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Abstract
Coronavirus disease of 2019 (COVID-19), which is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
is spreading rapidly the world over. The disease was declared “pandemic” by the World Health Organization. An approved
therapy for patients with COVID-19 has yet to emerge; however, there are some medications used in the treatment of SARS-
CoV-2 infection globally including hydroxychloroquine, remdesivir, dexamethasone, protease inhibitors, and anti-inflammatory
agents. Patients with underlying cardiovascular disease are at increased risk of mortality and morbidity from COVID-19.
Moreover, patients with chronic stable states and even otherwise healthy individuals might sustain acute cardiovascular problems
due to COVID-19 infection. This article seeks to review the latest evidence with a view to explaining possible pharmacotherapies
for the cardiovascular complications of COVID-19 including acute coronary syndrome, heart failure, myocarditis, arrhythmias,
and venous thromboembolism, as well as possible interactions between these medications and those currently administered (or
under evaluation) in the treatment of COVID-19.
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Introduction

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which can lead to coronavirus disease
of 2019 (COVID-19), is spreading rapidly the world
over. At the time of writing this article (July 5, 2020),
it has infected over 11 million people and caused more
than 500,000 deaths globally (https://www.who.int/docs/
default-source/coronaviruse/situation-reports/20200705-
covid-19-sitrep-167.pdf?sfvrsn=17e7e3df_4). The disease
was declared “pandemic” by the World Health
Organization (WHO) on March 11, 2020 [1].

SARS-CoV-2 is a single-strand RNA virus from the
Coronaviridae family; it can affect various organs including,
but not limited to, the respiratory system, the kidneys, the
gastrointestinal system, and the cardiovascular system [2].
Data published fromWuhan, China indicate that patients with
underlying cardiovascular disease (CVD) are at increased risk
of mortality and morbidity from COVID-19 [3]. This infec-
tious disease can affect the cardiovascular system, both direct-
ly and indirectly [4]. The increased susceptibly of patients
with CVD in the COVID-19 outbreak notwithstanding, the
fact that this population is already under treatment with
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various classes of medication places them at higher risk of
adverse drug events and possible drug–drug interactions.

Although our current understanding of COVID-19 pathol-
ogy would suggest an increased number of cardiovascular
complications during the pandemic, the total number of
cardiovascular-related admissions has paradoxically declined
by 43% in the United States [5]. However, this may be largely
attributable to the fear of contracting COVID-19 at medical
centers, and thus not indicative of a true reduction in cardio-
vascular diseases. It is prudent, therefore, to pay sufficient
heed to the cardiovascular problems of our patients even more
than before, as it is still the number one killer globally, even in
the COVID-19 era.

An approved therapy for patients with COVID-19 has yet
to emerge; however, there are some medications used in the
treatment of SARS-CoV-2 infection globally. They include
hydroxychloroquine/chloroquine, which has immunomodula-
tory effects and can inhibit viral fusion; lopinavir/ritonavir,
which is an antiretroviral agent and can block virus replica-
tion; dexamethasone as an anti-inflammatory agent;
remdesivir, which is an inhibitor of RNA synthesis; and lastly
passive immunotherapeutic agents such as tocilizumab,
sarilumab, canakinumab, and anakinra [6]. Although not yet
approved by any regulatory agencies, remdesivir has shown
evidence of shortened time to recovery among patients with
COVID-19 [7]. According to the recent RECOVERY trial,
dexamethasone showed beneficial effects in patients after
7 days of treatment initiation at a dose of 6 mg/day for up to
10 days, as it reduced 28-day mortality in patients under me-
chanical ventilation by one third, and by one fifth in patients
only on supplemental oxygen [8]. Finally, convalescent plas-
ma showed positive effects by improving the rate of nasopha-
ryngeal viral RNA clearance at 72 h in patients with severe but
not life-threatening COVID-19. However, it did not increase
the overall rate of clinical improvement in patients with life-
threatening COVID-19 infection [9].

This article seeks to review the most up-to-the-minute ev-
idence with a view to explaining possible pharmacotherapies
for the cardiovascular complications of COVID-19 including
acute coronary syndrome (ACS), heart failure, myocarditis,
arrhythmias, and coagulopathy, as well as possible interac-
tions between these medications and those currently adminis-
tered (or under evaluation) in the treatment of COVID-19.

SARS-CoV-2 and the Cardiovascular System

Similar to other coronaviruses, SARS-CoV-2 uses
angiotensin-converting enzyme 2 (ACE2) for cell entry [10].
ACE2 is a membrane protein highly expressed in the lung,
enterocytes, and the heart and is responsible for converting
angiotensin II to angiotensin-(1–7), which is a vasodilator
peptide with a potential role in lung protection [11].

