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Nové onemocnéni pod oznacenim COVID-19 (coronavirus disease 2019), tedy tézky akutni respiracni syn-
drom vyvolany koronavirem 2 (severe acute respiratory syndrome coronavirus 2, SARS-CoV-2), v soucasnosti
predstavuje naléhavy problém verfejného zdravi v celosvétovém kontextu (public health emergency of inter-
national concern, PHEIC). Podle nékterych studii muze SARS-CoV-2 vést ke kardiovaskularnim komplikacim,
jako jsou myokarditida, poskozeni myokardu, akutni infarkt myokardu, arytmie, srde¢ni selhani a kardio-
myopatie. Bylo prokazano, Ze diagnéza COVID-19 stanovena u pacientt s jiz pfitomnymi komorbiditami,
napf. onemocnénim srdce, je spojena s vy$sim rizikem umrti. PFi vySetiovani a 1é¢bé pacientd s onemocnénim
COVID-19 musi mit proto lékari tyto mozné kardiovaskularni komplikace na paméti; ty ve spojeni s onemoc-
nénim COVID-19 jsou také hlavnim tématem tohoto prehledu.

© 2020, CKS.

ABSTRACT

The novel coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), is a public health emergency of international concern (PHEIC). Some studies reported SARS-
-CoV-2 may result in cardiovascular complications such as myocarditis, myocardial injury, acute myocardial
infarction, arrhythmia, heart failure, and cardiomyopathy. It has been shown that COVID-19 patients with
pre-existing medical conditions, such as heart disease, are at higher risk of increased mortality. Physicians
should be well aware of cardiovascular complications when examining and treating patients with COVID-19
infection. Therefore, the current review assesses cardiovascular complications in COVID-19.

the latest studies relevant to the important issues to help

Introduction

medical doctors in their efforts to update their knowledge
about COVID-19 pandemic. Many COVID-19 patients have

The 2019 Novel Coronavirus (COVID-19) or the severe acu-
te respiratory syndrome coronavirus 2 (SARS-CoV-2) as it
is now named, is quickly spreading from Wuhan city in
Hubei province in central China to around the world." Si-
milar to each other emerging agent, initial understanding
of the viral pathogenesis and various potential manifesta-
tions of this mysterious viral infection were limited. Gra-
dually, different aspects of clinical features of COVID-19
have been shown up, one of which was the heart and car-
diovascular manifestations.?

Here, we investigate the literature to describe the se-
veral cardiac findings in COVID-19. In other words, the
current review aims to provide a complete summary of

cardiovascular disease (CVD) or develop further heart in-
jury during the infection course.

It is well believed that the underlying heart condition
is one of the main underlying causes of severe forms of
COVID-19.2 The risk of heart muscle injury is higher in tho-
se with underlying heart disease, which may result in the
intensive care unit (ICU) admissions and increased morta-
lity among older persons. It is supposed that most of the
patients die from heart disease rather than pneumonia.
The risk of severe COVID-19 symptoms would not be si-
milar in all cardiac patients. For example, COVID-19 may
impose more cardiovascular (CV) stress in the following
conditions:* 1) immunosuppressed individuals, such as
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transplant patients, or cancer patients undergoing che-
motherapy or radiotherapy; 2) older patients and preg-
nant women with underlying cardiovascular disease, and;
3) patients with heart failure, dilated or obstructive forms
of hypertrophic cardiomyopathy or congenital cyanotic
heart disease.

The virus does not seem to infect implanted cardiac de-
vices such as pacemakers and implantable cardioverter-
defibrillator (ICD) or induce viremia leading to infective
endocarditis in individuals with valvular heart disease.®

On the other hand, COVID-19 can be imposed on pre-
existing cardiovascular disease (both congenital or ac-
quired), which may cause further complications. Cardiac
damage is much more likely in patients with previous
heart disease.® The mortality rate due to cardiac involve-
ment during COVID-19 infection in previously healthy
patients is less than others with a history of heart dis-
ease.

