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SUMMARY

Coronavirus disease (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has attained the

distinction of a global pandemic, affecting more than 185 countries. The impact of COVID-19 in the practice of cardiology extends

beyond the clinical Cardiovascular (CV) manifestations of the disease. Many treatment modalities used in the treatment of COVID-19

have direct or indirect effects on the CV system. Management of CV disease in patients with proven or suspected COVID-19 infection

warrants modification of existing practices and guidelines so as to suit the changed health care environment. The safety of health care

personnel becomes an important consideration in the setting of this highly contagious pandemic. Furthermore, long-term cardiovascular

consequences of COVID-19 need to be determined for appropriate follow-up of patients recovering from the infection. We review the data

available till date on the various aspects of the impact of COVID-19 on the heart and the practice of cardiology.
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INTRODUCTION

Coronavirus disease (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), which was first
reported in December 2019 from Wuhan, China, has attained the
distinction of a global pandemic since March 2020, affecting more than
185 countries [1,2]. In the absence of curative treatment or preventive
vaccines, the egregious impact of COVID-19 on public health and
health care delivery systems across the globe has been unprecedented.
The impact of COVID-19 in the practice of cardiology extends beyond
the clinical Cardiovascular (CV) manifestations of the disease, and
involves multiple aspects ranging from the deleterious effects of the
infection on patients with pre-existing cardiovascular disease, to the
delayed seeking of medical attention for CV emergencies owing to
the apprehension about the pandemic. This is a review of the data
available till date on the various aspects of the impact of COVID-19
on the heart and the practice of cardiology.

EPIDEMIOLOGY

Patients with CV risk factors such as advanced age, male
sex, diabetes mellitus, systemic hypertension and obesity, as well
as patients with established CV disease have been identified as
particularly vulnerable populations with increased morbidity and
mortality from COVID-19 [3,4]. In a retrospective cohort study of
72,314 cases from China, the age-unadjusted mortality in patients
with CV co-morbidities was five-fold higher (10.5%) than the rest of
the cohort [5].

Analysis of data from different parts of the world has revealed
that increasing age is an important risk factor for severe course
of COVID-19 infection [2]. In a meta-analysis of 6 studies (n = 1527),
hypertension and cardio/cerebrovascular diseases were present in
17.1% and 16.4% of hospitalized COVID-19 patients respectively,
and conferred ~2-fold and ~3-fold higher risk respectively, for more
severe COVID-19 [6]. From the available data, it can be inferred that
although patients with pre-existing CVD may not be more susceptible
to contracting SARS-CoV-2, they are prone to develop more severe
complications of COVID-19 with increased mortality [7].

The higher mortality in patients with CV comorbidities may
be either directly attributable to the underlying CVD or a mere
coincidence. CVD, a marker of accelerated ageing and immune
system dysregulation, may indirectly affect the prognosis in
COVID-19. Advancing age, a risk factor for CVD as well as an
important determinant of COVID-19 fatality, may be the connecting
link between the two.

SCIRES Literature - Volume 4 Issue 1 - www.scireslit.com Page - 022

PATHOPHYSIOLOGY

SARS-CoV-2 is a novel beta coronavirus. Corona viruses are
enveloped, positive-sense single-stranded RNA viruses with surface
projections that correspond to surface spike proteins [8]. Binding
of the SARS-CoV-2 spike protein to ACE2 protein on the host
cell facilitates entry of the virus into the cell via receptor-mediated
endocytosis involving cell surface associated transmembrane protein
serine 2 (TMPRSS2) [9].

ACE2 is a membrane protein that is highly expressed in the
lungs, heart, blood vessels, kidneys and gastrointestinal tract [10].
The tight interaction of SARS-CoV-2 with the human ACE2 receptor
binding domain facilitates its greater transmissibility among humans
[11]. Within the host cell cytoplasm, the released viral genome RNA
replicates leading to newly formed genomic RNA, which is processed
into virion-containing vesicles that fuse with the cell membrane to
release the virus. The high expression of ACE2 in type 2 lung alveolar
cells explains the predominant respiratory symptoms in COVID-19
[12]. The disruption of RAS/ACE2 by SARS-CoV-2 infection plays
a pathogenic role in severe lung injury and respiratory failure
in COVID-19 [2].

The mechanisms of CV injury from COVID-19 are
multifactorial. More than 7.5% of myocardial cells have positive
ACE2 expression, which could mediate SARS-CoV-2 entry into
cardiomyocytes, resulting in direct cardiotoxicity [13]. After cell entry
via ACE2, SARS-CoV-2 appears to downregulate ACE2 expression,

which is vital to maintenance of cardiac function [14].

SARS-CoV-2 can induce cytokine release syndrome or ‘cytokine
storm’ by intense release of proinflammatory cytokines such as
interleukin (IL)-1, IL-6, T helper 1 cytokine interferon-gamma,
and tumour necrosis factor-alpha (TNF-a) [15,16]. The immune-
mediated hyperinflammation and altered immuno metabolism
may lead to vascular inflammation, plaque instability, myocardial
inflammation, hypercoagulable state, and direct myocardial
suppression [17,18]. Cluster of Differentiation 209 (CD209), another
receptor through which SARS-CoV-2 may enter cells, is expressed
in macrophages promoting invasion of virus into immune cells in
cardiac and vascular tissues [19]. Cardiac injury can lead to activation
of the innate immune response, as well as the adaptive auto-immune
mechanisms through molecular mimicry, thereby aggravating the
damage [19]. The infection of endothelial cells or pericytes could lead
to severe microvascular and macrovascular dysfunction as well.

The histopathological findings in cardiac tissue vary from
minimal change to interstitial inflammatory infiltration, fibrosis,
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myocyte hypertrophy and myocyte necrosis [20]. Microthrombosis
and vascular inflammation are demonstrated in the vasculature.

CARDIOVASCULAR MANIFESTATIONS OF
COVID-19

The spectrum of CV abnormalities observed in COVID-19 may
vary from subclinical myocardial injury as evidenced by elevation
of cardiac biomarkers, to myocardial infarction, myocarditis,
cardiac arrhythmia, arterial and Venous Thromboembolism (VTE),
cardiogenic shock and cardiac arrest. Cardiac injury was a common
finding (19.7%) in a Chinese cohort of 416 patients, of whom 57 died.
In the patients who died, 10.6% had Coronary Artery Disease (CAD),
4.1% had HF, and 5.3% had cerebrovascular disease. In multivariable
adjusted models, cardiac injury was significantly and independently
associated with mortality (Hazard Ratio [HR]: 4.26) [7].

MYOCARDIAL INJURY

Myocardial injury, generally defined as the elevation of high-
sensitivity cardiac troponin (hs-cTn) above the 99% percentile of
its upper limit of normal or evidence of new electrocardiographic
or echocardiographic abnormalities, occurs in 8% of patients with
COVID-19 infection and correlates with disease severity [15,21].

Myocardial injury may result from ischaemia, as well as non-
ischaemic aetiologies (Table 1).

