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Abstract

Background: Coronavirus disease 2019 (COVID-19) is responsible for significant lung disease
in adults. Despite mild manifestations in most children, multisystem inflammatory syndrome
(MIS-C) associated with COVID-19 is well described in older children with cardiac manifes-
tations. However, MIS-C-related cardiac manifestations are not as well described in younger
children. Methods: The study is a retrospective analysis of MIS-C patients under the age of
5 years admitted between May and November 2020 to a single centre. Included cases fulfilled
the case definition of MIS-C according to Royal College of Pediatrics and Child Health criteria
with laboratory, electrocardiogram, or echocardiographic evidence of cardiac disease. Collected
data included patients’ demographics, laboratory results, echocardiographic findings, manage-
ment, and outcomes. Results: Out of 16 MIS-C cases under 5 years of age, 10 (62.5%) had cardiac
manifestations with a median age of 12 months, 9 (90%) were previously healthy. Cardiac man-
ifestations included coronary arterial aneurysms or ectasia in five (50%) cases, two (20%) with
isolated myopericarditis, coronary ectasia with myocarditis in two (20%), and supraventricular
tachycardia in one (10%). Intravenous immunoglobulins were given in all cases with coronary
involvement or myocarditis. The median duration of hospitalisation was 7 (6-14) days; two
(20%) cases with cardiac disease were mechanically ventilated and mortality in MIS-C cases
below 5 years was 12.5%. Normalisation of systolic function occurred in half of the affected
cases within 1 week and reached 100% by 30 days of follow-up. Conclusions: MIS-C associated
with SARS-CoV-2 has a high possibility of serious associated cardiac manifestations in children
under the age of 5 years with mortality and/or long-term morbidities such as coronary aneu-
rysms even in previously healthy children.

The coronavirus disease 2019 (COVID-19) or coronavirus-2 (SARS-CoV-2) has been declared a
global pandemic by the World Health Organization and has affected millions of people world-
wide.! Initially, it was thought that COVID-19 was primarily an acute respiratory syndrome;
however, with time, multisystem involvement has been increasingly recognised. In contrast
to adults, COVID-19 in children usually leads to a mild illness and few children have been
reported to have severe manifestations. However, children may develop a post-infectious cyto-
kine storm, possibly due to the activation of macrophages.> The condition has been termed
“multisystem inflammatory syndrome in children (MIS-C)” or “pediatric multisystem inflam-
matory syndrome (PMIS)” and it is characterised by a hyperinflammatory syndrome with
multi-organ dysfunction. Diagnostic criteria have been developed by different health organisa-
tions.>~

At the beginning of the COVID-19 outbreak, several centres in the United States of America
and Europe reported cases of MIS-C including cardiac involvement.®® Variable cardiac man-
ifestations were reported.” However, most reports or series of MIS-C cases documented that
median age was greater than 5 years, and some researchers have considered the age at presen-
tation as one of the differentiating features from Kawasaki disease.*'®!! Only limited reports
have documented MIS-C under the age of 5 years.!? In the current report, we present a series
of MIS-C cases below the age of 5 years with an emphasis on cardiac involvement.

This study is a retrospective analysis of a series of MIS-C patients admitted between May and
November 2020 from a single centre. The research was approved by the IRB (Institutional
Research Board) of the faculty of medicine, Mansoura University. Cases were children of up
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Figure 1. Transthoracic echocardiogram of
two cases (a) Short parasternal view and a
five-chamber view showing multiple coronary
aneurysms are seen affecting left main coronary
artery and its major branches; (b) short paraster-
nal and five-chamber view showing diffuse
ectatic dilatation of right coronary artery. LAD:
left anterior descending artery, LC: left main
coronary, LCX: left circumflex, RC: right coronary
artery.

to 5 years of age with MIS-C who fulfilled the MIS-C case defini-
tion of the Royal College of Pediatrics and Child Health (RCPCH)
criteria with cardiac clinical, laboratory, or echocardiographic
findings as evidence of cardiac disease. Data were collected retro-
spectively included patients’ demographics, clinical presentations,
laboratory results, and echocardiographic findings. Moreover, data
on the course of the disease, treatments, and outcomes were
evaluated.

