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ABSTRACT:

COVID-19 is associated with a broad spectrum of
rhythm and conduction disorders, particularly among hos-
pitalized and critically ill patients. Arrhythmogenesis is
multifactorial and reflects systemic inflammation, hypox-
aemia, myocardial ischaemia or injury, myocarditis, auto-
nomic imbalance, thromboembolic disease, electrolyte dis-
turbances and drug-related proarrhythmia. Atrial fibrillation
is the most frequently reported sustained arrhythmia, while
ventricular tachyarrhythmias, bradyarrhythmias and atrio-
ventricular conduction disturbances occur predominantly
in patients with severe disease or myocardial injury. Con-
temporary population-based evidence also indicates that
arrhythmic risk may persist beyond the acute infection, al-
though the absolute risk and the contribution of direct vi-
ral myocardial injury remain incompletely defined. This
review summarizes the principal mechanisms, clinical phe-
notypes and management considerations of COVID-19-re-
lated arrhythmias and highlights emerging evidence con-
cerning post-acute autonomic dysfunction and long-term
rhythm complications.
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INTRODUCTION:

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the causative pathogen of coronavirus
disease 2019 (COVID-19), emerged in late 2019 and rap-
idly caused a global pandemic. SARS-CoV-2 belongs to
the Coronaviridae family. Among the human coro-
naviruses, SARS-CoV, MERS-CoV and SARS-CoV-2 can
cause severe respiratory disease, whereas HKU1, NL63,
0OC43 and 229E are generally associated with milder res-
piratory syndromes. The term “coronavirus” derives from
the crown-like appearance created by the surface spike
proteins. SARS-CoV-2 infection ranges from asympto-
matic disease to severe pneumonia, acute respiratory dis-
tress syndrome and multiorgan failure [1]. Acute respi-
ratory infections can precipitate cardiovascular events,
while pre-existing cardiovascular disease can worsen the
clinical course of infection [2]. Severe COVID-19 is as-
sociated with intense inflammation, endothelial dysfunc-
tion, thrombosis and multiorgan injury, with the cardio-
vascular system among the commonly affected organ
systems [3]. Viral entry is mediated mainly through an-
giotensin-converting enzyme 2 (ACE2), which is ex-
pressed in vascular endothelial cells, arterial smooth-
muscle cells and cardiomyocytes [4].

The interaction between SARS-CoV-2 and ACE2
is one component of COVID-19-related vascular and
myocardial injury. Viral binding and internalization can
reduce membrane ACE2 activity and shift the renin—an-
giotensin system toward angiotensin II-mediated vaso-
constriction, inflammation, oxidative stress and adverse
myocardial remodeling [5, 6]. These effects, together
with systemic inflammation, hypoxaemia, thrombosis and
autonomic activation, can promote the onset or exacer-
bation of arrhythmias. The reported spectrum includes
atrial fibrillation (AF), atrial flutter, supraventricular
tachycardia, monomorphic and polymorphic ventricular
tachycardia, ventricular fibrillation and different forms
of conduction disease.
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REVIEW RESULTS:

Mechanisms of arrhythmogenesis. Early clinical
studies demonstrated an increased frequency of cardiac
arrhythmias in patients with COVID-19. The underlying
pathophysiology is heterogeneous. Myocardial injury
can result from inflammatory myocyte damage, oxygen
supply-demand imbalance, acute coronary syndromes,
microvascular thrombosis, stress cardiomyopathy or myo-
carditis. Increased right-ventricular pressure due to se-
vere lung disease, pulmonary hypertension or pulmonary
embolism can further destabilize the myocardium. Im-

mune-mediated injury can involve cytotoxic T-
lymphocyte infiltration and an amplified cytokine re-
sponse, producing a self-perpetuating cycle of inflam-
mation and myocardial damage (Fig. 1). A reported case
of COVID-19-associated acute myocarditis was confirmed
by (CMR)
endomyocardial biopsy, with diffuse T-lymphocyte in-
filtration but no detectable SARS-CoV-2 genome in myo-
cardial tissue. The imaging phenotype resembled reverse

cardiac magnetic resonance and

Takotsubo syndrome, with predominant basal and mid-
ventricular dysfunction [7].

