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INTRODUCTION

ABSTRACT

In children, cardiac involvement can be observed during the course of COVID-19, which is mostly mild, and COVID-19
may develop in children who have previously been known to have congenital or acquired heart disease. The subject of
this article is how these children should be evaluated cardiacly, and how the follow-up and treatment of children with
heart disease will be managed during the pandemic. Considering the articles and guides published in the literature,
some determinations were made and the suggestions developed were presented in this article.
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Cocuklarda gogu zaman hafif seyreden COVID-19 seyri sirasinda kardiyak tutulum gorUlebilecegi gibi, daha 6nce
dogumsal yada edinsel kalp hastalidi oldugu bilinen ¢ocuklarda da COVID-19 gelisebilir. Bu gocuklarin kardiyak agidan
nasll degerlendiriimesi gerektigi, ayrica kalp hastaligi bulunan ¢ocuklarin takip ve tedavilerinin pandemi stresince nasil

yonetilece@i bu makalenin konusudur. LiteratUrde yayinlanmis olan makale ve rehberler dikkate alinarak bazi saptamalar
yapilmis ve gelistirilen éneriler bu yazida sunulmustur.

Anahtar Kelimeler: COVID-19, Cocuklar, Kardiyoloji, Yaklasim, Yonetim

to manage COVID-19 in children is that unusual (out of routine)
approaches should be applied during the pandemic (18-30). In
this process, how to use hospital resources more effectively,

COVID-19 is mostly mild in children. Even if children are
asymptomatic, there is a high level of contamination (1-14).
Cardiac involvement during COVID-19 in children is extremely
rare and is often accompanied by multiple organ failure.
However, the number of infected children is increasing day by
day and new data on cardiac involvement are obtained (15-17).
The common idea in the guidelines published recently on how

which patient groups will be prioritized, how to perform patient
examination, electrocardiography (ECG) and echocardiography
(ECHO) evaluation, as well as how to protect patients and
health personnel during interventional and surgical procedures
are important issues. In this article, data from current literature
and suggestions on how the process should be managed in
children will be presented.
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PEDIATRIC CARDIOLOGY SERVICES DURING PANDEMIC

During the pandemic, routine polyclinic controls should be
postponed, and it should be ensured that patients apply to the
hospital only in emergency situations. Patients who have been
diagnosed and started a specific treatment should be followed
up remotely, and they should be asked to come to the hospital
when necessary. Every patient admitted to the hospital should
be considered as suspected COVID-19, social distance should
be preserved while taking history, and protective equipment
(mask, gloves, overalls, face shield) should be used during
physical examination. Meanwhile, patients and their relatives
should be provided to wear masks (1,2,18,19).

Routine ECG and ECHO evaluation is not recommended
during pandemic. Protective equipment containing high-level
masks (such as FFP1/N80, FFP2/N95 or FFP3/N100) should
be ensured, especially when performing ECHO, because of
long-term close contact with the patient will be necessary,
taking into account that children are mostly asymptomatic and
that children who are restless and crying will spread a lot of
droplets around them. Echocardiography device, probes and
examination table should be cleaned with soapy water after
each procedure and then disinfected. Also, rooms, devices
and probes used for patients diagnosed with COVID-19 should
be separated. Since the risk of contamination will be very
high during transesophageal echocardiography (TEE), all TEE
procedures should be postponed except for emergencies (24).

Cardiac catheterization is not recommended during pandemic
except in emergencies. The procedures of patients in the semi-
elective diagnostic group can be delayed as much as possible
(several months) depending on the patient load. The procedures
of patients in the elective diagnostic group should be postponed
absolutely. Urgent, semi-elective and elective diagnostic groups
are presented in Table I. It is very important for angiography team
to enter the procedures with flexible working order in terms of
protection from contamination. Patients and their relatives who
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are scheduled for cardiac catheterization should be questioned
for the symptoms of COVID-19, and patients and relatives with
symptoms should be tested. Informed consent should also be
obtained from patients’ relatives that they have been informed
about the pandemic process as well. If the patient’s test result
is negative, it is recommended that only anesthesia team use
protective equipment, if positive, all angio team should use
high-level protective equipment, and if possible, the procedure
should be performed in a negative pressure room (21,22,25).
General anesthesia should be preferred in order to minimize
contamination and reduce the patient’s cough and secretions
as much as possible. It should be kept in mind that resuscitation
may be required during cardiac catheterization, so relevant
guidance suggestions should be applied in this regard (26-28).

Electrophysiological  study, ablation, pacemaker and
implantable cardioverter defibrillator (ICD) applications should
be planned separately for the relevant diagnostic groups during
the pandemic. Urgent, semi-elective and elective diagnostic
groups for rhythm studies in children are presented in Table |l. It
is recommended that patients who have been ablated or who
have been implanted with pacemaker or ICD be discharged as
soon as possible (within the first 24 hours if possible) (29).