1. A child presenting with persistent fever more than 38.5°C,
inflammation (neutrophilia, elevated CRP, and lymphopenia),
and evidence of single- or multi-organ dysfunction (shock, cardiac,
respiratory, renal, gastrointestinal, or neurological disorder) with
additional features. This may include children fulfilling full or par-
tial criteria for Kawasaki disease. 2. Exclusion of any other micro-
bial cause, including bacterial sepsis, staphylococcal or
streptococcal shock syndromes, infections associated with myocar-
ditis such as enterovirus, and 3. SARS-CoV-2 polymerase chain
reaction testing may be positive or negative.’

o Basic investigations were performed: complete blood count
(CBC), C-reactive protein (CRP), erythrocyte sedimentation rate
(ESR), serum ferritin, and troponin L
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 Nose and throat swab viral polymerase chain reaction for SARS-
CoV-2 was performed for all patients. Moreover, cases were
tested for immunoglobulin M (IgM), and immunoglobulin G
(IgG) to viral spike glycoprotein using an enzyme-linked
Immunosorbent Assay (ELISA) test.

At the initial presentation, 12-lead electrocardiogram was per-
formed to exclude arrhythmia or conduction abnormality. It
was repeated whenever required during the admission, especially
if attacks of arrhythmias were suspected on monitoring.

Detailed transthoracic echocardiography for all the included chil-

dren was performed using the Philips Epiq C7 X-matrix (Philips

Medical Systems, Bothell, WA, United States of America; 2014).

Images were recorded from the standard echocardiographic views,

apical four-chamber, three-chamber, two-chamber, and paraster-

nal short-axis and long-axis views based on the recommendations
of the American Society of Echocardiography.'® For each patient,
the following parameters were fulfilled:

o Left ventricular systolic function was estimated through the
assessment of fractional shortening using M-mode. Function
was categorised according to fractional shortening as normal
(28-45%), borderline (26-27%), mild (20-25%), moderate
(15-19%), or severe reduction (<14%).!*
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o Coronary artery assessment with measurements of internal
lumen diameter with the determination of z-scores of the right
coronary artery, main left coronary artery, and its branches left
circumflex and left anterior descending artery. Coronary aneu-
rysm was defined using the American Heart Association z-score
classification: no involvement (<2); dilation only (>2 to <2.5);
small aneurysm (>2.5 to <5); medium aneurysm (>5 to <10 and
absolute dimension <8 mm); and giant aneurysm (>10 or an
absolute dimension >8 mm)."”

o Presence of mitral or tricuspid valvular regurgitation.

o Presence of pericardial effusion.

Patients with coronary artery involvement were treated with intra-
venous immunoglobulins at a dose of 2 g/kg and high-dose aspirin
at a dose of 80-100 mg/kg/d. In patients with persistent fever or
worsening inflammatory markers after 48 hours, the second dose
of intravenous immunoglobulin was given. Thromboprophylaxis
with antiplatelet therapy or anticoagulation was based on the
extent of coronary involvement. A similar dose of intravenous
immunoglobulin was given in cases of myocarditis. Moreover, ino-
tropes (e.g., milrinone or dobutamine) were given in the cases of
left ventricle dysfunction. In case of borderline or residual systolic
function impairment by discharge, angiotensin-converting
enzyme inhibitors were prescribed.

All statistical analyses were performed using SPSS software
(version 25, IBM Corp., Armonk, NY, United States of
America). Results are presented as mean + SD or median (IQR),
while categorical variables are presented as frequencies and
percentages.

Out of 16 patients with MIS-C under the age of 5 years, 10 (62.5%)
had evidence of cardiac involvement. Table 1 demonstrates the
demographic characteristics, clinical presentation, and laboratory
findings of the study cohort. The median age at presentation was 12
months (IQR: 4.5-27 months, range 35 days to 4.5 years). Most
cases were males (80% of cases) and the majority of patients
(90%) were previously healthy with no comorbidities. One patient
had unoperated transposition of the Great Arteries with ventricu-
lar septal defect. All patients presented with a fever, while gastro-
intestinal manifestations including vomiting and/or diarrhoea
were present in six patients (60%). Mucocutaneous manifestations
of Kawasaki-like disease were present in eight patients (80%).
Variable respiratory symptoms were found in four patients
(40%); of those, only one patient had positive polymerase chain
reaction for COVID-19 in addition to pleural effusion and pulmo-
nary infiltrations on CT chest consistent with category 6 of
COVID-19 Reporting and Data (CO-RAD) System.
Furthermore, an infant with Kawasaki-like disease had gangrenous
toes, lymphadenopathy, and shock on admission. It was noticeable
that all patients had a significant rise in C-reactive protein,
Erythrocyte sedimentation rate, and serum ferritin levels with leu-
cocytosis; however, leucopenia was not evident in our cohort with a
median of 2.45 103/pL and only three patients (30%) had a mild
decrease in the lymphocytic count for age. Serology for SARS-
CoV-2 was positive in all cases for the combined IgG and IgM.
One patient had positive SARS-CoV-2 polymerase chain reaction.