Fig. 1. Mechanisms of COVID-19-related myocardial injury leading to electrical remodeling, arrhythmias

and conduction disorders.
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Additional arrhythmogenic factors include hypox-
aemia, fever, endogenous catecholaminergic activation,
electrolyte disturbances and drug-related proarrhythmia.
Several agents used during the early pandemic, particu-
larly hydroxychloroquine, chloroquine and
azithromycin, prolong ventricular repolarization and can
increase the risk of marked QTc prolongation and

torsades de pointes, especially when combined or admin-
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istered to patients with renal dysfunction, bradycardia
or electrolyte abnormalities [8]. Patients with underly-
ing cardiovascular disease more often had elevated car-
diac troponin T and adverse outcomes. Ventricular tachy-
cardia or ventricular fibrillation occurred more fre-
quently in patients with elevated troponin than in those
without myocardial injury (11.5% vs. 5.2%) [9]. These
observations support myocardial injury as a marker of
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disease severity and arrhythmic vulnerability rather than
proof of direct viral myocarditis [10].

Myocardial injury also occurred in patients with-
out a previous history of cardiovascular disease, al-
though less frequently than in those with established car-
diovascular disease [29]. In the reported cohort, cardiac
troponin T was elevated in 13.2% of patients without
known cardiovascular disease and in 54.5% of those with
cardiovascular disease [9]. Interpretation requires cau-
tion because elevated troponin in severe COVID-19 can
reflect type 2 myocardial infarction, acute coronary syn-
dromes, right-ventricular strain, systemic inflammation,
renal dysfunction or critical illness, rather than myocar-
ditis alone.

In a worldwide survey of 4,526 hospitalized pa-
tients with COVID-19, 827 developed a clinically sig-
nificant arrhythmia. Atrial fibrillation was the predomi-
nant rhythm disturbance; ventricular arrhythmias and
bradyarrhythmias were also reported. Arrhythmias were
associated with greater illness severity, a higher need for
mechanical ventilation and lower survival to hospital
discharge [11]. An early Wuhan case series of 138 hos-
pitalized patients reported arrhythmias in 16.7% over-
all and in 44.4% of patients requiring intensive care,
compared with 6.9% of patients treated outside the in-
tensive care unit [12]. These early reports did not always
provide rhythm-specific adjudication, and their esti-
mates should not be extrapolated directly to vaccinated
populations, later viral variants or predominantly out-
patient disease.

In a cohort of 700 patients hospitalized with
COVID-19, nine experienced cardiac arrest, including six
pulseless electrical activity events, one torsades de
pointes event and two asystolic arrests. Twenty-five pa-
tients developed AF, ten had non-sustained ventricular
tachycardia, and nine had clinically significant
bradyarrhythmias. Cardiac arrest was usually associated
with severe systemic illness rather than a primary ven-
tricular tachyarrhythmia [13]. These findings reinforce
the multifactorial nature of arrhythmogenesis in COVID-
19 and the importance of disease severity, metabolic dis-
turbance and respiratory failure.

A global survey conducted through the Heart
Rhythm Society documented a broad spectrum of atrial,
ventricular and bradyarrhythmic events in hospitalized
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patients with COVID-19. AF was the most commonly re-
ported sustained arrhythmia, followed by atrial flutter,
atrial tachycardia and paroxysmal supraventricular tachy-
cardia. Reported ventricular events included monomor-
phic and polymorphic ventricular tachycardia, ventricu-
lar fibrillation and cardiac arrest. Conduction abnor-
malities included sinus bradycardia, atrioventricular
block, bundle-branch block and intraventricular conduc-
tion delay [14]. Because the survey was based on physi-
cian-reported cases rather than systematic monitoring of
a defined cohort, its percentages should be interpreted
descriptively.