Table 1: Cardiovascular manifestations in COVID-19.
1. Myocardial injury
* Ischaemic:
- Type 1 MI
* Plaque rupture
* MINOCA
*Disseminated intravascular coagulation
- Type 2 MI
* Hypoxaemia
* Vasoconstriction
* Tachycardia
* Non-ischaemic
- Acute or fulminant viral myocarditis
- Stress cardiomyopathy
- Cytokine storm

2. Arrhythmia
* Tachyarrhythmia
* Bradycardia

3. Venous thromboembolism
* Deep vein thrombosis
* Acute pulmonary embolism

Ischaemic

Type 1 MI: Systemic Inflammatory Response Syndrome (SIRS)
evoked by viral infections has been shown to increase the risk of
plaque rupture and thrombus formation in the epicardial coronary
arteries, resulting in type 1 MI with or without ST elevation [22].
Local microvascular inflammation during SARS-CoV-2 infection
of the pericytes and resultant severe microvascular dysfunction can
result in Myocardial Infarction with Non-Obstructive Coronary
Arteries (MINOCA) [23]. DIC, a life-threatening complication with
an incidence of 71% in non-survivors with COVID-19, has been
implicated in the thrombosis of epicardial coronary arteries and
coronary microvasculature, resulting in focal myocardial necrosis,
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and severe myocardial dysfunction [24].

Type 2 MI: Severe respiratory infection can lead to type 2 MI
resulting from a mismatch between myocardial oxygen supply
(which is decreased due to hypoxaemia and vasoconstriction) and
myocardial oxygen demand (increased owing to the haemodynamic
effects of infection and respiratory distress) in patients with pre-
existing coronary artery disease [2].

Non-ischaemic

Acute/fulminant myocarditis: Mpyocarditis appears in
COVID-19 patients several days after the onset of fever. The reported
incidence of acute heart failure was 33% in critically ill patients
with COVID-19 without a past history of LV systolic dysfunction
[25]. It needs to be noted that myocardial dysfunction can develop
in COVID-19 with mild or absent respiratory symptoms [26].
Limited clinical experience indicates that SARS-CoV 2 may lead
to fulminant myocarditis [27]. Myocarditis should be suspected in
the presence of acute-onset chest pain, heart failure or cardiogenic
shock; repolarization abnormalities in the ECG; cardiac arrhythmia;
and/or haemodynamic instability. Echocardiography may reveal LV
dilatation and global/multi-segmental LV hypocontractility. There
will be significant increase in cardiac troponin and BNP/NT-proBNP
levels, in the absence of significant CAD [2].

Stress-induced cardiomyopathy: Mid-Left Ventricular (LV)
hypokinesia and basal-to-mid LV hypokinesia, patterns consistent
with mid-ventricular stress cardiomyopathy and reverse Takotsubo
stress cardiomyopathy respectively, have been reported in COVID-19
[28,29].

Cytokine storm: It is postulated that proinflammatory cytokines
depress myocardial function immediately through activation of the
neural sphingomyelinase pathway and subacutely (hours to days) via
nitric oxide-mediated blunting of beta-adrenergic signaling [30].

ARRHYTHMIA

In COVID-19, cardiac arrhythmia may be the initial presenting
feature, which could either be the manifestation of underlying
myocardial injury or the effect of medications used in the management
of the disease. A study of 137 patients in Wuhan showed that 7.3%
had experienced palpitations as one of their presenting symptoms
for COVID-19 [31]. The incidence of arrhythmias was found to be
more common (44.4%) in patients in the Intensive Care Unit (ICU),
as compared to the non-ICU patients (6.9%) [32]. The interaction of
SARS-CoV2 with RAAS may also increase the propensity to develop
cardiac tachyarrhythmias secondary to hypokalemia [33].

Transient sinus bradycardia has been reported as a possible
manifestation of COVID-19. Severe hypoxia, inflammatory damage
of cardiac pacemaker cells, and exaggerated response to medications
are proposed to be the possible triggers. Bradycardia, secondary to
the direct action of high levels of pro-inflammatory cytokines on the
Sinoatrial (SA) node, may be a harbinger of cytokine storm [34].

VENOUS THROMBOEMBOLISM (VTE)

Prolonged immobilisation, hypercoagulable state,
inflammation, hypoxaemia and DIC increases the propensity
of patients with COVID-19 to develop VTE. The prevalence of
ultrasound-confirmed deep venous thrombosis in patients with
COVID-19 is 22.7% [35]. Sudden unexpected worsening of

active
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respiratory distress, new/unexplained tachycardia, unexplained fall
in BP, (new-onset) ECG changes suggestive of Pulmonary Embolism
(PE), and signs of deep vein thrombosis of the extremities should
trigger a suspicion of PE [2].

DIFFERENTIAL DIAGNOSIS

In COVID-19-infected patients with clinical presentation
compatible with CVD, the three main aetiologic possibilities which
should be considered include:

1) Cardiac events unrelated to or exacerbated by the infection,
such as ACS, acute HF, arrythmias

2) Cardiac injury as a direct consequence of the infection

3) Clinical syndromes mimicking CV events, in the absence of
cardiac injury, such as septic shock [36].

CARDIAC BIOMARKERS
Cardiac Troponin (cTn)

As discussed earlier, elevation in serum Troponin indicates
myocardial injury, which may be multifactorial in origin. High
sensitivity cardiac troponin (hs-cTn) levels have been found to
correlate with disease severity and mortality rate in COVID-19, even
after adjustment for other comorbidities [37].

A retrospective single-centre case series of 187 patients with
COVID-19 found that patients with underlying CVD were more
likely to have cardiac injury (troponin elevation) compared with
patients without CVD (54.5% vs 13.2%). In-hospital mortality was
7.6% for patients without underlying CVD and normal troponin,
13.3% for those with CVD and normal troponin, 37.5% for those
without CVD but elevated troponin, and 69.4% for those with CVD
and elevated troponin [4].

In addition to the serum concentration of ¢Tn, the pattern of
rise was also found to be a significant prognostic marker in patients
with COVID-19. A persistently rising trend of cTn was observed
among non-survivors (from symptom onset till death) while the
levels remained unchanged among those who survived [21]. Thus,
monitoring of cTn levels may serve as a tool for prognostication of
hospitalized patients.

Elevated troponin levels have also been reported to be associated
with a higher incidence of haemodynamically unstable Ventricular
Tachycardia (VT)/Ventricular Fibrillation (VF) (11.5% vs 5.2%, p <
0.001) [4].

BNP/NT-proBNP

BNP/NT-proBNP are frequently elevated among patients with
severe inflammatory and/or respiratory illnesses, indicative of
haemodynamic myocardial stress and HF[38,39].The concentrations
of BNP/NT-proBNP in a patient with COVID-19 should be seen
as the combination of the presence/extent of pre-existing cardiac
disease and/or the acute haemodynamic stress related to COVID-19.
To a certain extent, the release of BNP/NT-proBNP is associated with
the extent of right ventricular haemodynamic stress [36].

EVALUATION OF THE HEART
ELECTROCARDIOGRAM (ECG)

The ECG diagnostic criteria for various conditions remain
the same in patients affected by SARS-CoV-2 infection. A myriad
of electrocardiographic findings, ranging from sinus tachycardia
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and bradycardia, to conduction disturbances and ventricular
tachyarrhythmias, are expected in patients with COVID-19 [40].

CARDIAC IMAGING

The appropriate use criteria for cardiovascular imaging needs
revision in the wake of the peculiar COVID-19 scenario. Imaging
modalities which entail a greater risk of aerosol generation and/or
exposure to greater number of HCP should be sparingly used.

