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heart diseases; The coronavirus disease 2019 (COVID-19) pandemic has presented substantial challenges

SARS-Cov2; for providing health care due to the numerous complications on the respiratory and cardio-

arrhythmia; vascular systems of people. Cardiac arrhythmia is one of the cardiac complications, and it

Immune response; was observed in COVID-19 patients. Moreover, arrhythmia and cardiac arrest are common in

Cytokine COVID-19 patients in the intensive care unit. The occurrence of cardiac arrhythmia in COVID-19
patients is associated with hypoxia, cytokine storm, myocardial ischemia and inflammatory
disease such as congestive heart failure. It is necessary to know the occurrence and mecha-
nisms of tachyarrhythmia and bradyarrhythmia in patients with COVID-19 infection for their
proper management. This review provides an overview of the association between COVID-19
and arrhythmias by detailing possible pathophysiological mechanisms.
© 2023 Codon Publications. Published by Codon Publications.

Introduction with distressing and sometimes fatal signs and symptoms.

Arrhythmias can be a Bradyarrhythmia (<60 beats per min-
ute) or a Tachyarrhythmia (>100 beats per minute) and can
occur at any age.?

The main cause of human mortality is cardiovascular dis-
eases (CVD), which accounted for 31% of global deaths

in 2016." Arrhythmia can be mentioned among the most
important heart diseases. Cardiac arrhythmia or distur-
bance in the heart rhythm is usually caused by improper
functioning of the electrical messages coordinating
the heart rate and leads to an increase or decrease in
the rate or its irregularity. Cardiac arrhythmias may be
described as heart palpitations, which are sometimes
harmless. However, some arrhythmias may be associated

Various factors can affect the normal cardiac rhythm
and cause arrhythmia. Genetic causes and acquired causes
are mentioned. Genetic causes can include channelopa-
thies (Brugada syndrome, Catecholaminergic Polymorphic
Ventricular Tachycardia, short and long QT syndrome
[LQTS]) or congenital structural disorders (Tetralogy of
Fallot, Transposition of the great arteries, and Ebstian
syndrome). Acquired causes can include a wide range of
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related factors, such as electrolyte imbalance (such as
calcium-, potassium-, and magnesium-level changes), myo-
cardial damage (such as myocarditis, cardiac ischemia),
body temperature changes (fever, hypothermia), infec-
tions, remodeling of the heart structure (hypertrophic
cardiomyopathy, dilated cardiomyopathy, and restrictive
cardiomyopathy), and acquired valvular disease.?

The COVID-19 is the greatest challenge of the century,
which has led to huge health costs worldwide to fight this
global pandemic and healthcare services.* Severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2), which
causes COVID-19, was first reported in China on December
31, 2019° and COVID-19 has been introduced as a pandemic
with far-reaching effects on the health and economic sec-
tors of the world.®

Cardiovascular complications are one of the most
important complications of COVID-19 infection. In a recent
series of cases published from New York, various types of
atrial and ventricular tachyarrhythmias and bradyarrhyth-
mias have been reported in patients infected with coro-
navirus.” One of the most important aspects of cardiac
injury is the increased risk of cardiac arrhythmias, so in
this review, we present the current state of knowledge
regarding the potential mechanisms and manifestations of
cardiac arrhythmia in patients with COVID-19 as a resource
for clinicians during this rapidly evolving crisis.

Tachyarrhythmia

In normal body conditions, more than 100 beats per min-
ute presents tachyarrhythmia that can occur at any age.
Tachyarrhythmia is divided into two general groups based
on the place where it originates: tachyarrhythmia with
ventricular origin and tachyarrhythmia with atrial origin.
Arrhythmias originating from the ventricles are divided
into several major groups including: (1) anatomical reen-
try around an obstacle such as a scar manifesting as mono-
morphic ventricular tachycardia (MMVT), (2) functional
re-entry due to a stable rotor, which also manifests as
monomorphic VT (MM VT), (3) re-entry due to a tortuous
rotor seen as polymorphic VT (PMVT) or Torsade’s de Point
(TDP), (4) multiple wavelet ventricular fibrillation (VF)
due to rotor (spiral/scroll wave) breakup, (5) mother rotor
ventricular fibrillation (VF) due to a fast stable rotor with
peripheral wave breaks (fibrillary conduction block) in sur-
rounding tissue, and (6) ventricular flutter (VFL). When
electrical signals in the ventricles are released too quickly
and without control, ventricular fibrillation occurs, which
causes the lower chambers to vibrate, so the heart cannot
pump blood. If the person is not treated immediately and
a normal rhythm is not established quickly, the person will
suffer brain and heart damage and die, and (7) premature
ventricular contraction (PVC). An electrical signal from the
ventricles causes a premature heartbeat that is usually
ignored. These beats are usually seen in both healthy and
sick people.?

