinical manifestations and treatment modalities of the car-
diac manifestations seen in patients with COVID-19.
� 2020 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-
2), the virus causing the Coronavirus Disease 2019 (COVID-19)
pandemic, has involved more than 7 million cases worldwide.
The United States (US) has the highest number of infected patients
with more than 2 million cases and 100,000 deaths by the second
week of June 2020 [1,2]. The respiratory symptoms including acute
respiratory distress syndrome (ARDS) are well discussed in the lit-
erature. However, the extrapulmonary manifestations with likely
cellular cytotoxicity is not well studied [3]. The cardiovascular
sequela of COVID-19 can cause contractility disorders, arrhyth-
mias, pericardial disease, vascular insufficiency, and sudden car-
diac arrest. We sought to review cellular cytotoxicity, clinical
symptoms, diagnosis and management of cardiovascular complica-
tions in COVID-19.

2. Epidemiology

Shortly after the outbreak of COVID-19 pneumonia in Wuhan,
China COVID-19, its causative agent of SARS-CoV-2 was first
reported in January 2020 [4]. This outbreak has rapidly spread
across China and globally through person to person transmission.
The mean incubation period of this virus ranges between 5 and
7 days, therefore the travelers and suspected contacts are advised
to quarantine for 14 days. The basic reproduction number ranges
from 2.24 to 3.58 and can be as high as 6.47 in intensive social con-
tacts [5]. The most common symptoms at the disease onset include
fever, sore throat, cough and myalgia. The infected patients may
also present with cardiovascular disease (CVD) like acute coronary
syndrome (ACS) and congestive cardiac failure (CHF) [6]. A study of
5700 patients have reported hypertension (56.6%), coronary artery
disease (11.1%) and congestive cardiac failure (6.9%) as common
underlying co-morbidities in confirmed COVID-19 cases [7].
Another study comprising 44,672 cases reported five-fold increase
in case fatality rates in patients with underlying CVD as compared
to patients without CVD (10.5% vs 2.3%) [8]. The impact of COVID-
19 on the cardiovascular system is evidenced through multiple
studies which report myocarditis in 7–17%, heart failure in 24%,
arrhythmias in 17% and thrombotic complications in 31% of hospi-
talised COVID-19 cases [9,10].

3. Cardiovascular cellular pathogenesis, and complications of
COVID-19

The COVID-19 infection is initiated through binding of S-protein
of SARS-CoV-2 with the host receptor angiotensin-converting
enzyme 2 (ACE2) which mediates its entry into the cells. ACE-2
is highly expressed on the pulmonary epithelial cells, cardiac myo-
cytes and vascular endothelial cells which is responsible for exten-
sive cardiopulmonary symptoms [11]. Upon binding with ACE-2, S-
protein cleaves at dibasic arginine site by host protease TMPRSS2
to generate S1 and S2 subunits. The S2 subunit induces membrane
fusion and viral endocytosis in the cell. After viral entry into the
cell, the viral RNA is released in the cytoplasm where it replicates
and processed into virion- containing particles which fuses with
the cell membrane to be released for widespread infection. SARS-
CoV-2 also internalizes and downregulates the expression of
ACE-2 on the cell surface [11]. Since ACE-2 primarily converts
angiotensin I and II to cardioprotective peptides, angiotensin 1–9
and angiotensin 1–7; its loss on cell surface may potentiate cardiac
damage. Additionally, the loss of ACE-2 on vascular endothelium
may exacerbate endothelial dysfunction, inflammation and throm-
bosis [6,12]. The ACE-2 expression in vascular endothelial cells is
linked to underlying pathological state, age and gender. It’s activity
is reduced in vessels with established atherosclerotic plaques and
diabetes whereas it is increased in women and young adults due
to a potential role of estrogen [13,14]. Since the ACE-2 levels are
downregulated in COVID-19, any underlying factor that diminishes
ACE-2 expression compromises the cardioprotective action of Ang
1–7/Ang 1–9, further promoting the vascular damage. The reduced
ACE-2 also induces cytokine release through dysregulating renin-
angiotensin-aldosterone system, depressing Mas receptor (ACE2/
MasR axis) and activating ACE2/bradykinin B1R/DABK axis [15].
These cellular effects are translated into exacerbation of underly-
ing cardiovascular disease or new onset of cardiac symptoms.

