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Abstract

risk of causing long gt forms.

Therapeutic treatment of severe COVID-19 infection involves the administration of multiple pharmacologic agents

to reduce the risk of serious complications; this may result in drug interactions and possible adverse reactions and
induced cardiotoxicity. The risk-benefit ratio associated with the use of medications to treat COVID-19 should be care-
fully monitored. In addition, the severe COVID-19 patient may experience cardiac damage, and alteration of normal
cardiac electrophysiology function. Severe COVID-19 with cardiac involvement and the risk of drug-induced adverse
reactions may cause cardiac arrhythmias, including long gt syndrome, which in some cases may lead to sudden
death. In this short review we briefly review the pharmacological agents used to treat severe COVID-19 with increased
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Background

Clinical aspects COVID-19

The COVID-19 viral epidemic that began in China in
November 2019 has rapidly spread worldwide, trans-
forming into a global pandemic in March 2020 [1]. To
date, there are no direct antivirals against SARS-CoV-2
and therapeutic treatments are on an empirical basis,
pharmacological agents such as antivirals, immunomod-
ulators, anti-inflammatory agents, anticoagulants are
used to prevent the most severe complications of infec-
tion [2-4]. SARS-CoV-2 penetrates cells via S protein
through the angiotensin-converting enzyme-2 (ACE-2)
receptor expressed on the cell surface, which is widely
present in respiratory mucosal epithelial cells at the myo-
cardial level [5] 6. In the most severe stages of infection,
an irregular inflammatory cell infiltration composed of
monocytes, macrophages, and lymphocytes infiltrate
lung tissue inducing tissue damage [7]. In severe cases,
the generalized inflammatory state is responsible for
extrapulmonary injury, affecting other organs such as the
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heart or liver [8, 9]. Casual cardiac damage from COVID-
19 includes pericarditis, acute coronary syndrome, elec-
trophysiological disturbances, and the appearance of
arrhythmias. A recent study [10] showed that 77% of
deceased patients developed acute myocardial damage
[11]. The molecular and pathophysiological basis sug-
gests that the cause is attributable to the phenomenon
of "cytokine storm" [12, 13] occurring in the most severe
stages of COVID-19 infection, which may be the cause of
myocarditis leading to acute heart failure and dysfunc-
tion of normal cardiac electrophysiology.

COVID-19 and arrhythmias

Individuals with advanced age and cardiovascular disease
are at increased risk for severe COVID-19 forms [14—-16].
As described above, ACE-2 is the cellular entry receptor
for SARS-CoV-2. ACE-2, in addition to the respiratory
tract, is expressed in the cardiovascular system includ-
ing the heart [17, 18]. The mechanisms of cardiac dam-
age from COVID-19 are diverse, direct damage caused
by the virus, and indirect damage caused by dysregula-
tion of the ACE-2 signaling pathway [19] (studies show
that ACE-2 levels decrease in severe stages of infection)
and cytokine storm and subsequent induced myocarditis
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[20, 21]. Cardiovascular complications include malignant
arrhythmias [22, 23]. Precautions and preventive meas-
ures are recommended, including electrocardiographic
monitoring (ECG). Potential mechanisms that could
lead to arrhythmogenesis among COVID-19 patients
include hypoxia caused by direct involvement of viral
tissue in the lungs, myocarditis, abnormal host immune
response, myocardial ischemia, myocardial strain, elec-
trolyte imbalances, intravascular volume imbalances, and
drug side effects. In a study of 138 patients hospitalized
with COVID-19, arrhythmia was detected in 17% of total
patients and in 16 of 36 patients admitted to the ICU
[24]. Therefore, a proarrhythmogenic effect of COVID-19
could potentially be related to disease outcome. Another
study evaluated the risk of cardiac arrest and arrhythmias
including atrial fibrillation (AF), bradyarrhythmias, and
nonsustained ventricular tachycardia (NSVTs) in patients
hospitalized for COVID-19. Among 700 patients, 9 car-
diac arrests, 25 incident AF events, 9 bradyarrhythmias,
and 10 NSVTs were identified. In addition, admission to
the intensive care unit was associated with incident AF
[25]. Another retrospective cohort study involved 1284
patients with severe COVID-19. In 44 of the 170 patients
with cardiac injury (25.9%), ventricular tachycardia or
fibrillation was detected [26]. Another study involved
a total of 1197 health care providers surveyed. 5.6% of
respondents identified presence of ventricular tachycar-
dia/fibrillation in hospitalized COVID-19 patients. Ami-
odarone was the most commonly used antiarrhythmic
drug for the management of ventricular arrhythmias [27].
Another epidemiological study showed that hospitalized
patients who die from COVID-19 experience malignant
cardiac arrhythmias more often than those who sur-
vive to discharge [28]. Cardiac arrests and arrhythmias
are probably the consequence of systemic disease and
adverse reactions to some drug treatments used and not
only the direct effects of COVID-19 infection.