We should have a high clinical suspicion for perform-
ing initial tests, imaging, confirmative molecular tests,
and also considering proper isolation in patients with ei-
ther congenital or acquired heart disease to earlier diag-
nosis of COVID-19.

It has been observed that many deaths occurred in
COVID-19 patients, without any signs and symptoms of
respiratory distress.” Therefore, it was inferred that the
heart muscle infection may cause mortality; however, it
is not known that myocardial damage during hospitaliza-
tion poses greater risk and worse outcome.

The cases of COVID-19 related cardiomyopathy have
been observed abundantly, particularly during pregnan-
cy; therefore, an echocardiogram is strongly suggested in
pregnant COVID-19 patients, especially those with criti-
cally severe disease.®

There are much evidence and reports of heart engage-
ment during COVID-19 infection. COVID-19 induces car-
diovascular complications particularly in severe symptom-
atic patients which may be due to the high inflammatory
response during this illness.

Cardiac complications could be manifested with vari-
ous features. The first and foremost one is an acute car-
diac injury (ACl) which is usually defined as the elevation
of cardiac enzymes such as cardiac troponin | (cTnl) and/or
electrocardiographic changes along with the clinical find-
ings of cardiac decompensation.® This condition may re-
sult from direct cardiomyocyte injury through binding of
SARS-CoV-2 to angiotensin-converting enzyme 2 (ACE2),
systemic inflammation (manifested with proinflamma-
tory cytokines increase and due to cytokine release storm
which is the result of acute systemic inflammatory re-
sponse) or secondary hemophagocytic lymphohistiocyto-
sis or stress cardiomyopathy, myocardial oxygen demand
supply imbalance, acute coronary event, or iatrogenic
events. Any of these conditions would adversely affect
the prognosis.

Other manifestations of cardiac involvement are as
follows:?3 acute coronary event resulted from inflamma-
tion-induced plaque rupture or worsening of underlying
coronary artery disease (CAD) which sometimes leads to
prothrombotic states; left ventricular systolic dysfunction
which may lead to heart failure or cardiogenic shock;
arrhythmia including both tachyarrhythmias and brady-

arrhythmias; adverse cardiac influences of some medi-
cations used for COVID-19 therapy; electrolyte abnormal-
ities such as hypokalemia is associated with the risk of
arrhythmias; and potential long-term adverse effects on
lipid profile, glucose metabolism, and cardiovascular ho-
meostasis. In brief, the inflammatory cytokine release af-
ter infection might lead to coronary blood flow decrease,
oxygen supply reduction, coronary plaque instability, and
increased thrombogenesis susceptibility.

Myocarditis is the main concern in COVID-19 related
cardiac effects.’® The method of choice for diagnosis of
myocarditis is cardiac magnetic resonance imaging (MRI)
or endomyocardial biopsy (EMB), which are not per-
formed routinely; thus the diagnosis is based on cardiac
enzymes elevation in conjunction with echocardiograph-
ic evidence of acute myocarditis (such as segmental wall
motion abnormalities, decreased left ventricular ejection
fraction or left ventricular wall thickening or pericardial
effusion) and electrocardiogram (ECG) changes (ST eleva-
tion or ST/T segment changes). COVID-19 is believed to
cause myocardial injury somehow manifested by eleva-
tion of troponin and heart failure.™

Furthermore, fulminant myocarditis with cardiogenic
shock has also been observed. Some studies have been
suggested that anti-oxidative therapy such as vitamin C,
vitamin E may reduce the severity or avoid cardiac inju-
ries of severe COVID-19 infection by combatting against
the virus-induced profound immunological reactions, cy-
tokine storm and immune-cell infiltration.’?* Another
potential condition caused by COVID-19 pneumonia is
venous and pulmonary thromboembolism, which may
present with dyspnea and sometimes hemoptysis. The
underlying reason for this potentially lethal consequence
can be the hypercoagulable state that is imposed by CO-
VID-19; therefore, close monitoring of these patients and
the performance of preventive measures would be vital.

