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Abstract: Coronavirus disease 2019 (COVID-19) is a novel, highly transmittable and severe strain
disease, which has rapidly spread worldwide. Despite epidemiological evidence linking COVID-19
with cardiovascular diseases, little is known about whether and how COVID-19 influences atrial
fibrillation (AF), the most prevalent arrhythmia in clinical practice. Here, we review the available
evidence for prevalence and incidence of AF in patients infected with the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and discuss disease management approaches and potential
treatment options for COVID-19 infected AF patients.
Keywords: anticoagulation; arrhythmia; inflammasome; remote monitoring; thromboembolic risk
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Introduction
Coronavirus disease 2019 (COVID-19) is a novel, highly transmittable and severe strain disease, which
has rapidly spread worldwide. Currently, almost 11 million cases have been diagnosed and more than
500,000 infected people have died.(1) However, the true prevalence is likely much higher, as many
individuals are asymptomatic and therefore never tested. Some reports show that up to 80% of infected
individuals have mild to moderate symptoms and, in theory, represent a group that might not seek
medical care and thus do not contribute to the estimated prevalence biasing the calculation of real
infection rate.(2-4) Despite the fact that the pandemic is decelerating in most countries, the question
remains whether an asymptomatic infection can affect and facilitate, like a “Trojan horse”, the
development of other diseases in the near future.
Although COVID-19 is mostly characterized by symptoms in the respiratory tract, cardiovascular
diseases and complications frequently accompany COVID-19 infections increasing morbidity and
mortality of COVID-19 patients.(5) Arrhythmias are frequently reported in COVID-19 patients, with
atrial fibrillation (AF) being the most common form. Although electrical, calcium handling, and
structural remodeling plays a key role in AF pathophysiology(6-9), the clinical presentation of AF is
diverse and the precise mechanisms of AF remain unclear in a large proportion of patients.(10) The
underlying causes of AF in COVID-19 patients are largely unknown. Here, we review the available
evidence for prevalence and incidence of AF in patients infected with the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and discuss disease management approaches and potential
treatment options for COVID-19 infected AF patients.

Prevalence of AF in patients with COVID-19
There are no specific reports on the occurrence of AF during COVID-19 infection. Based on available
literature, among COVID-19 patients, AF was detected in 19% to 21% of all cases.(11, 12) One study
reported a prevalence of 36% in patients with cardiovascular diseases, with AF being observed in 42%
of patients who did not survive.(11) In a small report, up to 75% of hospitalized COVID-19 geriatric
patients had a past history of AF.(13) The most recent statistics by the COVID-19 Task Force of Italian
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National Institute of Health showed that 24.5% of 355 non-surviving COVID-19 patients (mean age
79.5 years, 70% men) presented with AF before the SARS-CoV-2 infection.(14)
In patients with severe pneumonia, acute respiratory distress syndrome (ARDS) and sepsis, the
incidence of AF during hospitalization is usually high. (15-17) For instance, 23–33% of critically ill
patients with sepsis or ARDS have AF recurrences and 10% develop new-onset AF.(18) However,
reliable data regarding first-diagnosed AF in patients with COVID-19 are limited. Based on case reports
(19, 20) and small clinical studies (21-24), new-onset AF varies between 3.6% and 6.7% in patients
with COVID-19.
According to the Danish nationwide registry, new-onset AF decreased by 47% during the first three
weeks of the national lockdown compared with the same period of previous year. During lockdown, 30
patients (5.3%) with new-onset AF suffered from ischemic stroke and 15 patients (2.7%) died,
compared with 45 and 14 patients (4.3% and 1.3%, respectively) during the corresponding 2019 period.
The adjusted odds ratio of a related event (ischemic stroke or all-cause death) during lockdown
compared with the corresponding weeks was 1.41 (95% confidence interval 0.93–2.12).(25) These
results likely reflect the fact that the majority of patients with first symptoms of AF were delaying or
refusing care. Perhaps they were afraid of contact with medical services due to the pandemic, thereby
postponing the initiation of anticoagulation and increasing their risk of thromboembolic complications.
It is very likely that only those who consequently did suffer from those complications were eventually
hospitalized.