Drugs used in covid-19 and risk of arrhythmias

The severe COVID-19 patient is treated with differ-
ent pharmacological agents aimed at reducing the viral
load, and the generalized inflammatory state [29], reduc-
ing the risk of thrombosis and avoiding serious injuries
to vital organs such as lungs and heart [30—32]. Several
pharmacological classes are used, off label antivirals,
immunomodulators/anti-inflammatory agents, antico-
agulants [32—34]. For these pharmacological treatments,
the available evidence has shown results that are not
always homogeneous and linear [35]. Recently, a massive
vaccination campaign has started worldwide represent-
ing the most powerful weapon to stop the COVID-19
pandemic [36]. Some pharmacological agents used in
COVID-19 patients may represent an additional risk
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of cardiotoxicity and induced cardiac electrophysiol-
ogy dysfunction. In addition to this, some patients may
be genetically predisposed to an increased risk of car-
diac arrhythmias, such as long QT syndrome (LQTS) or
Brugada syndrome (BrS). Hereditary factors, in addition
to drug treatment, and severe COVID-19 infection, can
represent a dangerous mix of proarrhythmogenic effects.
To minimize the risk of cardiac arrhythmias in the severe
COVID-19 patient, it is imperative to carefully monitor
for potential Adverse Drug Reactions (ADRs) caused by
drug-drug interactions, monitor the QT interval dur-
ing drug therapy. Some evidence indicates that chloro-
quine/hydroxychloroquine might be useful in combating
COVID-19 because of their antiviral potential [37], inter-
fering with ACE-2 glycosylation and indirectly prevent-
ing endocellular penetration of SARS-CoV-2 [38, 39]. In
some cases, the use of chloroquine has been associated
with effects of QT prolongation and malignant arrhyth-
mias. Indeed, chloroquine interacts with multiple car-
diac ion channels, including the potassium channel of the
human hERG gene; a reduction in the potassium current
of the hERG channel is the main cause of drug-induced
long QT syndrome. However, data on the increased risk
of fatal arrhythmias in COVID-19 patients are conflict-
ing. One study shows [40] that there was a small numeri-
cal excess of cardiac deaths (0.4%) but no difference in
the incidence of new major cardiac arrhythmias among
COVID-19 patients who received hydroxychloroquine
compared with those who did not. Recent experimen-
tal data from a study recent have suggested that the QT
prolongation effect of Clotokine in COVID-19 patients
may be dose-dependent. Among 81 COVID-19 patients,
41 received high dose (i.e., 600 mg QC bid for 10 days)
and 40 received low dose (450 mg bid on day 1 and qd
for 4 days). The high-dose group presented more cases of
QTc interval >500 ms (18.9%) than the low-dose group
(11.1%) [41]. Some in vitro evidence has shown that
azithromycin possesses some antiviral activity and that it
inhibits SARS-CoV-2 replication [42]. In addition to their
in vitro antibacterial and antiviral activities, macrolides
such as azithromycin are known to have immunomodu-
latory activity, reducing the production of pro-inflamma-
tory cytokines and inhibiting neutrophil activation [43,
44]. However, epidemiologic data on the anti COVID-
19 efficacy of azithromycin are counterintuitive. A large
study of hospitalized COVID-119 patients showed that
azithromycin did not improve survival or other pre-
specified clinical outcomes. The use of azithromycin in
patients hospitalized with COVID-19 should be limited
to patients in whom there is a clear antimicrobial indica-
tion [45]. Azithromycin may cause modest prolongation
of the QT interval through increased cardiac Na+ cur-
rent and produce calcium overload in cardiocytes.
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Azithromycin can also cause ventricular tachycardia in
the absence of QT prolongation [46]. However, epidemi-
ologic data are unclear whether azithromycin as mono-
therapy used in COVID-19 patients increases the risk of
malignant arrhythmias [47]. An antiviral directed against
SARS-CoV-2 is not currently available; however, off-label
antivirals licensed for other indications such as Remde-
sivir, lopinavir/Ritonavir have been used in this period.
In vitro results demonstrate that even these antivirals
show a risk of altering cardiac electrophysiology in a
dose-dependent manner, and causing malignant arrhyth-
mias [48]. The most severe stages of COVID-19 infection
are characterized by a generalized hyperinflammatory
state causing organ injury. In these stages the use of anti-
inflammatory/immunomodulatory agents demonstrated
some therapeutic efficacy. These agents include Tocili-
zumab, dexamethasone, colchicine, baricitinib [49-52].
Experimental data indicate a change in the duration of
the Qtc interval following treatment with these pharma-
cological agents. Specifically evidence demonstrates that
treatment with Tocilizumab, decreases the QTc interval
[53]. In addition, a study serum kinase and glucocorticoid
induction has been shown to increase human ether-a-
gogo-related gene (hERG) protein expression levels and
could mitigate QT prolongation [55, 56].