An important complication commonly observed in the
course of COVID-19 is the endothelial damage caused by
inflammation, which induces a procoagulant state lead-
ing to venous or pulmonary thrombosis and cerebrovas-
cular disease. To avoid this critical situation, effective
anticoagulant preventive measures should be considered
based on D-dimer levels.” In this condition, respiratory
decompensation with other clinical signs and symptoms
of venous thromboembolism should raise suspicion for
pulmonary embolism. Moreover, COVID-19 may mimic
pulmonary thromboembolism and it should be in the
differential diagnoses of this condition. Also, elevated D-
dimer levels (>1 pg/mL) and fibrin degradation products
(FDP) levels are strongly associated with in-hospital mor-
tality, because of the probability of disseminated intra-
vascular coagulation (DIC).">'®

It is beneficial to stratify adult patients with com-
plex congenital heart disease for the risk of developing
COVID-19 complications based on their function class. In
other word, the more complicated viral infections might
develop due to the higher stage of their cardiac symptoms.
Heart failure in the setting of COVID-19 is most commonly
the result of an exacerbation of pre-existing left ventricu-
lar dysfunction.® However, sometimes, cardiomyopathy or
pulmonary hypertension in the context of critical paren-
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chymal lung involvement and acute respiratory distress
syndrome (ARDS) may be responsible for this issue.

Because of different approaches and management, it
is important to differentiate cardiogenic and mixed shock
from septic shock and ARDS in the setting of COVID-19.
The clues to distinguish these two conditions are serum
brain natriuretic peptide (BNP) measurement and echo-
cardiography."’

Myocardial injury detected by elevation of troponin T
(TnT) levels, is the main cause of mortality in COVID-19
patients.” In addition to TnT levels elevation, which is the
result of troponin leak due to cytokine storm and myo-
cardial dysfunction, brain natriuretic peptide (BNP) is also
elevated in this condition. In one study, N-terminal (NT)-
pro hormone BNP (NT-proBNP) levels of greater than 900
pg/mL were reported to be an independent risk factor
of mortality.’®" ST-segment changes on an electrocar-
diogram, symptoms of the acute coronary syndrome such
as chest pain, arrhythmias, or evidence of heart failure,
thorough evaluation might be necessary for myocardial
involvement.

It should be noted that the detection of abnormal tro-
ponins in a critically ill COVID-19 patient does not affect
the management of the patient. However, control of blood
pressure, heart failure handling with medications, second-
ary infection treatment, maintaining renal function, and
support of respiratory function even with ventilators, are
mainstays of cardiac involvement management.

Electrocardiographic manifestations
of COVID-19 patients

Heart rhythm problems (heart arrhythmias) are one of
the common cardiovascular manifestations in COVID-19
patients. The heart palpitations are the most prevalent
and nonspecific of them which observed as a presenting
symptom some admitted patients.?’ Acute cardiac injury,
which is a common feature of the severe stages of CO-
VID-19 infection is reported in up to 12% of cases.®?' It can
manifest as arrhythmias and ECG changes. The causative
mechanisms of these abnormalities may be the metabolic
imbalance or hypoxia to neurohormonal or inflammato-
ry stress imposed by the virus. Furthermore, ACE2-rela-
ted signaling pathways are also involved in cardiac injury.
Temporary S1Q3T3 pattern and subsequent reversible
nearly complete atrioventricular block (AV block) may be
due to local myocarditis or transient pulmonary artery hy-
pertension imposed by a tracheal obstruction, which may
lead to extensive small pulmonary artery compression.?
In these cases, pulmonary thromboembolism must be
ruled out. ST segment elevation and multifocal ventricu-
lar tachycardia are caused by severe hypoxia and hypo-
tension induced by critically ill patients with COVID-19.23
Clinicians should be aware of the underlying myocar-
ditis in cases with new onset of significant tachyarrhyth-
mias. It is important to know that patients with arrhyth-
mias may be susceptible to arrhythmogenic effects of
COVID-19-induced conditions such as fever, electrolyte
imbalance and antivirals, relative to their inherited de-
fect (for example long QT syndrome [LQTS], Brugada syn-
drome [BrS], short QT syndrome and catecholaminergic

polymorphic ventricular tachycardia [CPVT]).?* They may
be at especially increased risk of deadly arrhythmias if
they become feverish. Therefore, such patients must be
urgently treated with antipyretics. Interestingly, there
have even been reports of BrS that have been unmasked
by COVID-19 infection.?

