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Abstract
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the cause of the ongoing coronavirus
disease 2019 (COVID-19) pandemic. There are many documented COVID-19-related cardiac complications,
one of the most feared is arrhythmia. Many ongoing studies are evaluating the pathophysiology of COVID-
19-induced arrhythmia. However, our knowledge about the exact mechanism of the latter is still limited. The
underlying possible mechanisms could be related to direct or indirect endomyocardial tissue damage. It is
also noted in several studies that cardiac arrhythmias are the consequence of systemic illness,
proarrhythmic medications, and electrolytes imbalances in hospitalized patients and not solely the direct
effects of COVID-19 infection. In this review article, we present the different aspects of arrhythmias in
COVID patients, possible associated conditions, and triggers.
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Introduction And Background
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which causes coronavirus disease 2019
(COVID-19), has recently emerged and grown into a global pandemic. SARS-CoV-2 belongs to the
Coronaviridae subfamily which contains several other coronaviruses such as the Middle East Respiratory
Syndrome coronavirus (MERS-CoV) [1]. Coronaviruses are named after the spikes on their surface which
form a crownlike dome, and they are known to cause respiratory infections in humans and animals [2].
SARS-CoV-2, in particular, can lead to severe, and sometimes lethal, respiratory infections in humans [3].
This has created multiple challenges since acute respiratory infections are one of the known triggers for
cardiovascular diseases (CVD), and the presence of CVD may complicate and worsen the course of the
infectious disease [4,5]. SARS-CoV-2 binds to the zinc peptidase angiotensin-converting enzyme 2 (ACE2),
which acts as a receptor for the virus [6]. ACE2 is a surface molecule found on vascular endothelial cells,
arterial smooth muscle, and cardiac myocytes [7,8]. When SARS-COV2 attaches to ACE2 receptors on
myocardial cells, it will cause their downregulation. This will result in angiotensin II accumulation and
consequently adverse myocardial remodeling mediated by its action on ACE1 receptors [9]. Several cardiac
complications, including new or worsening arrhythmias, are common in pneumonia patients due to
COVID19 [6].

Review
Studies have shown that the pathophysiology of arrhythmia in COVID-19 could be the result of tissue
damage through myocarditis or myocardial infarction. Another reason for arrhythmia includes right
ventricular strain secondary to pulmonary hypertension or pulmonary embolism. Moreover, arrhythmia can
also be caused by cell-mediated cytotoxicity by CD8+ T lymphocytes that migrate into the heart and cause
myocardial inflammation. This is mainly driven by the over-activation of lymphocytes due to cytokine storm
resulting in the excessive release of proinflammatory mediators causing a positive feedback loop of immune
activation and myocardial injury. Other possible mechanisms of arrhythmia are the use of proarrhythmic
drugs in the management of COVID, electrolytes imbalances in hospitalized patients, and endogenous
catecholamine adrenergic status [10]. Several recent studies have reported the presence of arrhythmias
among patients with COVID-19. In a case series by Liu et al., palpitations were reported as the initial
symptom in 10 (7.3%) out of 137 COVID-19 patients presenting to tertiary hospitals in the Hubei province in
January 2020 [11].

A study by Guo et al. showed that patients with underlying CVD exhibited elevated levels of troponin-T
(TnT), which led to more frequent development of complications including malignant arrhythmias and
ventricular tachycardia/fibrillation [12]. Of interest, however, is the fact that patients without previous
history of CVD also expressed high levels of TnT, and also developed malignant arrhythmias, albeit at a lower
frequency (TnT levels were elevated in 13.2% of patients without underlying CVD vs. in 54.5% of patients
with CVD; malignant arrhythmias occurred in 5.2% of patients without CVD vs. 11.5% in patients with CVD).
Cardiac arrhythmias were two-fold more frequent at elevated Troponin levels.
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In a global case series conducted in 29 institutions across the world, 827 out of 4526 hospitalized COVID-19
patients developed an arrhythmia [13]. The most common of which was Atrial fibrillation presenting in 80%
of these patients; 20.7% developed ventricular arrhythmias, and 22.6% had bradyarrhythmia [13].
Furthermore, it was shown that arrhythmias were associated with high morbidity and mortality among those
patients: 43% of patients who developed arrhythmia were mechanically ventilated and 51% survived hospital
discharge [13].