ECHOCARDIOGRAM

Echocardiogram - Transthoracic (TTE), Transesophageal (TEE)
and stress-should be avoided in patients in whom test results are
unlikely to change the management strategy. In COVID-19 positive
patients, patient contact with the machine and the sonographer
should be minimized by focusing solely on the acquisition of relevant
images necessary to answer the clinical question. Point of Care
Focused Ultrasound (POCUS), Focused Cardiac Ultrasound Study
(FoCUS) and bedside echocardiography are effective options to
screen for CV complications of COVID-19 infection [36].

Since TEE is associated with greater exposure of HCP to aerosols
with large viral load, all patients undergoing TEE should be tested
for SARS-CoV-2 status. Planned procedure may be undertaken using
standard protective tools in case of two negative results within 48
hours with no suspicious symptoms. If TEE is deemed absolutely
necessary in patients with positive SARS-CoV-2 test or unknown
status, level II protection is warranted [36].

In an echocardiographic study done on 100 patients with
COVID-19, the most common abnormal finding was RV dilatation
and dysfunction (39%), followed by LV diastolic dysfunction (16%)
and LV systolic dysfunction (10%). It was found that RV dysfunction
correlated with elevated cTn and poorer clinical status. In patients
presenting with clinical deterioration at follow-up, acute RV
dysfunction, with or without deep vein thrombosis, was commoner
than acute LV systolic dysfunction (20%) [41].

CARDIAC COMPUTED TOMOGRAPHY (CT)

Cardiac CT Angiography (CCTA) may be the preferred non-
invasive imaging modality to diagnose CAD since it reduces the time
of exposure of patients and personnel [42,43]. Cardiac CT may be
preferred to TEE in order to rule-out Left Atrial Appendage (LAA)
and intracardiac thrombus prior to cardioversion [42]. Concomitant
chest CT may also reveal features diagnostic of COVID-19.

NUCLEAR IMAGING

Nuclear cardiology tests should be utilized sparingly, as they
require long acquisition times [44]. Positron Emission Tomography
(PET) minimizes the acquisition times. Some specific indications
would be the use of 1) PET-CT in patients with suspected endocarditis
of prosthetic valves or intracardiac devices (when other imaging
modalities are inconclusive, to avoid TEE), and 2) Single Photon
Emission Computed Tomography (SPECT) or PET for evaluation of
suspected CAD (when CCTA is not appropriate or available). The
shortest duration of scan time and exposure, standard dose imaging
with rapid protocols of data acquisition, and attenuation corrected
imaging are recommended wherever appropriate [36].

CARDIAC MAGNETIC RESONANCE (CMR)
IMAGING

The risks of contamination during a CMR scan is probably
similar to a CT scan, but lower than during an echocardiographic
study. Shortened CMR protocols focused on the clinical problem
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are recommended [45]. CMR is the preferred imaging modality in
acute myocarditis [46]. Renal function should be ascertained before
contrast use.

EXERCISE TESTING

Since tachypnoea associated with exercise has the potential to
increase the production and dispersion of aerosols, performance of
exercise testing - ECG, echo or nuclear- is discouraged in COVID-19
suspect or positive patients and, in general, in every patient during
the COVID-19 epidemic [36]. Alternative diagnostic methods for
CAD such as CCTA should be used whenever possible.

CARDIAC CONSIDERATIONS IN COVID-19
TREATMENT

As COVID-19 is a novel disease, most treatment modalities
used in its treatment at present are investigational, many of which
have direct or indirect relevance to the CV system. Moreover, the
established treatment protocols in the management of cardiac disease
and the cardiac drug regimens need to be modified, while managing
patients with proven or suspected COVID-19 infection. This section
focuses on those aspects of treatment which are relevant to the heart.

Hydroxychloroquine/Chloroquine

Chloroquine is an antimalarial drug with in vitro antiviral
activity against SARS-CoV-2 [47]. In addition to the antiviral
effect of chloroquine, hydroxychloroquine has a modulating effect
on activated immune cells to decrease IL-6 expression [48]. Non-
randomised observational studies have suggested the efficacy of
hydroxychloroquine in promoting conversion to viral negative status
and shortening the disease course [49]. Results of ongoing clinical
trials of chloroquine/hydroxychloroquine efficacy in the treatment
of SARS-CoV-2 are awaited.

Although rare, chloroquine and hydroxychloroquine are reported
to cause Atrioventricular (AV) blocks and prolonged QTc, with the
risk of Torsade De Pointes (Tdp)/Sudden Cardiac Death (SCD)
[50]. A recent metanalysis on arrhythmogenic cardiotoxicity of
quinolines and structurally related antimalarial drugs suggested that
this risk is minimal (no events of SCD, documented VF or TdP in
35,448 individuals, 1207 of whom were taking chloroquine) [51].
However, during COVID-19 infection, the QT-related risk may
be amplified by concomitant use of other QTc-prolonging drugs
and/or electrolyte imbalances (hypokalaemia, hypomagnesaemia
and/or hypocalcaemia) [50]. Conduction disturbances and
hydroxychloroquine-associated myocarditis are rare and appear to
be linked mostly to long-term treatment.

Azithromycin

Azithromycin,amacrolideantibiotic with in vitroantiviral activity,
has been proposed as an effective adjunct to hydroxychloroquine in
COVID-19 through unclear mechanisms [52]. Azithromycin has been
reported to be associated with QTc prolongation and TdP mainly
in individuals with additional risk factors [53,54]. The CYP3A4
inhibitory effect of azithromycin, although weak, has the potential to
interfere with hydroxychloroquine metabolism, thereby enhancing
the risk of QT prolongation induced by combination therapy.
However, the association of chloroquine and azithromycin has shown
an acceptable safety profile in studies evaluating the combination for
the prevention and treatment of malaria in Africa [55,56].

Antiviral therapy

Lopinavir/ritonavir, the protease inhibitors used in the
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treatment of COVID-19, have been reported to prolong PR and QT
intervals, resulting in high-grade AV blocks and rarely torsade de
Pointes [50]. Being potent inhibitors of CYP3A4, this combination
has the potential to decrease the metabolism and potentiate the
effect of various drugs including hydroxychloroquine, ticagrelor,
statins, and factor Xa inhibitors such as apixaban and rivaroxaban,
while decreasing the serum concentration of active metabolites of
clopidogrel and prasugrel [57].

Ribavirin, although not known to cause cardiac abnormalities
directly, can increase the levels of lopinavir/ritonavir. It has also been
reported to reduce the effect of warfarin [58].

Remdesivir, the investigational drug being used in COVID-19,
has limited information available about its adverse effects, apart from
an isolated report of hypotension and bradycardia in a patient with
Ebola [59].

Immunomodulatory Therapy

Corticosteroids, apart from causing fluid retention, electrolyte
derangement, and hypertension, generally have a relatively
safe cardiovascular profile. However, high dose intravenous
methylprednisolone has been reported to cause acute symptomatic
sinus bradycardia and rarely, Atrial Fibrillation (AF) and VT [60,61].

