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Abstract

Objectives: The heart is one of the organs frequently affected by the multisystem inflammatory syndrome in children (MIS-C),
associated with severe acute respiratory syndrome coronavirus 2 infection. Cardiac involvement in patients with MIS-C was evalu-
ated with physical examination findings, biochemical test, and cardiological imaging tests. We reported the degree of cardiac
involvement in patients with MIS-C.

Methods: In this retrospective study, the complaints, physical examination, and cardiac findings of patients with MIS-C were evaluated.
Results: Sixteen patients (four males and 12 females) with MIS-C were included in the study. The median age was 6 (5-17) years.
In patients, palpitations (6%), chest pain (12%), ECG changes (50%), valve insufficiency (50%), low ejection fraction (6%), coronary
dilatation (6%), troponin (38%), and d-dimer (88%) elevation were detected. One patient died. Valve insufficiency persisted in 5
(31%) patients.

Conclusion: Severe cardiac involvement can be seen in MIS-C patients. Due to its serious effects on mortality and morbidity, car-
diac involvement should be evaluated with cardiac imaging tools such as echocardiography and ECG in all MIS-C patients.
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he novel virus, called severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has spread rapidly around

first in United Kingdom and then in some European coun-
tries and in United State of America.”* These studies dem-

the world since December 2019, caused a pandemic. Ac-
cording to preliminary information, this disease, called
coronavirus disease 19 (COVID-19) by the World Health Or-
ganization (WHO) On February 11, 2020, had been a milder
course in children compared to adults."" However, in the
following months, a Kawasaki-like disease began to be re-
ported in some pediatric patients with a history of COVID,

onstrated that this multisystem inflammatory syndrome in
children (MIS-C), which progressive inflammation and mul-
tiple organ involvement, was associated with SARS-CoV-2.
In the following period, certain diagnostic criteria were de-
fined by the WHO and the Centers for Disease Control and
Prevention (CDC) for MIS-C patients. The diagnostic criteria
determined by the CDC include <21 years age, history of
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fever >38.0°C for =24 h or subjective fever lasting =24 h,
laboratory evidence of 1 or more inflammation (CRP, ESR,
d-dimer, procalcitonin, ferritin, fibrinogen, LDH, IL6, neu-
trophil elevation and/or lymphopenia, and hypoalbumin-
emia), severe illness requiring hospitalization with multi-
system (>2) organ involvement (heart, kidney, respiratory,
hematological, gastrointestinal, dermatological, or neuro-
logical), demonstrated COVID-19 association (positive by
PCR and/or positive by serology and/or positive by antigen
test and/or COVID-19 exposure within prior 4 weeks), and
no alternative plausible diagnoses.®

Much more severe clinical conditions were encountered in
COVID-19 patients with MiS-C. One of the most serious clinical
effects was seen on the heart. Signs of myocardial depression
ranging from mild circulatory failure to circulatory shock were
demonstrated in affected many patients.”? In this single-cen-
ter retrospective study, we aimed to demonstrate the effects
of MIS-C on the heart in patients associated with SARS-CoV-2.

Methods

This retrospective study was approved by the Local Ethics
Committee of our institution. Sixteen patients who were
followed up and treated with the diagnosis of MIS-C ac-
cording to CDC criteria in the pediatric health and diseas-
es clinic of Hamidiye Etfal Training and Research Hospital
between November 2020 and April 2021 were included in
the study. All clinical data about patients were obtained
retrospectively from hospital file archives.

Demographic characteristics of the patients, comorbid
diseases, physical examination findings, arterial blood
pressure measurements, cardiac symptoms, and findings
such as murmur, palpitation, and chest pain were noted.
From the biochemical tests of the patients, the measure-
ments of high sensitivity Troponin I, NT-proBNP, D-dimer,
and Creatinine Kinase were recorded at the time of ad-
mission and follow-up. Initial admission and follow-up
electrocardiogram (ECG) and transthoracic echocardiog-
raphy reports of the patients were reviewed. Ventricular
and supraventricular arrhythmic findings, ST-, and T-wave
changes detected in the ECG were recorded. Transthoracic
echocardiography reports of the patients were evaluated
for the presence of coronary artery dilatation (z score >2),
ventricular dilatation, left ventricular ejection fraction, seg-
mental hypokinesia, and valvular insufficiency. In addition,
support treatment needs such as inotropic, antiarrhythmic,
corticosteroid, immunoglobulin, and anticoagulation were
questioned during the follow-up of the patients.