Based on animal studies, SARS-CoV-2 can downregulate
ACE2 expression, facilitate neutrophil infiltration, and subse-
quently accelerate lung and myocardial damage [12]. Such
damage is speculated to be more profound in patients with
cardiovascular disorders because they may be more likely to
have upregulated ACE2 expression due to the pharmacologi-
cal inhibitors of the renin–angiotensin–aldosterone system
(RAAS) and underlying conditions [13, 14]. SARS-CoV-2
infections can also directly lead to viral myocarditis and ele-
vated levels of myocardial injury markers, troponin, and cre-
atine kinase [15]. In severe cases, SARS-CoV-2 disease pro-
gresses from ACE2-dependent alveolar damage and hypoxia
to systemic inflammatory response syndrome (acute respira-
tory distress syndrome [ARDS]) and an exaggerated cytokine
release. The result may be myocardial supply-and-demand
imbalance, plaque rupture, and thrombosis because of
procoagulant states (Fig. 1).

These hypotheses may explain not only why patients with
CVD are prone to higher rates of SARS-CoV-2 infections and
mortality, but also how patients with chronic stable states and
even otherwise healthy individuals might sustain acute cardio-
vascular problems during the COVID-19 pandemic.

Acute Coronary Syndrome

Based on different studies from China, the incidence of acute
cardiac injury, defined as an elevation in hypersensitive tro-
ponin, currently ranges from 7.2% to 19.7% in patients with
COVID-19 [16–18]. Mildly increased cardiac troponin levels
(e.g., < 2–3 times the upper limits of normal), particularly in
the elderly with pre-existing cardiac diseases, do not need
workup or treatment for type1 myocardial infarction unless
it is suggested by angina symptoms and/or electrocardiogra-
phy (ECG) changes.Minimal elevations in troponin levels can
be explained by pre-existing cardiac diseases or myocardial
injury due to SARS-CoV-2 [19]. Consequently, changes in
biomarkers, patient presentation, past medical history, and
ECG changes should be considered altogether. Indeed, efforts
should be concentrated on the differentiation of viral-related
cardiac injury from ACS. It is in this context that the limita-
tions of primary percutaneous coronary interventions in the
current pandemic era have conferred on pharmacotherapy a
more crucial role than ever before [20].

Antiplatelets An effective antiplatelet regimen is a matter of
utmost importance in ACS management. The optimal anti-
platelet regimen hinges on the treatment strategy and the
COVID-19 status. The current guidelines stipulate that if fi-
brinolytic agents are to be used in patients not receiving active
therapy for COVID-19, the P2Y12 inhibitor of choice is
clopidogrel [21], although ticagrelor can also be considered
according to the TREAT trial [22]. In patients undergoing
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primary percutaneous interventions, prasugrel and ticagrelor
are recommended. Whatever the case may be, decision-
making with regard to patients with COVID-19 should be in
light of drug–drug and drug–disease interactions. Aspirin at
the low dose administered in ACS has minimal anti-
inflammatory effects, so concerns regarding the potentially
detrimental effects of nonsteroidal anti-inflammatory drugs
on the clinical course of COVID-19 are not applicable to as-
pirin [19]. The loading and maintenance doses of aspirin for
patients with COVID-19 should be the same as those admin-
istered to the normal population. If the patient has coagulop-
athy, clopidogrel is the P2Y12 inhibitor of choice because it
poses the lowest bleeding risk [21]. Another concern over the
prescription of antiplatelets is the interaction between P2Y12

inhibitors and protease inhibitors. Lopinavir/ritonavir is a po-
tential antiviral agent for COVID-19; it can, through the
strong inhibition of the CYP3A4 pathway, increase the risk
of bleeding with ticagrelor. Consequently, ticagrelor is contra-
indicated in patients receiving lopinavir/ritonavir. Lopinavir/
ritonavir could also diminish the antiplatelet activity of
clopidogrel, which is why the platelet function test is sug-
gested to adjust the clopidogrel dose accordingly. In individ-
uals without coagulopathy and bleeding risk, prasugrel may
be a good option while lopinavir/ritonavir is administered
(Table 1) [23]. With respect to glycoprotein IIb/IIIa inhibitors,
given the high bleeding risk and propensity for acute kidney
injury in patients with COVID-19, their use should ideally be
avoided. Tirofiban and eptifibatide may be considered if need-
ed, but abciximab is not recommended due to the high risk of
thrombocytopenia [21].

Anticoagulants In a large cohort study on patients with
COVID-19, Haung et al. [16] recorded 5% thrombocytopenia
(platelet count <100,000/L) in the entire population, with a
higher prevalence among patients in the ICU (8%). As low
molecular weight heparin (LMWH) may have advantages
over unfractionated heparin (UFH) in patients with

coagulopathy [24], it may be regarded as the agent of choice.
Still, if the patient is considered at high bleeding risk or has
severe kidney injury, UFH may be preferable, because prot-
amine is available for its reversal if bleeding occurs. In pa-
tients receiving fibrinolytic therapy, LMWH can be used as
the agent of choice if the cardiologist defers angiography [21].
Nonetheless, in centers where angiography is routinely done
within 24 h of fibrinolytic therapy, UFH still constitutes the
best option (Table 1). If complete revascularization is
achieved per the typical management of these patients, in the
absence of risk factors for vein thrombosis, anticoagulants can
be discontinued [21]. It should be noted that there are no
interactions between parenteral antithrombotic agents and
the currently available COVID-19 medications [23].