Table 1. Demographics, clinical presentations, and basic laboratory results of
MIS-C cases under the age of 5 years with cardiac findings.

Variable

N(%) or median

(IQR)*

Age (months)

12 (4.5-27)

Sex Male: 8(80%)
Fema[e 2(20%) ..............
Weight (Kg) 8 (5.1-14)
Comorbidity Previously healthy 9 (90%)
CHD 1(10%)
Clinical presentations Fever 10 (100%)
Respiratory 4 (40%)
Gastrointestinal (vomit- 6(60%)
ing + diarrhoea)
Mucocutaneous lesions 7 (70%)
Shock 1 (10%)
Others:
Gangrene 1 (10%)
Lymphadenopathy 1 (10%)
Jaundice 1 (10%)
Basic laboratory find- CRP (mg/L) 82.5(42.75-146.5)
ings ESR (mm/h) 78.2(19.5-127.5)

TLC (10%/pL)

14.2(11.2-22)

Lymphocytes (10%/pL)

2.45(1.93-5.25)

Hgb (g/L)

7.65(6.98-8.75)

Platelet (10%/pL)

310(245-354)

Serum ferritin (ng/ml)

371 (131.56-532.5)

COVID-19-related labo-  PCR positive 1(10%)
[ElepAludies COVID-19 antibodies 10(100%)
(IgM and 1gG)

*Data are expressed as median (interquartile range) or frequencies (percentage).
CRP = C-reactive protein; ESR = Erythrocyte sedimentation rate; Hgb = hemoglobin;
PCR = polymerase chain reaction; TLC = total leucocytic count.

The details of cardiac diagnoses including echocardiographic
findings and serum troponin I level in cases of MIS-C under 5 years
of age are shown in Table 2. The children were categorised accord-
ing to their cardiac diagnosis: five in isolated coronary arterial dis-
ease (50%), two in combined coronary artery disease with
myopericarditis(20%), one in myopericarditis(10%), and one in
arrhythmia(10%). Variable coronary involvements were detected
in seven patients including ectatic dilatation in at least one coro-
nary artery in four cases, a small aneurysm in one case, moderate
fusiform aneurysm with ectasia in another case, and multiple large
aneurysms in one case. Coronaries affected included isolated right
coronary artery in two cases, both main coronaries in two cases,
right coronary with left main and left anterior descending involve-
ment in two cases, and left main with left anterior descending and
left circumflex in one patient. Regarding systolic myocardial
impairment, four cases had low fractional shortening with three
of those with mildly reduced function and one patient who had
severe myocarditis with acute heart failure and severe reduction



Table 2. Details of cardiac diseases in MIS-C cases of the study.
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Troponin Initial
Cardiac diagnosis N(%) Age Echo or ECG findings I (ng/ml) FS FSat1lm
Isolated coronary 5(50) 5 months Diffuse ectasia of RCA and LCA (z-score 2, 2.2) <0.01 35% 36%
artery disease . .
18 months  Diffuse Ectasia of RCA and LCA (z-score 2.2, 2.4) <0.01 33% 36%
2 years Small aneurysm in RCA (z-score 2.7) <0.01 37% 37%
5 months Medium aneurysm main LCA (z-score, 5), ecta- <0.01 29% 33%
sia of LAD (z-score, 2.3). and diffuse ectasia of
RCA (z-score, 3)
3 months Multiple medium and giant aneurysms in LAD, <0.01 28% Died on second day of admission
LCX, and LAD up to z-score of 11.5
Coronary artery dis-  2(20) 21 months  Ectasia of RCA (z-score, 2.2), mild pericardial 0.70 24% 30%
ease with myoperi- effusion with decreased contractility
carditis
6 months Ectasia of RCA, LCA, and LAD (z-score, 2.2-2.4) 0.50 22% 35%
with decreased contractility
Myocarditis or myo- 2(20) 3 years Dilated LV, subnormal contractility, mild mitral 0.65 23% 33%
pericarditis regurgitation, and mild pericardial effusion
4.5 years Dilated LV, poor contractility, mild mitral regur- 0.80 14% Died on seventh day of admission
gitation, mild TR, and septal dyskinesia
Arrhythmia 1(10) 36 days Supraventricular tachycardia 0.047 28% 35%

