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Abstract

Objectives: Multisystem inflammatory syndrome in children (MIS-C) is a rare but serious hyperinflammatory complication of CO-
VID-19 in which cardiovascular abnormalities are frequently detected. In the context of MIS-C, it remains uncertain which patients
will develop cardiac dysfunction and which will experience coronary artery abnormalities (CAAs). To investigate this, patients were
categorized into four distinct groups based on the presence or absence of myocardial dysfunction and/or CAAs. We aimed to
determine whether there were any differences in demographic, echocardiographic, laboratory results, outcome, and COVID-19
variants between the groups.

Methods: Between July 2020 and August 2022, 135 MIS-C diagnosed patients were divided into 4 groups according to their car-
diovascular involvement.

Results: The mean age of the patients was 104 months (9-209 months) and the male/female ratio was 1.45. Thirty-eight percent of
the patients had decreased LVEF and 44% had signs of CAAs. Fifty-nine percent (80/135) of the patients were admitted to the pedi-
atric intensive care unit (PICU). Patients admitted to the PICU were older patients with cardiac dysfunction. The severity of cardiac
involvement ranged from severe to mild in Group 1, Group 2, Group 3, and Group 4, respectively. Group 1 was older (median age
146 months, p=0.008), albumin was lower (p=0.015) and CRP was higher than Group 4 (p=0.007). PICU admission/stay time and
CRP elevation were significant in the groups with decreased LVEF (groups 1 and 2). More MIS-C patients were observed in the alpha
wave compared to other waves, but there was no difference in the severity of cardiac involvement (p=0.25). Cardiac dysfunction
and improvement in CAAs were observed in patients. The case fatality rate was 1.48%.

Conclusion: D-dimer, CRP, ferritin levels were higher, lymphocyte, platelet and albumin levels were lower in elderly patients with
cardiac dysfunction who were followed up in the PICU.
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ARS-CoV-2, which was detected in 2019 and caused

the COVID-19, became a global pandemic in 2020.
First reports speculated that children were experiencing
a mild COVID-19 infection. But, the UK reported pediatric
cases similar to Kawasaki Disease (KD) or toxic shock syn-
drome in April 2020. Later, a new pediatric disease was
identified, multisystem hyperinflammatory syndrome
(MIS-Q), presenting with fever, hypotension, gastrointesti-
nal symptoms, and myocardial dysfunction. Children who
have MIS-C also have cardiac involvement, including left
ventricular dysfunction, coronary artery abnormalities
(CAAs), pericardial effusion, arrhythmias, and conduction
abnormalities. The most frequent systemic involvement
of MIS-C patients (cardiac involvement) plays an impor-
tant roles in prognosis-treatment with a rate of 50-95%.
-6l In many case series, reduced left ventricular function
in the early phase of the disease has been reported in 30-
40% and CAAs in 8-24%.M

SARS-CoV-2 underwent mutations during the pandemic
that altered infectivity, transmission, and severity. Previous
studies report that acute Omicron variant infection had
less severe clinical manifestation, but Delta caused more
severe progression. Results regarding other variants such
as Alpha, Beta, and Gamma are more limited. Some studies
have suggested that these variants did not alter the clini-
cal presentation of MIS-C or that they had similar severity
and prevalence compared to previous variants. Some stud-
ies speculated an effect on the presentation and severity of
MIS-C, but others reported no differences.>'¥ Discussions
regarding the effects of variants on pediatric MIS-C con-
tinue, and more data and long-term studies are needed to
reach a definitive conclusion.

KD is an acute-onset systemic vasculitis involving small and
medium-sized arteries. Cardiac manifestations may include
CAAs and myocarditis. Approximately 80% of KD occurs in
pediatric patients under 5 years of age. The pathogenesis of
KD has not been fully defined; but, infections caused by en-
vironmental and genetic factors may be the trigger of the
disease. The similar clinical course of KD and MIS-C causes
difficulties in the differentiation of both conditions. MIS-C
especially affects school-age children. The median age is
reported to be approximately 8.3 years and it is more fre-
quent in males.' It remains unclear which patient will de-
velop cardiac dysfunction and which patient will develop
CAAs. In the present study, patients were divided into four
groups according to the presence or absence of myocardial
dysfunction and/or CAAs. We aimed to determine whether
there was a difference in demographic, echocardiographic,
laboratory results, outcome, and COVID-19 variants be-
tween the groups.

Methods

Study Sample

The data of 135 MIS-C patients (July 2020 - August 2022)
are reported in this retrospective case study. We specifically
focused on cardiovascular involvement in MIS-C. Patients
who met the following criteria were included in the study.

1. Patients who met the criteria of the Centers for Disease
Control and Prevention (CDC) for MIS-C diagnosis!®

2. Patients who had no previous cardiovascular comorbid-
ities (including congenital heart defects such as atrial
septal defects, ventricular septal defects, patent ductus
arteriosus, and tetralogy of Fallot, or acquired condi-
tions like hypertension or valvular heart disease)

3. Children <18 years of age with at least one echocardio-
graphic (echo) result available

Exclusion criteria include children over the age of 18.