Risk of arrhythmias induced by drug-drug

and drug-pathology interactions

The therapeutic treatment of COVID-19 infection is
complex, involving the administration of multiple phar-
macological agents. Polypharmacy may increase the risk
of drug-drug interaction, In addition, a possible drug-
pathology interaction should also be considered. Chlo-
roquine and hydroxychloroquine are metabolized by
CYP3A4. Antiviral drugs used in COVID-19 infection,
such as Remdesivir, Lopinavir/Ritonavir are potent enzy-
matic inhibitors of CYP3A4. The combination of chlo-
roquine and antivirals may be associated with decreased
chloroquine metabolization, increased plasma levels, and
increased risk of QT prolongation [57, 58]. Therefore the
QT interval should always be monitored, and if necessary
administered a few hours apart. In addition, as described
above, Remdesivir, lopinavir/ritonavir can also cause
long QT, and in therapeutic combination with chloro-
quine/hydroxychloroquine increase the risk of malignant
arrhythmias [58]. In addition, hydroxychloroquine/chlo-
roquine is metabolized hepatically and excreted renally.
In severe COVID-19 forms there may be hepatic and
renal involvement with decreased function, in which case
a dosage modification should be considered, to avoid
elevated plasma concentrations of the drug and increased
risk of QT long [59]. The use of azithromycin in com-
bination with other drugs with risk of QT prolongation
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should be carefully monitored. In addition, dosage modi-
fication should also be considered for azithromycin in
cases of decreased hepatic and renal function. The risk of
drug-induced arrhythmias is much higher in critically ill
COVID-19 patients. In addition, silent genetic long QT
variants, found in approximately 4% of people, may make
a person more vulnerable to malignant and fatal arrhyth-
mias. Therefore, a large number of healthy individuals
will be at an increased risk for drug-induced arrhythmias.
Finally, other risk factors that may cause arrhythmias in
the COVID-19 patient should be considered, for exam-
ple, hypokalemia, profound hypoxemia, and cytokine
storm [60]. Finally, little cardiac-safety data are available
for the new monoclonal antibodies against COVID-19.

Conclusions

Therapeutic treatment of COVID-19 infection may
involve the administration of multiple pharmacologic
agents, including chloroquine, hydroxychloroquine,
antiviral drugs, macrolides, and monoclonal antibodies.
Based on the available data, drugs such as chloroquine/
hydroxychloroquine, remdesivir, and azithromycin may
cause QT prolongation and cases of malignant arrhyth-
mias. In addition, COVID-19 disease, particularly if there
is cardiac involvement, and underlying pathologies may
increase the risk of arrhythmias. Careful monitoring of
drug therapies should always be performed, and clear
administration protocols should be in place in every hos-
pital and clinic using these drugs to treat COVID-19.

Abbreviations

ACE-2: Angiotensin-converting enzyme-2; NSVTs: Nonsustained ventricular
tachycardia; AF: Atrial fibrillation; ECG: Electrocardiographic monitoring; LQTS:
Long QT syndrome; BrS: Brugada syndrome; ADRs: Adverse Drug Reactions;
hERG: Human ether-a-gogo-related gene.

Acknowledgements

We would like to thank the corporate health management and the phar-
maceutical department for authorising access and use of company data for
scientific purposes.

Authors’ contributions

FF: Conceptualization, Writing—original draft, Methodology. AV: Writing—
original draft, Methodology, Writing—original draft. All authors read and
approved the final manuscript.

Funding
None.

Availability of data and materials
Full availability of data and materials.

Declarations

Ethical approval and consent to participate
Not applicable.

Consent to publication
Not applicable.



Vitiello and Ferrara The Egyptian Heart Journal

(2021) 73:103

Competing interests
None of the authors have conflicts of interest to disclose.

Author details

'Pharmaceutical Department, Usl Umbria 1, Via XIV Settembre 06132, Perugia,
Italy. 2Pharmaceutical Department, Asl Napoli 3 Sud, Dell'amicizia street 22,
80035 Nola, Naples, Italy.

Received: 20 September 2021 Accepted: 5 November 2021
Published online: 18 November 2021

References

1.