Interferon (IFN) alpha 2b has been shown to be beneficial in the
treatment of COVID-19. Interferon can cause direct cardiac myocyte
toxicity and disorders of the cardiac conduction tissue [62]. The most
common reported adverse cardiac side effects of interferon therapy
in patients with hepatitis have been dilated cardiomyopathy, atrial
extrasystole, myocardial ischaemia and reversible hypertension [63].

IL-6 inhibitors such as Tocilizumab and Sarilumab,which are
being tried in COVID-19, are not known to have any significant
cardiac side effects [50].

THE CONUNDRUM OF ACE INHIBITORS
(ACEI) AND ANGIOTENSIN RECEPTOR
BLOCKERS (ARB)

Some experimental findings had suggested that RAAS inhibitors
cause a compensatory increase in tissue levels of ACE2, raising
unsubstantiated concerns that ACE-inhibitors or ARBs may
be detrimental in patients exposed to SARS-CoV-2 [12,64,65].
However, the available data from blood samples suggest that
there is no association between circulating levels of ACE2 and use
of RAAS antagonists [66]. Moreover, a potentially protective influence
of ARBs has been suggested from some experimental models [67].

A recent observational study of over 8910 patients from 169
hospitals in Asia, Europe, and North America, did not show a harmful
association of ACEIs or ARBs with in-hospital mortality [68] while a
Wuhan study demonstrated that in 1128 hospitalized patients, the use
of ACEI/ARB was associated with lower risk of COVID-19 infection
and its serious complications [69]. Hence all major CV societies have
recommended continuation of ACEIs or ARBs in patients taking
these drugs.

MECHANICAL CARDIOPULMONARY SUP-
PORT (MCS)

Mechanical cardiopulmonary support in respiratory failure has
been reported with variable success. In the setting of cardiogenic
shock related to COVID-19, intra-aortic balloon pump (IABP), or
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veno-arterial ECMO should be considered. The improved survival
of patients with fulminant myocarditis was reported with the use of
Mechanical Circulatory Support (IABP and/or MCS) during the 2009
HINI pandemic in Japan [70]. Successful treatment of COVID-19-
associated acute myopericarditis (presenting with cardiogenic shock
and no respiratory symptoms) with TABP support has been reported
[28]. An ideal strategy in cardiogenic shock would be to convert veno-
venous ECMO (adequate for ARDS) to veno-arterial-venous ECMO.

MANAGEMENT OF CARDIAC EMERGENCIES
IN THE COVID ERA

Although the objectives and goals of treatment of cardiac
diseases remain the same, various concerns such as safety of Health
Care Personnel (HCP) and availability of infrastructure come to the
fore, while choosing the modality and timing of treatment in the
setting of a contagious pandemic. This mandates the modification of
existing practices and guidelines so as to suit the changed health care
environment. Various cardiovascular societies have come out with
guidelines in this regard.

ACUTE CORONARY SYNDROME
Non ST Elevation Acute Coronary Syndrome [NSTE-ACS]

The treatment strategy for patients with NSTE-ACS is guided by
risk stratification as per existing guidelines [71]. However, testing
for SARS-CoV-2 should be performed as soon as possible following
first medical contact. Patients waiting for the SARS-CoV-2 test
results must ideally be managed in a dedicated area in the emergency
department, whenever feasible. Patients, who test positive, should be
transferred to a COVID-19 hospital equipped to manage COVID-19-
positive patients [36].

Patients with Troponin rise and no acute signs of instability such as
ECG changes or recurrence of pain may be managed with a primarily
conservative approach. Non-invasive imaging using Cardiac CT
angiography (CCTA) may be utilized to hasten risk stratification in
such cases. For patients at high risk, in whom an early (< 24 hours)
invasive strategy is ideally indicated, the procedure may have to be
delayed till SARS-CoV-2 test results are available [36].

In patients at intermediate risk, if any of the alternative diagnoses
to type 1 MI seem plausible, such as Type II MI, myocarditis or
stress cardiomyopathy, a non invasive strategy such as CCTA should
be pursued. When infrastructure, catheterization laboratories or
operators are not available owing to the high demand, non-invasive
conservative management with early discharge from the hospital and
planned clinical follow-up may have to be resorted to [36].

ST Elevation Myocardial Infarction (STEMI)

As reperfusion therapy should not be delayed in patients
with STEMI, it may be safer to proceed with treatment assuming
each patient to be COVID-19 positive until otherwise proven.
All patients should undergo testing for SARS-CoV-2 as soon as
possible following first medical contact irrespective of the reperfusion
strategy. Primary PCI remains the reperfusion therapy of choice if
feasible within the recommended time frame (i.e., maximum delay
from STEMI diagnosis to reperfusion of 120 minutes) without
compromising the safety of HCP and other patients. If the target time
cannot be met and fibrinolysis is not contraindicated, fibrinolysis
should be done immediately [36].

A suggestion has been made to perform left ventriculography
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duringcardiaccatheterizationtoreducetheneed forechocardiography.
PCI of non-culprit lesions should be considered during the same
hospitalization in the presence of persistent symptomatic ischaemia,
subocclusive stenoses, and/or angiographically unstable lesions.
Treatment of other lesions may be delayed [36].

HEART FAILURE (HF)

Dataonacute HF in COVID-19 are scarce. In one report, 23% of all
hospitalized patients developed HF. HF prevalence was significantly
higher in fatal cases compared with survivors (52% vs. 12%, p <
0.0001) [72]. The mechanisms of acute HF complicating the clinical
course of COVID-19 include acute myocardial ischaemia, infarction
or inflammation (myocarditis), stress-induced cardiomyopathy,
ARDS, acute kidney injury and hypervolaemia, cytokine storm, and
sustained or repetitive tachyarrhythmia. Hypoxaemia, dehydration
and hypoperfusion may contribute to worsening haemodynamic
status.

Myocarditis should be suspected in COVID-19 patients with
acute HF or cardiogenic shock without preexisting CV disorder.
Significantly elevated BNP/NT-proBNP levels indicate acute HF.
CCTA is preferred to rule out concomitant CAD. CMR may be used
for further diagnostic assessment. Endomyocardial biopsy is not
recommended [36].

The treatment strategy for acute HF remains the same in patients
with and without COVID-19. There are no recommendations
specific for the treatment of SARS-CoV-2-associated myocarditis.
Successful recovery of a patient with fulminant myocarditis has
been reported with high-dose parenteral glucocorticoid therapy and
immunoglobulin, along with other therapeutic measures [27].

ACUTE PULMONARY EMBOLISM

In the absence of contraindications, anticoagulation at standard
prophylactic doses should be considered in all patients admitted
with COVID-19 infection [73,74]. The specificity of D-dimer tests
may be lower in this setting, as patients with COVID-19 have been
shown to have higher levels of D-dimer, Fibrin Degradation Products
(FDP), and fibrinogen, compared with healthy controls [75].

When acute PE is confirmed, treatment strategy is guided by
risk stratification in accordance with the existing guidelines [76].
Patients in shock should receive immediate reperfusion therapy.
Haemodynamically stable patients should receive therapeutic
anticoagulation with either Unfractionated Heparin (UFH), Low
Molecular Weight Heparin (LMWH) or a non-vitamin K Antagonist
Oral Anticoagulant (NOAC). It is to be remembered that NOACs
may have interactions with some of the investigational drugs
for COVID-19, notably ribavirin and lopinavir/ritonavir, warranting
their avoidance in such cases.