Available findings were given as median with the quartile
range or percentage ratio using the SPSS 21 software (SPSS
Inc.,, Chicago, IL, USA).
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Results

A total of 16 patients, four males and 12 females, who were
hospitalized according to MIS-C diagnostic criteria were
included in the study. The demographic characteristics
and cardiac signs of the patients are summarized in Tables
1 and 2. The median age was 6 (5-17) years, and none of

Table 1. Patient characteristics

Characteristics n (%)
Age, year
Median 6
Distribution
<1year 0
1-5 year 1
6-10 year 1
11-18 year 4
Sex, n (%)
Male 4 (25)
Female 12(75)
Comorbidity, n (%) 2(13)
Leukemia 1
Overweight (body mass index >25 kg/m?) 1

Available findings were given as median (interquartile range) or n (%). n is
the number of patients with complete data in the total patients.

Table 2. Cardiac signs of the patients

Characteristics n (%)

Clinical Signs
Palpitation
Chest Pain
Murmur 1(6)
Hypotension at admission (blood pressure,
percentile <5%)

ECG
Sinus tachycardia 3(

1(6)

T-wave inversion 2(
ST-elevation
Ventricular arrhythmia
Supraventricular arrhythmia
Echocardiography
Coronary artery dilatation (z score >2)
Ventricular dilatation
Left ventricular ejection fraction
<55%
>55%
Segmental hypokinesia
Valvular insufficiency

1(6)
2(13)

1(6)
14 (94)
2(13)
8(50)

Available findings were given as median (interquartile range) or n (%). n is
the number of patients with complete data in the total patients.
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the patients had a history of underlying heart disease.
Only two patients had comorbidity included as 1 leuke-
mia and 1 overweight. Cardiac complaints and physical
signs at admission were limited. Only one of the patients
had palpitations, two had chest pain. On physical exami-
nation of the patients revealed heart murmur in one, and
hypotension in two. At admission and/or follow-up of eight
patients (50%) with MIS-C, non-specific ECG changes such
as sinus tachycardia, ST elevation, T inversion, ventricular,
and supraventricular arrhythmias were detected. Except
the prominent valve insufficiencies (50%) in the echocar-
diographic examination of the patients, other cardiac signs
including low ejection fraction (6%), ventricular dilatation
(6%), and segmental hypokinesia (13%) were limited. Coro-
nary dilatation was determined in only one patient. Signifi-
cant changes were observed in some laboratory tests, as
shown in Table 3. At admission, 38 % of the patients diag-
nosed with MIS-C had moderate troponin elevation. On the
other hand, 88 %of the patients had a remarkable increase
in D dimer values. Nt-ProBnp could only be studied in four
patients. Two (50%) of patients had high Pro-Bnp level at
admission. Moreover, remarkably, high mean values were
detected in the relevant patients. Various treatment meth-
ods were applied to the patients with MIS-C depending
on the severity of the disease. AlImost all patients received
intravenous immunoglobulin, steroid, and anticoagulant
treatment in addition to other supportive therapies. In only
three patients, IVIG treatment was not required. Inotropic
drug support was provided to three patients with circula-
tory disorders. Antiarrhythmic therapy was required in one
patient due to ventricular arrhythmia (Table 4).

Despite all the supportive care required, one of the patients
with comorbidity due to leukemia died. At the same time,
cardiogenic shock and circulatory collapse at the venoarte-
rial extracorporeal membrane oxygenation treatment limit
was observed in another patient with obesity. Moreover,
moderate valvular insufficiency persisted in the early fol-
low-up of 5 (31%) patients after discharge (Table 5).

Table 3. Laboratory findings of the patients
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Table 4. Treatment of the patients

n (%)
Inotropic or vasopressor support 3(19)
Antiarrhythmic therapy 1(6)
Intravenous corticosteroids 15 (94)
Immunoglobulin infusion 13(81)
Anticoagulation 15 (94)
Venoarterial extracorporeal membrane oxygenation 0

Available findings were given as median (interquartile range) or n (%). n is
the number of patients with complete data in the total patients.

Table 5. Responses of clinical status of the patients

Persistent valvular insufficiency
Cardiogenic shock
Death

Available findings were given as median (interquartile range) or n (%). n is
the number of patients with complete data in the total patients.