Mechanisms of AF in COVID-19 patients
The COVID-19 infection is an acute disease with incubation period on average of five to six days, in
some cases up to 14 days.(26) This relatively short time period is not sufficient to increase the risk of
AF by for instance causing fibrosis, which usually requires weeks to months to develop. While atrial
structural remodeling is important in providing the AF-maintaining substrate, AF onset and its
paroxysms are often temporally related to acute COVID-19 infections. Of note, COVID-19 patients
developing AF were older and most of them had at least one preexisting risk factor, including
hypertension (19, 23), while some did not report any illness.(19, 20, 27) Older age and occurrence of
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heart failure were also associated with greater likelihood of incident AF during the COVID-19
infection.(21) Therefore, COVID-19 patients with newly diagnosed AF may have a preexisting
substrate for AF and the acute COVID-19 infection may provide the trigger for AF initiation, which is
consistent with the temporal relationship between new-onset AF and the COVID-19 infection.
The pathophysiology of COVID-19 related AF is not well understood and proposed putative
mechanisms include a reduction in angiotensin-converting enzyme 2 (ACE2) receptor availability,
CD147- and sialic acid-spike protein interaction, enhanced inflammatory signalling eventually
culmination in inflammatory cytokine storm, direct viral endothelial damage, electrolytes and acid-base
balance abnormalities in the acute phase of severe illness and increased adrenergic drive.(28) (Fig. 1).

ACE2-related signalling pathways
ACE2, a membrane-bound protease, has been identified as a functional receptor for coronaviruses.(29)
Although other receptors/facilitators on the surface of human cells such as sialic acid (30) and
extracellular matrix metalloproteinase inducer (CD147) (31) have been also shown to mediate the entry
of SARS-CoV-2, ACE2 appears to be the major and most studied entry pathway. Upon cleavage
(priming) of the viral spike protein of SARS-CoV-2 by the transmembrane protease serine 2
(TMPRSS2), SARS-CoV-2 uses ACE2 to enter and infect multiple types of host cells such as
pneumocytes, macrophages, endothelial cells, pericytes, and cardiomyocytes, among others.
ACE2 internalization after binding with SARS-CoV-2 results in a reduction of ACE2 at the cell surface
suppressing a key pathway for angiotensin II (AngII) degradation to cardioprotective Ang1–7. The
subsequent increase in AngII:Ang1–7 ratio following ACE2 internalization shifts the balance to AngII
thereby promoting cardiac hypertrophy, vasoconstriction, tissue fibrosis and oxidative stress (32),
potentially increasing the susceptibility to AF. AngII increases the activity of a disintegrin and
metalloproteinase 17 (ADAM17) that cleaves its primary substrate to release soluble tumor necrosis
factor-α (TNF-α) into the extracellular space where it exerts auto- and paracrine functions, along with
ACE2 shedding from the cell membrane. Loss of ACE2 in the brain may also increase the sympathetic
drive and impair the baroreflex, potentially promoting AF.(32-34) In addition, reduced expression of
ACE2 in the vasculature may cause an activation of the kallikrein–bradykinin system, thereby
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increasing vascular permeability, promoting endothelial dysfunction and inflammation and
exacerbating existing atherosclerosis and diabetes (35), two common risk factors of AF. Decreases in
cell surface ACE2 in the tubular epithelium of the kidney may also alter sodium transport causing
kidney injury and hypertension (36), also potentially promoting AF. Finally, loss of ACE2 promotes
epicardial adipose tissue inflammation (37), pericarditis and the development of pericardial effusion
(22), all of which may predispose to the development of AF, as epicardial fat has been linked
to atrial electrical remodeling, progression and outcome of ablation AF.(38, 39)