In another study by Wang et al., 138 hospitalized patients with COVID-19 were observed. Of those patients,
23 (16.7%) developed arrhythmias, and 16 had to be transferred to the intensive care unit (ICU) due to this
complication [14]. Cardiac arrhythmias were more common in patients requiring ICU admission (44.4% vs
6.9%). COVID-19 has been reported to cause myocardial injury according to the mechanisms discussed
above. In most cases, myocardial damage appeared to be caused by increased cardiometabolic demand
associated with the systemic infection, the electrolyte abnormalities, and the ongoing hypoxia caused by
severe pneumonia or ARDS. These factors can potentiate cardiac arrhythmias. It is quite possible that the
virus may lead to atrial or ventricular arrhythmias following cases of fulminant myocarditis with cardiogenic
shock [15,16].

Bhatla et al. evaluated the clinical records of a cohort of 700 patients hospitalized with COVID-19 between
March 6, 2020, and May 19, 2020. Throughout hospitalization, a total of 53 arrhythmic events occurred. Of
those, 9 patients experienced cardiac arrest (6 cases of pulseless electrical activity, 1 episode of torsades de
pointes, and 2 asystole events), and 25 experienced incident atrial fibrillation events that required
management with diltiazem and amiodarone. In addition, there were 10 events of non-sustained ventricular
tachycardia, and 9 clinically significant bradyarrhythmia [17]. However, the findings of this study seem to
suggest that the incidence of arrhythmic events in patients with COVID-19 is not solely the consequence of
the viral infection, but rather due to a combination of factors, namely the severity of the disease course. In
Italy, there was a 58% increase in out-of-hospital cardiac arrest during the 40 days of the COVID-19
outbreak in comparison with the same period in 2019.

A survey organized by the Heart Rhythm Society (HRS) and sent to more than 1100 cardiac electrophysiology
specialists around the world showed that atrial fibrillation was the most common arrhythmia in hospitalized
patients with COVID presenting in 142 (21%), atrial flutter by 37 (5.4%), sustained atrial tachycardia by 24
(3.5%), and paroxysmal supraventricular tachycardia by 39 (5.7%) out of 683 respondents [18]. Ventricular
arrhythmias were also reported, the most common form was monomorphic premature ventricular
contractions reported by 36 (5.3%). Other ventricular arrhythmias were also reported: polymorphic
premature ventricular contractions, non-sustained ventricular tachycardia (VT), sustained monomorphic VT,
polymorphic VT/Torsade de Pointes, VT/ventricular fibrillation (VF) arrest, and pulseless electrical activity
[18]. Regarding bradycardias in COVID-19 patients, of 663 respondents, sinus bradycardia and complete
heart block were the most reported by 51 (8%) and 51 (8%) respectively. First- or second-degree AV block,
bundle branch block, or intraventricular conduction delay were also reported in those patients [18].

Kochav et al. detailed a series of cases in which various cardiac arrhythmias were associated with COVID-19
infection and treatment [19]. The occurrence of these arrhythmias did not correlate with the severity of lung
injury on a chest X-ray. Among these arrhythmias were high-grade atrioventricular block, atrial fibrillation,
polymorphic ventricular tachycardia, and cardiogenic shock with pulseless electrical activity. The fourth
case was likely due to fulminant myocarditis complicated by sudden AV block without an escape rhythm,
demonstrating how rapid hemodynamic decline can be in the setting of COVID-19 infection [19]. Table 1
lists the potential direct and indirect mechanisms of cardiac arrhythmias in the setting of COVID-19.
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Mechanisms of cardiac arrhythmias in the setting of COVID-19