ARRHYTHMIAS

The treatment of cardiac arrhythmias is not significantly
different in these patients and should be in concurrence with the
current guidelines. Optimization of electrolytes, modification of
drugs and ECG monitoring for prolonged QTc interval should
be given ample importance. The possibility of drug interactions
involving antiviral, antiarrhythmic and anticoagulant drugs should
be considered. Administration of QT interval (QT) prolonging
drugs (hydroxychloroquine and azithromycin) in the setting of
antiarrhythmic drug therapy, dyselectrolytemia, renal dysfunction,
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and/or bradycardia has the potential to precipitate Torsades de
Pointes. Risk calculators are available for identification of patients at
a high risk for ventricular arrhythmia.

Strategies for prevention of drug-induced pro-arrhythmias
include the following [36]:

1) Identification of risk factors for QTc prolongation (Table 2)
and correction of modifiable risk factors (for example, serum
potassium should be kept at high normal levels (> 4.5 mEq/L)
(771

2) Risk assessment with baseline ECG: QTc¢ = 500 ms entails risk
of developing TdP or sudden death

3) Follow-up ECG while on treatment: QTc > 500 ms or AQTc¢ >
60 ms warrants consideration of switching to a drug with a
lower risk of QT¢ prolongation or reducing the dose

4) Since bradycardia prolongs QT and facilitates TdP, extreme
care is warranted during concomitant use of beta-blockers,
CCBs, ivabradine and digoxin

Although intravenous Amiodarone is the antiarrhythmic drug
of choice in critically ill patients with recurrent VT/VF or AF/atrial

Table 2: Risk factors for QTc prolongation.
Modifiable

Hypocalcaemia
Hypokalaemia
Hypomagnesaemia
Concomitant use of QTc-prolonging medications
Bradycardia

Non-modifiable

Congenital LQTS
Female sex
Age > 65 years
Structural heart disease
Renal or hepatic impairment

flutter, its combination with hydroxychloroquine and azithromycin
should preferably be avoided. Discontinuation of background
antiarrhythmic drug therapy and initiation of rate control drugs
may be considered in haemodynamically stable patients with AF/
atrial flutter, to avoid interaction with COVID-19 treatment.
The therapeutic options may be re-assessed after recovery from
the viral infection [36].

Electiveelectrophysiologic proceduressuch asablation and cardiac
device implantation should be postponed, and pharmacological
treatment options should be utilized to the maximum. Remote
monitoring may be utilized as much as possible for follow up of
patients with implantable cardiac devices [36].

SAFETY PRECAUTIONS IN
CATHETERIZATION LABORATORY

It is reasonable to regard all patients as possible SARS-
CoV-2 positive, particularly in regions with high rates of community
transmission. No patient entering the catheterization laboratory
(cath lab) should be without a surgical mask. When there are two
negative results within 48 hours in the absence of symptoms of virus
infection, invasive coronary procedures may be performed in a cath
lab reserved for SARS-CoV-2-negative patients [36]. Emergency
invasive procedures in patients whose SARS-CoV-2 results are either
awaited or have come positive should ideally be performed in a
COVID-19 dedicated cath lab if available.

Patients with borderline respiratory status should be intubated
prior to shifting to the cath lab to avoid emergent intubation and
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aerosol generation in the lab. The number of staff in the cath lab should
be minimized. The number of operators should be limited to the
essential, especially in the electrophysiology laboratory. HCP should
be well-versed in proper techniques for donning and doffing PPE.
While dealing with haemodynamically unstable patients, HCP should
wear Level II or Level III PPE, including gown, gloves, goggles, and
a FFP2/FFP3 mask [36].

Powered Air-Purifying Respirator (PAPR) systems reduce the
risk of aerosol dispersion during suctioning, intubation etc. High-
efficiency particulate air filter may be placed between the endotracheal
tube and the ambu-bag valve to reduce the risk of aerosol dispersion
during manual ventilation. Terminal cleaning and sanitization of the
lab should be performed after each procedure, and air exchange times
of the lab must be ensured to be in the range of 15-30 exchanges per
hour [36].

FUTURE PERSPECTIVES: LONG TERM
CARDIAC SEQUELAE (POST-COVID-19
CARDIAC SYNDROME)

Although the higher morbidity and mortality associated with
acute cardiac injury in patients with COVID-19 has been established,
the impact on convalescent phase or long-term cardiac recovery is
unknown. It is well known that viral myocarditis can evolve into overt
or subclinical myocardial dysfunction, and risk of complications
including sudden death looms in the convalescent phase of viral
myocarditis. This raises the possibility that patients recovering from
COVID-19 may still be at risk of cardiomyopathy, coronary artery
disease, atrial fibrillation, or ventricular arrhythmias [78].

In a small study of recovered patients with ongoing cardiac
symptoms, Cardiovascular Magnetic Resonance (CMR) imaging
revealed cardiac involvement in 58% of patients consisting of
myocardial edema and scar by Late Gadolinium Enhancement
(LGE) [79].In the most recently published German study on 100
patients recently recovered from COVID-19 infection, CMR revealed
cardiac involvement in 78 patients (78%) and ongoing myocardial
inflammation in 60 patients (60%), independent of preexisting
conditions, severity and overall course of the acute illness, and time
from the original diagnosis. These findings indicate the need for
screening for residual cardiac involvement in the convalescent phase
as well as long-term cardiovascular consequences of COVID-19 [80].

The long term effects of acute phase treatment including
antifibrotic therapy, anti-inflammatory therapy, cell-based therapy,
or antiviral therapy need to be determined. The optimal screening
strategy for post COVID-19 cardiac dysfunction is unknown at
present. One suggestion is to define the population at highest risk
by identifying those with elevated hs-cTn and/or brain natriuretic
peptide levels, and follow them up for long-term cardiac sequelae of
COVID-19 [78].

CONCLUSION

The impact of COVID-19 in the practice of cardiology extends
beyond the clinical Cardiovascular (CV) manifestations of the disease.
Many treatment modalities used in the treatment of COVID-19 have
direct or indirect relevance to the CV system. Management of CV
disease in patients with proven or suspected COVID-19 infection
warrants modification of existing practices and guidelines so as to
suit the changed health care environment. Long-term cardiovascular
consequences of COVID-19 need to be determined with appropriate
follow-up of patients recovering from the infection.



International Journal of Clinical Cardiology & Research 8

R
1.