Ventricular arrhythmias may be nonsustained or sus-
tained, e.g. non-SUS-VT or SUS VT), may be triggered or
focally or completely reentrant in origin, or involved
in combination of focal and reentrant mechanisms.® In
addition, sometimes reentrant circuits, which are not

intrinsically stable, can be constantly re-triggered by focal
activations and persist (mixed focal reentrant-VF).?

On the other hand, important ventricular arrhythmias
can be divided into three general categories from another
point of view, in which primary dynamic instability causes
dysrhythmias: (1) Decreased repolarization includes LQTS
and HF; Arrhythmia manifestations in the group are TDP &
PVT and mixed reentrant-focal VF, (2) additional repolar-
ization includes ischemia, BS, ERS, SQTS; arrhythmia mani-
festations in the group are multiple wavelet VF and mother
rotor VF, and (3) unstable calcium cycle includes CPVT, HF,
and ischemia arrhythmia manifestations in the group are
DAD-mediated VT, Multiple wavelet VF, and mother rotor
VE.10

Arrhythmias originating from the atrial are divided
into several groups including; (1) sinus tachycardia: sinus
tachycardia occurs when the heartbeat originates from
the sinus node, but the heart rate exceeds 100, (2) atrial
fibrillation (AF): AF occurs when action potentials are fired
too rapidly within the atria at different points, leading to a
rapid increase in atrial rate (approximately 0-40-60 beats
per minute). Due to the very high speed of the atrium, P
waves may not be seen. Conduction from the atrium to
the ventricle has changed; therefore, in addition to the
irregularity of the atrial rhythm, the ventricular rhythm is
also irregular, (3) premature atrial contraction (PAC): PAC
causes the regular heart rhythm to be interrupted with a
premature beat. This premature beat is often generated
from the atria and from a place outside the sinus node,
(4) aberrant beats of atrial rhythm (AT): This rhythm occurs
when a place outside the sinus node in the atria tempo-
rarily takes over the task of pacing the heart because it
creates an action potential faster than the sinus, atrial
tachycardia can be focal. That is, all the bits originate from
a fixed place (AT). And sometimes, atrial tachycardia is
multifocal (MAT), (5) atrial flutter (AFL): AFL is a prevalent
abnormal heart rhythm that starts in the atrial chambers
of the heart. When it first occurs, it is usually associated
with a fast heart rate and is classified as a type of supra-
ventricular tachycardia (SVT), and (6) SVT: SVT is fast heart
rate staring in the upper heart chambers. The mechanism
of supraventricular arrhythmia is the presence of reentry
circuits and has a wide division that is beyond the scope of
this study.”

Bradyarrhythmia

Bradyarrhythmias can be due to dysfunction of the
sinoatrial node (SAN) and sometimes due to block in
the atrioventricular node (AVN) and His-Purkinje system
(HPs). Therefore, they are divided depending on the place
where the function is disturbed, including (1) sinus brady-
cardia: The beats originate from the SAN, but the pulse
rate is less than normal (<60), (2) sick sinus syndrome:
The sinus tract does not release its signals well, which
makes the heartbeat irregular. Sometimes the heart rate
varies between bradycardia and tachycardia. This type
of heart rhythm is seen in elderly people as a result of a
generational change in the conduction path of the heart,
(3) first class AVN block. This is when the conduction of
the atrium to the ventricle is carried out in a 1:1, but at
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the site of the AVN, there is a delay in the conduction,
and therefore, it is seen in the ECG as an increase in the
PR interval, (4) Mobitz | (Wenckbach) Narrow QRS, pro-
gressive increase in PR interval until one ventricular beat
is eliminated, then this process repeats, (5) Mobitz Il fixed
PR interval with beats that are occasionally removed with
a 2-to-1, 3-to-1, and 4-to-1 scheme; The QRS complex is
usually wide, seen with Ml or degenerative diseases of the
conduction system; This rhythm is dangerous and may sud-
denly progress to complete atrial-ventricular block, and
(6) third degree (complete atrial-ventricular block) the
activity of the atria is transferred to the ventricles and
in this type, atria and ventricles can have independently
contraction (Table 1).!12