Direct viral damage to the myocardial cells and/or conduction system

Worsening of pre-existing myocardial function or conduction disturbances

Right ventricular strain due to pulmonary hypertension or pulmonary embolism

Electrolyte abnormalities

Drug effect for COVID-19 management and interactions with other medications

Acute coronary syndrome with ongoing ischemia

Adrenergic stress leading to electrical instability including atrial fibrillation

Inflammation and electrophysiological effects of cytokines (particularly IL-1, IL-6, TNF-α) modulating the expression and/or function of several
potassium and calcium channels as well Connexin 43 and increasing the QT interval/Torsades de pointes susceptibility

Hypoxia-induced and acidosis-induced

TABLE 1: Mechanisms of cardiac arrhythmias in the setting of COVID-19.

SARS-CoV-2 is a relatively recent virus that has taken the world by storm. With the basic reproduction
number (R0) of the virus being 2-3, which means that every infected person has the potential to transmit the
virus to two to three other individuals, the exponential growth of cases has been observed [20]. Wang M. et
al. study has shown that the antiviral drug Remdesivir effectively inhibits SARS-CoV-2 in-vitro [21].
However, Wang et al. showed that although patients receiving remdesivir had a faster clinical improvement
than those receiving placebo, the difference was not statistically significant [22]. Moreover, studies have
shown a lack of benefit when treating COVID-19 patients with chloroquine, hydroxychloroquine, or
azithromycin; therefore, they are not recommended as standard therapy for those hospitalized with COVID-
19 as they may increase the risk of arrhythmias.

Conclusions
To conclude, COVID-19 is associated with an increased risk of arrhythmia in hospitalized patients, the most
common of which is atrial fibrillation, and this could be the result of direct or indirect myocardial tissue
damage through multiple mechanisms including the use of proarrhythmic drugs (chloroquine,
hydroxychloroquine, or azithromycin). These drugs have shown a lack of benefit in COVID-19 treatment
therefore their use should be prohibited. Future investigations regarding the mechanism of arrhythmias in
COVID-19 patients may aid in our understanding of the pathophysiology of arrhythmia and will help us
prevent such complications and guide our treatment in this population.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Zhang SF, Tuo JL, Huang XB, et al.: Epidemiology characteristics of human coronaviruses in patients with

respiratory infection symptoms and phylogenetic analysis of HCoV-OC43 during 2010-2015 in Guangzhou.
PLoS One. 2018, 13:e0191789. 10.1371/journal.pone.0191789

2. Cheng VC, Lau SK, Woo PC, Yuen KY: Severe acute respiratory syndrome coronavirus as an agent of
emerging and reemerging infection. Clin Microbiol Rev. 2007, 20:660-94. 10.1128/CMR.00023-07

3. Chen N, Zhou M, Dong X, et al.: Epidemiological and clinical characteristics of 99 cases of 2019 novel
coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet. 2020, 395:507-13. 10.1016/S0140-
6736(20)30211-7

4. Cowan LT, Lutsey PL, Pankow JS, Matsushita K, Ishigami J, Lakshminarayan K: Inpatient and outpatient
infection as a trigger of cardiovascular disease: the ARIC study. J Am Heart Assoc. 2018, 7:e009683.
10.1161/JAHA.118.009683

5. Dhainaut JF, Claessens YE, Janes J, Nelson DR: Underlying disorders and their impact on the host response
to infection. Clin Infect Dis. 2005, 41:S481-9. 10.1086/432001