McMichael TM, Currie DW, Clark S, Pogosjans S, Kay M, Schwartz NG

et al (2020) Epidemiology of Covid-19 in a long-term care facility in King
County, Washington. N Engl J Med 382(21):2005-2011. https://doi.org/10.
1056/NEJM0a2005412

Ferrara F, Porta R, D'Aiuto V, Vitiello A (2020) Remdesivir and COVID-19. Ir J
Med Sci 17:1-2. https://doi.org/10.1007/511845-020-02401-5

Vitiello A, Ferrara F (2020) Remdesivir versus ritonavir/lopinavir in
COVID-19 patients. Iran J Med Sci 18:1-2. https://doi.org/10.1007/
511845-020-02440-y

Vitiello A, LaPorta R, D'Aiuto V, Ferrara F (2021) Pharmacological approach
for the reduction of inflammatory and prothrombotic hyperactive state
in COVID-19 positive patients by acting on complement cascade. Hum
Immunol 25:96. https://doi.org/10.1016/j.humimm.2021.01.007

Walls AC, Park Y-J, Tortorici MA, Wall A, McGuire AT, Veesler D (2020) Struc-
ture, function, and antigenicity of the SARS-CoV-2 spike glycoprotein. Cell
181(2):281-292.e6. https://doi.org/10.1016/j.cell.2020.02.058

Tian S, Xiong Y, Liu H, Niu LI, Guo J, Liao M et al (2020) Pathological study
of the 2019 novel coronavirus disease (COVID-19) through postmortem
core biopsies. Mod Pathol 33(6):1007-1014. https://doi.org/10.1038/
$41379-020-0536-x

Barton LM, Duval EJ, Stroberg E, Ghosh S, Mukhopadhyay S (2020) COVID-
19 autopsies, Oklahoma, USA. Am J Clin Pathol 153(6):725-33. 10.1093/
ajcp/agaal62. Erratum in: Am J Clin Pathol 153(6):852 (2020)

Shi'S, Qin M, Shen B, CaiY, Liu T, Yang F et al (2020) Association of cardiac
injury with mortality in hospitalized patients with COVID-19 in Wuhan,
China. JAMA Cardiol 5(7):802. https://doi.org/10.1001/jamacardio.2020.
0950

GuoT, FanY, Chen M, Wu X, Zhang L, He T et al (2020) Cardiovascular
implications of fatal outcomes of patients with coronavirus disease 2019
(COVID-19). JAMA Cardiol 5(7):811. https://doi.org/10.1001/jamacardio.
2020.1017

Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q et al (2020) Prevalence of
comorbidities and its effects in patients infected with SARS-CoV-2: a
systematic review and meta-analysis. Int J Infect Dis 94:91-95. https://doi.
0rg/10.1016/}ijid.2020.03.017

Shi'S, Qin M, Shen B, Cai Y, Liu T, Yang F et al (2020) Association of cardiac
injury with mortality in hospitalized patients with COVID-19 in Wuhanm,
China. JAMA Cardiol 5(7):802-810. https://doi.org/10.1001/jamacardio.
2020.0950

Vitiello A, Ferrara F, Pelliccia C, Granata G, La Porta R (2020) Cytokine storm
and colchicine potential role in fighting SARS-CoV-2 pneumonia. Ital J
Med 14(2):88-94

Ferrara F, Granata G, Pelliccia C, La Porta R, Vitiello A (2020) The added
value of pirfenidone to fight inflammation and fibrotic state induced by
SARS-CoV-2: anti-inflammatory and anti-fibrotic therapy could solve the
lung complications of the infection? Eur J Clin Pharmacol 76(11):1615-
1618. https://doi.org/10.1007/500228-020-02947-4

Manolis AS, Manolis TA (2020) Cardiovascular complications of the coro-
navirus (COVID-19) infection. Rhythmos 15:23-28

Parohan M, Yaghoubi S, Seraji A (2020) Cardiac injury is associated with
severe outcome and death in patients with Coronavirus disease 2019
(COVID-19) infection: a systematic review and meta-analysis of observa-
tional studies. Eur Heart J Acute Cardiovasc Care 21:2048872620937165.
https://doi.org/10.1177/2048872620937165

Lala A, Johnson KW, Januzzi JL, Russak AJ, Paranjpe |, Richter F et al (2020)
Prevalence and impact of myocardial injury in patients hospitalized with

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Page 4 of 5

COVID-19 infection. J Am Coll Cardiol 76(5):533-546. https://doi.org/10.
1016/jjacc202006007

. Ferrara F, Vitiello A (2020) Potential pharmacological approach in the

regulation of ACE-2 and DPP-IV in diabetic COVID-19 patient. Ital J Med
AOP. https://doi.org/10.4081/itjm.2020.1435

. Vitiello A, Ferrara F (2021) Therapeutic Strategies for SARS-CoV-2 acting

on ACE-2. Eur J Pharm Sci 1(156):105579. https://doi.org/10.1016/j.ejps.
2020.105579

. Lazaridis C, Vlachogiannis NI, Bakogiannis C, Spyridopoulos |, Stamatelo-

poulos K, Kanakakis | et al (2020) Involvement of cardiovascular system as
the critical point in coronavirus disease 2019 (COVID-19) prognosis and
recovery. Hellenic J Cardiol

Vitiello A, Ferrara F (2020) Pharmacological agents to therapeutic treat-
ment of cardiac injury caused by Covid-19. Life Sci 1(262):118510. https://
doi.org/10.1016/}.1fs.2020.118510