EFERENCES

JHU. Coronavirus COVID-19 global cases by the Center for Systems Science
AD Engineering (CSSE) at Johns Hopkins University. https://bit.ly/31pa0tu

Kang Y, Chen T, Mui D, Ferrari V, Jagasia D, Marielle Scherrer-Crosbie, et
al Cardiovascular manifestations and treatment considerations in COVID-19
Heart. 2020; 106: 1132-1141. DOI: 10.1136/heartjnl-2020-317056

China CDC. The epidemiological characteristics of an outbreak of 2019 novel
coronavirus diseases (COVID-19) - China, 2020. China CDC Weekly. 2020;
2: 113-122. DOI: 10.3760/cma.j.issn.0254-6450.2020.02.003

Guo T, Fan Y, Chen M. Cardiovascular implications of fatal outcomes of
patients with coronavirus disease 2019 (COVID-19). JAMA Cardiol. 2020.
Doi:10.1001/jamacardio.2020.1017

Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (covid-19) outbreak in china: Summary of a report
of 72314 cases from the Chinese center for disease control and prevention.
JAMA. 2020. DOI: 10.1001/jama.2020.2648

Li B, Yang J, Zhao F, Zhi L, Wang X, Liu L, et al. Prevalence and impact of
cardiovascular metabolic diseases on COVID-19 in China. Clin Res Cardiol.
2020; 109: 531-538. DOI: 10.1007/s00392-020-01626-9

Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, et al . Association of cardiac injury
with mortality in hospitalized patients with COVID-19 in Wuhan, China. JAMA
Cardiol. 2020. DOI: 10.1001/jamacardio.2020.0950

Zhou P, Yang X-L , Wang X-G , Ben Hu, Lei Zhang, Wei Zhang, et al . A
pneumonia outbreak associated with a new coronavirus of probable bat
origin. Nature. 2020; 579: 270-273. DOI: 10.1038/s41586-020-2012-7

Hoffmann M, Kleine-Weber H , Schroeder S, Nadine Kruger, Tanja Herrler
, Sandra Erichsen, et al . SARS-CoV-2 cell entry depends on ACE2 and
TMPRSS2 and is blocked by a clinically proven protease inhibitor. Cell 2020.
DOI: 10.1016/j.cell.2020.02.052

.Zhang H, Penninger JM, Li Y, Zhong N, Slutsky AS. Angiotensin-converting
enzyme 2 (ACE2) as a SARS-CoV-2 receptor: Molecular mechanisms and
potential therapeutic target. Intensive Care Med. 2020; 46: 586-590. DOI:
10.1007/s00134-020-05985-9

. Shang J, Ye G, Shi K, Wan, Chuming Luo, Hideki Aihara, et al . Structural

basis of receptor recognition by SARS-CoV-2. Nature. 2020; 581: 221-224.
DOI: 10.1038/s41586-020-2179

.Esler M, Esler D. Can angiotensin receptor-blocking drugs perhaps be
harmful in the COVID-19 pandemic? J Hypertens. 2020; 38: 781-782. DOI:
10.1097/HJH.0000000000002450

.Zou X, ChenK, Zou J ,Han P, Hao J, Han Z. Single-cell RNA-seq data analysis
on the receptor ACE2 expression reveals the potential risk of different human
organs vulnerable to 2019-nCoV infection. Front Med. 2020; 14: 185-192.
DOI: 10.1007/s11684-020-0754-0

. Crackower MA , Sarao R, Oudit GY,Yagil C, Kozieradzki |, Scanga SE, et al
. Angiotensin-converting enzyme 2 is an essential regulator of heart function.
Nature. 2002; 417: 822-828. DOI:10.1038/nature00786

.Huang C, Wang Y, Li X, Yi Hu, Guohui Fan, Ting Yu, et al. Clinical features of
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet. 2020;
395: 497-506. DOI: 10.1016/S0140-6736(20)30183-5

.Puja Mehta, Daniel F McAuley, Michael Brown, Emilie Sanchez, Rachel
S Tattersall, Jessica J Manson, et al. COVID-19: Consider cytokine storm
syndromes and immunosuppression. Lancet. 2020; 395: 1033-104.
DOI:10.1016/S0140-6736(20)30628-0

. Prabhu SD. Cytokine-induced modulation of cardiac function. Circ Res. 2004;
95: 1140-53. DOI: 10.1161/01.RES.0000150734.79804.92

. Levi M, van der Poll T, Buller HR. Bidirectional relation between inflammation
and coagulation. Circulation. 2004; 109: 2698-704. DOI:10.1161/01.
CIR.0000131660.51520.9A

SCIRES Literature - Volume 4 Issue 1 - www.scireslit.com Page - 028

19.

2

o

2

=

22.

23.

24.

25.

2

(o]

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

LiZ, Guo X, Hao W, Wu Y, Ji'Y, Zhao Y, Liu F, Xie X. The relationship between
serum interleukins and T-lymphocyte subsets in patients with severe acute
respiratory syndrome. Chin Med J (Engl). 2003; 116: 981-984.

.Bradley BT, Maioli H, Johnston R, Chaudhry I, Fink SL, Xu H, et al.

Histopathology and ultrastructural findings of fatal COVID-19 infections. The
Lancet. 2020.

. Fei Zhou, Ting Yu, Ronghui Du, Guohui Fan, Ying Liu, Zhibo Liu, et al. Clinical

course and risk factors for mortality of adult inpatients with COVID-19 in
Wuhan, China: A retrospective cohort study. Lancet. 2020; 395: 1054-1062.
DOI: 10.1016/S0140-6736(20)30566-3

Warren-Gash C, Hayward AC , Hemingway H, Denaxas S, Thomas SL,
Timmis AD, et al . Influenza infection and risk of acute myocardial infarction
in England and Wales: A caliber self-controlled case series study. J Infect Dis.
2012; 206: 1652-1659. DOI: 10.1093/infdis/jis597

Levy BI, Heusch G, Camici PG. The many faces of myocardial ischaemia and
angina. Cardiovasc Res. 2019; 115: 1460-1470. DOI: 10.1093/cvr/cvz160

Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are
associated with poor prognosis in patients with novel coronavirus pneumonia.
J Thromb Haemost. 2020; 18: 844-847. DOI: 10.1111/jth.14768

Arentz M , Yim E , Klaff L , Lokhandwala S, Riedo FX, Chong M, et al .
Characteristics and outcomes of 21 critically ill patients with COVID-19
in Washington state. JAMA. 2020; 323: 1612-1614. DOI: 10.1001/
jama.2020.4326

.Inciardi RM , Lupi L , Zaccone G , ltalia L, Raffo M, Tomasoni D. Cardiac

involvement in a patient with coronavirus disease 2019 (COVID-19). JAMA
Cardiol. 2020. DOI: 10.1001/jamacardio.2020.1096

Hu H, Ma F, Wei X, Fang Y. Coronavirus fulminant myocarditis saved with
glucocorticoid and human immunoglobulin. Eur Heart J. 2020. DOI: 10.1093/
eurheartj/ehaa190

Justin A Fried, Kumudha Ramasubbu, Reema Bhatt, Veli K Topkara, Kevin
J Clerkin, Evelyn Horn, et al. The variety of cardiovascular presentations of
COVID-19. Circulation 2020. DOI: 10.1161/CIRCULATIONAHA.120.047164

Sala S , Peretto G , Gramegna M , Anna Palmisano, Andrea Villatore,
Davide Vignale, et al . Acute myocarditis presenting as a reverse Tako-Tsubo
syndrome in a patient with SARS-CoV-2 respiratory infection. Eur Heart J.
2020; 41: 1861-1862. DOI: 10.1093/eurheartj/ehaa286

Mann DL. Innate immunity and the failing heart: The cytokine
hypothesis revisited. Circ Res. 2015; 116: 1254-1268. DOI: 10.1161/
CIRCRESAHA.116.302317

Liu K, Fang Y-Y, Deng Y, Liu W, Wang MF, Ma JP, et al. Clinical characteristics
of novel coronavirus cases in tertiary hospitals in Hubei Province. Chin Med J.
2020; 133: 1025-1031. DOI:10.1097/CM9.0000000000000744

Wang D, Hu B, Hu C, Fangfang Zhu, Xing Liu, Jing Zhang, et al . Clinical
characteristics of 138 hospitalized patients with 2019 novel coronavirus-
infected pneumonia in Wuhan, China. JAMA. 2020; 323: 1061-1069.
DOI:10.1001/jama.2020.1585

Xiong TY, Redwood S, Prendergast B, Chen M. Coronaviruses and the
cardiovascular system: Acute and long-term implications. Eur Heart J. 2020;
41: 1798-1800. DOI: 10.1093/eurheartj/ehaa231

Amaratunga EA, Corwin DS, Moran L, Snyder R. Bradycardia in patients with
COVID-19: A calm before the storm? Cureus. 2020; 12: 8599. DOI: 10.7759/
cureus.8599

Shi Z, Fu W. Diagnosis and treatment recommendation for novel coronavirus
pneumonia related isolated distal deep vein thrombosis. Shanghai Medical
Journal. 2020.