Arrhythmia and COVID-19 Infection

SARS-CoV-2 is the cause of coronavirus disease 2019 (Covid-
19), and this viral disease has easily spread all over the
world and has become an epidemic.>'*"* The most com-
mon symptoms include fever, cough, and fatigue. Few
patients experience complications such as acute respira-
tory distress syndrome (ARDS) and other end-organ dam-
age.” Although the most common and prominent symptoms
in most patients infected with COVID-19 are respiratory
symptoms, many studies reported extra pulmonary involve-
ment, including the cardiovascular system (Figure 1).'®"” In
a study, it was mentioned that the mortality rate of COVID-
19 people who suffering from cardiac complications was

Table 1 Arrhythmia classification.

SARS-CoV-2

o
Infection

@
Immune 4
ystem cells\ @)

\/@S, @@*

Heart Injuries & Arrhythmia

Hypoxia

TNF-a, IL-1b, IL-6
Cytokine Storm

Figure 1 Related immune response in the effect of COVID-19
on the respiratory and cardiovascular systems.

51.2%, while the mortality rate was 4.5% in the absence
of cardiac complications."”'® Similarly, in another study, the
presence of cardiac injury was associated with fatal out-
comes, with a significantly higher mortality of 59.6% com-
pared to patients without cardiac injury (8.9%)." In a study,
it was shown that cardiac arrhythmia occurs in 6 to 17% of
patients.?’ However, it increases to 44% in patients admit-
ted to the intensive care unit (ICU), and the second most
common complication after ARDS is cardiac arrhythmia.?
Types of tachycardia including AF, AFL, SVT, and ventricular
arrhythmia have been reported in patients with COVID-19.%

Tachyarrhythmia  Atrial Sinus tachycardia

Atrial fibrillation (AF)

Premature atrial contraction (PAC)
Aberrant beats of atrial rhythm (AT)

Atrial flutter (AFL)

Supraventricular tachycardia (SVT)

Ventricular

Anatomical reentry around an obstacle such as a scar manifesting as monomorphic

ventricular tachycardia (MMVT)
Functional re-entry due to a stable rotor, which also manifests as monomorphic VT (MM VT)
Re-entry due to a tortuous rotor seen as polymorphic VT (PMVT) or Torsade’s de Point (TDP)
Multiple wavelet ventricular fibrillation (VF) due to rotor (spiral/scroll wave) breakup
Mother rotor ventricular fibrillation (VF) due to a fast stable rotor with peripheral wave
breaks (fibrillary conduction block) in surrounding tissue
Ventricular flutter (VFL). When electrical signals in the ventricles are released too quickly
and without control, ventricular fibrillation occurs. It causes the lower chambers to
vibrate, so the heart cannot pump blood. If the person is not treated immediately and a
normal rhythm is not established quickly, the person suffers brain and heart damage and

dies

Premature ventricular contraction (PVC). An electrical signal from the ventricles causes a
premature heartbeat that is usually ignored. These beats are usually seen in both healthy

and sick people
Sinus bradycardia
Sick sinus syndrome

Bradyarrhythmia

First class atrioventricular node (AVN) block

Mobitz |
Mobitz Il
Complete heart block
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The occurrence of cardiac arrhythmias following infection
with the COVID-19 virus is a multifactorial phenomenon.?