Vitiello A, Ferrara F (2021) Colchicine and SARS-CoV-2: management of
the hyperinflammatory state. Respir Med 178:106322. https://doi.org/10.
1016/j.rmed.2021.106322

Sala 'S, Peretto G, De Luca G, Farina N, Campochiaro C, Tresoldi M et al
(2020) Low prevalence of arrhythmias in clinically stable COVID-19
patients. Pacing Clin Electrophysiol. https://doi.org/10.1111/pace.13987
Dherange P, Lang J, Qian P, Oberfeld B, Sauer WH, Koplan B, Tedrow U
(2020) Arrhythmias and COVID-19: a review. JACC Clin Electrophysiol
6(9):1193-1204. https//doi.org/10.1016/}jacep.2020.08.002

GuoT, FanY, Chen M, Wu X, Zhang L, He T et al (2020) Cardiovascular
Implications of fatal outcomes of patients with coronavirus disease 2019
(COVID-19). JAMA Cardiol 5(7):1-8. https://doi.org/10.1001/jamacardio.
2020.1017

Bhatla A, Mayer MM, Adusumalli S, Hyman MC, Oh E, Tierney A, Moss

J, Chahal AA, Anesi G, Denduluri S, Domenico CM, Arkles J, Abella

BS, Bullinga JR, Callans DJ, Dixit S, Epstein AE, Frankel DS, Garcia FC,
Kumareswaram R, Nazarian S, Riley MP, Santangeli P, Schaller RD, Supple
GE, Lin D, Marchlinski F, Deo R (2020) COVID-19 and cardiac arrhythmias.
Heart Rhythm 17(9):1439-1444. https://doi.org/10.1016/j.hrthm.2020.06.
016

Si D, Du B, NiL, Yang B, Sun H, Jiang N, Liu G, Massé S, Jin L, Nanthaku-
mar J, Bhaskaran A, Yang P, Nanthakumar K (2020) Death, discharge and
arrhythmias among patients with COVID-19 and cardiac injury. CMAJ
192(28):E791-E798. https://doi.org/10.1503/cmaj.200879
Gopinathannair R, Merchant FM, Lakkireddy DR, Etheridge SP, Feigofsky S,
Han JK, Kabra R, Natale A, Poe S, Saha SA, Russo AM (2020) COVID-19 and
cardiac arrhythmias: a global perspective on arrhythmia characteristics
and management strategies. J Interv Card Electrophysiol 59(2):329-336.
https://doi.org/10.1007/510840-020-00789-9

Turagam MK, Musikantow D, Goldman ME, Bassily-Marcus A, Chu E, Shiva-
murthy P, Lampert J, Kawamura |, Bokhari M, Whang W, Bier BA, Malick

W, Hashemi H, Miller MA, Choudry S, Pumill C, Ruiz-Maya T, Hadley M,
Giustino G, Koruth JS, Langan N, Sofi A, Dukkipati SR, Halperin JL, Fuster
V, Kohli-Seth R, Reddy VY (2020) Malignant arrhythmias in patients with
COVID-19: incidence, mechanisms, and outcomes. Circ Arrhythm Electro-
physiol 13(11):2008920. https://doi.org/10.1161/CIRCEP.120.008920
Ferrara F, Vitiello A (2021) Efficacy of synthetic glucocorticoids in COVID-
19 endothelites. Naunyn-Schmiedeberg’s Arch Pharmacol. https://doi.
0rg/10.1007/500210-021-02049-7

Vitiello A, La Porta R, Ferrara F (2021) Scientific hypothesis and rational
pharmacological for the use of sacubitril/valsartan in cardiac damage
caused by COVID-19. Med Hypotheses. https://doi.org/10.1016/j.mehy.
2021.110486

Vitiello A, La Porta R, Ferrara F (2020) Sacubitril, valsartan and SARS-CoV-2.
BMJ Evid Based Med. https://doi.org/10.1136/bmjebm-2020-111497
Vitiello A, La Porta R, D'Aiuto V et al (2021) The risks of liver injury in
COVID-19 patients and pharmacological management to reduce or pre-
vent the damage induced. Egypt Liver J 11:11. https://doi.org/10.1186/
$43066-021-00082-y

Ferrara F, Vitiello A (2021) Scientific hypothesis for treatment of COV-
ID-19's lung lesions by adjusting ACE/ACE2 imbalance. Cardiovasc Toxicol
9:1-6. https://doi.org/10.1007/512012-021-09649-y

