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Abstract: Severe Acute Respiratory Syndrome Corona
Virus 2 (SARS-COYV,) infection is a rapid evolving pan-
demic with multiple peaks of outbreak and substantial
mortality worldwide. It has been proposed that infants
are more vulnerable to SARS-COV-2 infection. On the
other hand, children with COVID-19 have generally
milder disease compared to infected adults and more
often presented with gastrointestinal symptoms com-
pared to respiratory ones. Multisystem inflammatory
syndrome in children (MIS-c) is an ominous demonstra-
tion of COVID-19 with cardiac involvement and mortal-
ity rate <2%. From cardiovascular point of view, wide
spectrum of manifestations including subclinical myocar-
dial injury, myocarditis, stress cardiomyopathies, car-
diac arrhythmias, pulmonary thromboembolism and
thrombus formation in cardiac chambers and vascular
bed has been reported in COVID-19 disease. Congenital
heart disease (CHD), assumed as the most prevalent
form of congenital disease. Advances in medical and sur-
gical treatments for CHD have led to more alive patients
with underlying heart disease secondary to congenital
defects. These group of pediatric patients are prone to
heart failure, arrhythmia and embolic events. In this
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narrative review, we intended to evaluate the cardiovas-
cular and pediatric presentations of COVID-19 as well
as the manifestation and outcomes of SARS-CoV-2 infec-
tion on pediatric patients with CHD. (Curr Probl Car-
diol 2022;47:100905.)

Introduction

OVID-19 disease caused by infection with “Severe Acute Respi-
ratory Syndrome Corona Virus 2 (SARS-COV,)” started at

Wuhan, China at 2019 and converted to a pandemic soon after.’
SARS-COV, infection, most often manifested with mild symptoms, have
led to significant mortality worldwide in patients with moderate to severe
disease. This viral infection has been reported to be associated with wide
spectrum of cardiovascular symptoms and expressions from subclinical
myocardial injury, myocarditis, stress cardiomyopathies and cardiac
arrhythmias to cardiac and pulmonary thromboembolism.” Acute heart
failure due to multi system inflammatory syndrome in children is a known
manifestation of SARS-CoV-2 infection in pediatric patients.” It is sug-
gested that underlying cardiovascular disease leads to raised morbidity
and mortality in patients with COVID-19 disease.”

Congenital heart diseases (CHD) are the most common form of con-
genital disease and has a wide spectrum from asymptomatic mild forms
of valvular lesion and trivial shunts to severe complex defects that contra-
dicts with continuation of life.® Here in we have argued the impact of
COVID-19 disease on pediatric and adolescents with congenital heart dis-
ease as a common underlying cardiac disease in this population.

Materials and Methods

For the evaluation of cardiovascular and pediatric presentation of
COVID-19 with focus on outcomes of this viral infection in patients with
CHD, we searched the major electronic database including Web of Sci-
ence, Cochrane, PubMed, Embase and Scopus. The main key words for
searching were combination of each of these words: [“congenital heart
disease”, ‘“pediatrics”, ‘“cardiac arrhythmia”, “cardiomyopathies”,
“myocarditis’] AND [“SARS-CoV-2” OR “COVID-19” OR “2019-
nCoV”]. At the first step, 67 articles were found by primary search. The
abstract and full document of all papers were evaluated by an expert echo
cardiologist, trained in congenital heart disease with experience on
COVID-19 management and one perinatologist, expert in high risk
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pregnancies. The included articles were cohorts, national and multicenter
studies, local and national registries, retrospective analysis, review
articles and COVID- case series with more than four patients. No ran-
domized trials were included in this topic. Excluding the articles that
were irrelevant, finally, 37 articles were selected and were analyzed.

The analysis results are presented in four section:(1) CHD description
and classification (5 articles), (2) Cardiac involvement during COVID-19
disease (14 articles), (3) COVID-19 disease in childhood (13 articles), (4)
Congenital heart disease during COVID-19 disease (6 articles).

The Classification of Congenital Heart Disease

Normal heart anatomy consists of a sequential blood flow in the cardiac
chambers and great vessels with no mixing, that leads the unsaturated systemic
venous blood to go to the lungs via pulmonary artery and the saturated blood
to go to the vital organs along the aorta. Any derangement in this anatomy or
ventricular or valvular function in the fetus, can lead to CHD in newborns.

Beside classifications based on the heart anatomy and location of the
defect, a more practical definition has been proposed from pathophysio-
logical aspects and clinical consequence to classify CHD to five groups:
(1) CHD associated with high pulmonary flow as left-to right shunts with-
out barrier in pulmonary circulation, (2) CHD with low pulmonary flow
as septal defects with right to left shunt due to obstruction in pulmonary
flow pathway, (3) CHD without shunt but with obstruction in blood flow,
(4) CHD that are incompatible with newborn blood circulation, (5) CHD
that are asymptomatic till adulthood.’