Thrombolytics Reperfusion therapy with thrombolytics is an
attractive option in stable patients without contraindications.
Tenecteplase, the most fibrin-specific agent, is a prudent
choice in patients with COVID-19 on the strength of its high
success rate, low bleeding risk, and single-dose administration
strategy [21]. Tenecteplase is also associated with the least
fibrin depletion of all fibrinolytics.

Statins Statins have beneficial vascular and myocardial effects
that are attributed to their anti-inflammatory effects, which
may explain why the continued use of this class of medication
in patients with a cardiovascular or cardiometabolic indication
may have positive effects in the presence of acute viral respi-
ratory infections [25]. Irrespective of COVID-19, a high-
intensity statin (atorvastatin or rosuvastatin) should be admin-
istered to every patient with ACS [26]. Cohort studies in
China have demonstrated prevalent elevated levels of hepatic
transaminase and creatine kinase in those afflicted with
COVID-19 [16–18]. It is advisable, therefore, to monitor the
liver function and creatine kinase levels at baseline and peri-
odically thereafter. In the case of severe rhabdomyolysis or
increased liver enzymes, it is recommended that statins be

Fig. 1 Cardiovascular complications of COVID-19 are illustrated herein
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temporarily withheld [19]. Another concern is the potential
drug interaction between atorvastatin or rosuvastatin and
lopinavir/ritonavir. The respective daily dose of atorvastatin
and rosuvastatin should not exceed 20 mg and 10 mg while in

concomitant use with lopinavir/ritonavir (Table 1) [27].
Interleukin-6 (IL-6) receptor antibodies such as tocilizumab
may also lower statin concentrations by reversing cytochrome
P450 (CYP45) suppression; however, the clinical significance

Table 1 Common drug–drug interactions and recommendations for use in patients with COVID-19

Class of drug Concerns Recommendation

Antiplatelets P2Y12 inhibitors Increased risk of bleeding With fibrinolytics and patients with coagulopathy:
clopidogrel is preferred

In patients receiving lopinavir/ritonavir, increased risk
of bleeding with ticagrelor, and decreases antiplatelet
activity with clopidogrel

Prasugrel is recommended with lopinavir/ritonavir

Glycoprotein IIb/IIIa
Inhibitors

Increased risk of bleeding Their use should be restricted
Can be considered if needed
Abciximab is not recommended

Anticoagulants LMWH Increased risk of bleeding In patents with coagulopathy and with fibrinolytic
therapy, LMWH is preferred

(If angiography is going to be done within 24 h
after fibrinolytic therapy, UFH is still the best option)

UFH Increased risk of bleeding If the patient is considered to be at high bleeding
risk, UFH could be considered.

Rivaroxaban In patients receiving lopinavir/ritonavir, increased
risk of bleeding

Interaction with tocilizumab

Contraindicated with lopinavir/ritonavir
Not recommended with tocilizumab

Apixaban In patients receiving lopinavir/ritonavir,
increased risk of bleeding

Interaction with tocilizumab

Contraindicated/reduce dose by 50% with lopinavir/ritonavir
Not recommended with Tocilizumab

Dabigatran In patients receiving lopinavir/ritonavir,
increased risk of bleeding

Use not recommended/suggested as an option, data lacking

Edoxaban In patients receiving lopinavir/ritonavir, i
ncreased risk of bleeding

Stroke prevention in non-valvular AF: no
dose adjustment

VTE indication: reduce dose by 50%
Warfarin In patients receiving lopinavir/ritonavir/tocilizumab,

may reduce or increase INR
OAC of choice, monitor INR

Fibrinolytics Increased risk of bleeding Tenecteplase is preferred
Statins Increased risk of hepatotoxicity Monitor LFT

Increased effect with lopinavir/ritonavir
Decreased effect with tocilizumab

Reduce dose with lopinavir/ritonavir
Monitor with tocilizumab

Beta-blockers Increased risk of bradycardia, hypotension and AV
block with concomitant use of protease inhibitors

Metoprolol and bisoprolol are preferred
Monitor BP and HR

ACEI/ARB/ARNI Decreased effects of losartan and
irbesartan with lopinavir/ritonavir

Continuation of ACEI/ARB
Monitor BP, SCr, and K

Increased effects of valsartan with lopinavir/ritonavir
Increased concentration of sacubitril

with lopinavir/ritonavir
Mineralocorticoid antagonists Increased risk of adverse effect with lopinavir/ritonavir Spironolactone is preferred

Eplerenone is contraindicated
Monitor serum electrolytes and SCr

Diuretics Increase the concentration of indapamide with
lopinavir/ritonavir

Monitor BP, serum electrolytes for prevention
of TdP

Monitor BUN/SCr
Digoxin Increased risk of toxicity Monitor digoxin concentration
Ivabradine Increased risk of adverse effect with lopinavir/ritonavir Do not co-administer with lopinavir/ritonavir
Antiarrhythmics Increased risk of QT prolongation and TdP with

concomitant use of chloroquine/hydroxychloroquine
Monitor ECG before initiation
Maintain serum Mg> 2 and K > 4 mg/dL