The most common arrhythmia that was observed in
COVID-19 patients is supraventricular arrhythmia, and
among them, AF is the most common arrhythmia that
occurs in about 15-30% of them. Unfortunately, the occur-
rence of AF in patients infected with COVID-19 causes an
increase in severe clinical manifestations.? Various mech-
anisms are involved in the occurrence of AF.?* Among its
causes, the following can be mentioned: the presence of
hypoxemia following pulmonary involvement can cause
heart damage and primyocarditis, in which AF may occur;
the common occurrence of COVID-19 infection in older
patients who are already susceptible to suffering from AF
can be another cause.” Another common rhythm disor-
der in patients with COVID-19 is sinus tachycardia due to
several reasons including respiratory failure/hypoxemia,
fever, hemodynamic disorder, pain, and fear/anxiety.?
Sinus bradycardia can also be a manifestation of COVID-19
infection and is a reason for careful monitoring of patients.
The occurrence of sinus bradycardia has various reasons,
including inflammatory damage to the sinus node by circu-
lating cytokines, severe hypoxia, and side effects of drugs.
Sinus bradycardia can be a sign of the beginning of a seri-
ous cytokine storm.?”

In case of damage to the myocardium and myocardial
ischemia (MI) or acute myocarditis, the person becomes
prone to various and serious ventricular arrhythmias.?
Ventricular tachyarrhythmias can occur in different condi-
tions and even endanger a person’s life. It occurs in con-
ditions such as myocarditis, ischemic heart disease (IHD),
chronic heart failure (CHF), and other heart muscle con-
ditions. Ischemic heart disease is responsible for approx-
imately 65% of sudden cardiac death (SCD) cases, while
the remainder is associated with structural heart diseases
[arrhythmogenic right ventricular cardiomyopathy (ARVC),
hypertrophic cardiomyopathy, valvular heart disease, myo-
carditis] and pre-arrhythmic diseases (long QT, short QT,
Brugada, and pre-excitation syndromes, respectively).? In
case of damage to the myocardium and MI or acute myo-
carditis, the person becomes prone to various and serious
ventricular arrhythmias.® In addition to this, there are
other triggers for the occurrence of ventricular arrhythmia
in these patients, which include severe respiratory failure
and resulting hypoxia, systemic inflammation and cytokine
storm, autonomic imbalance, electrolyte disorders, and
pre-arrhythmic complications of COVID-19 treatments and
drug interactions.? Patients with severe cases of COVID-
19 often have other co-morbidities that can increase the
risk of developing malignant VAs, such as fever, electrolyte
abnormalities (hypokalemia, hypomagnesemia), a history
of underlying heart disease, and most importantly, drug
treatments for COVID-19, which can be proarrhythmic and
cause QT prolongation, and as a result, may cause TDP and
SCD.*? Also, acute myocardial injury caused by a virus can
independently cause QT interval prolongation.*® In a case
series of 121 patients diagnosed with COVID-19 infection,
71.9% were found to have tachycardia independent of hypo-
tension and fever, and 14.9% were found to have transient
bradyarrhythmia. Tachycardia persisted in 40% of patients
after discharge.® In a case series of 137 patients with coro-
navirus, nearly 7.3% reported palpitations as the initial

symptom.3* In another, 16.7% of patients with COVID-19
infection had arrhythmias, with a higher incidence of 44.4%
in ICU patients compared to non-ICU patients.?’ There
was low prevalence of arrhythmia among patients with
COVID-19 with clinical stability.* A case series by Guo et
al. reported a 5.9% incidence of sustained episodes of ven-
tricular tachycardia or ventricular fibrillation in 187 hospi-
talized COVID-19 patients.” In a case series of 70 patients
with COVID-19, cardiac arrhythmias including tachyarrhyth-
mia and severe bradyarrhythmia requiring temporary pace-
maker occurred in 15.7% of patients.3¢

Several manifestations of arrhythmia have been
observed in COVID-19 patients and bradyarrhythmia has
been described in several literatures. Bradycardia, includ-
ing sinus or AV block, can occur in patients with COVID-19.
There are various reasons for the occurrence of brady-
arrhythmias in COVID-19 patients, such as side effects of
drugs like azithromycin, hydroxyl chloroquine, and lopina-
vir/rotinavir. In myocarditis, it is also possible to involve
the conduction system, especially AV blocks. Also, in intu-
bated patients, transient bradycardia may occur during
suctioning of tracheal secretions due to transient increase
in vagal tone.¥

Cases of complete heart block have been reported in
a patient with COVID-19.3 Also, we reported a case of per-
manent atrioventricular (AV) block in one of our patients,
which ultimately required the implantation of a permanent
micro cardiogram." Another case of high-grade transient AV
block following subclinical myocarditis in a patient infected
with coronavirus was reported.* In a recent series of cases
published from New York, various types of atrial and ven-
tricular tachyarrhythmias and bradyarrhythmias have been
reported in patients infected with coronavirus.’