Vitiello A, Ferrara F (2021) Pharmacological agents modifying the renin
angiotensin and natriuretic peptide systems in COVID-19 patients. Wien
Klin Wochenschr. https://doi.org/10.1007/500508-021-01855-6


https://doi.org/10.1056/NEJMoa2005412
https://doi.org/10.1056/NEJMoa2005412
https://doi.org/10.1007/s11845-020-02401-5
https://doi.org/10.1007/s11845-020-02440-y
https://doi.org/10.1007/s11845-020-02440-y
https://doi.org/10.1016/j.humimm.2021.01.007
https://doi.org/10.1016/j.cell.2020.02.058
https://doi.org/10.1038/s41379-020-0536-x
https://doi.org/10.1038/s41379-020-0536-x
https://doi.org/10.1001/jamacardio.2020.0950
https://doi.org/10.1001/jamacardio.2020.0950
https://doi.org/10.1001/jamacardio.2020.1017
https://doi.org/10.1001/jamacardio.2020.1017
https://doi.org/10.1016/j.ijid.2020.03.017
https://doi.org/10.1016/j.ijid.2020.03.017
https://doi.org/10.1001/jamacardio.2020.0950
https://doi.org/10.1001/jamacardio.2020.0950
https://doi.org/10.1007/s00228-020-02947-4
https://doi.org/10.1177/2048872620937165
https://doi.org/10.1016/jjacc202006007
https://doi.org/10.1016/jjacc202006007
https://doi.org/10.4081/itjm.2020.1435
https://doi.org/10.1016/j.ejps.2020.105579
https://doi.org/10.1016/j.ejps.2020.105579
https://doi.org/10.1016/j.lfs.2020.118510
https://doi.org/10.1016/j.lfs.2020.118510
https://doi.org/10.1016/j.rmed.2021.106322
https://doi.org/10.1016/j.rmed.2021.106322
https://doi.org/10.1111/pace.13987
https://doi.org/10.1016/j.jacep.2020.08.002
https://doi.org/10.1001/jamacardio.2020.1017
https://doi.org/10.1001/jamacardio.2020.1017
https://doi.org/10.1016/j.hrthm.2020.06.016
https://doi.org/10.1016/j.hrthm.2020.06.016
https://doi.org/10.1503/cmaj.200879
https://doi.org/10.1007/s10840-020-00789-9
https://doi.org/10.1161/CIRCEP.120.008920
https://doi.org/10.1007/s00210-021-02049-7
https://doi.org/10.1007/s00210-021-02049-7
https://doi.org/10.1016/j.mehy.2021.110486
https://doi.org/10.1016/j.mehy.2021.110486
https://doi.org/10.1136/bmjebm-2020-111497
https://doi.org/10.1186/s43066-021-00082-y
https://doi.org/10.1186/s43066-021-00082-y
https://doi.org/10.1007/s12012-021-09649-y
https://doi.org/10.1007/s00508-021-01855-6

Vitiello and Ferrara The Egyptian Heart Journal

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

(2021) 73:103

Vitiello A, Ferrara F, La Porta R (1971) Remdesivir and COVID-19 infection,
therapeutic benefits or unnecessary risks? Irish J Med Sci. https://doi.org/
10.1007/511845-020-02482-2

Vitiello A, Porta R, Pianesi L, Ferrara F (2021) COVID-19 pandemic: vaccine
and new monoclonal antibodies, point of view. Ir J Med Sci. https://doi.
0rg/10.1007/511845-021-02584-5

Ibéfez S, Martinez O, Valenzuela F, Silva F, Valenzuela O (2020) Hydroxy-
chloroquine and chloroquine in COVID-19: should they be used as
standard therapy? Clin Rheumatol 39(8):2461-2465. https://doi.org/10.
1007/510067-020-05202-4

Meo SA, Klonoff DC, Akram J (2020) Efficacy of chloroguine and hydroxy-
chloroquine in the treatment of COVID-19. Eur Rev Med Pharmacol Sci
24(8):4539-4547. https://doi.org/10.26355/eurrev_202004_21038

de Barros CM, Almeida CAF, Pereira B, Costa KCM, Pinheiro FA, Maia LDB,
Trindade CM, Garcia RCT, Torres LH, Diwan S, Boralli VB (2020) COVID-19
pandemic—a narrative review of the potential roles of chloroquine and
hydroxychloroquine. Pain Phys 23(4S):5351-5366

RECOVERY Collaborative Group, Horby P, Mafham M, Linsell L, Bell JL,
Staplin N, Emberson JR, Wiselka M, Ustianowski A, ElImahi E, Prudon B,
Whitehouse T, Felton T, Williams J, Faccenda J, Underwood J, Baillie JK,
Chappell LC, Faust SN, Jaki T, Jeffery K, Lim WS, Montgomery A, Rowan K,
Tarning J, Watson JA, White NJ, Juszczak E, Haynes R, Landray MJ (2020)
Effect of hydroxychloroquine in hospitalized patients with Covid-19. N
Engl J Med 383(21):2030-2040. https://doi.org/10.1056/NEJM0a2022926
Jankelson L, Karam G, Becker ML, Chinitz LA, Tsai MC (2020) QT prolonga-
tion, torsades de pointes, and sudden death with short courses of chlo-
roquine or hydroxychloroquine as used in COVID-19: a systematic review.
Heart Rhythm. https://doi.org/10.1016/j.hrthm.2020.05.008

