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Rhythm and Conduction Disturbances in patients with
COVID-19 and Their Significance in Family Medicine

Practice

ABSTRACT

SARS-Cov-2 (Severe acute respiratory syndrome coronavirus 2) belongs to the
group of viruses containing ribonucleic acid (RNA). The most common clinical
manifestations include fever, upper and or lower respiratory tract involvement of
varying severity. As the incidence of the disease increases and information about
its course accumulates, it is known that there is an increased mortality from
cardiovascular complications, including as a result of arrhythmias. It is assumed
that the main mechanisms by which they occur are the entry of the virus into the
heart cell through the expression of angiotensin-converting enzyme receptor 2,
which leads to increased levels of angiotensin 2 and its many-sided negative
effects, the development of a systemic inflammatory over-response (cytokine
storm), directly cardiac damage, hypoxia, electrolyte disturbances, water
imbalance. The disorders that are registered are tachyarrhythmias and
bradyarrhythmias. In the conditions of the emerging COVID-19 (coronavirus
disease of 2019) pandemic, general practitioners in Bulgaria played a significant
role in diagnosing and treating this disease. Of particular importance is their
competence regarding the establishment of possible complications from the
cardiovascular system. Knowledge of the most common rhythm and conduction
disorders, as well as the mechanisms of their occurrence, are decisive for the
correct management and their potential outcome.
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COVID-19 Hastalarinda Ritim ve ileti Anormallikleri

ve Bunlarin Aile Hekimligi Pratigindeki Onemi

OZET

SARS-Cov-2 (Siddetli akut solunum sendromu koronaviriisii 2) riboniikleik asit
(RNA) igeren virlisler grubuna aittir. En yaygin klinik belirtiler arasinda, farkli
derecede ates, list ve/veya alt solunum yolu etkisi vardir. Hastaligin goriilme orani
arttikga ve bu hastaligin ilerlemesi hakkinda bilgi biriktirdiginde, kardiyovaskiiler
komplikasyonlar, aritmi sonuglar1 da dahil olmak iizere 6liim oraninin arttig
biliniyor. Bunlarin meydana geldigi ana mekanizmalar, angiotensin doniistiiren
enzim reseptor 2'nin ifadesi yoluyla kalp hiicresine viriisiin girmesidir, bu da
angiotensin 2 seviyelerinin artmasina ve ¢ok yonlii olumsuz etkileri, sistemik
iltihapli asirt tepki (sitokin firtinasi), dogrudan kalp hasari, hipoksiya, elektrolit
bozukluklari, su dengesizligi gelismesine yol agar. Kayitli hastaliklar tagiaritmi ve
bradiaritmi'dir. Gelisen COVID-19 (Koronaviriis hastaligt 2019) salgini
kosullarinda, Bulgaristan'daki genel tip uzmanlar1 bu hastaligin teshisinde ve
tedavisinde énemli bir rol oynadi. Ozellikle kardiyovaskiiler sistemle ilgili olas
komplikasyonlarin tespiti konusunda yetkinlikleri 6nemlidir. En yaygin ritm ve
iletkenlik bozukluklarinin yani sira bunlarin ortaya ¢ikis mekanizmalarinin
bilinmesi dogru yonetimi ve potansiyel sonuglari i¢in ¢ok dnemlidir.

Anahtar Kelimeler: SARS-Cov-2, COVID-19, ritm ve iletkenlik bozukluklari.
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INTRODUCTION

SARS-Cov-2 (Severe acute respiratory
syndrome coronavirus 2) belongs to the group of
viruses containing ribonucleic acid (RNA). It is
assumed to have a zoonotic origin, and its transfer to
humans occurred via the intermediate natural
reservoir, pangolins (placental mammals) (1). The
airborne route of spread makes it possible to infect a
huge number very quickly and as a result, on March
11, 2020, the World Health Organization declared a
pandemic. The first officially recorded case of the
disease caused by the "new" coronavirus (COVID-
19) was in Wuhan, China. Most often, the disease
manifests with fever, and involvement of the upper
and or lower respiratory tract varying from bilateral
inflammatory changes in the lung parenchyma to
severe respiratory distress syndrome with respiratory
failure necessitating intensive treatment with oxygen
supply or intubation with mechanical ventilation. As
the incidence of the disease increases and
information about its course accumulates, it is
known that there is an increased mortality from
cardiovascular complications, including as a result
of arrhythmias (2, 3, 4).

The purpose of this article is to present the
pathway of cardiac damage, the causes and
mechanism of occurrence of rhythm and conduction
disorders associated with COVID-19, and their type,
as well as their importance for general medical
practice.