Remdesivir inhibited SARS-CoV-2 in vitro and
was assessed in a randomized, double-blind, placebo-
controlled trial in adults with severe COVID-19; the trial
did not show a statistically significant difference in time
to clinical improvement in its primary analysis [15].
Chloroquine, hydroxychloroquine and azithromycin are
not recommended as routine treatment for hospitalized
COVID-19 because clinical benefit was not established,
and their combined use can substantially prolong the
QTc interval [28]. When a QT-prolonging regimen is
unavoidable, baseline and follow-up ECG assessment,
correction of potassium and magnesium abnormalities,
review of interacting medications and renal-dose adjust-
ment are required [8,19].

In a study of 113 consecutive patients with PCR-
confirmed SARS-CoV-2 infection and radiographically
documented pulmonary involvement who required inten-
sive care, 50 sustained atrial tachyarrhythmias, five sus-
tained ventricular arrhythmias and 30 bradycardic events
were recorded during 2,321 telemetry-days. New-onset atrial
arrhythmias were associated with haemodynamic deterio-
ration in 13 cases (35.1%) and occurred in older patients
with higher troponin T and NT-proBNP concentrations and
more severe disease. The five ventricular arrhythmias com-
prised two ventricular tachycardias, two ventricular fibril-
lation episodes and one torsades de pointes; all were ter-
minated by immediate cardioversion or defibrillation. Pre-
cipitating factors were identified in 19 of 30 bradycardic
events, and no patient required permanent pacing [16].
Arrhythmias in critical COVID-19 therefore often reflect the
interaction between acute systemic illness and a suscepti-
ble myocardial substrate (Fig. 2).

7083



Fig. 2. Parallel mechanisms leading to electrical instability and arrhythmias in COVID-19.

[ 1. DIRECT VIRAL INJURY ] L

2. HYPERINFLAMMATION
(CYTOKINE STORM)

3. ENDOTHELIAL DYSFUNCTION
& MICROVASCULAR INJURY

4. HYPOXIA &

5. AUTONOMIC DYSREGULATION 6. TREATMENT-RELATED
RESPIRATORY INVOLVEMENT

& SYMPATHETIC ACTIVATION FACTORS

Viral entry
via ACE2

9 Lo
0@. % Cell death and
L&

Soip  myocarditis

i LEGEND

| ACE2 - Angiotensin-converting
enzyme 2

1 SNS - Sympathetic nervous system

| RAAS - Renin-angiotensin-aldosterone

| system

| EADs - Early afterdepolarizations

DADS - Delayed afterdepolarizations

Immune cell
activation

Myocardial
inflammation

|
!

Endothelial
activation

* Oxidative stress
 RAAS activation

+ Complement activation
* Pro-thrombotic state

%/Z)%% ) Cardiomyocyte : e °° T Cytokines Microvascular
Ay infection s an (IL-6, IL-1B, TNF-a, thrombosis
IFN-y)
Mitochondrial o8 @ Systemic Impaired coronary
dysfunction inflammation microcirculation

Ischemia and focal
myocardial injury

strain

I! N\ =
l I o Stress and pain () QT-prolonging
. l@
ﬁ % et Activation of SNS H  drugs
Reduced oxygen )_J(\_\, Catecholamine m Drug-drug
delivery \it 2 é “ ) surge interactions
\AS S/ A&
E Pulmonary o ’_"M‘" Increased heart ‘/K' Mg\ Electrolyte
== vasoconstriction \ rate and contractility ‘\Ca"l disturbances
Right ventricular Heterogeneous Proarrhythmic

sympathetic tone substrate

ELECTRICAL REMODELING

OF THE HEART

ELECTRICAL INSTABILITY
(ARRHYTHMOGENIC SUBSTRATE)