ECG = electrocardiogram; FS = fractional shortening; LAD = left anterior descending; LCA = left coronary artery; LCX = left circumflex; LV = left ventricle; RCA = right coronary artery.

Table 3. Management and outcome of MIS-C cases under the age of 5 years with cardiac involvement.

Variable N(%) or median (IQR)*
Management During admission Oxygen requirements 3(30%)
Ventilation 2(20%)
Intravenous immunoglobulin 9(90%)
Inotropic support 4(40%)
Anticoagulant 2(20%)
Antiarrhythmic 1(10%)
On discharge ASA + warfarin 6(60%)
ACEls 2(20%)
Outcome Short term Hospital stay duration (days) 7(6-14)

Mortality

2/10 (20%)

Myocardial systolic function normalisation within 1 week

2/4 (50%)

At 1-month follow-up

Myocardial systolic function normalisation

4/4(100%)

Persistence of coronary artery aneurysm or ectasia

2/6(33.3%)

*Data are expressed as median (interquartile range) or frequencies (percentage).
ACEls = angiotensin-converting enzyme inhibitors; ASA = acetyl salicylic acid.

of fractional shortening (14%) and ejection fraction (31%).
Troponin was increased in four cases in which systolic function
was below normal and troponin was borderline in one case
presenting with arrhythmia. A child in the series had moderate
pericardial effusion with mild mitral regurgitation but without
tamponade and did not require extensive intervention. No cases
presented with more than mild atrioventricular valves
regurgitation.

Management and outcome of MIS-C cases under 5 years of age
with cardiovascular involvement are presented in Table 3.
Intravenous immunoglobulin was given to cases with coronary

artery disease or myocarditis, while inotropes were used in 40%
of cases. Discharge cardiac medication was needed in seven cases;
five cases with an antiplatelet dose of aspirin and /or warfarin, one
case received aspirin with angiotensin-converting enzyme inhibi-
tor, and one patient on angiotensin-converting enzyme inhibitor
alone. The median duration of hospitalisation was 7 days (6-14)
and two patients died despite extensive inotropic and ventilatory
support. The rest of the patients were discharged home clinically
well with normalisation of systolic function within a week in half of
all affected cases. All had a clinical review 1 week and 1 month after
discharge with a repeat electrocardiogram and echocardiogram.
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There were no new coronary changes or functional deterioration
with an improvement of coronary abnormalities in most cases,
but the persistence of aneurysms in two cases (33% of survivors
with residual coronary disease) at the one-month follow-up. All
cases with coronary abnormalities had a long-term follow-up plan
in the paediatric cardiology clinic and CT angiogram.

MIS-C related to COVID- 19 is now a well-described syndrome,
especially in school-aged children and adolescents.'® MIS-C
includes many forms of cardiac involvement including cardiac dys-
function, pericardial effusion, and coronary abnormalities.
Nevertheless, limited reports have described cases under the age
of 5 years, especially from a cardiac perspective. In the current
series, variable cardiac disorders are described in this younger
patient population.

Dufort et al reported a large case series of MIS-C cases from
New York, 31 were under 5 years of age. In contrast to our series
in which we have one case with CHD, 22 of their series had pre-
existing comorbidities, especially obesity in 10 out of 31 cases.'? In
the current work, most of the patients were males, a finding that is
consistent with most MIS-C series of older children.>!° However,
in the current work, the male to female ratio of 8:2 is significantly
higher. In a study of MIS-C cases with acute cardiac decompensa-
tion with only one case was under the age of 5 years, males com-
prised 51% of cases.!”