The European Society for Cardiology. ESC Guidance for the Diagnosis and
Management of CV Disease during the COVID-19 Pandemic. https://bit.
ly/34yuguO

Zheng YY, YT M, Zhang JY, Xie X. COVID-19 and the cardiovascular system.
Nat Rev Cardiol. 2020. DOI: 10.1038/s41569-020-0360-5



International Journal of Clinical Cardiology & Research 8

38

39.

40.

4

a

42.

43.

44,

45.

46.

47.

48.

49.

50.

5

a

52.

53.

54.

. Mueller C, Laule-Kilian K, Frana B, Rodriguez D, Scholer A, Schindler C, et
al. Use of B-type natriuretic peptide in the management of acute dyspnea in
patients with pulmonary disease. Am Heart J. 2006; 151: 471-477. https://bit.
ly/3hsTCON

Mueller C, McDonald K, de Boer RA, Maisel A, Cleland JGF, Kozhuharov
N, et al. Heart Failure Association of the European Society of Cardiology
practical guidance on the use of natriuretic peptide concentrations. Eur J
Heart Fail. 2019; 21: 715-731. DOI: 10.1002/ejhf.1494

Jia He, Bo Wu, Yagin Chen, Jianjun Tang, Qiming Liu, Shenghua Zhou, et al.
Characteristic electrocardiographic manifestations in patients with COVID-19.
Can J Cardiol. 2020; 36: 9661-9664. DOI: 10.1016/j.cjca.2020.03.028

. Yishay Szekely, Yael Lichter, Philippe Taieb, Ariel Banai, Aviram Hochstadt,
llan Merdler, et al. Spectrum of cardiac manifestations in COVID-19 A
systematic echocardiographic study. Circulation. 2020; 142: 342-353. DOI:
10.1161/CIRCULATIONAHA.120.047971

Choi AD, Abbara S, Branch KR, Feuchtner GM, Ghoshhajra B, Nieman K,
et al. Society of cardiovascular computed tomography guidance for use of
cardiac computed tomography amidst the COVID-19 pandemic endorsed by
the American college of cardiology. J Cardiovasc Comput Tomogr. 2020; 14:
101-104. DOI:10.1016/j.jcct.2020.03.002

American College of Cardiology. ACR recommendations for the use of
chest radiography and computed tomography (ct) for suspected COVID-19
infection. https://bit.ly/2EhDtNz

Skali H, Murthy VL, Al-Mallah MH, Bateman TM, Beanlands R, Better N, et al.
Guidance and Best Practices for Nuclear Cardiology Laboratories during the
Coronavirus Disease 2019 (COVID-19) Pandemic: An Information Statement
from ASNC and SNMMI. J Nucl Cardiol. 2020; 27: 1022-1029. DOI: 10.1007/
$12350-020-02123-2

Society for cardiovascular magnetic resonance. SCMR’s covid-19

preparedness toolkit. https://scmr.org/page/COVID19

Ferreira VM, Schulz-Menger J, Holmvang G, Kramer CM, Carbone |, Sechtem
U, et al. Cardiovascular magnetic resonance in nonischemic myocardial
inflammation: Expert recommendations. J Am Coll Cardiol. 2018; 72: 3158-
3176. DOI: 10.1016/j.jacc.2018.09.072

Manli Wang, Ruiyuan Cao, Leike Zhang, Xinglou Yang, Jia Liu, Mingyue Xu,
et al . Remdesivir and chloroquine effectively inhibit the recently emerged
novel coronavirus (2019-nCoV) in vitro. Cell Res. 2020; 30: 269-271. DOI:
10.1038/s41422-020-0282-0

Sahraei Z, Shabani M , Shokouhi S , Saffaei A. Aminoquinolines against
coronavirus disease 2019 (COVID-19): chloroquine or hydroxychloroquine.
Int J Antimicrob Agents. 2020; 55: 105945. DOIl: 10.1016/.
ijantimicag.2020.105945

Gao J, Tian Z, Yang X. Breakthrough: Chloroquine phosphate has shown
apparent efficacy in treatment of COVID-19 associated pneumonia in clinical
studies. Biosci Trends. 2020; 14: 72-73. DOI: 10.5582/bst.2020.01047

Basu-Ray |, Soos MP. Cardiac manifestations of coronavirus (COVID-19).
StatPearls [Internet]. Treasure Island (FL): Stat Pearls Publishing. 2020.
PUBMED: https://pubmed.ncbi.nim.nih.gov/32310612/

.Haeusler IL, Chan XHS, Guerin PJ, White NJ. The arrhythmogenic
cardiotoxicity of the quinoline and structurally related antimalarial drugs: a
systematic review. BMC Med. 2018; 16: 200. DOI: 10.1186/s12916-018-
1188-2

Philippe Gautret, Jean-Christophe Lagier, Philippe Parola, Van Thuan Hoang,
Line Meddeb, Morgane Mailhe, et al . Hydroxychloroquine and azithromycin
as a treatment of COVID-19: Results of an open-label non-randomized
clinical trial. Int J Antimicrob Agents. 2020; 56: 105949. DOI: 10.1016/j.
ijantimicag.2020.105949

Howard PA. Azithromycin-induced proarrhythmia and cardiovascular death.
Ann Pharmacother. 2013; 47: 1547-1551. DOI: 10.1177/1060028013504905

Poluzzi E, Raschi E, Motola D, Moretti U, De Ponti F. Antimicrobials and

SCIRES Literature - Volume 4 Issue 1 - www.scireslit.com Page - 029

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

the risk of torsades de pointes: the contribution from data mining of the US
FDA Adverse Event Reporting System. Drug Saf. 2010; 33: 303-314. DOI:
10.2165/11531850-000000000-00000

Kimani J, Phiri K, Kamiza S, Duparc S, Ayoub A, Rojo R, et al. Efficacy and
safety of azithromycin-chloroquine versus sulfadoxine-pyrimethamine for
intermittent preventive treatment of plasmodium falciparum malaria infection
in pregnant women in Africa: An open-label, randomized trial. PLoS One.
2016; 11: 0157045. DOI: 10.1371/journal.pone.0157045