The cardiac complications of COVID-19 can be divided into elec-
trical and mechanical dysfunction. The electrical aberrance is seen
in arrhythmias whereas pericardial, myocardial, valvular and vas-
cular complications arise due to mechanical dysfunction.

3.1. Electrical dysfunction and arrhythmias

Arrhythmia in COVID-19 can be secondary to electrolyte imbal-
ance, pulmonary disease, medication side effects, activated protein
kinase C (PKC), or direct oxidized Ca2+/calmodulin-dependent pro-
tein kinase II (CAMKII) [16,17]. In particular, hypokalemia and
hypomagnesemia are commonly seen in COVID-19 due to angio-
tensin II-mediated urinary excretion and gastrointestinal losses
[18]. The hypoxia in ARDS can increase the risk of arrhythmias as
evidenced in an experimental study by Clark et al. which reported
arrhythmias in 61% of the hypoxic rats [19,20]. The widely used
drugs chloroquine, hydroxychloroquine, azithromycin, and lopina-
vir/ritonavir can also trigger arrhythmias by prolonging QT [21].
The upregulated angiotensin II and angiotensin II receptor type 1
axis (AngII-AT1R) activates the PKC which interferes with initiation
and propagation of action potentials leading to arrhythmias
[22,23]. Another probable mechanism is that Ang II activates
NADPH oxidase via phosphorylation and translocation of p47phox
[24]. The activated NADPH oxidase increases the reactive oxygen
species (ROS) which oxidizes the CaMKII into ox-CaMKII. The ox-
CaMKII in turn phosphorylates ryanodine receptor 2 (RyR2) lead-
ing to increased diastolic sarcoplasmic Ca2+ leak which triggers
delayed after depolarizations and induces atrial and ventricular
arrhythmias [17,24]. The systemic inflammation in COVID-19
may also dysregulate the post-translational modification of cardiac
ion channels resulting in arrhythmia [25,26] It is also noteworthy
that viral proteins of SARS-CoV-2, ORF3 and ORF8, activate NLRP3
inflammasomes which inturn promotes atrial fibrillation [27,28].

3.2. Mechanical dysfunction

3.2.1. Pericardial damage
Elevated angiotensin II levels facilitate an inflammatory cascade

via NF-KB, elevated IL-6, TGF-b and vascular endothelial growth
factor (VEGF). These cytokines promote serosal inflammation and



