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Abstract
The current outbreak of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) also known as coronavirus
disease 2019 (COVID-19) has quickly progressed to a global pandemic. There are well-documented cardiac complications
of COVID-19 in patients with and without prior cardiovascular disease. The cardiac complications include myocarditis,
heart failure, and acute coronary syndrome resulting from coronary artery thrombosis or SARS-CoV-2-related plaque
ruptures. There is growing evidence showing that arrhythmias are also one of the major complications. Myocardial
inflammation caused by viral infection leads to electrophysiological and structural remodeling as a possible mechanism
for arrhythmia. This could also be the mechanism through which SARS-CoV-2 leads to different arrhythmias. In this
review article, we discuss arrhythmia manifestations in COVID-19.
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Introduction

The current outbreak of severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) also known as coronavirus dis-
ease 2019 (COVID-19) has quickly progressed to a global
pandemic. As of June 2020, 7.4 million people worldwide
have been infected with the virus since its origin in
December 2019, according to the Johns Hopkins COVID-19
Resource Center [1]. Respiratory distress is the most

significant manifestation of COVID-19. In addition, there
are well-documented cardiac complications of COVID-19 in
patients with and without prior cardiovascular disease. The
cardiac complications include myocarditis, heart failure, and
acute coronary syndrome resulting from coronary artery
thrombosis or SARS-CoV-2-related plaque ruptures [2].
There is growing evidence showing that arrhythmias are also
one of the major complications. Liu et al. reported that about
7% of patients report palpitations as a presenting symptom [3].
In a recent report from Wuhan, China, 16.7% of hospitalized
and 44.4% of ICU patients with COVID-19 had cardiac ar-
rhythmias [4]. Recent studies have suggested that myocardial
injury is common especially in critically ill COVID-19-
infected patients through different mechanisms mainly due
to direct damage of cardiomyocytes and systemic inflamma-
tion [2]. There are more than 20 viruses that have been impli-
cated in myocardial inflammation and myocarditis, the most
common are parvovirus B19, human herpesvirus 6, adenovi-
rus, and coxsackievirus B3 [5]. The proposed mechanisms for
arrhythmogenicity in viral infections in general are through
the interplay between host factors and viral characteristics.
These mechanisms include altered intercellular coupling, in-
terstitial edema, and cardiac fibrosis that lead to abnormal
conduction in addition to abnormal Ca2+ handling and down-
regulation of K+ channels that results in repolarization
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abnormalities and action potential conduction abnormalities
[6]. Gaaloul et al. reported that myocardial inflammation
caused by viral infection leads to ion channel dysfunction or
electrophysiological and structural remodeling as a mecha-
nism for arrhythmia [5].

In vivo studies on mice and rabbits infected with SARS-CoV
demonstrated direct viral RNA inclusion in cardiomyocytes and
conduction system disease [7]. Furthermore, it has been reported
that patients with the SARS-CoV infection experience different
cardiac manifestations including arrhythmias and sudden death
[8]. To date, our knowledge of arrhythmia complications of
COVID-19 is still in its infancy. However, our understanding
regarding arrhythmogenicity of the novel coronavirus is rapidly
evolving and there is growing evidence demonstrating different
arrhythmia manifestations of COVID-19. In this paper, we sum-
marize important studies regarding arrhythmia manifestations of
COVID-19 and shed light on this potentially fatal complication
(Fig. 1).

Arrhythmias in Viral Infections

Cardiac conduction system disease involving the sinoatrial
(SA) node and atrioventricular (AV) node has been shown
to be caused by various infections including viral myocarditis
[9]. According to Liu et al., the myocarditis process has three
phases: phase one, viral infection, the entry of the virus and
proliferation in the myocardium that may lead to the second
phase (autoimmune phase) with T cell activation, cytokine