Echocardiography

Transthoracic 2D echocardiograms with Doppler Ultraso-
nography were performed on all patients by pediatric cardi-
ologists with a Phillips IE33, Epiq 7C (Philips Medical Systems,
Andover, MA), or GEVIVID E95 (GE Healthcare, Chicago, IL) at
the time of diagnosis and when clinically indicated. Ejection
fraction, Tricuspid Annular Plane Systolic Excursion (TAPSE),
Mitral Annular Plane Systolic Excursion (MAPSE), coronary
artery dimensions, qualitative degrees of valve insufficiency,
and pericardial effusion size were recorded.

MAPSE, TAPSE and z-scores were used to assess ventricular
longitudinal function '8

Study Design and Definitions

Left Ventricular Ejection Fraction (LVEF) was defined as
normal (LVEF=55%) or reduced (LVEF<55%).1'! CASs were
defined and classified according to the American Heart As-
sociation Guideline (dilation; z score 2 to <2.5, small aneu-
rysm; z score=2.5 to 5, moderate aneurysm; z score=5 to
<10, large or giant aneurysm: z score>10)." “Perivascular
brightness/echogenicity” was used to define an abnormal
coronary that did not meet the criteria for dilation or aneu-
rysm. (20

Patients were divided into four groups based on cardiac in-
volvement:

Group 1; CAAs in combination with decreased LVEF

Group 2; Coronaries normal but decreased LVEF

Group 3; Normal LVEF with CAAs (perivascular brightness/
echogenicity, z score <2)

Group 4; Normal coronaries and LVEF (Valvar dysfunction
and/or minimal pericardial effusion may be present)
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The World Health Organization categorized SARS-CoV-2
variants into three groups as variants of concern (VOC),
variants under surveillance (VUM), and variants requiring
consideration (VOI). Following the Alpha (B.1.1.7) variant,
which was first identified in December 2020, Beta (B.1.351),
Gamma (P1), Delta (B.1.617.2), and the Omicron (B.1.1.529)
variant, which is closely monitored recently, have been
identified as the main variants of concern.”" In our coun-
try, as in the rest of the world, three main waves of increas-
ing case numbers were identified. Following the first wave
caused by the Alpha Variant that started in December 2020,
the second wave occurred in May 2021 with the Delta Vari-
ant, and the third wave in December 2021 with the Omi-
cron Variant. There has been no increase in the number
of cases because of the Beta and Gamma variants in our
country.

Demographic data, ward/intensive care length of stay, and
mortality were recorded. Laboratory results (White blood
cell (WBQ), red blood cell (RBC), hemoglobin (Hgb), plate-
let count (PLT), neutrophil count, lymphocyte count, C-re-
active protein (CRP), erythrocyte sedimentation rate (ESR),
liver function tests (aspartate aminotransferase [AST], ala-
nine aminotransferase [ALT], albumin), interleukin-6 (IL-6),
N-terminal prohormone B-type natriuretic (Pro-BNP), Tro-
ponin |, and D-dimer results were obtained from hospital
records.

Statistical Analysis

The SPSS software 25.0 (IBM Inc., Chicago, IL) was used for
statistical analyses. To determine whether the data was
normally distributed, The Shapiro-Wilk test was used. The
groups were compared using one-way ANOVA or the Krus-
kal-Wallis H test, as appropriate. Following these analyses,
the significant groups were compared using Tukey's HSD
multiple range test or the Mann-Whitney U test (Bonfer-
roni correction was used for which adjusted alpha value
(4C2=0.05/6 =0.008)). The findings were presented as mean
SD or median (min-max) and p<0.05 was taken statistical
significance.

The study was conducted in accordance with the Declara-
tion of Helsinki.

Approval for the study was obtained from the study was
approved by the Ankara Bilkent City Hospital Medical
Research Scientific and Ethics Review Committee (date:
29.05.2024, number: TABED 2-24-190).

Results

The median age of the patients was 104 months (9-209
months) and 59.2% were male. Median test results are as
follows: Troponin | 23 ng/L (2-10810 ng/L), Pro-BNP 2000
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ng/L (17-35000 ng/L), D-Dimer 2.4 mg/L (0.26-35.2 mg/L),
ferritin 250 ug/L (29-10690 ug/L), ESR 47 mm/h (3-132
mm/h), CRP 150 mg/L (5-340 mg/L), procalcitonin 1.7 ug/L
(0.03-116 ug/L), IL-6 65.9 pg/mL (2-11328 pg/mL). Thirty-
eight percent of patients had decreased LVEF and 44% had
evidence of CAAs (10% coronary artery dilatation and/or
aneurysm, 34% prominent).