There are several mechanisms for the cardiac arrhyth-
mia occurrence during the infection of COVID-19; includ-
ing various conditions of damage to the myocardium such
as myocardial infarction, myocarditis, and severe sys-
tolic heart failure.”® In the conditions of a viral infection,
chronic CVDs can become unstable due to the increase in
metabolic demand and provide basis for the occurrence of
various types of arrhythmia.*® This imbalance of supply and
demand, in association with direct myocardial damage and
increased inflammatory response, can increase the risk of
acute coronary syndrome, acute heart failure, and cardiac
arrhythmia.“*2 COVID-19 infection can cause hypoxia by
directly affecting the lung tissue, and following hypoxia,
myocardial involvement causes arrhythmia.?? Hypoxia can
activate anaerobic glycolysis, and therefore cause aci-
dosis inside the heart cells, and as a result, the function
of hydrogen/sodium channels is affected and hydrogen
exits the cell at the expense of entering large amounts of
sodium. Then, the intracellular sodium causes the sodium-
calcium exchange channels to enter into action and, with
the sodium deficit, enter large amounts of calcium into the
cell and increase the cytosolic calcium level. An increase
in the intracellular calcium level can facilitate early and
late depolarization, as well as changes in the duration of
the action potential, and therefore provide the basis for
the occurrence of various types of cardiac arrhythmias.®
Hypoxia also increases the extracellular potassium level,
which lowers the depolarization threshold and accelerates
electrical conduction. This can also be the reason for the
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Figure 2 Effect of the storm of cytokines on the targeted organs and mechanism of arrhythmia on COVID-19.

occurrence of arrhythmia.** In addition, hypoxemia can
also reduce electrical coupling and tissue anisotropy due to
dephosphorylation of connexin 43 at gap junctions.®

On the other hand, stimulating the response of the
immune system to deal with this infection can cause the
disruption of cytokines and the storm of cytokines can
cause damage to the heart tissue or trigger the occurrence
of arrhythmia (Figure 2).22 In the damage to the myocar-
dium following COVID-19 infection, some cytokines play a
prominent role and can be a trigger for the occurrence of
arrhythmia.*¢ Among them, interleukin (IL)-6, tumor necro-
sis factor (TNF)-a, and IL-1 can affect the expression and
function of potassium and calcium channels and prolong
the ventricular action potential,*® especially in patients
with LQTS.# IL-6 inhibits cytochrome P450 (CYP450), which
increases the bioavailability of QT-prolonging drugs and pre-
disposes to arrhythmias.*® Furthermore, Cytokine storm can
cause inflammation in the myocardium. The occurrence of
myocarditis following COVID-19 infection has been reported
in several studies.’®>" Another proposed mechanism could
be the migration of infected alveolar macrophages out of
the lung and could potentially increase the risk of arrhyth-
mia by disrupting electrical conduction.** In addition, it
seems that sometimes direct damage to the myocardium
as a result of direct involvement of the viral tissue can be a
mechanism for the occurrence of myocarditis.

Another prominent mechanism is the effect of this
microbe on the action of angiotensin. The COVID-19 virus
uses the spike protein to bind to angiotensin-converting
enzyme 2 (ACE2) receptors on the myocardial cell mem-
brane.>® When SARS-CoV-2 binds to ACE2 receptors in the
myocardium, the available ACE2 receptors are reduced,
causing the accumulation of angiotensin II, leading to
adverse myocardial remodeling.>*