CD147- and sialic acid-spike protein interaction
CD147, also known as basigin or extracellular matrix metalloproteinase inducer (EMMPRIN), is a
transmembrane glycoprotein that belongs to the immunoglobulin superfamily and plays a functional
role in facilitating SARS-CoV-2 invasion for host cells including cardiomyocytes (40-42), upregulates
the expression of several cytokines, promotes oxidative stress in cardiomyocytes and causes negative
ionotropic effects. (42, 43) CD147 is a potent inducer of IL-18 mRNA and protein expression in adult
mouse cardiomyocytes. (42) IL-18 activates metalloproteinases and increases extracellular matrix
components degradation causing cardiac remodeling (42) and circulating IL-18 levels positively
correlates with AF development. (44-46) However, whether and how IL-18 causes AF requires further
extensive investigation.
The spike proteins of a number of coronaviruses are able to bind to sialic acids present on the cell
surface. N-acetylneuraminic acid is the predominant sialic acid found in human glycoproteins and
gangliosides.(47) As N-acetylneuraminic acid plays a key role in severe coronary artery diseases,
involving RhoA signaling pathway activation, which is critically involved in cardiac fibrosis, Nacetylneuraminic acid may contribute AF pathophysiology.(48) Future work should test this
hypothesis.

Cytokine storm
Infection by SARS-CoV-2 is manifested by the evolution of systemic inflammation and immune cell
overactivation, leading to a ‘cytokine storm’ triggered by an imbalance between T-helper-1 (Th1) and
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Th2 cells, which results in an elevated levels of cytokines such as interleukin (IL)-1β, IL-2, IL-6, IL-7,
interferon gamma (IFN-γ), IFN-inducible protein (IP)-10, TNF-α, monocyte chemoattractant protein
(MCP)-1, and macrophage inflammatory protein (MIP)-1A) (49), among others. The strong release of
proinflammatory cytokines can lead to apoptosis or necrosis of myocardial cells, which may produce
intra-atrial repolarization and conduction disturbances. Some cytokines, such as IL-6, have direct
proatherogenic effects including stimulation of vascular smooth muscle proliferation, endothelial cell
activation and platelet activation. Of note, in the state of hyperinflammatory response, coronary
atherosclerotic plaques are prone to rupture, causing acute cardiac injury and increasing the
susceptibility for arrhythmias. (50) A multicentric study on COVID-19 patients showed elevated IL-6
levels in non-survivors compared to survivors (51) suggesting that the increased mortality might be
mediated by virally driven hyperinflammation and increased susceptibility to lethal arrhythmias.
Interestingly, SARS-CoV-2 may also induce the formation of the Nod-like receptor family, pyrin
domains-containing 3 (NLRP3) inflammasome through its binding to ACE2 cardiomyocytes (52), to
purinergic P2RX7 receptors in macrophages (52, 53), components of the complement-mediated
pathway (53) and AngII type 1 receptor (AT1R) activation via elevated levels of AngII. (52) Activation
of the NLRP3 inflammasome triggers an immune response via intracellular caspase-1, which leads to
further release of proinflammatory cytokines (IL-1β, IL-6, IL-18) (52), inflammatory cell death
(pyroptosis) and AngII-mediated vascular smooth muscle cell proliferation and remodeling which may
lead to hypertension.(53) There is a causal link between activation of the NLRP3 inflammasome in
atrial cardiomyocytes and AF development.(54) The mechanisms underlying the proarrhythmic effects
of NLRP3-inflammasome activation in the atria include 1) abnormal diastolic ryanodine receptor type-2
(RyR2)-mediated sarcoplasmic reticulum Ca2+ releases with subsequent generation of potentially
proarrhythmic delayed afterdepolarizations (55), 2) enhanced function of ultra-rapid delayed-rectifier
K+ current (IKur) along with reentry-promoting action potential abbreviation, 3) and atrial structural
remodeling including hypertrophy and fibrosis.(56)