Fever, which is a common presentation of MIS-C, was docu-
mented in all our cases, consistent with previous reports on
MIS-C.1%!® Fever was followed by the presence of atypical
Kawasaki-like mucocutaneous manifestations (60%) and gastroin-
testinal symptoms in half of our cases. In the Ramcharan et al
series, 87% of cases with cardiac findings had gastrointestinal
symptoms, and nearly half the cases with Kawasaki-like features.'

Cardiac involvement in MIS-C in our series was 62.5% which
compares with the Verdoni et al series reporting 60%,” while car-
diac findings approached 100% in the Ramcharan et al cohort with
93% of them diagnosed with coronary artery involvements,
although only one with aneurysms. Moreover, they documented
a high incidence of atrioventricular valve regurgitation, docu-
mented in 13 of 15 cases with a median age of 8.8 years.'” In
Matsubara et al’s series, coronary involvement in MIS-C patients
(median age 11.4 years) was 4% with one case of coronary ectasia
and no documented aneurysms, while coronary aneurysms were
present in 8.8% of Feldestien et al series.'®* In another large
MIS-C cohort from the United States of America, aneurysms were
found in 13.4% of cases with regression in 79.1% by 1 month and in
100% by 3 months; therefore, they suggested that rapid resolution
of coronary aneurysm might be due to vasodilatation rather than
destruction by inflammatory cells.?! However, this theory does not
explain the presence of significant-sized aneurysms which is clearly
aresult of more than a simple vascular dilatation. In the Dufort et al
MIS-C cases under the age of 5 years, myocarditis occurred in 39%
with coronary involvement in 13% but with no details on the car-
diac outcome of the cohort.'? In the current series, we had a com-
parable rate of myocarditis; however, coronary involvement was
higher reaching 70% of cases with cardiac disorders.

Cardiac troponin I could be a useful marker in detecting cardiac
involvement in children with MIS-C. The level indicating cardiac
diseases is above 0.045 ng/ml in children aged less than 3 months
and above 0.005 ng/ml for children aged greater than 3 months.?
In our series, 40% of cases had a high troponin value for age.

The recovery of myocardial systolic function in our series
reached 100% of surviving cases within 1 month. Similarly, all cases
with reduced fractional shortening were normalised before dis-
charge with a median of 3 days in another series from the
United Kingdom!?, while the recovery was 71% within 7 days in
a series of MIS-C with acute heart failure and a median age of
10 years.!” Furthermore, it was described that left ventricle ejection
fraction in MIS-C was decreased in 34.2% of cases in a large series
from the United States of America with a median age of 9.7 years
with 91% of them having normal functions within a month and
99.4% normalised within 3 months of follow-up.?! Thus, the res-
olution of myocardial dysfunction is expected when the acute
decompensation stage is aggressively managed.

The length of hospital stay in our series was comparable to the
average of MIS-C cases described in a meta-analysis by Ahmed
et al'® Nevertheless, mortality is considered higher in our series
with 20% of cases with cardiac involvement and about 12.5% of
total MIS-C under the age of 5 years in our centre. In the cases
of under the age of 5 years, series by Dufort et al mortality was only
3%, while it was 1.9% in a higher median age cohort by Feldestien
et al and no mortality was reported in the series of cardiac decom-
pensated MIS-C series by Belhadjer et al'” This could be due to the
unavailability of extracorporeal membrane oxygenation in our
centre as an advanced management step for acute decompensation
of severe cases.

One of the limitations of the current work is that we did not
document details of diastolic function or strain to detect subclinical
myocardial injury. Another limitation is the descriptive study
design and lack of comparative statistics with Kawasaki cases in
the same age group. However, our series demonstrates that cardiac
complications could be significant even in the younger age group
with a median age of 12 months. Thus, the exclusion of this paedi-
atric age category from COVID-19 vaccine trials should be recon-
sidered due to the severity, mortality, and persisting cardiac
implications. Moreover, long-term follow-up is required for
resolving cases with cardiac MRI and advanced echocardiographic
modalities to enhance the understanding of MIS-C cardiac effects.

MIS-C associated with COVID-19 under the age of 5 years has the
potential for cardiac manifestations, including mortality or long-
term morbidities such as coronary aneurysms even in previously
healthy children.
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