Association between COVID-19 treatment
and cardiac medications

Some cardiac medications potentially affect in controlling
coronaviruses with various mechanisms.

Chloroquine

Chloroquine is an antimalarial agent that is used as an
anti-arrhythmic drug. Chloroquine inhibits SARS-CoV-2 by
increasing endosomal pH, which creates an inappropriate
environment for coronavirus replication and also blocks
virus receptor binding by altering the terminal glycosyla-
tion of ACE-2.2° Chloroquine-related cardiotoxicity mani-
fests clinically as restrictive or dilated cardiomyopathy or
conduction abnormalities. Chloroquine and hydroxychlo-
roquine, which is a safer derivative of chloroquine, block
Kv11.1 protein, which is the alpha subunit of a potassium
ion channel.?” Therefore, they can cause drug-induced
long QT intervals, syncope.?® However, this arrhythmoge-
nic effect is most probable with long-term use of other
arrhythmogenic medications like azithromycin, or in the
setting of metabolic imbalance (e.g. hypokalemia or hy-
pomagnesemia), renal insufficiency, congenital LQT pati-
ents, or overdose.

Also, chloroquine can increase the concentration of
some beta-blockers such as metoprolol, carvedilol (Coreg),
propranolol, or labetalol, hence shifting heart rate and
blood pressure.?® In these circumstances, holding class IlI
antiarrhythmic drugs, close monitoring of electrolytes,
and watchful monitoring of ECG would be reasonable.
Otherwise, cardiac monitoring would have been even un-
necessary.

ACE inhibitors (ACEls) / Angiotensin Il receptor
blockers (ARBs)

ACEIs/ARBs are a subset of medications that administra-
tion in the setting of COVID-19 has been discussed ex-
tensively and are still controversial. Currently, in pati-
ents already on medications such as ACEI/ARB, decisions
should be made carefully for continuing or stopping the
current therapy; however, it is strongly recommended to
continue these drugs during COVID-19 infection.3 On the
other hand, diabetic and hypertensive patients treated
with ACE2-stimulating drugs such as thiazolidinediones
and ibuprofen can increase the severity and mortality
of COVID-19.3"32 Besides, nicotine inhalers or cigarette
smokers are at higher risk of systolic and diastolic blood
pressure elevation, and plasma ACE activity increase and
result in a poorer outcome.

Anti-retroviral drugs

Anti-retroviral medications used to treat COVID-19 may
interact significantly with cardiac drugs, hence it is ne-
cessary to consider appropriate dose modifications. For
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example, lopinavir/ritonavir may lead to QT and PR in-
terval prolongation, especially in the cases with baseline
abnormality (long QT) or those taking other QT prolon-
ging drugs.® Both ribavirin and lopinavir/ritonavir may
influence on anticoagulant dosage. For example, ribavi-
rin can increase or decrease warfarin levels or/and lopi-
navir/ritonavir may increase the levels of some drugs such
as rivaroxaban, apixaban, or/and ticagrelor may decrease
the levels of clopidogrel and prasugrel; therefore, pre-
cautions should be taken in the concomitant use of these
medications to avoid bleeding or thrombosis.?*3*

HMG-CoA reductase inhibitors (statins)

Statins have been proven to be involved in the immuno-
modulatory during the treatment of various autoimmune
and infectious diseases. In COVID-19 outbreak, this class
of medication is beneficial for the limitation of infecti-
on progression. Myopathy or rhabdomyolysis may induce
due to the interaction of these drugs with lopinavir/rito-
navir.’® In other words, some members of this class inclu-
ding lovastatin and simvastatin are contraindicated in
combination with lopinavir/ritonavir, while other statins,
such as atorvastatin and rosuvastatin should be adjusted.