Endothelial dysfunction and vascular leakage
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Endothelial dysfunction in patients with severe COVID-19 is caused by multiple mechanisms. First,
the downregulation of ACE2 at cell membrane activates the kallikrein–bradykinin system, increasing
vascular permeability.(57) Activated neutrophils, recruited to endothelial cells, produce histotoxic
mediators including reactive oxygen species.(58) Then immune cells, inflammatory cytokines (Il-6, IL8, TNFα) and vasoactive molecules (thrombin, histamine, bradykinin, thromboxane A2, vascular
endothelial growth factor) lead to enhanced endothelial cells contractility and the loosening of interendothelial junctions. (57, 58) The cytokines IL-1β and TNFα activate glucuronidases that degrade the
glycocalyx and upregulate hyaluronic acid synthase type-2, leading to increased deposition of
hyaluronic acid in the extracellular matrix promoting fluid retention.(58) Together, these mechanisms
lead to increased vascular permeability and vascular leakage. Finally, the virus can directly (via
apoptosis and pyroptosis) impair endothelial cell function, because SARS-CoV-2-infected endothelial
cells were detected in several organs of deceased patients.(59)
Endothelial dysfunction increases oxidative stress, increases the formation proinflammatory cytokines
and impairs nitric oxide-dependent vasorelaxation. Excessive production of reactive oxygen species is
likely involved in the atrial oxidative injury, and the structural and electrical remodeling, contributing
to AF.(60)

Disturbances of fluids, electrolytes and acid-base balance
Hypokalemia is prevailing in patients with COVID-19 (61) and occurs in up to 61% of hospitalized
patients.(61) This is assumed to be due to increased urinary and/or gastrointestinal loss of potassium.
SARS-CoV-2 binds ACE2 and enhances the degradation of ACE2, and thus decreases the countering
effects of ACE2 on the renin-AngII system. The final effect is to increase reabsorption of sodium and
water, and thereafter increase blood pressure and excretion of potassium. Besides, patients with
COVID-19 often have gastrointestinal symptoms such as diarrhea and vomiting, lowering potassium
resources in the human body.(61, 62) Subsequently, hypokalemia results in cellular hyperpolarity,
increases resting membrane potential and hastens depolarization in cardiac cells that predispose to AF.
(63)
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Hypoxemia
In patients with severe SARS-CoV-2 infection, pneumonia may cause significant impairment in gas
exchange and airway obstructions, leading to hypoxemia, which substantially reduces the energy supply
by cell metabolism, and increases anaerobic fermentation, causing intracellular acidosis and oxygen
free radicals which may destroy the phospholipid layer of cell membrane. Hypoxia-induced influx of
calcium ions also leads to injury and apoptosis of cardiomyocytes.(64) During a COVID-19 infection,
airflow limitation and dynamic hyperinflation result in changes in blood gases along with transmural
pressure gradients. Consequently, increased pulmonary pressure leads to tricuspid regurgitation which
particularly impairs the right atrium. In a sheep model, intermittent deoxygenation and reoxygenation
rather than sustained hypoxemia is characterized by increased atrial vulnerability due to a differential
recovery of right atrial conduction properties and refractoriness. Additionally, intrathoracic pressure
swings, accompanying dynamic hyperinflation and obstructive respiratory events, have been shown to
transiently shorten right atrial effective refractory period, right atrial action potential duration and
increase AF inducibility by parasympathetic mediated mechanisms in a spontaneously breathing pig
model. Repetitive obstructive respiratory events as observed in pig models manifest also by an increase
in the number of spontaneous premature atrial beats, activation of the renin-AngII system with
accompanying atrial oxidative stress and elevation in expression of connective tissue growth factor that
may result in atrial tissue fibrosis.(65) Combined these processes may create an arrhythmogenic
substrate which transiently increases risk of during the SARs-CoV-2 infection.(66-68)