In the acute phase of myocarditis caused by COVID-
19 infection, arrhythmia can occur and the cause can be

microvascular disorders caused by hypoxia, gap junctions
function disorder due to disorder in the expression of
connexin 43, electrolyte imbalance, and also direct cyto-
pathic effects of the virus.* Also, arrhythmia can occur in
the nonacute phase and in the post-inflammatory phase.
Some degree of scarring that is created can be the basis
for re-entrant tachyarrhythmias.® Dysfunction of micro-
vascular function and hyper-inflammatory state caused by
the activation of inflammatory cells in pre-existing athero-
sclerotic plaque cause myocardial ischemia. In the event of
IHD, the event of inflammation is an essential element in
the formation and stability of atherosclerotic plaque. TNF-
o facilitates the recruitment and migration of leukocytes
through the expression of vascular cell adhesion molecule
1 and causes oxidative stress in atherosclerotic plaques.’>”
IL-1 and IL-6 are chemotactic mediators, and IL-1 levels
indicate the presence of unstable atheromatous disease.>®

COVID-19 infection sometimes causes systolic heart fail-
ure through ischemia or myocarditis. In CHF, the expres-
sion of the main proinflammatory cytokines (such as TNF-a,
IL-1, and IL-6) by stressed myocytes leads to the creation
of an inflammatory environment due to fibroblast recruit-
ment>-*" and macrophages to that place and finally causes
chronic myocardial regeneration and fibrosis. Both the
inflammatory microenvironment in the acute phase and
fibrosis in the chronic phase are susceptible to arrhyth-
mia.* IL-33, an inflammatory cytokine, plays a pivotal role
in the immune response and has a role in pathophysiology
of heart failure. ST2 is IL-33 receptor and is involved in car-
diac remodeling. Increased ST2 is a predictable biomarker
to present the risk factor of heart failure. Higher level of
soluble ST2 is associated with increased mortality in indi-
viduals with cardiac diseases. Further study of IL-33/ST2 in
cardiovascular patients that are involved with COVID-19 is
necessary to identify its role in cytokine storm and compli-
cated conditions.®3
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Pulmonary embolism has been reported as the most
common thrombotic complication in patients with COVID-
19 infection.®*% Increased pulmonary pressure following
pulmonary embolism, ARDS, and heart failure can cause
increased pressure on the right atrium, and this stress
imposed on the right atrium can be the cause of atrial
tachyarrhythmia.®”¢® Even transient complete heart block
has been seen due to transient increase in pulmonary
blood pressure.?

One of the most important complications caused by
COVID-19 infection is the occurrence of electrolyte disor-
ders such as hypokalemia, hypomagnesaemia, and hypo-
phosphatemia,® which can occur due to diarrhea or kidney
failure.” Electrolyte disorders have been reported in 7.2%
of patients with COVID-19 infection.” The relationship
between the incidence of arrhythmia and electrolyte disor-
ders has been well recognized.”

Many of the treatments for COVID-19, including azi-
thromycin, hydroxychloroquine, and lopinavir/ritonavir,
have a known effect on QT prolongation and the risk of
possible TDP.”2 Azithromycin and hydroxychloroquine pro-
long the action potential by inhibiting the hERG-K channel
and this, together with unopposed inward Na* and Ca®
currents, initiates early depolarization, which can lead to
TDP.” In addition to this fatal side effect of QT prolonga-
tion, hydroxychloroquine can also cause advanced AV con-
duction block.*

Conclusion

The epidemic of COVID-19 infection has been the main
health challenge of the last century, which has affected
the whole. This disease affects different organs of the
body and many side effects have been reported. Among
its most serious and deadly complications is the involve-
ment of the cardiovascular system. COVID-19 infection can
cause myocardial ischemia, heart failure, myocarditis, and
thromboembolic events by stimulating the immune sys-
tem and creating a cytokine storm that all of these can
cause cardiac arrhythmia. Although some cases of arrhyth-
mia are benign, others can be dangerous and even life-
threatening. In addition, electrolyte disorders and side
effects of COVID-19’s drugs can also trigger the occur-
rence of fatal arrhythmias. According to several reports,
the mortality increases in patients with COVID-19 infection
who are hospitalized in the ICU if arrhythmia occurs and
this shows the importance of arrhythmia in the manage-
ment of these patients. Considering that the COVID-19
infection has affected the whole world, and on the other
hand, the occurrence of some arrhythmias is a threat to
human life, it is necessary to better understand the patho-
physiology and mechanisms involved in the occurrence
of arrhythmia caused by corona virus, so that we can do
better to treat them.
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