Corticosteroids

Corticosteroids like methylprednisolone are controversia-
Ily used to treat critical cases of COVID-19; however, they
cause fluid retention, electrolyte imbalance, and hyper-
tension as well as interacting with warfarin. The role of
steroids in COVID-19 management is very limited.3"38 Evi-
dence suggest of steroids not only have no effect on mor-
tality but also delay the clearance of the virus. However,
fulminant myocarditis is one of the conditions that would
benefit from corticosteroids.

COVID-19 and cardiovascular interventions

The COVID-19 crisis has been imposed great impacts on
healthcare settings such as cardiac care. The high-risk pro-
cedures for airborne transmission include high flow oxy-
gen, nebulization, bronchoscopy, open tracheal suctio-
ning, intubation, extubation, and non-invasive positive
pressure ventilation. Moreover, it might be necessary to
perform some cardiac procedures such as transesophage-
al echocardiography (TEE), electrophysiological (EP) stu-
dy, angiography, or cardiopulmonary resuscitation which
could be a threaten for healthcare workers.* It should
be emphasized to avoid unnecessary diagnostic tests such
as requesting cardiac enzymes or echocardiography in
these patients to minimize the working load imposed on
healthcare workers. Sterilization of catheterization labs,
EP labs, and operating rooms should also be rigidly per-
formed. To limit potential exposure to suspected or con-
firmed COVID-19 infected patients, cardiac procedures
should be categorized into semi-urgent, urgent, or emer-
gent ones, depending on the severity of the patient’s car-
diac condition and its threat for life for outpatients.*

Urgent, or emergent procedures
Urgent procedures are vital for decreasing the risk of car-
diac related morbidity or mortality. In these conditions,

active screening and maintaining a high level of suspi-
cion for COVID-19 infection is critical. Examples are as
follows:*® catheter ablation of hemodynamically compro-
mising conditions such as ventricular tachycardia (VT) or
supraventricular tachycardia (SVT) / atrial fibrillation (AF)
/ atrial flutter not responding to drugs or cardioversion;
revision of malfunctioning pacemaker leads or changing
generators critical for patient’s survival; cardiac resyn-
chronization therapy (CRT) in severe refractory heart
failure as indicated according to guidelines; and TEE for
urgent cardioversion.

Semi-urgent procedures

Semi-urgent procedures are not vital at present time but
must be performed in a better condition. These procedu-
res should also be done with appropriate personal pro-
tective equipment (PPE). Some examples are as follows:*'
VT or SVT ablation in medically refractory patients and
nonurgent cardiovascular implantable electronic device
(CIED) generator replacement.

Elective procedures

Elective procedures are not included in the above criteria.
These procedures can be postponed for several weeks or
months later. Examples include:* premature ventricular
complex (PVCQ), SVT, AF or atrial flutter ablation in stable
patients, and CRT in stable individuals or CIED upgrading.

Electrophysiology (EP)

Electrophysiologists have an important role in communi-
ty health due to arrhythmias as a great cause of cardiac
visits. A significant percent of COVID-19 patients have
been reported to have arrhythmias. Furthermore, some
patients experience cardiac arrest or asystole during
active or the convalescent phase of COVID-19.2 On the
other hand, during visiting clinics or hospitals for indivi-
duals without COVID-19 cardiac problems, increase the
risk of acquiring or transmitting the infection through
droplet or airborne producing procedures which might
be a great problem in this epidemic especially for higher
risk patients such as the elderly, pregnant, and immuno-
suppressed cases.