« Extracellular matrix
| remodeling

« Fibrosis ‘
| Altered gene ‘
| expression

¥

RE-ENTRY
+ Conduction slowing
« Spatial heterogeneity
« Unidirectional block

®

v

TRIGGERED ACTIVITY

=
;e
v e
« Afterdepolarizations (EADs/DADs)

Ca*o

Calcium overload
« Defayed repolarization

¥

ENHANCED AUTOMATICITY

+ Abnormal pacemaker activity
« Phase 4 depolarization T
+ Autonomic imbalance

LR

ATRIAL FIBRILLATION ATRIAL FLUTTER SUPRAVENTRICULAR PREMATURE VENTRICULAR VENTRICULAR SINUS NODE AV BLOCK BUNDLE BRANCH
(AF) (AFL) TACHYCARDIA (SVT) VENTRICULAR TACHYCARDIA (VT) FIBRILLATION (VF) DYSFUNCTION (1°, 2°,3°) BLOCK (RBBB/LBBB)
COMPLEXES (PVCs) (BRADYCARDIA)
Multiple, interrelated mechanisms in COVID-19 converge to create an arrhythmogenic substrate
that promotes electrical instability and a broad spectrum of cardiac arrhythmias. Created by the authors.

Role of myocardial injury. Myocardial injury,
conventionally defined by cardiac troponin concentra-
tions above the 99th percentile upper reference limit, has
been reported in a substantial proportion of hospitalized
patients with COVID-19 and is consistently associated
with greater disease severity and mortality [17]. Two
broad mechanisms are considered: virus-related cellular
injury and immune-mediated myocardial damage. SARS-
CoV-2 uses its spike protein to bind ACE2 and facilitate
cellular entry; downregulation of ACE2 can favour an-
giotensin II signalling through the type 1 angiotensin
receptor and promote inflammation, oxidative stress and
adverse remodeling [5,6,18]. In parallel, activated im-
mune cells can infiltrate the myocardium and amplify tis-
sue injury through cytokine-mediated pathways. These
processes can alter intercellular coupling, calcium han-
dling and ion-channel expression, thereby promoting
triggered activity, abnormal automaticity and re-entry.
If inflammation resolves with residual scar or fibrosis,
an arrhythmogenic substrate can persist beyond the acute
phase [18].

Supraventricular tachycardia (SVT). Manage-
ment should begin with correction of precipitating fac-
tors, including hypoxaemia, fever, acid—base and electro-
Iyte disturbances, myocardial ischaemia and interacting
medications. In a regular narrow-complex tachycardia,
vagal manoeuvres and intravenous adenosine remain ap-
propriate when no contraindication is present. Synchro-

7084

https://www.journal-imab-bg.org

nized electrical cardioversion is indicated for haemody-
namic instability. Beta-blockers or non-dihydropyridine
calcium-channel blockers can be selected for ongoing rate
control according to ventricular function, blood pressure,
bronchospasm risk and drug interactions. Excessive brady-
cardia should be avoided, particularly in patients receiv-
ing QT-prolonging drugs [14,19].