Increased antiarrhythmic effects with
protease inhibitors

Lidocaine and quinidine are preferred. Monitor
ECG and adjust dose if necessary

Flecainide and propafenone are not recommended
ECG, BP, LFT, and TFT should be monitored

periodically with reduced dose of amiodarone

ACEI: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker; ARNI: angiotensin receptor neprilysin inhibitor; AF: atrial
fibrillation; AV: atrioventricular; BP: blood pressure; BUN: blood urea nitrogen; ECG: electrocardiogram; HR: heart rate; INR: international normalized
ratio; LFT: liver function test; LMWH: low molecular weight heparin; OAC: oral anticoagulant; SCr: serum creatinine; TdP: torsade de pointes; TFT:
thyroid function test; UFH: unfractionated heparin; VTE: venous thromboembolism
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of this effect may be minimized by the short-term use of anti-
IL-6 receptor treatments [25].

Beta-Blockers According to the guidelines on ACS, beta-1
selective beta-blockers may be preferred over nonselective
agents [21]. Among beta-1 selective beta-blockers, whereas
metoprolol is metabolized by CYP2D6 and bisoprolol is par-
tially metabolized by CYP3A4 and CYP2D6, atenolol is not
metabolized by CYP450 (Table 1) [28]. Bradycardia with
hydroxychloroquine has also been reported, which may be
potentiated with beta-blockers. As with patients receiving
any beta-blocker, diligent monitoring of the heart rate and
blood pressure is warranted; patients with hemodynamic in-
stability should not receive beta-blockers unless there are clear
improvements in their blood pressure and heart rate.

Angiotensin-Converting Enzyme Inhibitors (ACEIs) and
Angiotensin-Receptor Blockers (ARBs) There is conflicting ev-
idence on the pros and cons of the use of ACEIs and ARBs in
patients with COVID-19. Fang et al. [29] demonstrated that
ACE2 was upregulated in their patients chronically receiving
RAAS blockers, which might place such patients at increased
risk of infection with SARS-CoV-2. Conversely, some animal
models have indicated the potentially protective effect of
losartan administration in the lungs [30]. At present, there
are three major studies on ACEIs and ARBs in patients with
COVID-19, and they have all reported no harm in the use of
RAAS blockers in patients with COVID-19 [31–33]. Given
the conflicting reports on this issue, almost all international
societies [34, 35] have recommended against the discontinu-
ation of ACEIs and ARBs due to COVID-19. Hence, in pa-
tients with ACS, an ACEI or ARB should be started in the first
24 h after admission, as is the case in the normal population
[21]. The important issue here is the potential drug interaction
between lopinavir/ritonavir and ARBs. When administered
concomitantly with ritonavir, losartan and irbesartan may
have less ability to transform into their respective active moi-
ety and, as such, lose their efficiency [28]. On the other hand,
the concentration of valsartan may increase through the inhi-
bition of organic anion-transporting polypeptide 1B1
(OATP1B) and the hepatic efflux transporter, multidrug
resistance-associated protein 2 (MRP20) [28]. Ultimately, in
patients with COVID-19 receiving ACEIs and ARBs, the
close monitoring of blood pressure, serum creatinine, and po-
tassium is recommended [25].

Heart Failure

Pump failure can happen due to myocardial injury, and chron-
ic stable heart failure is liable to worsen during COVID-19
infection. Heart failure in patients with COVID-19 can range
from mild heart failure with preserved ejection fraction in the

early stages of the illness [36] to severe end-stage heart failure
and cardiogenic shock with high rates of mortality [37]. The
risk of mortality and morbidity is also higher in patients with
underlying heart failure [19].

Beta-Blockers With the exclusion of patients with hemody-
namic instability and lung edema, patients with heart failure
with reduced ejection fraction should receive a beta-blocker.
Similar to patients with ACS, beta-1 selective beta-blockers
(i.e., metoprolol succinate and bisoprolol) may be preferred in
patients with respiratory infections. Among the beta-blockers
used for heart failure, carvedilol is metabolized by
glucuronidation (UGT1A1) and CYP450 (primarily 2D6
and 2C9), metoprolol is chiefly metabolized by CYP2D6,
and bisoprolol is partially metabolized by CYP3A4 and
CYP2D6 (Table 1) [28]. Ritonavir can consequently affect
the metabolism of all of these agents, which is why the watch-
ful monitoring of the heart rate and blood pressure of patients
receiving lopinavir/ritonavir is highly recommended.

ACEIs/ARBs/Angiotensin Receptor-Neprilysin Inhibitor (ARNIs)
Similar to the ACS scenario, regardless of COVID-19 infec-
tion, patients with heart failure with reduced ejection fraction
should receive an ACEI or ARB under close surveillance [19].
The concentration of sacubitril rises in tandem with the ad-
ministration of ritonavir, hence the importance of the thorough
monitoring of blood pressure, serum creatinine, and potassium
in patients on sacubitril/valsartan (Table 1).