Surgery of children with heart disease, which is accepted
as one of the co-morbid conditions in which the course of
COVID-19 is expected severe, should be postponed unless
it is urgent. The operations of patients in the semi-elective
diagnostic group should be planned in a suitable period.
Urgent, semi-elective and elective diagnostic groups for cardiac
surgeries to be performed in children are presented in Table
lll. Patients who develop COVID-19 should be told about the
morbidity and mortality could be higher than expected during
the heart surgery and intensive care follow-up, and there is also
possibility of getting the infection in the hospital, and informed
consent should be obtained from patients’ relatives that they
are informed about that issue as well. Virus test should be
performed to patient and accompanying person. Practices

Table I: Urgent, semi-elective and elective groups for cardiac catheterisation during pandemics.

URGENT SEMI-ELECTIVE ELECTIVE
(Immediately or in 1-2 weeks) (In 1-3 months) (More than 3 months)
Pericardiosentesis

TGA — Balloon atrial septostomy,
HLHS — Atrial septal decompression
ECMO - Atrial septal decompression
APCA occlusion — Hemoptysis
Duktal stent — PDA dependent KHD
Balloon or stent to RVOT

Critical AS/PS — Balloon valvuloplasty
IVS/PA - Valve perforation

PDA closure in prematures

OHT - Biopsy in acute rejection

Severe AS
Severe PS

Severe aortic coarctation
Severe conduit stenosis

Pre-Glenn

Pulmonary vein stenosis — HF or PH
Large PDA — HF or PH
Large VSD — HF or PH

Secundum ASD closure

VSD closure

PDA closure

Moderate AS

Moderate PS

Postoperative moderate or severe PR
Pre-Fontan

OHT — Rutine biopsy

APCA: Aorticopulmonary collateral artery, AS: Aortic stenosis, ASD: Atrial septal defect, CHD: Congenital heart disease, ECMO: Extracorporeal
membrane oxygenation, HF: Heart failure, HLHS: Hypoplastic left heart syndrome, IVS/PA: Pulmonary atresia with intact ventricular septum,
OHT: Orthotopic heart transplantation, PDA: Patent ductus arteriosus, PH: Pulmonary hypertension, PR: Pulmonary regurgitation, PS: Pulmonary
stenosis, RVOT: Right ventricular outflow tract, TGA: Transposition of great arteries, VSD: Ventricular septal defect
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Table II: Urgent, semi-elective and elective groups for electrophysiologic study during pandemics.

URGENT
(Immediately or in 1-2 weeks)

SEMI-ELECTIVE
(In 1-3 months)

ELECTIVE
(More than 3 months)

Pacemaker implantation

ICD implantation

Transcatheter ablation — Resistant case
Infected pacemaker/lead extraction
Cardioversion — Resistant case

stabil SVT/VT

Pacemaker replacement

Transcatheter ablation — Hemodynamically Transcatheter ablation — Stabil case

Diagnostic EPS

EPS: Electrophysiologic study, 1CD: Implantable cardioverter defibrillator, SVT: Supraventricular tachycardia, VT: Ventricular tachycardia

Table lll:Urgent, semi-elective and elective groups for cardiac surgery during pandemics.

URGENT
(Immediately or in 1-2 weeks)

SEMI-ELECTIVE

ELECTIVE

(In 1-3 months) (More than 3 months)

Pericardial tamponade - Drainage
Ductus dependent systemic circulation
(Al, HLHS, severe AC, critical AS)

Non-obstructive TAPVC
TGA with large VSD
Truncus arteriosus

Ductus dependent pulmonary circulation APW ASD closure
(PA, critical PS) Complete AVSD Partial AVSD
Simple TGA Tetralogy of Fallot with spell VSD closure
Obstructive TAPVC Pulmonary banding PDA closure

Severe cyanotic CHD

Severe Shone complex

Large PDA in prematures
Postoperative revision
ECMO/assists device requirement
OHT

Large VSD — HF or PH
Large PDA — HF or PH
Infective endocarditis
Cardiac mass

LVOT obstruction
HLHS stage |l

Tetralogy of Fallot
Glenn operation
Fontan operation

AC: Aortic coarctation, Al: Aortic interruption, APW: Aorticopulmonary window, AS: Aortic stenosis, ASD: Atrial septal defect, AVSD: Atrioventricular
septal defect, CHD: Congenital heart disease, ECMO: Extracorporeal membrane oxygenation, HF: Heart failure, HLHS: Hypoplastic left heart
syndrome, LVOT: Left ventricular outflow tract, OHT: Orthotopic heart transplantation, PA: Pulmonary atresia, PDA: Patent ductus arteriosus, PH:
Pulmonary hypertension, PS: Pulmonary stenosis, TAPVC: Totally abnormal pulmonary venous connection, TGA: Transposition of great arteries,

VSD: Ventricular septal defect

regarding the use of protective equipment during surgery are
the same as in cardiac catheterization. The operations should
be done in rooms with negative pressure as much as possible.
The room should be disinfected with ultraviolet rays after
surgery (30). In the course of COVID-19, the relevant guideline
recommendations on extracorporeal membrane oxygenation
(ECMO) support practices and advanced life support in children
should be implemented (27,28).