Activation of the sympathetic nervous system
Severe infections activate the sympathetic nervous system (SNS), and there is also a relationship
between SNS activity and AF.(69, 70) The putative underlying mechanisms likely involves a SNSmediated increase in calcium influx into the cardiomyocytes (71), with subsequent calcium overload
of the sarcoplasmic reticulum, thereby increasing the frequency of spontaneous diastolic calcium
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releases via ryanodine receptor channels with subsequent generation of delayed afterdepolarizations
and triggered action potentials, increasing the likelihood of AF induction.(72)
It has been also demonstrated that inflammatory cytokines, particularly IL-6, can cause SNS
hyperactivation, via both central hypothalamus-mediated (inflammatory reflex) and a peripheral (left
stellate ganglia activation) pathways.(73) In some COVID-19 patients, anxiety may also cause a SNS
hyperactivation with subsequent promotion of arrhythmias.(28)

AF management in COVID-19 patients
Rhythm and rate control
Contemporary therapy of AF with antiarrhythmic drugs and anticoagulants is complex and suboptimal
and is associated with substantial side effects.(74, 75) Little data are available on the value of rhythm
and rate control strategies in AF patients with COVID-19 patients. Intensified treatment of the
underlying

hypoxemia,

inflammation

and

other

reversible

triggers

(i.e.

hypokalemia,

hypomagnesaemia, acidosis) appears the empiric basis for treatment.
Urgent cardioversion (performed within days) should be considered in hemodynamically instable
patients (also in case of acute myocardial infarction or acute heart failure) due to new-onset AF or in
whom AF may be a participating factor”. In the rest of patients, not in need of urgent cardioversion, the
need for cardioversion should be balanced against the need for more equipment and personnel at the
side of the patients, and the possible need for intubation (with the risk of increased viral aerosol
creation). In critically ill patients with hemodynamic instability due to new-onset AF intravenous
amiodarone is the antiarrhythmic drug of choice for rhythm control. (76) Notably, intravenous
amiodarone can cause acute pulmonary toxicity and severe hypotension (76, 77), therefore used with
caution by clinicians. Sufficient rate control may be also achieved in critically ill patients using
intravenous diltiazem. (78) Transthoracic echocardiography should be performed if signs of heart
failure, hemodynamic instability, unexplained deterioration of the clinical status, if cardiac dysfunction
is suspected. Transesophageal echocardiography should be obviated by early start of anticoagulation in
new-onset AF, or continuation in newly admitted COVID-19 patients with documented AF. (18)
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Cardiac computed tomography can be considered instead of transesophageal echocardiography in stable
patients for evaluation of left atrial appendage and intracardiac thrombus prior to cardioversion. (79)

In hospitalized patients under antiviral treatment with new-onset or recurrent AF but without
hemodynamic instability, discontinuation of antiarrhythmic drugs is preferred and initiation of rate
control therapy with beta-blockers (or non-dihydropyridine calcium channel blockers, unless
contraindicated, with or without digoxin) is preferred to allow safe antiviral medication without the risk
of QT prolongation.(18) During COVID-19 infection, the QT-related risk may be amplified by
concomitant use of QT-prolonging medications (e.g. hydroxychloroquine, azithromycin, lopinavir/
ritonavir), myocardial inflammation and/or electrolyte imbalances (hypokalemia, hypomagnesaemia
and/or hypocalcemia). (18) Drug-drug interactions including antiviral and antiarrhythmic drugs should
be considered before start of therapy (Table S1; supplementary material) and several web pages
(e.g. https://www.crediblemeds.org; www.covid19-druginteractions.org) provide a clinically useful,
up-to-date, drug-drug interaction resource, freely available to healthcare workers, patients and
researchers. Possible workflow of acute AF management is shown in Fig. 2.
All AF ablation procedures should be postponed at least for three months, expect cases of AF causing
severe symptoms such as in heart failure related AF. Medically refractory AF with repeated emergency
room visits should be performed within less than three months.(18)