Atrial fibrillation and atrial flutter. The therapeu-
tic objectives are ventricular-rate control, prevention of
thromboembolism, symptom relief and rhythm control
when clinically indicated. In haemodynamically stable
patients, rate control is often appropriate during acute
systemic illness, while urgent synchronized cardioversion
is indicated when AF or atrial flutter causes haemody-
namic instability. Amiodarone can be considered in se-
lected critically ill patients or in the presence of heart fail-
ure, but QT prolongation, bradycardia and drug interac-
tions require close monitoring [19,20]. Class Ic agents
should be restricted to patients without significant struc-
tural or ischaemic heart disease and should not be selected
solely because of COVID-19 [28]. Stroke prevention
should follow contemporary AF guidance. Current ESC
guidance favours the CHA, DS, -VA score for thromboem-
bolic risk assessment; oral anticoagulation is based on the
patient’s underlying stroke-risk profile and bleeding risk,
not on SARS-CoV-2 infection alone [21]. The long-term
rhythm-control strategy should be reassessed after recov-
ery from the acute illness.
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Ventricular tachyarrhythmias and COVID-19.
Management requires rapid identification and correction
of reversible triggers, including hypoxaemia, ischaemia,
metabolic disturbance, electrolyte abnormalities and
proarrhythmic medication. Sustained ventricular tachycar-
dia, ventricular fibrillation and cardiac arrest should be
treated according to established advanced life-support and
ventricular-arrhythmia guidelines [22]. Fever deserves
particular attention in patients with Brugada syndrome be-
cause it can unmask or accentuate a type 1 Brugada ECG
pattern and increase arrhythmic risk. Prompt antipyretic
treatment, ECG reassessment and monitored hospital care
are appropriate in patients with a spontaneous or fever-
induced type 1 pattern accompanied by syncope, docu-
mented ventricular arrhythmia or other high-risk features
[22]. A pathogenic SCN5A variant alone does not define
clinical risk and should be interpreted together with the
phenotype and family history.

Long-term arrhythmic risk after COVID-19. Popu-
lation-based evidence published after the early pandemic
phase indicates that arrhythmic risk is not restricted to
acute hospitalization. In a nationwide Swedish study in-
cluding more than one million individuals with laboratory-
confirmed infection and more than four million matched
controls, the risk of first atrial tachyarrhythmia, paroxys-
mal supraventricular tachycardia and bradyarrhythmia was
increased after COVID-19, with the magnitude and dura-
tion of risk strongly related to age and disease severity. In-
creased risk persisted for up to 60 days for atrial
tachyarrhythmias and up to 180 days for paroxysmal su-
praventricular tachycardia; excess ventricular-arrhythmia
risk was not demonstrated beyond the day of diagnosis
[23]. A large UK primary-care study also identified a tem-
poral clustering of post-COVID cardiovascular events and
provided individualized risk estimates based on age and
comorbidity [24]. These data support symptom-directed
surveillance in patients with palpitations, syncope, unex-
plained dyspnoea or exercise intolerance rather than indis-
criminate rhythm screening of all survivors.

Post-COVID atrial fibrillation. A 2024 systematic
review and meta-analysis found a higher subsequent in-
cidence of AF among individuals who had recovered from
COVID-19 than among non-infected comparison groups.
The analysis included approximately 20 million partici-
pants, but heterogeneity in population characteristics, fol-
low-up duration and methods of AF ascertainment re-
mained substantial [25]. Newly detected AF after COVID-
19 should therefore be evaluated according to standard
principles, including assessment of reversible triggers,
structural heart disease, symptom burden and thromboem-
bolic risk. Anticoagulation and rhythm-control decisions
should follow established AF guidelines rather than be-
ing driven by prior infection alone [21].

Autonomic dysfunction, inappropriate sinus
tachycardia and POTS. Persistent palpitations and tachy-
cardia after the acute infection do not always represent a
primary cardiac arrhythmia. Post-COVID cardiovascular
autonomic dysfunction can present as inappropriate sinus
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tachycardia, orthostatic intolerance, reflex syncope or
postural orthostatic tachycardia syndrome (POTS). Pro-
posed mechanisms include autonomic imbalance, hypo-
volaemia, deconditioning, endothelial and microvascular
dysfunction, immune dysregulation and autoantibody-
mediated interference with adrenergic or muscarinic sig-
nalling [26]. Diagnosis requires correlation of symptoms
with heart-rate and blood-pressure responses to active
standing or tilt testing and exclusion of anaemia, thyroid
disease, active inflammation, pulmonary disease and
structural heart disease. Management should be pheno-
type directed, beginning with adequate fluid and salt in-
take when appropriate, physical countermeasures, com-
pression garments and individually adapted recumbent
exercise; pharmacological treatment is reserved for se-
lected patients [19,26].