2021 Akkawi et al. Cureus 13(9): e17797. DOI 10.7759/cureus.17797 3 of 4

https://dx.doi.org/10.1371/journal.pone.0191789
https://dx.doi.org/10.1371/journal.pone.0191789
https://dx.doi.org/10.1128/CMR.00023-07
https://dx.doi.org/10.1128/CMR.00023-07
https://dx.doi.org/10.1016/S0140-6736(20)30211-7
https://dx.doi.org/10.1016/S0140-6736(20)30211-7
https://dx.doi.org/10.1161/JAHA.118.009683
https://dx.doi.org/10.1161/JAHA.118.009683
https://dx.doi.org/10.1086/432001
https://dx.doi.org/10.1086/432001


6. Zhou F, Yu T, Du R, et al.: Clinical course and risk factors for mortality of adult inpatients with COVID-19
in Wuhan, China: a retrospective cohort study. Lancet. 2020, 395:1054-62. 10.1016/S0140-6736(20)30566-3

7. Mendoza-Torres E, Oyarzún A, Mondaca-Ruff D, et al.: ACE2 and vasoactive peptides: novel players in
cardiovascular/renal remodeling and hypertension. Ther Adv Cardiovasc Dis. 2015, 9:217-37.
10.1177/1753944715597623

8. Xu Z, Shi L, Wang Y, et al.: Pathological findings of COVID-19 associated with acute respiratory distress
syndrome. Lancet Respir Med. 2020, 8:420-2. 10.1016/S2213-2600(20)30076-X

9. Vaduganathan M, Vardeny O, Michel T, McMurray JJ, Pfeffer MA, Solomon SD: Renin-angiotensin-
aldosterone system inhibitors in patients with Covid-19. N Engl J Med. 2020, 382:1653-9.
10.1056/NEJMsr2005760

10. Xiong TY, Redwood S, Prendergast B, Chen M: Coronaviruses and the cardiovascular system: acute and
long-term implications. Eur Heart J. 2020, 41:1798-800. 10.1093/eurheartj/ehaa231

11. Liu K, Fang YY, Deng Y, et al.: Clinical characteristics of novel coronavirus cases in tertiary hospitals in
Hubei Province. Chin Med J. 2020, 133:1025-31. 10.1097/CM9.0000000000000744

12. Guo T, Fan Y, Chen M, et al.: Cardiovascular implications of fatal outcomes of patients with Coronavirus
Disease 2019 (COVID-19). JAMA Cardiol. 2020, 5:811-8. 10.1001/jamacardio.2020.1017

13. Coromilas EJ, Kochav S, Goldenthal I, et al.: Worldwide survey of COVID-19-associated arrhythmias . Circ
Arrhythm Electrophysiol. 2021, 14:e009458. 10.1161/CIRCEP.120.009458

14. Wang D, Hu B, Hu C, et al.: Clinical characteristics of 138 hospitalized patients with 2019 novel
coronavirus-infected pneumonia in Wuhan, China. JAMA. 2020, 323:1061-9. 10.1001/jama.2020.1585

15. Lakkireddy DR, Chung MK, Gopinathannair R, et al.: Guidance for cardiac electrophysiology during the
COVID-19 pandemic from the Heart Rhythm Society COVID-19 Task Force; Electrophysiology Section of the
American College of Cardiology; and the Electrocardiography and Arrhythmias Committee of the Council on
Clinical Cardiology, American Heart Association. Heart Rhythm. 2020, 17:e233-41.
10.1016/j.hrthm.2020.03.028

16. Driggin E, Madhavan MV, Bikdeli B, et al.: Cardiovascular considerations for patients, health care workers,
and health systems during the COVID-19 pandemic. J Am Coll Cardiol. 2020, 75:2352-71.
10.1016/j.jacc.2020.03.031

17. Bhatla A, Mayer MM, Adusumalli S, et al.: COVID-19 and cardiac arrhythmias . Heart Rhythm. 2020,
17:1439-44. 10.1016/j.hrthm.2020.06.016