Thromboprophylaxis
Impairment of coagulation system by SARS-CoV-2
The first experiences in the Wuhan province in China and then in other parts of the world allowed to
estimate the putative incidence of thromboembolic complications ranging from around 15% to 85% in
hospitalized COVID-19 patients. (80) Of note, thromboembolic risk is influenced by race and ethnicity,
and is significantly lower in Chinese compared to Caucasian individuals.(81) It is also genderdependent: men have a worse outcome compared to women, perhaps because the activation of
endothelial estrogen receptors increases nitrogen oxide and decreases reactive oxygen species,
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protecting the vascular system from AngII-mediated vasoconstriction, inflammation, endothelial
dysfunction and associated coagulation response.
Impairment of the coagulation system, caused by SARS-CoV-2 infection, seems to increase the risk of
thromboembolism in patients with AF, although this requires further investigation and validation.
Activation of endothelial cells by SARS-CoV-2 initiates the coagulation cascade by upregulation
expression of von Willebrand factor and P-selectin, allowing the recruitment platelets and adhesion
molecules including intercellular adhesion molecule-1, vascular cell adhesion protein-1 and E-selectin,
promoting leukocyte adhesion. The activation of endothelial cells also triggers the expression of tissue
factor (TF) activating the extrinsic coagulation pathway, with α-thrombin formation leading to fibrin
generation and platelet activation. The effects of α-thrombin are amplified by the reduction of
endothelial antithrombotic actions of molecules such as thrombomodulin, activated protein C pathway
and TF-pathway inhibitor (TFPI).(82) Thrombin generation through TF (extrinsic) and contact
pathways lead to clot formation and microvascular occlusion. Activation of the complement system
may also contribute to microvascular injury and thrombosis accompanying the evolution of severe
COVID-19.(83) There is also evidence for a putative role of antiphospholipid antibodies
(anticardiolipin, anti-β2 glycoprotein-1) in COVID-19-related thrombotic events.(84) Noteworthy, in
injured vessels, the production of nitric oxide is impaired, also promoting thrombus formation.(85)

Anticoagulation
According to current guidelines (86) anticoagulation is recommended in AF patients with CHA2DS2VASc score of 2 or more (3 or more in women) and should be considered in those with CHA2DS2VASc score of 1 or more (2 or more in women). Since hospitalized COVID-19 patients are usually
older than 65 years and present in approximately 70% of cases with two or more comorbidities, most
of AF patients require long-term anticoagulation.(87) Hemodynamically stable, hospitalized COVID19 patients with AF may be treated with either unfractionated heparin, low molecular weight heparin
(LMWH) or direct oral anticoagulants (DOACs), depending on the possibility of oral treatment, renal
function and other clinical conditions. Of note, some of investigational drugs for COVID-19 may have
relevant interactions with DOACs. In particular, this may be the case for lopinavir/ritonavir via
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cytochrome P450 CYP3A4 interaction and for antimalarial drugs via P-glycoprotein inhibition. In such
cases, bleeding risk may be increased and DOACs should be avoided. DOACs are preferred over
vitamin K antagonists (VKAs) owing to their better safety profile and fixed dosing.
Given that during treatment with VKAs regular international normalized ratio monitoring is necessary,
which may contribute to spreading of the infection, VKAs should be considered in specific patient
populations such as those with mechanical prosthetic valves or antiphospholipid syndrome. Although
data about the effects of VKAs in patients with COVID-19 are lacking, deficiency of vitamin K might
be suspected to be associated with worse COVID-19 outcome. Based on pleiotropic effects of various
vitamin K-dependent anticoagulant factors (proteins C and S) as well as a protein outside the
coagulation cascade (matrix Gla protein, MGP), it is likely that vitamin K might play a key role in the
pathogenesis of COVID-19. Recently, a Dutch study discovered that low vitamin K levels, assessed by
measuring desphospho-uncarboxylated MGP (dp-ucMGP; inversely related to vitamin K status), are
more often observed in patients with COVID-19 infection (vs healthy controls), and higher dp-ucMGP
levels are found in COVID-19 patients who needed mechanical ventilation or died (vs patients without
need of invasive ventilation).(88) Idiopathic pulmonary fibrosis (IPF) shows similarities with
pulmonary COVID-19 infection, therefore the effects of VKA therapy in IPF patients that have been
studied in two prospective clinical trials (89, 90) could be similar in COVID-19 patients. In contrast to
the first study which showed a favorable effect of anticoagulants (LMWH followed by VKA therapy)
on mortality related to IPF (89), the second study demonstrated an increased mortality in patients treated
with VKA alone.(90) It is important to bear in mind that vitamin K deficiency induced by administration
of VKAs causes both elastic fiber degradation and calcification in an animal model (91), which could
contribute to the worse prognosis in IPF patients.
As heparins are not expected to interact with drugs used for COVID-19 treatment, they may be
considered a safe and appealing alternative to oral anticoagulants for stroke prevention in AF patients
hospitalized for COVID-19. Interestingly, in addition to the antithrombotic effect, the antiinflammatory actions of heparin might be also relevant in this setting. Heparan sulfate proteoglycans
bind to SARS-CoV2 spike proteins and may decrease binding ability to host protein, and reduce the
proinflammatory activities of damage associated molecular patterns, chemokines, neutrophil
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chemotaxis and leukocyte migration.(18) Consistent with this notion, LMWH therapy was associated
with lower 28-day mortality in SARS-CoV-2-infected patients with signs of coagulopathy.(92) After
recovery from the COVID-19 infection, the long-term anticoagulation should be continued based on
the CHA2DS2-VASc score.