Diuretics There is no specific interaction between loop di-
uretics and anti-COVID medications, so these drugs can be
safely initiated or continued in patients with COVID-19.
Given the high rate of acute kidney injury among this group
of patients, diuretic therapy should be closely monitored in
terms of vital signs, serum electrolytes, and creatinine.
Mineralocorticoid antagonists, if administered under close
surveillance, can also be continued in patients with COVID-
19. Concerning patients receiving protease inhibitors, the area
under the curve (AUC) of eplerenone can increase fourfold,
which may favor the use of spironolactone in patients on
lopinavir/ritonavir (Table 1). No specific interaction is known
between thiazides and lopinavir/ritonavir, with indapamide
being an exception. The concentration of indapamide may
increase while administered with lopinavir/ritonavir, necessi-
tating extreme caution. It is also essential to take heed of the
risk of QT prolongation associated with chloroquine/
hydroxychloroquine. As patients with electrolyte disturbances
are at greater risk, those receiving diuretics should be moni-
tored for potassium and magnesium levels [25].

Digoxin All patients who are on digoxin and hospitalized for
COVID-19 should be monitored meticulously because of the
possibility of instability during acute infection. This may
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necessitate the measurement of serum concentration in patients
with COVID-19 who continue to receive digoxin. Furthermore,
ritonavir can increase the AUC of digoxin by 29% and its half-
life by 43%. Hydroxychloroquine can also increase the concen-
tration of digoxin through an unknown mechanism [25]. The
narrow therapeutic index, drug–drug interactions, and potential
for the unpredictable serum concentrations of digoxin may re-
quire physicians to reconsider the continued use of digoxin for
patients with COVID-19 (Table 1).

Hydralazine/Nitrates Protease inhibitors can reduce the forma-
tion of nitric oxide from isosorbide dinitrate and, as such,
compromise its efficacy. Protease inhibitors also significantly
interact with hydralazine. Dose adjustments based on the pa-
tient’s response should be considered [28].

Ivabradine Ivabradine is an I(f) channel blocker used for
symptomatic management in patients with ejection fractions
of 35% or lower, sinus rhythms, and minimum resting heart
rates of 70 beats per minute despite a maximum tolerable dose
of beta-blockers. It appears that ivabradine can be continued
safely in hemodynamically stable patients with COVID-19.
The coadministration of potent CYP450 inhibitors can in-
crease the AUC of ivabradine 6-fold, so ivabradine should
be discontinued in patients receiving lopinavir/ritonavir for
COVID-19 [25].

Myocarditis

Viral infections are the most common etiology of myocarditis
and are self-limiting without sequelae in most cases [38]. The
pathophysiology of COVID-19 is the same as that of myocar-
ditis in that it is detected several days after fever initiation [39].
The underlying mechanism of myocardial injury in patients
with COVID-19 is related to the upregulation of ACE2 in the
cardiovascular system [19, 39]. While a rise in cardiac
markers may not be related solely to myocarditis, elevated
levels of troponin and brain natriuretic peptide are correlated
with worse outcomes [13, 15].

It appears that, similar to other instances of viral myocar-
ditis, COVID-19–related myocarditis can exist without clini-
cal symptoms; nevertheless, fulminant viral myocarditis with
cardiac enlargement and acute heart failure has also been re-
ported [40]. There is also a case report from Italy that showed
endomyocardial localization of the virus in a patient with ful-
minant myocarditis and cardiogenic shock [41].

Based on the data extracted from cases with myocarditis as
a consequence of other viral infections, the treatment of
COVID-19–related myocarditis is mostly supportive [38].
Antiviral therapy and immunomodulators can also be of help.
The treatment of new-onset heart failure with a balanced use
of vasopressors, inotropes, diuretics, vasodilators, and fluid

therapy may be lifesaving. Based on the latest guideline on
the management of critically ill adults with COVID-19, nor-
epinephrine is the vasopressor of choice, and vasopressin can
be added if the target mean arterial pressure is not achieved
with norepinephrine. The use of dopamine is discouraged be-
cause of the increased risk of arrhythmias and mortality. In
patients with COVID-19 who suffer cardiogenic shock, dobu-
tamine is the inotrope of choice, andmilrinone can be added in
refractory cases [42].

In critically ill patients with COVID-19, the routine use of
corticosteroids and intravenous immunoglobulins is not rec-
ommended in the absence of ARDS [42, 43]. Corticosteroids
may be beneficial to patients with lymphocytic myocarditis
[44]. This is also true for patients with COVID-19, as systemic
corticosteroids are suggested in mechanically ventilated pa-
tients with ARDS [42]. The most significant information on
the use of immunomodulators among patients with COVID-
19 and myocarditis comes from a case report of coronavirus
fulminant acute myocarditis, which was treated with methyl-
prednisolone to suppress inflammation (200 mg/day for
4 days) and immunoglobulin to regulate the immune status
(20 g/day for 4 days) [40]. In another case report, a young
male patient with COVID-19–related myocarditis recovered
without any specific treatment and with just supportive heart-
failure–related medications [45]. In the setting of heart failure
secondary to ischemia, corticosteroids should be avoided, as
they may increase the potential for the mechanical complica-
tions of infarction.