Fig. 1. Flowchart demonstrates the SARS-CoV-2 induced cardiotoxicity. Caption: SARS-CoV-2 binds to the ACE-2 receptor(ACE-2R), leading to downregulation of ACE-2R that
leads to pathway shift towards conversion of more angiotensin II that binds to Angiotensin II type 1 receptor (AT1R), Endothelin 1 receptor (ET1) promoting increased reactive
oxygen species (ROS) by NADPH oxidase enzyme. NADPH oxidase is also activated by low BH4, High BH2, high iNOS. Increased ROS can cause cell apoptosis causing heart
failure worsening, vascular damage, and sinus node dysfunction. Increased ROS can also cause CAMK-II activation causing early depolarization and arrhythmias. Increased
ET1 also leads to increased thrombosis by increased endothelial dysfunction by oxidizing low density lipoprotein and PAI-1. Lipopolysaccharide binds to receptor TLR-4
increasing NFKBeta, that can increase IL-6, TNF-alpha, other inflammatory cytokines, and causes diffuse vascular damage and organ dysfunction. Ang 1–7 and Ang 1–9 have a
positive role in our body, and can fight against COVID 19 but their levels, and downstream pathways are decreased in COVID-19 patients due to low ACE-2 R levels. eNOS, NPR
A/B R, AT 2R, MASR normally counteracts the negative effects of AT1R, ET1 but this balance is disturbed in COVID-19 causing switch of pathway towards AT1R downstream
effects. Abbreviations: SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus-2; IL-6: Interleukin 6; Ang II: Angiotensin II; ET1: Endothelin 1; Ang1-9: Angiotensin 1–
9; Ang 1–7: Angiotensin 1–7; ACE: Angiotensin Converting Enzyme; AT1R: Angiotensin II receptor type 1; AT2R: Angiotensin II receptor type 2; NPR A/B Natriuretic peptide
receptor A/B guanylate cyclase; TNFa: Tumor necrosis factor alpha; INOS: Inducible nitric oxide synthase; ENOS: endothelial nitric oxide synthase; TGF-b: Transforming
growth factor beta; ROS: Reactive oxygen species; CAMK-II: calmodulin dependent protein kinase II; CAM: Calmodulin; cGMP: Cyclic guanosine monophosphate; ANP/BNP:
Atrial/Brain natriuretic peptide; PDE5/PDE5i: Phosphodiesterase 5 enzyme/inhibitor; BH4: Tetrahydrobiopterin; BH2: Dihydrobiopterin; TLR4: transmembrane lipopolysac-
charide receptor 4; ICAM: intercellular adhesion molecule; VCAM: vascular cell adhesion molecule; NF-jB: nuclear factor kappa-light-chain-enhancer of activated B cells;
PGE2: Prostaglandin E; MASR: Mitochondrial assembly g protein coupled receptor; NEPA: Neprilysin A receptor; NEPB: Neprilysin B receptor; NPR A/B: Neprilysin receptor A/
B; HDAC: Histone Deacetylase; GATA: Globin transcription factor; NFAT: Nuclear factor of activated T-cells; PPAR-c: Peroxisome proliferator-activated receptor gamma; Ca 2
+: Calcium ion; Na +: Sodium ion; NCX: Sodium-Calcium exchanger; MEF2: myocyte-enhancer factor-2; STEMI: ST-segment elevation myocardial infarction. Color coding:
Green frames resemble the protective and anti-inflammatory mechanisms, which are imbalanced by the pro-inflammatory COVID-19 state depicted in red causing overt
inflammation and cell destruction; Brown color depicts the potential therapeutic targets that can help balance this inflammatory state; Yellow color shows all enzymes
involved in RAAS or COVID induced cardiovascular cytotoxicity pathway. (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)
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fibrosis that may present as pericarditis [29–32]. SARS-CoV-2 can
cause pericarditis that may progress to pericardial effusion. Peri-
carditis associated with pericardial effusion creates physical stress
and can further complicate Takotsubo cardiomyopathy [33]. The
combined cases of myocarditis and pericarditis cases due to
COVID-19 have also been reported [29,34]. The clinical presenta-
tion may overlap with other COVID-19 symptoms like fever, chest
pain, and severe hypotension. The diagnosis is made through a
combined diagnostic approach including electrocardiography,
echocardiography, and chest radiographs.

3.2.2. Myocardial damage
Myocardial dysfunction in the setting of COVID-19 can present

as ACS, myocarditis, heart failure, stress cardiomyopathy, and
shock. Several mechanisms have been suggested for the myocar-
dial injury associated with COVID-19.

SARS-CoV-2 can induce systemic inflammatory response syn-
drome (SIRS) through a combination of cytokine release syndrome
(CRS) and dysregulated immune activity that leads to myocardial
dysfunction [29,35]. The immune system recognizes SARS-CoV-2
via recognition of intrinsic viral RNA patterns, or the pathogen-
associated molecular patterns (PAMPs). This identified pathogen
attaches to the pattern recognition receptor (PRRs), which initiate
host-immune defense against the virus. The interaction of PAMPs
with PRRs in combination with a dysregulated inflammatory
response in the setting of sepsis leads to cytokine storm. Cytokines
contribute to myocardial damage by facilitating the release of reac-
tive oxygen species (ROS), endogenous nitric oxide, and superoxide
anion (Fig. 1). Eventually, damage-associated molecular proteins
(DAMPs) like heat-shock proteins, high-mobility group box 1
(HMGB1), histones, and oxidized lipoproteins are released from
the damaged myocardiumwhich further activate the inflammation
and injure myocytes. These excessive DAMPs create an ongoing
vicious inflammatory cycle resulting in septic/COVID-19 cardiomy-
opathy [36,37]. The Notch signaling pathway also promotes
inflammatory cytokines, facilitates the SARS-CoV-2 infection, and
plays a major role in structural cardiac remodeling therefore a
therapy directed at modulation of Notch pathway can limit the
COVID-19 infection and limit the inadvertent remodeling [38].