Long-term management of AF patients with COVID-19 infection
To protect vulnerable patients with AF from being infected by COVID-19, social distancing was
implemented in vast majority of healthcare centers to prevent extensive spread of the virus between
healthcare staff and patients, and face-to-face outpatient appointments were transferred into
teleconsultations. Some of the centers moved forward and combined teleconsultations with remote
rhythm and rate monitoring, enabling comprehensive AF management. An example of such approach
is TeleCheck-AF project, integrated, so far, in 37 European centers.(93, 94) Further, this approach will
change the current standard of care by reducing the number of hospital visits (planned and unplanned)
and thereby reduce healthcare costs while maintaining appropriate AF treatment. Additionally, it may
represent a good strategy to prepare for future crisis, when attendance of outpatient clinics or travelling
to the hospital is not possible or undesirable.

Conclusions
Acute SARS-CoV-2 infection may increase the susceptibility to AF and promote the evolution of a
prothrombotic state. The potential development of long-term complications including development of
cardiac arrhythmias in COVID-19 survivors remains to be established, especially as COVID-19
survivors are unlikely to produce long-lasting protective antibodies against this virus (95, 96), hence
may be susceptible to reinfection within weeks or months. As in the acute phase of COVID-19 infection,
the susceptibility to AF is increased and a worsening of existing AF likely, utilization of personal
electrocardiogram devices as well as remote monitoring (teleconsultations) could optimize care of
patients with AF and those with a high risk for developing AF.
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Figures legend
Figure 1. Putative mechanisms of AF in COVID-19 patients.
Infection by SARS-CoV-2, facilitated by TMPRSS2, is manifested by the progression of immune cell
over-activation leading to “cytokine storm”, ACE2 internalization and loss of both ACE2-mediated
cardiovascular protection and fluid-electrolyte homeostasis, atrial structural changes via CD147- and
sialic acid-spike protein, and hypoxemia. Subsequently, all abovementioned mechanisms result in
myocardial injury and remodelling, sympathetic nervous system activation that coupled with
electrolytes and fluids disturbances lead to conduction system disorder, hence atrial fibrillation
susceptibility.

Figure 2. Flowchart of acute AF management in COVID-19 patients.
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