SARS-CoV2 can place the patient in the danger of pericar-
dial inflammation due to cytotoxic effects or immune-
mediated pathways, as reported by Dabbagh et al. [46]
Furthermore, colchicine, as a known beneficial agent in the
treatment of pericarditis, showed an improvement in the time
to clinical deterioration in COVID-19 patients in the
GRECCO-19 trail [47].

Arrhythmias

Cardiac arrhythmias such as tachyarrhythmias and
bradyarrhythmias are other cardiovascular complications that
occur frequently in patients with COVID-19 [48, 49]. In a study
in China, the prevalence of cardiac arrhythmias was higher in
ICU patients than in non-ICU patients (44.4% vs 6.9%) [18].

Cardiac arrhythmias may be attributed to direct myocardial
injury or secondary to systemic alterations due to acute vire-
mia (e.g., metabolic derangement, hypoxia, neurohormonal
changes, and inflammatory stress). Patients with COVID-19
who are in a hyperinflammatory state have hypercytokinemia
and arrhythmogenic potential. Cytokine storm and increasing
levels of IL-1, IL-2, IL-1β, IL-6, monocyte chemoattractant
protein, and tumor necrosis factor-alpha (TNF-α) are associ-
ated with fatal arrhythmias [50]. These cytokines, particularly
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IL-6, prolong QTc via their direct effect on the ion channels of
cardiomyocytes and their indirect effect on the bioavailability
of QTc-prolonging medications by inhibiting CYP3A4 and
hyper-activating the cardiac sympathetic system [51].

Several COVID-19 pharmacotherapies including
chloroquine/hydroxychloroquine (with or without azithromycin)
and lopinavir/ritonavir can prolong the QTc interval and increase
the risk of drug-induced torsade de pointes (DI-TdP) and drug-
induced sudden cardiac death (DI-SCD). The risk of DI-SCD
can be augmented if these drugs are used in combination with
each other (i.e., chloroquine/hydroxychloroquine plus
azithromycin with or without lopinavir/ritonavir) [52, 53]. The
largest multinational registry analysis in this regard to date re-
ported that the use of hydroxychloroquine/chloroquine alone or
with a macrolide was associated with an increased risk of de
novo ventricular arrhythmias and mortality in patients with
COVID-19 [54]. Be that as it may, the manuscript was subse-
quently retracted, casting doubt on the reliability of the data for
decision-making. Another important adverse effect is the risk of
atrioventricular block associated with lopinavir/ritonavir and
chloroquine/hydroxychloroquine. Other altered cardiac func-
tions secondary to the use of chloroquine/hydroxychloroquine
include bundle branch block, ventricular tachycardia, and ven-
tricular fibrillation [48].

Several risk factors have been identified that can increase the
risk of DI-TdP andDI-SCD. These risk factors include advanced
age, female sex, structural heart disease, congenital long-QT
syndromes, electrolyte disturbances (e.g., hypokalemia, hypo-
magnesemia, and hypocalcemia), concomitant use of loop di-
uretics, hepatic/renal failure, baseline QTc prolongation, con-
comitant QTc-prolongingmedications, fever, sepsis, and inflam-
matory state [53, 55–58]. Irrespective of the efficacy of
hydroxychloroquine (alone or in combination with
azithromycin), the concerns regarding DI-TdP and DI-SCD un-
derscore the need for meticulous surveillance and optimization
of these risk factors [53, 57]. To that end, several risk scores,
such as the Tisdale score and the pro-QT score, are utilized for
the prediction of drug-associated QTc prolongation [55, 56].

The significance of the detection of these risk factors before
treatment initiation necessitates baseline and periodic 12-lead
ECGs. Also of considerable importance is the baseline and
periodic monitoring of the hepatic/renal function, serum po-
tassium, and serum magnesium. All other unnecessary QTc-
prolonging medications should be discontinued or switched to
alternatives with less QTc liability [52, 53, 57].

A recent study posited that a baseline QTc of greater than
500 ms (or > 530–550 ms if QRS > 120 ms) or a minimum
Tisdale risk score of 11 with failure to monitor serial ECGs for
inpatients should be regarded as a contraindication to the use of
hydroxychloroquine. Moreover, a baseline QTc of greater than
480 ms (or > 510–530 ms if QRS > 120 ms) or a minimum
Tisdale risk score of 11 for outpatients is an absolute or relative
contraindication for the combined use of hydroxychloroquine

and azithromycin. If the decision has beenmade to treat a patient
with a minimum baseline QTc of 500 ms with these QTc-
prolonging medications, it may be reasonable to start with
hydroxychloroquine monotherapy [53, 57]. The discontinuation
of azithromycin and/or reduction of the dose of
hydroxychloroquine should be considered for patients with an
increase in QTc of greater than 30 to 60 ms after treatment
initiation. ECG monitoring should be conducted 2 to 4 h after
the first dose and 48 and 96 h thereafter for patients with a
baseline QTc of greater than 500ms. For patients with a baseline
QTc of less than 500 ms, there is no need to acquire ECG after
the first dose. Daily ECGs should be considered for all inpatients
receiving QTc-prolonging agents [53, 57, 59, 60]. However, the
measurement of QTc alone cannot prevent chloroquine- and
hydroxychloroquine-induced arrhythmias, since these agents
may affect conduction velocity and calcium hemostasis. These
changes cannot be assessed by QTc assessment [61].