Discussion

Due to insufficient case definitions and lack of specific
supportive laboratory criteria, it might be difficult to dis-
tinguish MIS-C from diseases with similar clinical condition
such as acute severe COVID-19 and Kawasaki disease.’?®

Cardiac MR findings in MIS-C patients revealed that the
event is mostly a post infectious condition and is similar to
the involvement in Kawasaki disease.”» MIS-C is clinically
similar to Kawasaki disease too. However, there are differ-
ences in terms of age and coronary involvement. Although
coronary involvement is observed in up to 33% of patients
with Kawasaki in the acute phase, this rate is between 9
and 18% in patients with MIS-C as shown in various stud-
ies.21%12 Kawasaki disease is common in children under the
age of 5.3 However, as shown in our study too, MIS-C dis-
ease is often more prevalent in children over 5 years of age

n Rate of high values
at admission n (%)

Baseline Monitoring values, Normal Values

Day (No. Of patient)

Day 1(10) Day 7 (10)
High sensitivity troponin |, ng/L 16 6(38) 5.95(3-19844) 8(7-11) 8(3-32) <14
Creatinine kinase, U/L 15 4 (25) 67 (52-181) <171
NT-proBNP, pg/mL 4 2 (50) 2954 (147-8445) <300
D-dimer ug/L 16 14 (88) 1387 (685-2807) <500

Available findings were given as median (interquartile range) or n (%). n is the number of patients with complete data in the total patients.
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(average 8-10 years) who have previously had SARS-CoV-2
infection.®

Although COVID-19 seems to be a smaller problem clinically
due to a mild course in children and low mortality rate of
0.1%; unfortunately, MIS-C associated with COVID-19 has be-
come a major health problem with the severity of the disease
and death rate of % 1.8-2.1212" Another remarkable point is
that although respiratory system involvement is common in
COVID-19, cardiovascular system involvement is more com-
mon in MIS-C associated with COVID-19.1231

Various hypotheses were raised regarding cardiac injury. It
was thought that cardiac damage due to direct virus inva-
sion and immunity against myocyte cells as a result of this
damage may be responsible for this destruction.®® How-
ever, positivity of serological tests rather than PCR tests
(that reveal the presence of live viruses in MIS-C patients),
cytokine storm and multiorgan involvement suggest that
the event occurs as a result of the destructive effect of the
hyperinflammatory response rather than direct viral inva-
sion. Cytokine storm and macrophage activation with high
D-dimer levels demonstrated in MIS-C patients who under-
went cardiogenic shock." In addition, rapid and effective
response to IVIG and steroid therapy as immunomodulator
and immunosuppression might support the systemic ex-
cessive immune response mechanism in MIS-C.['617

Cardiovascular involvement might be encountered in a vari-
able spectrum from serious conditions such as myocarditis,
arrhythmia, valve insufficiency, coronary-artery aneurysm,
and cardiogenic shock to isolated troponin elevation.!""'?

In various studies, the rate of myocarditis in patients with
MIS-C was determined as 22-52%.2'2 Dufort et al.? deter-
mined that myocarditis cases increase with age in MIS-C
patients. Moreover, the highest rate was detected in the
adolescent group as 73%. In studies conducted on rats
with myocarditis, it was concluded that inflammatory cyto-
kines such as IL-6 and TNF-alpha could cause heart damage
by generating reactive oxygen species. IL-6 and similar cy-
tokines have been shown to be intensely secreted in MIS-C
patients.l'®19

Non-specific ECG changes such as sinus tachycardia, ST-
elevation, t-inversion, ventricular, and supraventricular ar-
rhythmias frequently accompany MIS-C patients. ST-T-wave
changesin ECG are expected in patients with increased tro-
ponin as an indicator of cardiac damage. However, this situ-
ation alone is insufficient to explain other abnormal rhythm
mechanisms. In the modeling of immune-mediated myo-
carditis in rats, it was shown that cytokines such as tumor
necrosis factor-a and interleukin-6, which are increased by
inflammation, can cause Ca*?/calmodulin Protein Kinase ||
(CaMKIl) activation. It was concluded that such a situation,
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which may cause regional Ca*? transition heterogeneity,
is responsible for arrhythmia.">? In our two patients with
ventricular and supraventricular arrhythmias without tro-
ponin elevation, the improvement of the arrhythmia simul-
taneously with the suppression of inflammation also sup-
ports this situation.

A large study by Godfred-Cato et al.l'? in patients with
MIS-C, mitral regurgitation, and pericardial effusion were
detected with frequency of 25.5% and 23.9%, respectively.
Valvular insufficiency seems to be due to possible cardiac
edema and ring dilatation. However, persistence of mul-
tiple valve insufficiency in the late follow-up of our patients
suggests that endocarditis may be responsible for valve
damage. Therefore, the effect of MIS-C on the heart may be
in the form of pan-carditis together with myocarditis, peri-
carditis, endocarditis. However, histopathological examina-
tions are needed to determine this definitively.

Conclusion

Severe cardiac involvement can be seen in MIS-C patients.
Due to its serious effects on mortality and morbidity, car-
diac involvement should be evaluated with cardiac imag-
ing tools such as echocardiography and ECG in all MIS-C
patients.
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