Although it is predicted that COVID-19 may progress more
severely in children with hemodynamically significant congenital
or acquired heart disease, no scientific data supporting this
idea has been published yet. It is recommended that patients
with COVID-19 have a closer follow-up and be hospitalized at
an earlier stage (20,21).

The agent of COVID-19, SARS-CoV-2 virus is known to have
high penetration into tissues with high angiotensin converting
enzyme-2 (ACE2) expression (heart, lung). Although ACE2
expression is predicted to increase in tissues and increase viral
damage in this way in patients using ACE inhibitors (ACEI) or
angiotensin receptor blockers (ARB), scientific data supporting
this view have not been published yet. Therefore, no consensus
has been reached on discontinuation of these medications in
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patients taking ACEI or ARB (hypertension, heart failure, valve
regurgitation) (16, 20,21).

MANAGEMENT OF CHILDREN WITH COVID-19

Cardiovascular system examination is performed with vital signs
(body temperature, heart rate, respiratory rate, blood pressure
and oxygen saturation). In the presence of findings suggesting
cardiac involvement (heart failure, irregular rhythm), ECG and
ECHO evaluation are recommended. The corrected QT (QTc)
should be calculated since drugs such as hydroxychloroquine
and azithromycin, which are frequently used in the treatment of
patients, can lead to QT prolongation and arrhythmia. Cardiac
troponin level in the presence of findings indicating myocardial
damage at ECG, and BNP level in patients with signs of heart
failure or myocardial dysfunction at ECHO, should be studied.
Routine and unnecessary ECHO evaluation should be avoided
to prevent transmission from patient to physician and also to
other patients as there will be prolonged close contact while
performing ECHO (24).

In children with COVID-19, cardiac involvement may appear
as myocardial damage or rhythm disturbance. In patients,
hypoxic damage due to severe lung disease, multiple organ
failure and shock due to systemic inflammatory response, and



myocardial damage due to acute viral myocarditis can be seen.
Acute myocardial damage is often subclinical in children. In
case of progressive or severe damage, heart failure or rhythm
disturbances may occur. Patients with severe lung disease
may develop right heart failure and pulmonary hypertension.
Treatment approaches applied in other viral myocarditis are
used in treatment. Intravenous immunoglobulin (IVIG) therapy
can be beneficial with both antiviral and immunomodulatory
effects. Routine troponin measurement is not recommended for
patients with COVID-19 unless evidence suggesting myocardial
damage develops. Likewise, routine natriuretic peptide
measurement is not recommended for patients without heart
failure findings. However, serial monitoring of these biomarkers
in patients with severe course can provide information regarding
prognosis (3,15,17).

In these patients, rhythm disturbances (such as QT
prolongation) may be seen during systemic inflammatory
process or as a side effect of some drugs (lopinavir/ritonavir,
hydroxychloroquine, azithromycin) used in the treatment of
COVID-19. Patients with congenital long QT duration, electrolyte
imbalance (hypopotasemia, hypomagnesemia), using another
QT-prolonging drug, other heart disease (cardiomyopathy,
arrhythmia), kidney or liver failure should be regularly followed-
up for QT prolongation.

QT measurement should be done 2-3 hours after the drug is
administered. If the QTc duration is longer than 500 ms for
those with a QRS duration below 120 ms, and longer than
530 ms for those with a QRS duration above 120 ms, or if the
QTc duration has prolonged longer than 60 ms, azithromycin
treatment should be discontinued and the hydroxychloroquine
dose should be reduced. If QTc prolongation continues at this
level, hydroxychloroquine treatment should also be terminated.
If there is at least one of the above mentioned risk factors,
outpatient follow-up is not recommended. If the QTc duration
is over 460 ms at ECG, obtained 2-3 hours after the drug is
taken on the 3rd day of treatment, in patients who do not have
risk factors and are monitored on an outpatient basis, daily
QTc measurement is recommended. In the follow-up, drug
reduction and treatment termination criteria are applied in the
same way (31-33).

[t is also known that, when hydroxychloroquine is used for
a long time, it may cause myocardial damage. In addition,
hydroxychloroquine and some antiviral drugs (ribavirin)
can increase the blood levels of some beta-blocker and
anticoagulant drugs, respectively (31,33).
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