Another alteration in the ECG of patients with COVID-19
is Brugada-like ECG morphology [62]. It is necessary to dif-
ferentiate between Brugada syndrome and Brugada-like ECG
morphology. Since fever in patients with Brugada syndrome
is associated with life-threatening arrhythmic events, these
patients should take precautionary measures (e.g., social dis-
tancing) and use aggressive antipyretic therapy to alleviate
their fever. ECG monitoring should be considered for those
who do not respond to antipyretics with body temperatures
exceeding 38.5 °C [19, 60].

Drug interactions between antiarrhythmic medications and
antiviral agents (e.g., hydroxychloroquine and lopinavir/rito-
navir) are another cause for concern. Antiarrhythmic agents
can increase the risk of QT prolongation and TdP with the
concomitant use of chloroquine/hydroxychloroquine, hence
the importance of ECG monitoring before the initiation and
maintenance of serum magnesium above 2 mg/dL and serum
potassium above 4.5 mg/dL [19, 48, 52, 53].

Another source of concern is the interaction between anti-
arrhythmics and protease inhibitors. Protease inhibitors can
augment the effects of amiodarone, lidocaine, and quinidine.
In patients for whom the administration of the mentioned an-
tiarrhythmics is necessary, caution should be exercised
through ECG monitoring and dose reduction. Additionally,
if these antiarrhythmics are in concomitant use with amioda-
rone, blood pressure and liver/thyroid function should be
monitored periodically, and alternative agents should be con-
sidered. The coadministration of protease inhibitors and class
1C antiarrhythmics, flecainide, and propafenone is not recom-
mended [52].

Venous Thromboembolism (VTE)

Coagulopathy has been reported as a predictor of poor prog-
nosis in patients with COVID-19 [3]. Primary reports on
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COVID-19 comparing patients who did not survive and those
who survived showed that the former group had significantly
higher levels of D-dimer and other fibrin degradation prod-
ucts, as well as longer prothrombin and activated partial
thromboplastin times (aPTT) [63]. Nonetheless, based on re-
cent publications, coagulopathy in patients with COVID-19
manifests as elevated fibrinogen and D-dimer levels, with
minimal alterations in the prothrombin time, aPTT, and plate-
let count in the early stages of the disease [64]. Tang et al.
showed that disseminated intravascular coagulation (DIC) oc-
curred in 71.4% of the non-survivors versus 0.6% of the sur-
vivors during hospitalization in their study [63]. In contrast, in
a report by Klok et al., none of the patients in the intensive
care unit (ICU) whose cases were complicated by thrombotic
events developed DIC [65]. Interestingly, Zhang et al. de-
scribed three patients with COVID-19 who had overt coagu-
lopathy with positive antiphospholipid antibody tests [66].
Bowles et al., in their case series of 34 patients with
COVID-19 and a prolonged aPTT, found positive lupus anti-
coagulant assays in 31 (91%) patients [67]. Thus, it is still
unclear whether the observed coagulopathy is only a marker
of the severity of the disease (as observed in septic shock) or
whether the virus has a direct impact on the coagulation cas-
cade [63, 68]. Several investigations have tried to implicate
coagulopathy indices in the survival prediction of patients
with COVID-19 and posited the D-dimer level, the prothrom-
bin time [3, 63], and thrombocytopenia [69] as potential prog-
nostic factors. The suggested potential D-dimer cutoff points
for predicting the severity of the disease are 0.5 [3], 2.4 [16],
and 3 mg/L [63]. There is consensus regarding the role of D-
dimer in patients with COVID-19, yet a single study reported
that D-dimer was not a determinant in the clinical risk model
for predicting the occurrence of critical illness [70]. The sa-
lient point is that D-dimer is generally accepted as an impor-
tant factor in patients with COVID-19 [23]. Conversely,
bleeding complications appear to be rare in this group of pa-
tients [71].

The coagulopathy described in COVID-19, in conjunction
with a severe inflammatory response and hypoxia, may in-
crease the risk of thrombotic events in patients with this infec-
tion [23]. A few reports have elaborated on the prevalence of
different thrombotic complications in patients with COVID-
19. In a study conducted in three hospitals in the Netherlands,
Klok et al. observed a 31% incidence rate of thrombotic com-
plications, the majority of which were VTE (27% of the pa-
tients), compared with arterial thrombotic events (3.7% of the
patients) [65]. Similarly, a high incidence of pulmonary em-
boli was observed by Poissy et al., who reported a rate of
20.6% of VTE in infected patients; in addition, the rate was
twice that during the same time interval in the previous year
[72]. It should be noted that the diagnosis of VTE might be
very challenging in patients hospitalized for COVID-19.
Apart from the fact that D-dimer is deemed inapplicable, the