Oliver ME, Hinks TSC (2021) Azithromycin in viral infections. Rev Med Virol
31(2):22163. https://doi.org/10.1002/rmv.2163

Zimmermann P, Ziesenitz VC, Curtis N, Ritz N (2018) The immunomodu-
latory effects of macrolides—a systematic review of the underlying
mechanisms. Front Immunol 13(9):302. https://doi.org/10.3389/fimmu.
2018.00302

Kanoh S, Rubin BK (2010) Mechanisms of action and clinical application
of macrolides as immunomodulatory medications. Clin Microbiol Rev
23(3):590-615. https://doi.org/10.1128/CMR.00078-09

RECOVERY Collaborative Group (2021) Azithromycin in patients admitted
to hospital with COVID-19 (RECOVERY): a randomised, controlled, open-
label, platform trial. Lancet 397(10274):605-612. https://doi.org/10.1016/
S0140-6736(21)00149-5

Yang Z, Prinsen JK, Bersell KR, Shen W, Yermalitskaya L, Sidorova T, Luis
PB, Hall L, Zhang W, Du L, Milne G, Tucker P, George AL Jr, Campbell CM,
Pickett RA, Shaffer CM, Chopra N, Yang T, Knollmann BC, Roden DM, Mur-
ray KT (2017) Azithromycin causes a novel proarrhythmic syndrome. Circ
Arrhythm Electrophysiol 10(4):2003560. https://doi.org/10.1161/CIRCEP.
115.003560

Seyhan AU, Doganay F, Yilmaz E, Topal NP, Ak R (2020) Investigation of QT
prolongation with hydroxychloroquine and azithromycin for the treat-
ment of COVID-19. J Coll Phys Surg Pak 30(10):153-157. https://doi.org/
10.29271/jcpsp.2020.supp2.5153

Choi SW, Shin JS, Park SJ et al (2020) Antiviral activity and safety of
remdesivir against SARS-CoV-2 infection in human pluripotent stem
cell-derived cardiomyocytes. Antiviral Res 184:104955. https://doi.org/10.
1016/j.antiviral.2020.104955

Vitiello A, Ferrara F (2021) Anti-fibrotic therapy for the treatment of pul-
monary sequelae in patients healed by COVID-19. Lung India 38:5129-
S130. https://doi.org/10.4103/lungindia.lungindia_803_20

Salama C, Han J, Yau L, Reiss WG, Kramer B, Neidhart JD, Criner GJ,
Kaplan-Lewis E, Baden R, Pandit L, Cameron ML, Garcia-Diaz J, Chavez V,

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Page 5 of 5

Mekebeb-Reuter M, LimadeMenezes F, Shah R, Gonzélez-Lara MF, Assman
B, Freedman J, Mohan SV (2021) Tocilizumab in patients hospitalized with
Covid-19 pneumonia. N Engl J Med 384(1):20-30. https://doi.org/10.
1056/NEJM0a2030340

RECOVERY Collaborative Group, Horby P, Lim WS, Emberson JR, Matham
M, Bell JL, Linsell L, Staplin N, Brightling C, Ustianowski A, Elmahi E, Pru-
don B, Green C, Felton T, Chadwick D, Rege K, Fegan C, Chappell LC, Faust
SN, Jaki T, Jeffery K, Montgomery A, Rowan K, Juszczak E, Baillie JK, Haynes
R, Landray MJ (2021) Dexamethasone in hospitalized patients with Covid-
19. N Engl J Med 384(8):693-704. https://doi.org/10.1056/NEJM0a2021
436

Kalil AC, Patterson TF, Mehta AK, Tomashek KM, Wolfe CR, Ghazaryan V,
Marconi VC, Ruiz-Palacios GM, Hsieh L, Kline S, Tapson V, lovine NM, Jain
MK, Sweeney DA, El Sahly HM, Branche AR, Regalado Pineda J, Lye DC,
Sandkovsky U, Luetkemeyer AF, Cohen SH, Finberg RW, Jackson PEH,
Taiwo B, Paules Cl, Arguinchona H, Erdmann N, Ahuja N, Frank M, Oh

MD, Kim ES, Tan SY, Mularski RA, Nielsen H, Ponce PO, Taylor BS, Larson

L, Rouphael NG, Saklawi Y, Cantos VD, Ko ER, Engemann JJ, Amin AN,
Watanabe M, Billings J, Elie MC, Davey RT, Burgess TH, Ferreira J, Green

M, Makowski M, Cardoso A, de Bono S, Bonnett T, Proschan M, Deye

GA, Dempsey W, Nayak SU, Dodd LE, Beigel JH, ACTT-2 Study Group
Members (2021) Baricitinib plus remdesivir for hospitalized adults with
Covid-19. N Engl J Med 384(9):795-807. https://doi.org/10.1056/NEJMo
22031994