Sagara |, Oduro AR, Mulenga M, Dieng Y, Ogutu B, Tiono AB, et al. Efficacy
and safety of a combination of azithromycin and chloroquine for the treatment
of uncomplicated Plasmodium falciparum malaria in two multi-country
randomised clinical trials in African adults. Malar J. 2014; 13: 458. DOI:
10.1186/1475-2875-13-458

Chan JF, Yao Y, Yeung ML, Deng W, Bao L, Jia L, et al. Treatment With
Lopinavir/Ritonavir or Interferon-B1b Improves Outcome of MERS-CoV
Infection in a Nonhuman Primate Model of Common Marmoset. J Infect Dis.
2015; 212: 1904-1913. DOI: 10.1093/infdis/jiv392

Schulman S. Inhibition of warfarin activity by ribavirin. Ann Pharmacother. 2002;
36: 72-74. DOI: 10.1345/aph.1A181

Mulangu S, Dodd LE, Davey RT, Tshiani Mbaya O, Proschan M, Mukadi D,
et al. A Randomized, Controlled Trial of Ebola Virus Disease Therapeutics N
Engl J Med. 2019; 381: 2293-2303. DOI: 10.1056/NEJM0a1910993

Sodero A, Squitieri M, Mazzeo S, Pasca M, Mata S, Pieri F, et al. Acute
Symptomatic Sinus Bradycardia in High-Dose Methylprednisolone Therapy
in a Woman With Inflammatory Myelitis: A Case Report and Review of the
Literature. Clin Med Insights Case Rep. 2019; 12: 1179547619831026. DOI:
10.1177/1179547619831026.

Vasheghani-Farahani A, Sahraian MA, Darabi L, Aghsaie A, Minagar A.
Incidence of various cardiac arrhythmias and conduction disturbances due to
high dose intravenous methylprednisolone in patients with multiple sclerosis.
J Neurol Sci. 2011; 309: 75-78. DOI: 10.1016/j.jns.2011.07.018

Sonnenblick M, Rosin A. Cardiotoxicity of interferon. A review of 44
cases. Chest. 1991; 99: 557-561. DOI: 10.1378/chest.99.3.557

Le Corguille M, Pochmalicki G, Eugene C. Cardiovascular complications of
alpha interferon. Gastroenterol Clin Biol. 2007; 31: 1081-1084. DOI: 10.1016/
s0399-8320(07)78339-2

Sommerstein RGC. Preventing a COVID-19 pandemic. BMJ. 2020; 368: 810.
DOI: 10.1136/bmj.m810

Ferrario CM, Jessup J, Chappell MC, Averill DB, Brosnihan KB, Tallant EA,
et al. Effect of angiotensin-converting enzyme inhibition and angiotensin Il
receptor blockers on cardiac angiotensin-converting enzyme 2. Circulation.
2005; 111: 2605-2610. DOI: 10.1161/CIRCULATIONAHA.104.510461

Vaduganathan M, Vardeny O, Michel T, McMurray JJV, Pfeffer MA,
Solomon SD. Renin-Angiotensin-Aldosterone System Inhibitors in Patients
with Covid-19. N Engl J Med. 2020; 382: 1653-1659. DOI: 10.1056/
NEJMsr2005760

Sun ML, Yang JM, Sun YP, Su GH. Inhibitors of RAS Might Be a Good Choice
for the Therapy of COVID-19 Pneumonia. Chinese Journal of Tuberculosis
and Respiratory Diseases. 2020; 43: 219-222. DOI: 10.3760/cma.j.is
sn.1001-0939.2020.03.016

Mehra MR, Desai SS, Kuy S, Henry TD, Patel AN. Cardiovascular Disease,
Drug Therapy, and Mortality in Covid-19. N Engl J Med 2020; 382: 102. DOI:
10.1056/NEJM0a2007621

Williams B, Zhang Y. Hypertension, renin-angiotensin-aldosterone system
inhibition, and COVID-19. Lancet. 2020; 395: 1671-1673. DOI: 10.1016/
S0140-6736(20)31131-4

Ukimura A, Ooi Y, Kanzaki Y, Inomata T, lzumi T. A national survey on
myocarditis associated with influenza H1N1pdm2009 in the pandemic and
postpandemic season in Japan. J Infect Chemother. 2013; 19: 426-431. DOI:
10.1007/s10156-012-0499

Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, et al.



International Journal of Clinical Cardiology & Research 8

2015 ESC Guidelines for the management of acute coronary syndromes in
patients presenting without persistent ST-segment elevation: Task force for
the management of acute coronary syndromes in patients presenting without
persistent st-segment elevation of the european society of cardiology (ESC).
Eur Heart J. 2016; 37: 267-315. DOI: 10.1093/eurheartj/ehv320

.Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk
factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet. 2020; 395: 1054-1062. DOI: 10.1016/
S0140-6736(20)30566-3

. FAKlok, M J HAKTruip, N J M van der Meer, M S Arbous, DAM P J Gommers,
K M Kant, et al . Incidence of thrombotic complications in critically ill ICU
patients with COVID-19. Thromb Res. 2020; 191: 145-147. DOI: 10.1016/j.
thromres.2020.04.013

. Shanghai Clinical Treatment Expert Group for COVID-19. [Comprehensive
treatment and management of coronavirus disease 2019: expert consensus
statement from Shanghai]. Chin J Infect. 2020; 38. DOI: 10.3760/
cma.j.issn.1000-6680.2020.0016

. Huan Han, Lan Yang, Rui Liu, Fang Liu, Kai-Lang Wu, Jie Li, et al . Prominent
changes in blood coagulation of patients with SARS-CoV-2 infection. Clin
Chem Lab Med. 2020; 58: 1116-1120. DOI: 10.1515/cclm-2020-0188

SCIRES Literature - Volume 4 Issue 1 - www.scireslit.com Page - 030

oo

o

76. Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ, Harjola

VP, et al. 2019 ESC Guidelines for the diagnosis and management of
acute pulmonary embolism developed in collaboration with the European
Respiratory Society (ERS): The Task Force for the diagnosis and management
of acute pulmonary embolism of the European Society of Cardiology (ESC).
Eur Respir J. 2019; 54: 1901647. DOI: 10.1183/13993003.01647-2019

. Yang T, Roden DM. Extracellular potassium modulation of drug block of IKr.

Implications for torsade de pointes and reverse use-dependence. Circulation.
1996; 93: 407-411. DOI: 10.1161/01.cir.93.3.407

. Mitrani RD, Dabas N, Goldberger JJ. COVID-19 cardiac injury: implications

for long-term surveillance and outcomes in survivors. Heart Rhythm. 2020;
1547-5271: 30625-30621. DOI: 10.1016/j.hrthm.2020.06.026

. Lu Huang, Peijun Zhao, Dazhong Tang, Tong Zhu, Rui Han, Chenao Zhan,

et al..Cardiac involvement in recovered COVID-19 patients identified by
magnetic resonance imaging. .JACC Cardiovasc Imaging. 2020; 30403-
30404. DOI: 10.1016/j.jcmg.2020.05.004

. Valentina O Puntmann , M Ludovica Carerj, Imke Wieters , Masia Fahim,

Christophe Arendt, Jedrzej Hoffmann, et al. Outcomes of cardiovascular
magnetic resonance imaging in patients recently recovered from coronavirus
disease 2019 (COVID-19). JAMA Cardiol. 2020; 203557. DOI: 10.1001/
jamacardio.2020.3557