In adolescence and adult patient, the American college of cardiology
(ACC) recommends the anatomic and physiological classification (AP clas-
sification) for adult CHD (ACHD). In this classification, anatomic (A) cate-
gorization proposed three categories for I: simple, II: moderate and III: great
complexity and physiologic (P) classification applies to stage A to D base on
New York Heart association (NYHA) function class I-IV, hemodynamic
and systemic sequels.” A similar categorization has been proposed by Euro-
pean society of cardiology (ESC) thereafter.” These categorizations are
applied for managements of older pediatric patients.

The age adjusted mortality rate of CHD have been decreased significantly
during the last 3 decades in spite of the constant incidence.' Improvements in
medical and surgical therapies for CHD have led to more alive patients with
underlying heart disease secondary to congenital defects. the most complica-
tions that are observed in patients with CHD are ventricular dysfunction or
heart failure, arrhythmias and embolic events.
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Cardiac involvement during COVID-19 disease

It has been confirmed that COVID-19 disease has various types of car-
diovascular involvement in previously healthy infected subjects.'’ The
similarity between Corona virus spike protein (S protein) and angioten-
sin-converting enzyme 2 (ACE-2) receptor that is located in cardiomyo-
cytes, intestines, kidneys and the lung epithelial tissue may explain some
cardiac manifestations of SARS-COV, infection.”

Cytokine storm including increased level of IL-6 and tumor necrosis
factor-o (TNF- «) and the systemic inflammatory response as well as
direct myocardial injury is responsible for myocarditis and subsequent
ventricular dysfunction as a well-known complication in COVID-19
disease.'”'” Hypercoagulation state due to systemic inflammation, immo-
bility secondary to moderate to severe illness, lung endothelial damage as
well as hypoxemia are proposed as the main mechanisms for pulmonary
thromboembolism and thrombus formation in cardiac chambers.'*"

Ischemic coronary injury secondary to thrombus formation in coronary
arterial bed in hypoxemic patient is responsible for myocardial infarction
and unstable coronary syndromes in COVID era that can lead to ventricu-
lar dysfunction and cardiac arrhythmia.'®'” Cardiac arrhythmias includ-
ing sinus bradycardia, different degrees of atrioventricular (AV) block,
inappropriate sinus tachycardia as well as long QT syndrome and ventric-
ular arrhythmia have been observed in patients infected with SARS-
CoV-2."* Myocardial ischemia, side effects of drugs, underlying myocar-
ditis and electrolytes abnormalities have been proposed for the underly-
ing mechanism for cardiac arrhythmias.'®

COVID-19 Disease in Childhood

At the initial time of COVID-19 outbreak, observational cohorts have
proposed that no vertical transmission from infected mothers to neonates
occurs.'” " Definite trans placental transmission of SARS-COV,, infec-
tion with neurological manifestation of COVID-19 disease in a new born
neonate has changed the hypothesis, so this disease can involve all age
spectrum from neonate to adulthood.””

A cohort of 2135 pediatric patients suspected for COVID-19 disease in
China, of whom 34.1% had proven SARS-CoV-2 viral infection demon-
strated equal prevalence in both genders and median age of them was
7 years. It has been proposed that children with COVID-19 generally
have milder disease than adult patients with 94.1% of all children had
non severe disease. Severe disease was more common in younger pediat-
rics specially in infants.”
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In a report from Italy at the peak time of outbreak with the first mortal-
ity ranking in the world, 1% of infected population were children under
the 18 years old, with 11% hospitalization rate and no death.”* In a cohort
of 100 children in this country, 21% were asymptomatic, with prevalence
of mild, moderate and severe disease as 58%, 19% and 1% respectively.”
It is supposed that children were less prone to severe infection due to the
lower maturation and activity of ACE2 receptor compared to adults.”®

In a cohort of 37 pediatrics in north region of Iran, fever, weakness and
anorexia (prevalence of 86.5%, 75.7% and 73% respectively) were the
main presentive symptoms. More common gastrointestinal presentation
compared with respiratory symptoms and no mortality was observed.
Multisystem inflammatory syndrome in children (MIS-c) was the main
manifestation in 18.9% of children. The study demonstrated pulmonary
involvement in 32.4% of children.”’

Multisystem inflammatory syndrome in children with COVID-19 dis-
ease, also named MIS-c is a confirmed serious potentially lethal clinical
presentation of COVID-19 disease with various definitions”®. Centers for
Disease Control (CDC) defines MIS-c in patients with COVID-19 disease
and all four criteria: (1) Age under 21 years; (2) Confirmed SARS-CoV-2
infection or exposure during last 4 weeks; (3) Clinical presentation with
fever >38°C for more than 24 hours, evidence of significant inflammation
in laboratory data [increased C-reactive protein (CRP), d-dimer, erythro-
cyte sedimentation rate (ESR), interleukin 6, fibrinogen, procalcitonin,
lactic acid dehydrogenase (LDH) and ferritin] and severe multiorgan dis-
ease (>2 of neurologic system, heart, lung, hematologic, skin, gastroin-
testinal or kidneys) needs to be hospitalized; (4) Other diagnosis should
be ruled out.”” Cardiac manifestations of this syndrome are systolic dys-
function (in all patients), aneurysm formation in coronary arteries and
elevated cardiac biomarkers such as N terminal-pro brain natriuretic pep-
tide (NT-pro BNP) and cardiac troponin I (cTnl).”’