Myocardial inflammation, CMR abnormalities
and arrhythmogenic substrate. Persistent myocardial
oedema, scar or diffuse interstitial abnormalities on CMR
can provide an anatomical substrate for ventricular ectopy
or re-entry, but imaging findings must be interpreted in
the clinical context. Late gadolinium enhancement alone
does not establish active viral myocarditis, and the rela-
tionship between post-COVID CMR abnormalities and fu-
ture malignant ventricular arrhythmias remains incom-
pletely defined. Selective CMR is appropriate in patients
with persistent chest pain, elevated cardiac biomarkers,
ventricular arrhythmias, new ventricular dysfunction or
other findings suggesting myocardial involvement; rou-
tine imaging of asymptomatic individuals is not sup-
ported. Longitudinal studies combining CMR, ambulatory
rhythm monitoring, biomarkers and clinical outcomes are
required to determine which imaging phenotypes have
prognostic significance [18,19,27].

Contemporary clinical perspective. Current evi-
dence supports a distinction between arrhythmias occur-
ring during severe acute systemic illness and rhythm symp-
toms developing during recovery. During acute COVID-
19, treatment should focus on correction of hypoxaemia,
inflammation, ischaemia, electrolyte imbalance and drug-
related QT prolongation, together with guideline-directed
treatment of the documented arrhythmia. During the post-
acute phase, evaluation should be driven by symptoms
and objective findings and can include a 12-lead ECG,
ambulatory rhythm monitoring for intermittent episodes,
echocardiography when structural disease is suspected,
and autonomic testing when the clinical pattern is ortho-
static. The available evidence does not support attribut-
ing every post-COVID palpitation to myocarditis or a ma-
lignant rhythm disorder [19].

CONCLUSION:

Available evidence supports a multifactorial model
of rhythm and conduction disturbances in COVID-19. The
relative contributions of myocardial injury, immune-me-
diated inflammation, hypoxaemia, ischaemia, haemody-
namic stress, autonomic imbalance, electrolyte abnormali-
ties and drug-related effects differ substantially among
patients and across disease phases. This heterogeneity
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limits direct comparison between cohorts and complicates
pooled estimates, particularly when studies combine pa-
tients with mild outpatient disease and those with criti-
cal multiorgan failure.

Future studies should clarify how disease severity,
hypoxaemia, pre-existing cardiovascular disease and myo-
cardial injury influence the type, burden and prognosis
of arrhythmias. Standardized definitions, systematic
rhythm monitoring and clear separation of acute infection
from post-acute sequelae are required. Clinically,
arrhythmias arising during acute COVID-19 should be in-
terpreted within the context of the underlying systemic
illness, while persistent palpitations or tachycardia after
recovery warrant evaluation for recurrent arrhythmia, in-
appropriate sinus tachycardia, POTS and structural myo-
cardial disease. Future investigations should account for
vaccination status and viral variants and should combine

extended rhythm monitoring with biomarkers,
echocardiography and CMR. Prospective studies are
needed to determine which imaging or biomarker abnor-
malities predict clinically relevant arrhythmias, whether
risk diminishes over time and which patients benefit from
prolonged surveillance. Such evidence is required to
move from descriptive associations toward individualized
risk stratification and targeted prevention.

Abbreviations:

ACE2 - angiotensin-converting enzyme 2; AF —
atrial fibrillation; CMR - cardiac magnetic resonance;
ECG - electrocardiogram; NT-proBNP — N-terminal pro-
B-type natriuretic peptide; POTS — postural orthostatic
tachycardia syndrome; SARS-CoV-2 — severe acute res-
piratory syndrome coronavirus 2; SVT — supraventricular
tachycardia.
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