The SARS-CoV-2 may cause direct myocardial cytotoxicity via
3C proteinase-mediated apoptosis, disruption of host protein
translational mechanisms, loss of cellular homeostasis, and dysreg-
ulated host-immune response [39,40]. After viral infection of car-
diomyocytes, the immune system triggers the infiltration of
natural killer cells, macrophages, and lymphocytes. These cells ini-
tially confer protective effects, but hyper-activation can worsen the
severity of myocarditis and lead to cardiomyopathy [41]. Biopsy
specimens in myocarditis have demonstrated infiltration of
mononuclear cells in the cardiac myocytes causing focal or diffuse
damage [15]. In addition, the hypoxemia in COVID-19 can induce
increased intracellular calcium levels which can result in car-
diomyocyte damage and eventual cardiomyopathy [42].

COVID-19 can also cause stress cardiomyopathy due to emo-
tional or physical stress on cardiac myocardium in the setting of
anxiety and widespread inflammation [43].The myocardial stun-
ning in the setting of catecholamine surge and coronary microvas-
cular dysfunction may be exacerbated by COVID-19 from RAS
dysregulation and plaque disruption [44]. Increased catecholami-
nes further worsens the microvascular dysfunction through
increasing cytokine production of IL-6 via alpha-1 adrenergic
receptor signaling in immune cells [44]. The excessive cate-
cholamines may also worsen the transient hypokinesia through
beta2-coupling from Gs to Gi [45]. The combined effects of cate-
cholamine surge and microvascular dysfunction in COVID-19
may result in hypercontraction of the left ventricular apex and out-
flow tract resulting in stress cardiomyopathy.
The increased cardiometabolic demand in systemic infection
coupled with hypoxia secondary to pulmonary dysfunction can
create myocardial oxygen supply/demand mismatch. These events
when accompanied by inflammation induced hypercoagulation,
microthrombi and plaque rupture can lead to cardiac ischemia
and acute coronary syndrome [46]. It is unclear whether the
SARS-CoV-2-mediated myocardial damage will have long-term
implications on cardiac function and survival therefore follow up
data on survivors is required to better assess the long-term
outcomes.

The symptoms of acute coronary syndrome (ACS) include chest
pain, dyspnea, and sinus dysfunction which can overlap with
COVID-19 symptoms [47]. A case series of 18 COVID-19 patients
with STEMI reported that 33% of cases manifested chest pain at
the time of ST-elevation. Among these patients, 22% died of
myocardial infarction whereas 50% died of non- coronary myocar-
dial injury [48]. The diagnosis of ACS requires elevated troponin
along with either echocardiographic or electrocardiographic
abnormalities [49]. The ventricular dysfunction in COVID-19 may
present with features of heart failure, cardiogenic shock, and
myocarditis [50]. Their clinical presentation will overlap with the
symptoms of COVID-19 including respiratory distress and
hypotension. The diagnosis can only be ascertained by utilizing
various diagnostic modalities such as cardiac markers, echocardio-
graphy, MRI, and biopsy. A study reports that heart failure is a
common manifestation of COVID-19 patients, seen in 23% of
affected patients [47]. Cardiogenic shock was reported in a few
cases with depressed left ventricular ejection fraction, left ventric-
ular hypokinesis, and elevated cardiac markers [33,37]. A case of
myocarditis showed similar diagnostic features but presented
without the typical respiratory features of COVID-19 [51]. Cardio-
vascular complications may present in isolation without respira-
tory symptoms in COVID-19.
3.2.3. Valvular damage
The ACE-2 is widely expressed on the stromal fibroblasts of car-