transfer of critically ill patients to imaging wards and then
positioning them properly is by no means straightforward; as
a result, the diagnostic process of considerable numbers of
patients remains incomplete. Although not definitive, diag-
nostic measures such as right ventricular enlargement/
dysfunction on echocardiography or deep VTE in the lower
limbs on ultrasound might be helpful toward the diagnosis of
VTE. Controversy persists concerning the treatment of pa-
tients without a definite diagnosis, with various experts having
suggested intermediate- to full-dose anticoagulation [23]. In
patients with suspected pulmonary embolism at low bleeding
risk, full-dose anticoagulation might be acceptable [73],
whereas in patients with suspected pulmonary embolism at
high bleeding risk, intermediate-dose anticoagulation could
be considered [64, 73]. A half-therapeutic-dose regimen has
been adopted as intermediate-dose anticoagulation in many
centers [64]. Several trials are ongoing on the true value of
each of these proposed regimens [74].

The symptom overlap between pulmonary emboli and
acute respiratory disease in COVID-19 [75] and the aforemen-
tioned challenges in the diagnosis and treatment of pulmonary
emboli in the pandemic call for an appropriate prophylaxis
strategy. Tang et al. investigated the validity of the sepsis-
induced coagulopathy score and the D-dimer level in the risk
stratification of patients with COVID-19 with regard to VTE
prophylaxis [24]. In their retrospective analysis on 449 pa-
tients hospitalized for severe COVID-19, there was no 28-
day mortality benefit among heparin (LMWH or UFH) users.
However, in patients with a minimum sepsis-induced coagu-
lopathy score of 4 or a D-dimer level greater than 3.0 μg/mL,
heparin prophylaxis significantly improved the 28-day mor-
tality. Hence, Tang and colleagues recommended prophylaxis
implementation based on risk stratification [24]. Other risk
stratification tools (e.g., Caprini and IMPROVE) have also
been suggested by some experts [23]. The International
Society on Thrombosis and Haemostasis (ISTH) has offered
a liberal recommendation, suggesting the administration of
LMWH in all patients hospitalized for COVID-19 (including
those who are not critically ill) who do not have contraindica-
tions (platelet count ≤25 × 109/L or active bleeding) [71].
While there is currently a dearth of data suggesting this routine
VTE prophylaxis, a case series by Klok et al. confirmed the
high incidence of VTE (27%) in patients hospitalized for
COVID-19, which may be regarded as justification for the
liberal approach. Some investigators have suggested a
higher-than-routine i.e., “escalated” dose of VTE prophylaxis
in patients in the ICU and especially patients with ARDS [64].
Successful experiences have been previously published [76]
regarding the mentioned approach in patients with H1N1
complicated by ARDS. Accordingly, a meta-analysis of 9
trials showed that a minimum of 5000 U/d of LMWH
succeeded in significantly decreasing the 28-day mortality
among patients with ARDS (RR: 0.63, 95% CI: 0.41 to
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0.96) [77]. An elevated level of D-dimer has been proposed as
a marker for the benefit of an escalating regimen [64].
Additionally, mechanical prophylaxis has been suggested for
patients with contraindications for pharmacological prophy-
laxis [23].

Notably, the importance of VTE prophylaxis has
been recognized since the early days of the current pan-
demic. Wang et al., in their short report on 1026 pa-
tients hospitalized for COVID-19, showed that more
than 40% of their patients obtained a minimum Padua
Prediction Score of 4 (i.e., high risk for VTE) and only
7% received appropriate treatment [78].

For patients on chronic treatment with anticoagulants, a
switch to parenteral agents is recommended upon admission
[23]. From the drug-interaction point of view, it is worth men-
tioning that warfarin can be used with COVID-19medications
with careful monitoring of the international normalized ratio
(INR). According to the European Society of Cardiology
(ESC) 2020 guideline, rivaroxaban and apixaban have fewer
interactions with chloroquine/hydroxychloroquine than with
dabigatran and edoxaban [19]. Still, with lopinavir/ritonavir,
the use of rivaroxaban is contraindicated due to the increased
risk of bleeding. Furthermore, edoxaban is not recommended
because of the lack of evidence, the dose of apixaban should
be halved, and dabigatran can be administered at a full dose
with a 2-h gap of lopinavir/ritonavir [19, 25, 79].

Conclusions

It is vital to remember that cardiovascular complications re-
main the leading cause of death in the pandemic era. Indeed,
cardiovascular complications are a common finding in
COVID-19, and patients with underlying CVD are more sus-
ceptible to the infection. Pharmacotherapy, an integral com-
ponent of patient care, should be adjusted in patients with
active coronavirus infection based on their comorbidities,
which may affect the drug choice and dosage. Drug interac-
tions between cardiovascular medications and such antiviral
agents as hydroxychloroquine and lopinavir/ritonavir consti-
tute another issue deserving of special note. We herein sought
to suggest appropriate therapies for the common cardiovascu-
lar problems of COVID-19, namely ACS, heart failure, myo-
carditis, arrhythmias, and VTE, based on the current literature.
There is clearly a paucity of information on each of these
complications at present, and further studies are needed to
elucidate the best pharmacotherapy regimen in patients suffer-
ing from COVID-19.
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