Penetration of SARS-Cov-2 into the
Human Cell: Entry of SARS-Cov-2 into the cell
occurs through its binding via spike (S1 and S2)
protein to angiotensin-converting enzyme receptor 2
(ACE 2) (5). It is expressed mainly by type 1 and
type 2 pneumocytes in the lung, but also in other
tissues such as the heart, kidney, and intestine,
thereby reaching their damage (6). According to data
from an autopsy study, in 24 of 39 patients who died
of COVID-19, the virus was identified in heart
tissue, suggesting a possible direct mechanism of
damage (7). Another study demonstrated increased
values of high-sensitivity troponin | in 27.8% of
patients  hospitalized for COVID-19 (8).
Abnormalities have been associated with a higher
risk of complications such as acute respiratory
distress syndrome, coagulopathy, and malignant
arrhythmias, as well as increased mortality,
especially in patients with underlying cardiac
pathology and advanced age, compared to these
normal levels (9).

Causes and Mechanism of Occurrence of
Rhythm and Conduction Disturbances in
COVID-19

I._Myocarditis: Myocarditis represents the
inflammatory damage of the myocardium with or
without the occurrence of necrosis. It is assumed
that, on the one hand, it occurs as a result of the
penetration of the virus into the cell through the ACE
receptor with an increase in the levels of angiotensin
I1, and on the other hand, a negative effect is exerted

by the cytokine storm (10). The subsequent results of
this are related to:

1) fibrosis and remodeling, which are the
substrate for rhythm-conduction disorders

2) increasing the concentration of inflammatory
cytokines such as tumor necrosis factor-alpha (TNF-
a) and interleukin-6 (IL-6). IL-6 leads to damage to
the cell membrane by displacing plakoglobin
(desmosomal protein), subsequent inflammatory
edema  resulting in electrical  conduction
disturbances with imbalance and arrhythmias (10).

3) endothelial dysfunction leading to ischemia

4) channelopathies

5) change in calcium levels

1. Pericarditis: The exact pathophysiological

mechanism by which inflammatory involvement of
the pericardium occurs in COVID-19 is not fully
understood. It is assumed that the basis is the
systemic inflammatory response due to the viral
infection. Another possible pathway is associated
with inflammatory-induced endothelial damage. The
hyperinflammatory  response in SARS-Cov-2
infection is characterized by an increase in the levels
of interleukins (IL-1, IL-2, IL-6, IL-7), granulocyte-
macrophage colony-stimulating factor, interferon-y,
inducible protein 10, monocyte chemoattractant
protein 1, macrophage inflammatory protein 1-a,
and tumor necrosis factor (TNF)-a. The resulting
cytokine storm and the additional involvement of an
imbalance between T1 and T2 helpers is the cause of
multi-organ damage in COVID-19, including the
heart (11). According to a study of patients with
COVID-19, 26% of them had acute
electrocardiographic (ECG) changes, including
atrial fibrillation, tachy-brady syndrome, ST-T
deviations, and deviations typical of pericarditis
(12).

11l. Hypoxia and Myocardial Ischemia: In
patients with severe COVID-19 and low oxygen
levels, shifts toward low cellular pH occur as a result
of anaerobic respiration, leading to increases in
cytosolic calcium and extracellular potassium. This
may account for early and late depolarizations and
changes in action potential duration. Increasing
extracellular potassium levels can lower the action
potential threshold resulting in faster conduction
between cardiac cells. Under hypoxic conditions, the
junctional ~ protein  connexin-43  can  be
dephosphorylated, thereby reducing electrical
coupling. Underlying cicatricial changes secondary
to myocardial ischemia can also impair conduction
and lead to arrhythmias (13).

IV. Systemic Inflammation, Cytokines, and
Sympathetic Activity: The systemic inflammatory
response to COVID-19 is associated with an increase
in TNF-a and IL-6 levels and the occurrence of a
"cytokine storm" that might be part of the
mechanism of occurrence of induced coagulopathy
(14). As a result, other vascular complications
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develop, such as pulmonary embolism with an acute
right-sided burden with accompanying rhythm-
conduction disorders (15). Acute myocardial
ischemia, including  myocardial infarction,
represents other life-threatening conditions arising
as a result of a viral-induced prothrombogenic state
and  hypercoagulation, inflammatory-induced
endothelial dysfunction, rupture of an underlying
atherosclerotic plaque, and overactivation of the
sympathetic nervous system, which are the substrate
for rhythm and conduction disturbances. Continued
sympathetic activation after myocardial infarction
can lead to lysis of surrounding adipose tissue,
inducing ventricular tachyarrhythmias (16). Other
mechanisms by which increased neurogenic activity
leads to the occurrence of atrial tachyarrhythmias
include enhanced automaticity, prolonged action
potential duration, and delayed repolarization. On
the other hand, IL-6, TNF-a, and IL-1 can affect the
function of potassium and calcium ion channels in
ventricular cardiomyocytes and prolong the duration
of the action potential. This may increase the risk of
Torsade de Pointes ventricular tachycardia and
subsequent ventricular fibrillation.

V. Electrolyte Disorders and Water
Imbalance: _Patients with COVID-19 may
experience diarrhea, dehydration, and kidney failure,
leading to electrolyte disturbances and water
imbalance. Altered levels of potassium, calcium, and
magnesium significantly increase the risk of life-
threatening arrhythmias, especially ventricular.
Hypocalcemia, hypomagnesemia, and hypokalemia
can lead to QT prolongation and subsequent
ventricular extrasystole, ventricular tachycardia
including Torsades de Pointes type, and ventricular
fibrillation (17).