18. Gopinathannair R, Merchant FM, Lakkireddy DR, et al.: COVID-19 and cardiac arrhythmias: a global
perspective on arrhythmia characteristics and management strategies. J Interv Card Electrophysiol. 2020,
59:329-36. 10.1007/s10840-020-00789-9

19. Kochav SM, Coromilas E, Nalbandian A, et al.: Cardiac arrhythmias in COVID-19 infection . Circ Arrhythm
Electrophysiol. 2020, 13:e008719. 10.1161/CIRCEP.120.008719

20. Madjid M, Safavi-Naeini P, Solomon SD, Vardeny O: Potential effects of coronaviruses on the cardiovascular
system: a review. JAMA Cardiol. 2020, 5:831-40. 10.1001/jamacardio.2020.1286

21. Wang M, Cao R, Zhang L, et al.: Remdesivir and chloroquine effectively inhibit the recently emerged novel
coronavirus (2019-nCoV) in vitro. Cell Res. 2020, 30:269-71. 10.1038/s41422-020-0282-0

22. Wang Y, Zhang D, Du G, et al.: Remdesivir in adults with severe COVID- 19: a randomised, double blind,
placebo-controlled, multicentre trial. The Lancet. 2020, 10.1016/ S0140-6736(20)31022-9

2021 Akkawi et al. Cureus 13(9): e17797. DOI 10.7759/cureus.17797 4 of 4

https://dx.doi.org/10.1016/S0140-6736(20)30566-3
https://dx.doi.org/10.1016/S0140-6736(20)30566-3
https://dx.doi.org/10.1177/1753944715597623
https://dx.doi.org/10.1177/1753944715597623
https://dx.doi.org/10.1016/S2213-2600(20)30076-X
https://dx.doi.org/10.1016/S2213-2600(20)30076-X
https://dx.doi.org/10.1056/NEJMsr2005760
https://dx.doi.org/10.1056/NEJMsr2005760
https://dx.doi.org/10.1093/eurheartj/ehaa231
https://dx.doi.org/10.1093/eurheartj/ehaa231
https://dx.doi.org/10.1097/CM9.0000000000000744
https://dx.doi.org/10.1097/CM9.0000000000000744
https://dx.doi.org/10.1001/jamacardio.2020.1017
https://dx.doi.org/10.1001/jamacardio.2020.1017
https://dx.doi.org/10.1161/CIRCEP.120.009458
https://dx.doi.org/10.1161/CIRCEP.120.009458
https://dx.doi.org/10.1001/jama.2020.1585
https://dx.doi.org/10.1001/jama.2020.1585
https://dx.doi.org/10.1016/j.hrthm.2020.03.028
https://dx.doi.org/10.1016/j.hrthm.2020.03.028
https://dx.doi.org/10.1016/j.jacc.2020.03.031
https://dx.doi.org/10.1016/j.jacc.2020.03.031
https://dx.doi.org/10.1016/j.hrthm.2020.06.016
https://dx.doi.org/10.1016/j.hrthm.2020.06.016
https://dx.doi.org/10.1007/s10840-020-00789-9
https://dx.doi.org/10.1007/s10840-020-00789-9
https://dx.doi.org/10.1161/CIRCEP.120.008719
https://dx.doi.org/10.1161/CIRCEP.120.008719
https://dx.doi.org/10.1001/jamacardio.2020.1286
https://dx.doi.org/10.1001/jamacardio.2020.1286
https://dx.doi.org/10.1038/s41422-020-0282-0
https://dx.doi.org/10.1038/s41422-020-0282-0
https://dx.doi.org/10.1016/ S0140-6736(20)31022-9
https://dx.doi.org/10.1016/ S0140-6736(20)31022-9

	COVID-19 and Cardiac Arrhythmias: A Review of the Literature
	Abstract
	Introduction And Background
	Review
	TABLE 1: Mechanisms of cardiac arrhythmias in the setting of COVID-19.

	Conclusions
	Additional Information
	Disclosures

	References