production, and cross-reacting antibodies formation and ulti-
mately lead to phase 3, cardiac remodeling and progressive
cardiac dilatation [10]. Acute viral myocarditis and acute peri-
carditis are self-limiting conditions that ordinarily have a be-
nign course with minimal symptoms. However, ventricular
arrhythmia is a frequent complication in viral myocarditis
[11]. Case reports have demonstrated the occurrence of ar-
rhythmias in association with many viral infections including
the influenza virus, Epstein-Barr virus (EBV), human
immuno-deficiency virus (HIV), and others [12–17]. In a
study by Sardana et al., over 17 million people with HIV were
followed for a median period of 4.7 years and they found that
people with HIV were at an increased risk of developing atrial
fibrillation AF with a hazard ratio of 1.46 after adjusting for
race, age, gender, socio-economic status, obesity, etc. [18]. A
case of a 45-year-old male who had transient non-sustained
ventricular tachycardia reported by Andrea Frustaci et al. in-
dicated influenza virus focal myositis with inflammatory in-
filtration of conduction tissue on samples of left ventricular
endomyocardial biopsy [12]. Another case report of an 18-
year-old female who presented with respiratory failure sec-
ondary to H1N1 infection and who subsequently developed
high-degree atrioventricular (AV) block highlights the poten-
tial impact of the H1N1 influenza virus on the cardiac con-
duction system [13]. Abdalla et al. reported a case of atrial
fibrillation in an individual with acute Zika infection. They
reported that levels of CCL5, IL-1β, TNF-α, IFN-γ, IL-9,
G-CSF, and GM-CSF were elevated in the Zika patient with
atrial fibrillation, compared with other Zika patients [14]. The
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increased levels of these cytokines may justify the inflamma-
tion of conduction tissue and subsequent arrhythmias. Cardiac
involvement in healthy immunocompetent patients is not a
common complication of the EBV infection; a case of a young
female with acute EBV infection and myocarditis who had a
cardiac arrest and malignant ventricular arrhythmia was re-
ported by Watanabe et al. This study indicates, although viral
myocarditis often has a benign course, it is serious and life-
threatening complications should not be underestimated [15].
In a study by Stulova et al., 75 patients who had acute respi-
ratory infections and/or other viral diseases (influenza,
parainfluenza, and adenovirus) that were complicated by
myocarditis were followed up from 3 to 26 years (mean
14.6 years). They reported that 42.3% of patients had frequent
and complicated ventricular extrasystole on resting electrocar-
diogram (ECG) for many years and 89% of them had fibrous
lesions of the pericardium indicating involving the pericardi-
um in addition to myocardial involvement [16].

Arrhythmias in MERS and SARS

Cardiac arrhythmia was remarked as a complication of SARS-
COV in the outbreak of 2003. In a Chinese report, 8 out of 77
hospitalized patients showed cardiac arrhythmia during the
course of the disease [19]. In another study of 121 cases,
tachycardia was the most common arrhythmia among the pa-
tients. Eighty-seven of the patients had tachycardia during the
disease and, notably, this finding was independent of fever.
Additionally, sinus bradycardia was noted in 18 patients in
this study. They also reported a self-limited transient atrial
fibrillation in a patient without any cardiovascular disease
[8]. Follow-up in this study revealed persistent tachycardia
in 38.8% of the patients and this was consistent with another
small study on 15 patients [20]. They proposed this persistent
arrhythmia might be either due to autonomic dysfunction or
medical deconditioning following long bedridden time.

The other cousin of COVID-19,MERS, showed a significant
incidence of cardiac arrhythmias in one cohort study. In a total
number of 70 patients, 11 cases experienced different types of
arrhythmias including tachyarrhythmias and bradycardia [21].

Arrhythmias in COVID-19

Our understanding of arrhythmic complications in COVID-19
is still evolving. Multiple cases of different arrhythmia com-
plications have been reported and the number is still growing.
However, the literature lacks studies specifically aiming di-
rectly at arrhythmias in COVID-19 patients.

One of the most common arrhythmias discussed in relation
to COVID-19 is sinus bradycardia. Despite the perceived as-
sociation, as of now, only case reports have explored the

phenomenon. In a report by Kir et al., bradycardia and inter-
mittent high-degree AV block were seen in a patient with
COVID-19 infection who had normal echocardiography and
cardiac biomarkers [22]. Peigh et al. reported sinus node dys-
function in two cases of COVID-19. They reported that these
patients presented with sinus bradycardia followed by epi-
sodes of accelerated idioventricular rhythm. Importantly, the
patients remained in sinus bradycardia for 2 weeks following
the onset of sinus node dysfunction [23].

As discussed previously, Wang et al. reported that among
138 patients who were hospitalized with COVID-19-related
pneumonia in Wuhan, arrhythmias were reported in 17% of
the patients and more commonly in 44% of patients admitted
to an intensive care unit [4]. In a cohort of 393 patients with
COVID-19 patients in New York, rates of atrial arrhythmias
were higher among patients requiring mechanical ventilation
reporting 17.7% in mechanically ventilated patients compared
with 1.9% in non-invasive ventilation groups [24]. Similarly,
in an analysis of 115 patients (69 admitted to medical ICU and
46 general medicine ward) admitted to the hospital, Colon
et al. reported that new-onset atrial tachyarrhythmia including
atrial fibrillation, atrial flutter, and atrial tachycardia was seen
in 19 patients (16.5%), all of which were admitted to the ICU
(27.5% of ICU patients). However, no atrial arrhythmias were
seen in patients admitted to the general medicine service [25].
According to a Danish study, following a national lockdown
in Denmark, a 47% drop in registered new-onset atrial fibril-
lation cases was observed. The authors conclude that the risk
of undiagnosed atrial fibrillation patients with complications
could lead to worse outcomes in patients with atrial fibrillation
in the COVID-19 pandemic [26].

Atrial fibrillation was the most common cardiac arrhythmia
observed in patients with COVID-19 infection according to
one survey [27]. The mechanisms that might cause atrial fi-
brillation in these patients are possibly due to systemic infec-
tion, direct viral cardiomyocyte injury, hypoxemia, and sus-
ceptibility of the population due to advanced age and their
comorbidities, and, finally, sympathetic nervous system over-
activity [28].