diac valves, particularly aortic valves. It is evidenced from the RT-
PCR that the ACE-2 expression is downregulated in stenotic valves.
The depressed ACE2/Angiotensin-(1–7)/Mas receptor axis may
potentiate inflammation, fibrosis and valvular sclerosis [52].
Simultaneously, upregulated AngII-AT1R axis induces inflamma-
tory cytokines like TNF-a and IL-6 amplifier (IL-6 AMP) which fur-
ther induces pro-inflammatory cytokines and recruits
macrophages to create a positive feedback loop of inflammation
[53]. These downstream effects of SARS-CoV-2 infection result in
valvular damage which may not present acutely due to the slowly
progressive nature of cardiac valvular disease. However, periodic
follow-up of cardiac function is essential in COVID-19 survivors
to timely identify this pathology.
3.2.4. Vascular complications
3.2.4.1. Hypertension. Hypertension is frequently seen in COVID-19
patients however it is unclear whether it is a risk factor for acquir-
ing COVID-19. The unregulated Angiotensin II stimulates vasocon-
striction and systemic inflammation which may worsen the
underlying hypertension through oxidative stress and endothelial
dysfunction. The reactive oxygen species (ROS) like superoxide,
interacts with nitric oxide to form peroxynitrite which reduces
the availability of NO and inhibits the eNOS activity [54]. The ele-
vated levels of inflammatory markers like CRP and TNF also desta-
bilize eNOS and limit NO production. Since NO has vasodilatory
and anti-inflammatory effects, its reduced bioavailability can exac-
erbate hypertension. The ROS can also impair the vascular struc-
ture and function by directly inducing cell damage [54].
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3.2.4.2. Thromboembolism. Hypercoagulation is another commonly
seen manifestation of the disease [29–31]. Diffuse cytokine storm,
elevated angiotensin II, endothelin-1, plasminogen activator inhi-
bitor 1 (PAI-1), tissue factor, ROS, and extrinsic clotting cascade
are all interrelated pathophysiological components of hypercoagu-
lation [55] (Fig. 1). The endothelial cells line the intima of the vas-
culature and are closely connected by adherents, tight and gap
junctions which maintain the endothelial integrity [56]. In SARS-
CoV-2, excessive cytokines, ROS and proteases from the activated
neutrophils may damage these junctional proteins, resulting in
trans-endothelial migration of neutrophils [57]. These neutrophils
degranulate and form neutrophil extracellular traps which release
DAMPs (DNA and neutrophil elastase) that further damage the
junctional proteins and endothelial layer [58]. This leads to greater
serum contact with subendothelial tissue, which activates Von-
Willebrand Factor, platelet adhesion, and the coagulation cascade.
Inflammation leads to increased PAI-1, which increases endothelial
fibrin deposition and reduced thrombolysis, ultimately contribut-
ing to the hypercoagulable and prothrombotic state of COVID-19
(Fig. 1).

The coagulation profile in COVID-19 patients may show throm-
bocytopenia, elevated D-dimer, prolonged prothrombin time,
international normalized ratio (INR), and short activated partial
thromboplastin time (aPTT) [59]. This coagulation disarray predis-
poses patients to thromboembolic complications. A case study
reports an incidence of acute pulmonary embolism with right ven-
tricular failure in a COVID-19 patient which demonstrated elevated
D-dimers at 1280 ng/mL [60]. The increased risk of thrombosis fur-
ther predisposes the risk of disseminated intravascular coagulation
(DIC), venous thromboembolism (VTE) and multi-organ failure.
There are multiple risk stratification tools to ascertain the risk of
VTE in COVID-19 patients including Caprini score, Padua model
and IMPROVE [International Medical Prevention Registry on
Venous Thromboembolism]. Wang et al., using the Padua model,
reported a high risk of VTE in 40% of hospitalized patients with
COVID-19 [61]. Another study has shown that 71.4% of the non-
survivors of COVID-19 had DIC with elevated D-dimer [47]. Given
the high mortality in patients who develop DIC, there is an expert
consensus as reviewed by Song et al. regarding the management of
coagulopathy in these patients. Current recommendations empha-
size the importance of routine monitoring of coagulation parame-
ters and the implementation of scores to diagnose COVID-19
related coagulopathy.
4. Treatment approaches for cardiac complications