Yokoe |, Kobayashi H, Nishiwaki A et al (2016) Effect of tocilizumab
treatment on QTc interval in patients with rheumatoid arthritis without
cardiac symptoms. Ann Rheum Dis 75:505

Winterfield JR, Milan DJ (2015) Dexamethasone suppresses long QT
phenotype in patient with acute promyelocytic leukemia treated with
arsenic. HeartRhythm Case Rep 2(4):280-282. https://doi.org/10.1016/j.
hrcr2015.07.010

Okoyama T, Vaca L, Rossen RD, Durante W, Hazarika P, Mann DL (1993)
Cellular basis for the negative inotropic effects of tumor necrosis factor-
alpha in the adult mammalian heart. J Clin Investig 92:2303-2312
Lamothe SM, Zhang S (2013) The serum- and glucocorticoid-inducible
kinases SGK1 and SGK3 regulate hERG channel expression via ubiquitin
ligase Nedd4-2 and GTPase Rab11. J Biol Chem 288:15075-15084
Michaud V, Dow P, Al Rihani SB, Deodhar M, Arwood M, Cicali B, Turgeon
J(2021) Risk assessment of drug-induced long QT syndrome for some
COVID-19 repurposed drugs. Clin Transl Sci 14(1):20-28. https://doi.org/
10.1111/cts.12882

Rezaee H, Pourkarim F, Pourtaghi-Anvarian S, Entezari-Maleki T, Asvadi-
Kermani T, Nouri-Vaskeh M (2021) Drug-drug interactions with candidate
medications used for COVID-19 treatment: an overview. Pharmacol Res
Perspect 9(1):e00705. https://doi.org/10.1002/prp2.705

Sinha N, Balayla G (2020) Hydroxychloroquine and COVID-19. Post-

grad Med J 96(1139):550-555. https://doi.org/10.1136/postgradme
dj-2020-137785

Siripanthong B, Nazarian S, Muser D, Deo R, Santangeli P, Khanji MY,
Cooper LT Jr, Chahal CAA (2020) Recognizing COVID-19-related myocar-
ditis: The possible pathophysiology and proposed guideline for diagnosis
and management. Heart Rhythm 17(9):1463-1471. https://doi.org/10.
1016/j.hrthm.2020.05.001

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1007/s11845-020-02482-2
https://doi.org/10.1007/s11845-020-02482-2
https://doi.org/10.1007/s11845-021-02584-5
https://doi.org/10.1007/s11845-021-02584-5
https://doi.org/10.1007/s10067-020-05202-4
https://doi.org/10.1007/s10067-020-05202-4
https://doi.org/10.26355/eurrev_202004_21038
https://doi.org/10.1056/NEJMoa2022926
https://doi.org/10.1016/j.hrthm.2020.05.008
https://doi.org/10.1002/rmv.2163
https://doi.org/10.3389/fimmu.2018.00302
https://doi.org/10.3389/fimmu.2018.00302
https://doi.org/10.1128/CMR.00078-09
https://doi.org/10.1016/S0140-6736(21)00149-5
https://doi.org/10.1016/S0140-6736(21)00149-5
https://doi.org/10.1161/CIRCEP.115.003560
https://doi.org/10.1161/CIRCEP.115.003560
https://doi.org/10.29271/jcpsp.2020.supp2.S153
https://doi.org/10.29271/jcpsp.2020.supp2.S153
https://doi.org/10.1016/j.antiviral.2020.104955
https://doi.org/10.1016/j.antiviral.2020.104955
https://doi.org/10.4103/lungindia.lungindia_803_20
https://doi.org/10.1056/NEJMoa2030340
https://doi.org/10.1056/NEJMoa2030340
https://doi.org/10.1056/NEJMoa2021436
https://doi.org/10.1056/NEJMoa2021436
https://doi.org/10.1056/NEJMoa2031994
https://doi.org/10.1056/NEJMoa2031994
https://doi.org/10.1016/j.hrcr.2015.07.010
https://doi.org/10.1016/j.hrcr.2015.07.010
https://doi.org/10.1111/cts.12882
https://doi.org/10.1111/cts.12882
https://doi.org/10.1002/prp2.705
https://doi.org/10.1136/postgradmedj-2020-137785
https://doi.org/10.1136/postgradmedj-2020-137785
https://doi.org/10.1016/j.hrthm.2020.05.001
https://doi.org/10.1016/j.hrthm.2020.05.001

	Risk of drug-induced cardiac arrhythmia during COVID-19 therapeutic treatment
	Abstract 
	Background
	Clinical aspects COVID-19
	COVID-19 and arrhythmias

	Drugs used in covid-19 and risk of arrhythmias
	Risk of arrhythmias induced by drug-drug and drug-pathology interactions
	Conclusions
	Acknowledgements
	References