VI. Medicines Used in the Treatment of
COVID-19: Medications used in the treatment of
COVID-19 may have a proarrhythmic effect.
Countries have adopted different treatment protocols
worldwide, but the most frequently used therapeutic
regimens include hydroxychloroquine,
azithromycin, lopinavir, and ritonavir. Since SARS-
Cov-2 is an RNA virus similar to HIV, lopinavir, and
ritonavir have been proposed to manage COVID-19.
Arrhythmias are reported to be associated with QT
prolongation and include ventricular ectopies,
ventricular tachycardia including Torsades de
Pointes type, and ventricular fibrillation (18).
Baseline electrocardiogram (ECG) and further
monitoring during the drug administration might be
considered to detect QT interval deviations.

VII.  Underlying Cardiac _ Pathology:
Patients with congenital long QT interval
syndrome are at increased risk of malignant
tachyarrhythmias, especially in septic conditions or
administration of medications that further prolong
the QT interval, such as hydroxychloroquine or
others with a similar effect (19). Brugada syndrome
increases the risk of ventricular arrhythmias and
sudden cardiac death. Elevated body temperature

probably further affects the risk of cardiac arrest in
these patients, which is why timely administration of
antipyretics is necessary for SARS-Cov-2 infection
(19). Congenital heart abnormalities such as
tetralogy of Fallot, Epstein, valvular defects, and
septal defects, are also causes of arrhythmias. They
arise based on abnormalities in the conduction
system, cicatrixes after corrective surgery, hypoxia,
remodeling, changes in cardiac volumes and
pressures (20). Patients with severe heart failure
may develop malignant arrhythmias and die of
sudden cardiac death in 40% of cases. Underlying
changes in cardiac tissue such as cicatrixes,
remodeling, as well as increased levels of
catecholamines, and electrolyte disturbances, are the
main causes of rhythm and conduction disturbances
(21).

V111.Severe Course of COVID-19 Requiring
Intensive Care: Arrhythmias occurring in critically
ill patients in intensive care units’ account for the
majority of cases with these disorders. According to
data from a study in China, these were observed in
44% of people (22). Another study reported a 10-
fold greater likelihood of developing atrial
fibrillation, non-sustained ventricular tachycardia,
and bradyarrhythmia. The main factor associated
with significance was intensive care unit admission,
compared with other variables such as age, sex, race,
body mass index, presence of cardiovascular disease,
and chronic kidney disease (23). In addition, a strong
correlation has been found between mechanical
ventilation, high troponin levels, and C-reactive
protein in the occurrence of ventricular arrhythmias
(24). Atrial arrhythmias were recorded in 17.7% of
mechanically ventilated patients treated in an
intensive care unit in New York (25). In 23 of 54
critically ill patients, the most common rhythm
disturbance was sinus tachycardia (26). The
incidence of cardiac arrest in this category of patients
is 11% is almost always due to asystole and is
significantly associated with in-hospital mortality
(23).

Rhythm Disturbances in COVID-19: Data
from a survey of 1,197 electrophysiologists
worldwide indicated atrial fibrillation as the most
common tachyarrhythmia (n = 179). Next were
ventricular  extrasystoles and  non-sustained
ventricular tachycardia (n = 103), paroxysmal
supraventricular tachycardias (n = 39), cardiac arrest
due to pulseless electrical activity (n = 38), cardiac
arrest due to ventricular tachycardia or ventricular
fibrillation (n = 33), sustained monomorphic
ventricular tachycardia (n = 26), polymorphic
ventricular tachycardia and Torsade de Pointes (n =
24), sustained atrial tachycardia (n = 24). The overall
proportion of tachyarrhythmias in this study was
34.26% (27).

Conduction Disturbances and
Bradyarrhythmias in COVID-19: Data from the
same study indicated sinus bradycardia (n = 51) and
complete atrioventricular block (n = 51) as the most
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common, followed by hip block and delayed
intraventricular conduction (n = 26), second-degree
atrioventricular block (n = 21) and first-degree
atrioventricular block (n = 18). (27).

In a statistical analysis of 38 published cases
of hospitalized patients with COVID-19 in whom
bradyarrhythmia was recorded, the second and third-
degree atrioventricular block was most commonly
registered [in 26 (68%) patients], followed by a
bundle branch block (46% left bundle branch block,
54% right bundle branch block) [in 11/26 (42 %)].
Sinus arrest or sick sinus syndrome was described in
12/38 (32%) of them, rarely associated with bundle
branch block (8%) (28).

CONCLUSION

Infection with SARS-Cov-2 can lead to
severe rhythm and conduction disturbances that
increase mortality from COVID-19. A wide
spectrum of this pathology has been registered, but
the exact mechanisms for its occurrence remain not
yet fully understood. It is assumed that the basis is
the hyperinflammatory response of the human body
combined with a direct toxic effect and penetration
of the virus into the heart cell. General practitioners
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