A variety of different drug treatments are being investigated in
COVID-19 infection despite the lack of definitive evidence about
their efficacy. The proposed drug regimens include hydroxychloro-
quine, azithromycin, lopinavir/ritonavir, tocilizumab, remdesivir
and ribavirin [62]. The role of hydroxychloroquine in treating
COVID-19 patients with CVD is controversial. It inhibits binding
of SARS-CoV-2 with ACE-2 receptor by blocking TMPRSS-2, and
inhibits viral entry by altering endosomal pH [63]. This drug has
shown positive outcomes in terms of viral clearance however its
safety in patients with cardiovascular disease is not clearly estab-
lished due to potential side effects of polymorphic ventricular
tachycardia, long QT-syndrome and increased risk of sudden death
[64]. A clinical trial of 81 patients reported high dose of chloro-
quine is associated with severe arrhythmias and deaths and was
therefore halted [65]. Since different drugs used in COVID-19 have
a certain risk of pro-arrhythmic side effects, it should be balanced
with the anticipated benefit of therapy and administered under
close monitoring.
Arrhythmias in COVID-19 are managed based on etiology
including repletion of electrolytes, discontinuation of medications
causing arrhythmia, managing volume status, or suppressing cate-
cholamine surge in COVID-19 [44,66–68]. Brugada syndrome can
be treated by alleviating the underlying triggers including fever,
or pneumonia, or ICD placement in cases of Brugada-1 [69–71].
Furthermore, in the setting of shock in COVID-19, the use of vaso-
pressor such as dobutamine, epinephrine or PDE-inhibitors such as
milrinone should be avoided due to synergistic proarrhythmic
activity of these medications. In hemodynamically stable arrhyth-
mias, beta-blockers should be used and epinephrine should be
avoided especially during the catecholaminergic surge in COVID-
19 [72].

The pericarditis in COVID-19 is treated with steroids and sup-
portive care however pericardiocentesis may be required in peri-
cardial effusion. The collected fluid should be checked for
cytology, autoimmune reactions, cultures and tested for SARS-
CoV-2 [51].

The choice of treatment in COVID-19 patients with STEMI
depends on the availability of a PCI facility, or fibrinolytic and insti-
tutional policy of COVID-19 STEMI cases. Anticoagulant therapies,
such as unfractionated heparin or enoxaparin, may also be consid-
ered in COVID-19 with STEMI and NSTEMI [73]. In COVID-19 with
NSTEMI, the decision to perform PCI depends on the Global registry
of acute clinical events (GRACE) score >140, or Thrombolysis in
Myocardial infarction (TIMI) >3 or hemodynamic instability [74].
As per the protocol by one Chinese medical center, for stable
patients who tested positive for COVID-19 with STEMI, it is reason-
able to administer thrombolytics if onset of symptoms is <12 h,
pending no contraindications. Elective PCI can be considered once
the patients are treated and have recovered from COVID-19. How-
ever, in unstable patients and those who do not have severe pneu-
monia, the recommendation assessed the risks and benefits of
early PCI [75]. Since dual antiplatelet therapy (DAPT) after PCI in
COVID-19 patients has increased bleeding risk, the new strategy
is to reduce the duration of aspirin to 1–3 months and allow pro-
longed use of P2Y12 inhibitors. The early antiplatelet therapy with
P2Y12 antagonists like ticagrelor, is beneficial after PCI in COVID-19
due to the inhibitory effects on platelet activation and intravascu-
lar thrombus formation [76]. Furthermore, the management of car-
diovascular cardiomyopathy is based on type of manifestation. The
treatment of hemodynamically stable heart failure involved opti-
mal medical regimen including aldosterone antagonists, diuretics,
and beta-blockers [51,77]. In patients with cardiogenic shock,
iatrogenic agents such as milrinone, a phosphodiesterase 3-
inhibitor (PDE-3i) can be used under close observation [51]. There
is widespread controversy about the use of ACEi, ARBs, and nepri-
lysin inhibitors (sacubitril) in COVID-19 exacerbated heart failure.
ACEi/ARBs can worsen COVID-19 by increasing ACE2 expression
which may amplify the chances of viral invasion [78,79] (Fig. 1).
On the contrary, ACE inhibitors can be beneficial by increasing
ACE-2 and further opposing the action of angiotensin II receptor
type 1 (AT1R) through increasing Ang 1–7 and, Ang 1–9 down-
stream effects [80] (Fig. 1). A case-control study by Mancia et al.
showed no association of risk of COVID-19 with the use of ACEi
in overall case patients (odds ratio, 0.96 [95% CI, 0.87 to 1.07])
and those with fatal outcomes (odds ratio, 0.91 [95% CI, 0.69 to
1.21) [81]. However, we still need evidence from different random-
ized clinical trials to support the use of ACEi/ARBs in these patients.
The summary of balance between AT1R and Ang 1–7, Ang 1–9 is
shown in Fig. 1.