Seecheran et al. also reported a case of new-onset atrial fibril-
lation and flutter in a COVID-19 patient further demonstrating
the atrial arrhythmogenicity of COVID-19 infection [29].

Finally, additional arrhythmias including atrial and ventric-
ular arrhythmias have been witnessed in COVID-19 patients,
without any history of arrhythmia. In one of the earliest co-
horts, Gou et al. reported that among 187 hospitalized pa-
tients, 13 patients (7%) had ventricular tachyarrhythmias
while hospitalized. They further reported that malignant ar-
rhythmias, including ventricular tachycardia/ventricular fibril-
lation, were more common in patients with elevated troponin
T levels compared with patients with normal troponin T levels
(6 patients [11.5%] vs 7 patients [5.2%]) [30]. There are also
reports of ventricular arrhythmias and torsade de pointes due
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to QT-prolonging medications especially azithromycin and
hydroxychloroquine [31–34].

Discussion

Arrhythmias and conduction system disease are not an early
or common manifestation of COVID-19, and the majority of
symptoms are related to respiratory system involvement.
While sinus tachycardia is reported secondary to the physio-
logic response of viral infection [2], the development of ar-
rhythmias outside of sinus tachycardia has been reported at a
significant rate in COVID-19 patients. Arrhythmias are not an
uncommon manifestation of viral infections, and it appears
that it is typically initiated by viral myocarditis affecting the
cardiac conduction system [9, 12–18]. Specifically, infection
with SARS and MERS, close relatives of the current COVID-
19 virus, has demonstrated a propensity to cause arrhythmias
including sinus bradycardia [8, 21]. In COVID-19, arrhyth-
mias could be secondary to medication side effects [35], hyp-
oxia and pulmonary disease, activated protein kinase C, direct
oxidized Ca2+/calmodulin-dependent protein kinase II activ-
ity [36], and myocarditis [2, 37]. Sinus bradycardia is one of
the most common arrhythmias seen in COVID-19 patients,
and it can be persistent for up to 2 weeks [22, 23]. However,
other atrial and ventricular arrhythmias including malignant
arrhythmias such as ventricular fibrillation have also been
witnessed in patients who had no previous evidence of ar-
rhythmia and were not on QT-prolonging medications [30].
With that being said, there have been reports about COVID-19
patients receiving QT-prolonging medications such as
hydroxychloroquine and/or azithromycin who then develop
arrhythmias such as torsade de pointes (TdP) [31]. Further
research should be done to determine if patients with viral
myocarditis secondary to COVID-19 infection are at an in-
creased risk of developing TdP when given QT-prolonging
medications when compared with patients receiving the same
medications without evidence of viral myocarditis. If drugs
that have QT-prolonging effects are deemed necessary to be
administered in an inpatient setting, a baseline 12-lead ECG
should be acquired. Telemetry monitoring is reasonable when
patients have multiple cardiovascular risk factors, and/or there
is a risk for clinical decompensation [38]. The incidence of
arrhythmias has also been associated with disease severity. It
has been reported that patients with elevated troponin I levels
are at higher risk of severe disease, ICU admission, and death.
Furthermore, new-onset arrhythmia, elevated biomarkers in-
cluding creatinine kinase, creatinine kinase-MB, lactate dehy-
drogenase (LDH), inflammatory biomarkers including C-
reactive protein (CRP), and interleukin-6 levels are associated
with severe disease [37, 39]. Moreover, atrial arrhythmias
were more common among COVID-19 patients requiring me-
chanical ventilation [24]. Since an exaggerated inflammatory

response plays a major role in the complications of COVID-
19, anti-inflammatory medications have been proposed as po-
tential therapeutic agents against cardiovascular complica-
tions of COVID-19 [35, 40]. Despite the growing number of
case reports demonstrating arrhythmias in COVID-19 pa-
tients, evidence establishing COVID-19 as the direct cause
is lacking. Additionally, even if COVID is to blame, it is
unclear whether or not the development of arrhythmias in
these patients has long-term consequences. Based on this re-
view of arrhythmias in COVID-19 patients, we believe that
further research needs to be done to determine if COVID-19
infection is a causal factor of arrhythmias and to establish what
are the long-term consequences of this specific complication.

Conclusions

Arrhythmias have been seen historically with viral in-
fections causing viral myocarditis and existing anecdotal
evidence suggests this may be at play in COVID-19-
infected patients as well.

Current literature lacks detailed primary studies on arrhyth-
mias and possible mechanisms. This makes it difficult to dis-
tinguish between arrhythmias caused by hypoxemia, metabol-
ic abnormalities, inflammatory syndrome, comorbidities, and
medications as opposed to direct viral effects on the heart. In
order to firmly establish this relationship and to determine
long-term consequences, further research is required.
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