Such exposure puts EP personnel and physicians at
increased risk of exposure to COVID-19.# Therefore,
contact between healthcare workers and COVID-19 pa-
tients should be decreased to limit this infection spread.
One way to accomplish this purpose is by utilizing PPE.
If possible, EP consults must be done without face-to-
face contact and telehealth visits should be conducted.
Non-urgent or non-emergent procedures should be de-
layed. But, if unavoidable to visit suspected or confirmed
COVID-19 infected patients, limiting the duration of the
visits and the number of personnel involved should be
considered. All electrophysiologists should have a high
degree of suspicion for COVID-19 in any patient they
contract in the inpatient or outpatient setting. Every
patient should be questioned about any symptoms such
as fever, cough, and shortness of breath suggestive of
COVID-19, or travel history and contact with sick people.
In suspected COVID-19 infected patients PPE consisting of
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a face mask, eye shield, gown, and gloves should be tak-
en by all associated health care workers and an infection-
ist's consultation must be done.* The ventilation system
and disinfection protocols of EP labs should be optimized
to minimize nosocomial infections.

Cardiopulmonary resuscitation (CPR)

Inevitably conditions such as cardiopulmonary arrest mi-
ght happen while CPR would be necessary for COVID-19
patients.*> CPR should be performed with the least num-
ber of participants involved in the room of a cardiac
arrest patient confirmed or suspected case of COVID-19,
with the assurance that all involved personnels have put
on proper PPE and consider airborne precautions. If possi-
ble, using video laryngoscopes is recommended to reduce
the exposure time during tracheal intubation. Healthca-
re professionals are recommended to provide bag-valve-
-mask ventilation (BMV).

COVID-19 and myocardial infarction (MI)

Another important issue is the impact of COVID-19 on
MI management.*® Due to the global fear and reluctance
to healthcare settings, hospital or outpatient visits have
been significantly reduced since the beginning of the epi-
demic. Consequently, there occur large delays in the dia-
gnosis and management of many diseases or conditions
such as MI. Delays in any intervention necessary for this
cardiac condition would affect the prognosis.*’ Also, even
if reaching in time for intervention, the environment of
catheterization laboratories can predispose to further
contamination of the surrounding area, due to the po-
sitive pressure ventilation. Therefore, special precautions
should be taken to avoid transmission. For cases in which
COVID-19 patients develop ST-segment elevation M, the
risk-benefit ratio of primary percutaneous intervention vs
fibrinolysis should be reconsidered.

Precautions

Although COVID-19 vaccine has not already been avai-
lable, vaccination against influenza could prevent super-
infections on COVID-19, which would worsen the situa-
tion.”® Recommendations that seem to be efficient for
individuals with the underlying cardiovascular disease
include: performing strict hand hygiene and other reaso-
nable precautions especially correct face mask wearing,
staying indoors and self-quarantine , keeping on exercise,
balancing their diet and having healthy eating, avoiding
alcohol or illicit drugs, cleaning up their sleep hygiene,
avoiding close contacts especially with sick people, re-
gular taking of their cardiac medications, updating their
vaccines, and immediate medical consult in case of associ-
ated symptoms occurrence.*->!

COVID-19 and heart transplant (HT)

It is noteworthy that COVID-19 poses a significant cha-
llenge in heart transplantation, donor selection, immu-

nosuppression, and post-transplant management. Stu-
dies show that the risk of COVID-19 infection in heart
transplant recipients is not higher than the general po-
pulation if proper precautions are taken.>? Since few stu-
dies have been done in this population, the differences
in symptoms, laboratory tests, and radiographic features
have not been determined.>® Also, solid organ transplan-
tation (SOT) recipients such as heart transplant recipients
are at greater risk of COVID-19 because of their potential
anti- rejection immunosuppressive regimens. It is genera-
Ily recommended to continue heart transplantation wit-
hout changes in dose and type of immunosuppression in
recipients who have not been infected with COVID-19 or
have not been exposed to this infection in the last two to
four weeks.> For donors, it is necessary to rule out having
a current COVID-19 infection.%¢

Conclusions

COVID-19 may cause serious cardiovascular complicati-
ons comprising myocarditis, myocardial injury, Ml, arr-
hythmia, heart failure, and cardiomyopathy. Reports are
circulating that some COVID-19 medications may increase
the risk of cardiac complications. Physicians need to in-
crease awareness of these complications while treating
COVID-19 cases.
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