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Introduction

Since December 2019, the coronavirus disease
(COVID-19) has caused an exponential increase in acute
respiratory syndrome cases and has rapidly spread to
more than 210 regions, countries and territories, resulting
in considerable morbidity and mortality in more than 100
countries worldwide.!

Over this period, several studies describing the
clinical and epidemiological characteristics of COVID-19
have been published, allowing rapid dissemination of
knowledge and helping health care professionals and
policy makers to help patients with the disease.

Among patients with COVID-19, there is a great
number of individuals with cardiovascular disease,
such as hypertension, coronary artery disease, and
heart failure. These collectively represent the main non-
communicable diseases in the world, with mortality
rates of approximately 0.9% in individuals without
comorbidities 10.5% among COVID-19 cases.?

Viral infections can lead to cardiac arrhythmias. A
previous study showed that 71.9% of the patients with
the severe acute respiratory syndrome virus (SARS-CoV)
infection developed tachycardia,® and COVID-19 patients
may develop life-threatening cardiac arrhythmia.

During the infection, COVID-19 patiens may
have different degrees of hypoxemia or hypoxia.
It is known that a prolonged exposure to hypoxia
increases the risk for atrial fibrillation (AF), especially
in elderly individuals (9% of prevalence), and hence
for cardiovascular events. In addition, hypoxic state
can increase sympathetic activation, which, in turn,
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leads to a pro-arrhythmogenic state, characterized
by changes in ventricular action potential duration,
leading to ventricular arrhythmias, such as sustained
ventricular tachycardia and/or ventricular fibrillation.
Additionally, the systemic inflammatory response
in COVID-19 can trigger the rupture or erosion of
coronary plaques in patients with coronary artery
disease, even in patients on anticoagulation therapy.!

Recent evidence has shown that nearly 50% of
COVID-19 patients in the intensive care unit who
developed cardiac arrhythmias had some degree of
cardiac injury (without increased troponin I levels),
suggesting that other factors than myocardial damage,
such as sinus tachycardia, atrial fibrillation, atrial
flutter, and monomorphic or polymorphic ventricular
tachycardia can be involved in development of
arrhythmias in these patients.*’

Evidence has shown that in the first 5-9 days,
patients with COVID-19 have a uniform disease
progression, without major changes in inflammatory
or cardiac biomarkers; however, after 10-24 days,
there is an increase in pro-inflammatory cytokines,
mainly interleukin-6 and 1, and TNF alpha, along
with increases in myoglobin, D-dimer, and C-reactive
protein.>® Data from basic and clinical studies have
shown that inflammation plays an important role as
a risk factor for long QT syndrome and Torsades de
Pointes, mainly through the increase of cytokines. This
directly affects myocardial electrophysiology and can
lead to unfavorable outcomes of cardiac arrhythmia
by increasing oxidative stress in cardiomyocytes and
resident macrophages, destabilizing electrical activity,
leading to prolongation of the cardiomyocyte action
potential and causing lethal ventricular arrhythmias.®
Furtehermore, Zhou et. al.? demonstrated an increase
in D-dimer (a marker of thrombotic events) in patients
with an unfavorable outcome (Figure 1).

Mailing Address: Diego Santos Souza

Universidade Federal de Sergipe, Av. Marechal Rondon, S/N, Séo Cristévao, Sergipe - Brazil

Postal Code: 49100-000
E-mail: diegoenfsouza@hotmail.com

DOI: https://doi.org/10.36660/ijcs.20210269

Manuscript received November 16, 2021; revised manuscript February 4, 2022; accepted April 13, 2022.


https://orcid.org/0000-0002-3508-9776
https://orcid.org/0000-0001-6827-4567
https://orcid.org/0000-0003-0372-0866
https://orcid.org/0000-0002-9738-7613
https://doi.org/10.36660/ijcs.20210269
mailto:diegoenfsouza@hotmail.com

Int J Cardiovasc Sci. 2022; 35(6), 826-828

Viewpoint

Souzaetal.
COVID-19 and the heart

Recommended tests
D-dimer

C-reactive protein
CPK-MB and/or Troponin |
12 derivation ECF

L&
I

Patient with SARS-Cov-2

Normal ECG

R
R
X _},, .\A .AA .A,\

| ! l

| l

!

Rupture of coronary Thrombosis Proinflammatory cytokine IL-6,
plaques IL-1 and TNFa

Risk of acyte myocardial infarction

Myocarditis

Sympathetic Stimulation

Hipoxia Atrial Flutter Atrial Fibrillation
Long QT
Arrhythmia risk

Heart Failure Risk
STEMI

Sinus Tachycardia

> 100 BPM —

QTc>470ms

Ventricular Fibrillation

Acute Myocardial
Infarction risk

S

Torsade de pointes

Ventricular Tachycardia

NSTEMI
Arrhythmias Risk

%

NSTEMI

o

Figure 1. Schematic representation of potential cardiac mechanisms in COVID-19.
IL-6: Interleukin — 6; IL-1: Interleukin; CPK-BM: Creatine kinase myocardial band; ECG: Electrocardiogram; TNFa: Tumor necrosis factor-alpha;
STEMI: ST-elevation myocardial infarction; NSTEMI: non-ST elevation myocardial infarction.
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Electrophysiological studies have demonstrated
that during viral infections, there may be a reduction
in ATP-dependent potassium channel expression
(an outward K* current in heart muscle cells that
responds to hypoxia and a decrease in ATP).” Another
experimental study with DENV-3 (dengue virus)
showed that at 6 days post-infection , the resting
membrane potential was more hyperpolarized, and
the current density of L-type Ca* was significantly
reduced, with a right shift in voltage dependence for
channel activation in left ventricular cardiac cells. This
means that the membrane potential needs to become
more depolarized to activate L-type Ca * channels.®
These inflammatory, oxidative, and ionic responses
may in part explain the decrease in cardiac output
and stroke volume seen in clinical studies that have
shown that cardiac complications are not uncommon
in patients with SARS-CoV-2.

It is important to be aware of possible adverse
effects of repurposed threapies in COVID-19. For
instance, ribavirin and lopinavir/ritonavir specifically
interact with other drugs (anticoagulants, antiplatelet

agents, and statins), and are able to increase the risk
of prolonged QTc interval and ventricular fibrillation.’

Anotherimportantindicator of the relationship between
cardiac arrhythmia and COVID-19 is the fact that SARS-
CoV-2 acts through the angiotensin-converting enzyme
receptor 2 (ACE2) and the group of drugs that target
this enzyme (angiotensin-converting enzyme inhibitors
- ACEI) plays a cardioprotective role in many heart
diseases, such as arrhythmia, hypertension, myocardial
fibrosis, and cardiac hypertrophy atherosclerosis."

Given the role of hypoxic conditions in the
development of cardiac arrhythmias, attention should
be given to COVID-19 patients in hospital wards and
ICU settings with altered heart rhythm. To avoid life-
threatening ventricular arrhythmias, a simple, safe, and
low-cost cardiac evaluation can be performed through
the measurement of cardiac enzymes (CK-MB and/or
troponin I) and electrocardiography." Therefore, the
successful management of patients with COVID-19
infection and with known cardiovascular comorbidities
depends on a clear understanding of cardiac function,
beat-to-beat (Figure 1).
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