A multicenter registry of 35 children (median age:10 years) hospital-
ized with MIS-c due to COVID-19 in Europe, reported gastrointestinal
complaints as the dominant feature. Cardiogenic shock and collapse were
observed in 80% of cases. Near third presented with left ventricular ejec-
tion fraction (LVEF) <30%, the remaining had LVEF of 30% -50%. The
main treatments were intra venous inotropic support, intravenous immu-
noglobulin (IVIG) and steroid therapy, with favorable outcome and nor-
mal LVEF at 7th day of admission for all patients without mortality.*

In a systematic analysis, 662 pediatrics with MIS-c were evaluated.
71% of patients were admitted in intensive care unit (ICU) with 1.7%
mortality (11 patients). Fever (100%), diarrhea or abdominal pain
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(73.7%) and vomit (68.3%) were the first ranking of clinical expressions.
More than half of them had left ventricular systolic dysfunction.”’

Congenital Heart Disease During COVID-19 Disease

Patients with underlying cardiovascular disease are vulnerable to more
severe COVID-19 involvement and have higher mortality."

It has been proposed that the milder presentation of pediatric patients
with COVID-19 doesn’t apply to the cases with CHD. In a case series of
nine pediatric patients with COVID-19 disease and CHD, two patients
died, both with severe forms of CHD and severe COVID-19 presentation.
One was a 14 years old girl with significant aortic stenosis (AS) and the
other was a complex form of CHD, hypoplastic left heart syndrome
(HLHS) and patent ductus arteriosus (PDA), in a 10-month-old male.
Laboratory measures of C-reactive protein (CRP) and partial thrombo-
plastin time (PTT) were higher in these patients.*”

A national multicenter Italian study of 76 patients with SARS-CoV-2
infection and CHD, showed benign clinical outcome. Heart failure (9%)
was the most common complication followed by arrhythmias, stroke and
pulmonary hypertension (3% for each one). In this cohort, only 4 of the
CHD were children (from 2 months to 2 years old).*

In another multicenter survey of 7 children with CHD and COVID-19, all
experienced acute decompensation with one case of mortality in an 18-year-
old patient with hypertrophic cardiomyopathy (HCMP). Five were at first
year of life (3 had atrioventricular septal defect). History of Fontan surgery
for double inlet left ventricle was reported in one of them.”

In a study of 53 patients with CHD infected with SARS-CoV-2, 10
patients (19%) were under 18 years age. Moderate to severe COVID-19 dis-
ease was observed in 9 (7 adult, 2 children: both common atrioventricular
canal) with no mortality in children but 3 death in adult group. In this cohort,
genetic syndrome, ACHD physiologic stage C and pulmonary hypertension
were the strongest predictors for moderate to severe COVID-19 in all
patients with CHD (Odds ratios: 35.82, 19.38 and 15.25 respectively).”

A multicenter case series of 7 patients with CHD and symptomatic
COVID-19 disease from Iran presented the age range of 2 months to 14 years,
four infants and two adolescents, two Eisenmenger syndrome (one HLHS that
finally deceased, another Down syndrome with common atrioventricular
canal) and one case of severe pulmonary hypertension. In this series of com-
plex CHD with confirmed COVID-19, the main presentation was pulmonary
symptoms in all, with two case of mortality, one in infant male with HLHS
and the other an adolescent girl (14 years) with severe AS.™
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In these mentioned studies, Down syndrome with common atrioven-
tricular canal is the most common underlying heart disease. Mortality is
rare and was reported in patients with severe AS, HCMP and HLHS.

In the recent ESC guideline for COVID-19 disease in adult CHD,
patients with systolic dysfunction, unrepaired complex defects, Fontan
patients with single ventricle physiology, severe pulmonary hypertension,
Down syndrome and patients with significant hypoxemia are considered
at increased risk of complications.”” Based on the mentioned studies,
these groups seem to be at increased risk in pediatric CHD too.

Conclusion

According to the available data, pediatric patients with CHD may be
more prone to more severe COVID-19 illness with increased mortality.
Down syndrome with common atrioventricular canal is the most common
underlying CHD in COVID studies. The more severe complexity and
worse NYHA functional class, the more associated risk of adverse out-
comes with COVID-19 disease.

Careful monitoring, while continuing the essential drugs for underly-
ing heart disease and antithrombotic prophylaxis based on available
guidelines is recommended.
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