In patients with refractory cardiogenic shock in the setting of
COVID-19, Veno-Arterial (VAV) extracorporeal membrane oxy-
genation (ECMO) can be helpful [82,83]. Many COVID-19 patients
present with acute respiratory distress syndrome and pulmonary
embolism which can increase the right ventricular afterload
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resulting in impaired right ventricular function. Echocardiogram
and other advanced imaging modalities can play a significant role
in determining the right ventricular dysfunction and ascertain the
prognosis [84].

COVID myocarditis can be treated with immunosuppressants
including steroids, cyclosporine, azathioprine, and immunoglobu-
lins [85,86]. IL-6 antagonists can be efficacious as they inhibit cyto-
kine storms in COVID-19 [87]. The steroid use is controversial as
Chen et al. suggested that steroids might not be helpful in viral
myocarditis however few reports have shown favorable outcomes
in fulminant COVID-19 cases [88,89]. In addition, a placebo-
controlled trial has shown safety of intravenous immunoglobulin
(IVIG) in idiopathic dilated cardiomyopathy or biopsy-proven viral
myocarditis with no added benefit in improvement of LV function
[90]. IVIG can be considered a salvage therapy in fulminant
myocarditis with hemodynamic instability [83]. Preliminary stud-
ies about the use of convalescent plasma have also demonstrated
efficacy in critical COVID-19 infection [91]. Statins also have a
potential benefit in limiting cardiovascular complications in
COVID-19 through inhibiting Toll-like receptors (TLR)-NF-jB path-
way. It’s use may also counter the hyperlipidemic side-effects of
other antiviral drugs used in COVID-19 [92].
5. Treatment approaches for vascular complications

Multiple studies have supported the use of ACEi and ARBs in
hypertension due to their potential to improve the clinical symp-
toms and reduce mortality. A study reported a lower rate of severe
disease and IL-6 levels in COVID-19 patients with hypertension
who were being treated with ACEi /ARBs. Hence, these drugs
may prevent the worsening of blood pressure due to inhibition of
inflammatory response [93]. The International Society on Throm-
bosis and Haemostasis (ISTH) recommends VTE prophylaxis in hos-
pitalised COVID-19 patients. In non-ICU hospitalised cases,
standard or intermediate dose of low molecular weight heparin
(LMWH) is preferred for thromboprophylaxis however in ICU
patients, a combined approach of prophylactic or intermediate-
dose LMWH with mechanical compression device is advised after
assessing the bleeding risk. The duration of post-discharge throm-
boprophylaxis in COVID-19 patients ranges between 14 and
30 days [94]. A retrospective study has shown reduced 28-day
mortality in COVID-19 patients with elevated D-dimers who used
heparin as compared to non-heparin users. (p = 0.017). Hence, pro-
phylaxis with low molecular weight heparin may have a role in
preventing COVID-19 associated thrombotic complications and
mortality [95]. In cases of diagnosed VTE, parenteral anticoagula-
tion with LMWH is preferred in an in-patient setting whereas
direct oral anticoagulants (DOAC) are given after hospital dis-
charge. The total duration of treatment in diagnosed VTE is at least
3 months [94]. There is no evidence that antiplatelets increase the
risk of severe COVID-19 hence it should be continued for condi-
tions like recent MI or PCI within the last 3 months. The decision
for antiplatelet therapy is individualised on a case to case basis
depending on the platelet count, bleeding risk and drug-drug inter-
action [96].
6. Conclusion

COVID-19 infection has been linked to myocardial injury, lead-
ing to severe disease progression. Although incredible efforts are
being done to accurately comprehend the mechanism of myocar-
dial injury, it is prudent to expand the randomized controlled data.
Cardiologists should have a high suspicion of myocardial injury
secondary to COVID-19 infection so that rigorous primary and sec-
ondary prevention can be ensured to limit morbidity and
mortality.
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