Fifty-nine percent (80/135) of the patients were admitted
to the pediatric intensive care unit (PICU). Patients admit-
ted to PICU were older patients with cardiac dysfunction
and had higher levels of D-dimer, CRP, ferritin, and lower
levels of lymphocytes, platelets, and albumin among labo-
ratory parameters (Table 1).

Patients were divided into four groups according to the
severity of cardiac involvement. Demographic, echo-
cardiographic, laboratory, and mortality results of the
patients according to the groups are presented in Ta-
ble 2. The severity of cardiac involvement was Group
1, Group 2, Group 3, and Group 4 from severe to mild,
respectively.

Group 1 was statistically older than Group 4 (median age
146 months, p=0.008). Additional analysis was performed
to understand the reason for the difference. The 15 patients
(LVEF <%55 with prominent CAAs) in Group 1 were older
in median age compared to the patients in Group 3 (me-
dian age 158 months, p=0.003). Older children appear to
be more likely to develop cardiac dysfunction. In Group 1,
albumin was statistically lower and CRP was higher com-
pared to Group 4 (p=0.015, p=0.007). Admission to the
intensive care unit, length of stay in the intensive care
unit, and CRP elevation were statistically significant in the
groups with decreased LVEF (Group 1, Group 2) compared
to Group 4.

Valvar dysfunction was detected in approximately 33% of
patients. The mitral valve was the most commonly affected
in 26%. Echocardiographic small pericardial effusion was
detected in 9.6% of patients.

Arrhythmias and electrocardiographic changes were de-
tected in 37.7% of patients. The most frequent non-specific
ST and T wave changes and grade 1 atrioventricular block
were detected.

CAAs were found in 10% of children (10 dilatation, 6 small
aneurysm, 1 medium aneurysm). Right coronary artery
(RCA) and left main coronary artery (LMCA) involvement
was equal. The least affected coronary artery was the left
anterior descending (LAD) (Fig.1).

During the alpha wave, more MIS-C patients were followed
up compared to the other waves, and no difference was
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Table 1. Comparison of Clinical Characteristic of intensive Care Patients
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Variables Service (n=55) PICU (n=80) P
Age, months 84 (9-200) 125 (18-209) <0.001*
Male 29 (52.7%) 51 (63.7%) 0.200°
LVEF (%) 66.11£5.11 56.30+10.47 <0.001°¢
LVFS (%) 35.40+4.25 29.15£7.14 <0.001°¢
MAPSE (mm) 11.97+2.39 11.10+2.58 0.103°
TAPSE (mm) 18.63+3.86 18.90+3.78 0.729°
Pro-BNP ng/L (reference range <125 ng/L) 858 (17-35000) 2000 (17-35000) <0.001*
Troponin ng/L (reference range <45 ng/L) 4 (2-580) 23 (2-10810) <0.001*
WBC (10°/uL) (reference range 4.0-10.0 10%/uL) 8700 (2600-26100) 9190 (1100-37000) 0.513*
Absolute neutrophil count (10°/pL) 6500 (1230-22700) 7280 (11-33600) 0.329*
Absolute lymphocyte count (10%/uL) 1100 (360-5500) 930 (210-3900) 0.046*
Hb (g/dL) (12.0-16.0) 12.40+1,37 11.77+£1.96 0.041°
Platelets (10°/pL) (reference range 130-450 10%/uL) 244000 (60000-550000) 188500 (43000-517000) 0.002%
Na (mEq/L) reference range 132-146 mEq/L) 134.6£3.3 134.8+£3.7 0.741°
Albumin (g/L) (reference range 32-48 g/L) 41.02+£5.71 37.70+6.65 0.003°
PT (sn) (reference range 9.8-14 sn) 14.04+1,45 14.04+£1.35 0.980°
APTT (sn) (reference range 21-32 sn) 25.71+2.61 26.28+3.38 0.297°
Fibrinogen (g/L) (reference range 1.7-4.2 g/L) 5.06+£1.49 5.17+£1.87 0.704°
D-Dimer (mg/L) (reference range <0.55 mg/L) 1.79(0.37-12.2) 2.4(0.26-35.2) 0.009*
Sedimentation rate (mm/h) (reference range 0-15 mm/h) 40 (3-117) 47 (3-132) 0.053*
C-reactive protein (mg/L) (reference range 0-5 mg/L) 130 (10-230) 150 (5-340) 0.004*
IL-6 (pg/mL) (reference range 0-0.34 pg/mL) 50.2 (2.62-3193) 65.9 (2-11328) 0.096*
Procalcitonin (ug/L) (reference range <0.16 ug/L) 1.24 (0.03-46.2) 1.7 (0.03-116) 0.060*
Ferritin (ug/L) (reference range 7-140 ug/L) 185 (65-2505) 250 (29-10690) 0.002#

#: Mann Whitney U test was used; ©:Two independent sample t test was used; [I: Pearson Chi Square test was used; ALT, alanine aminotransferase; APTT,
activated partial thromboplastin time; AST, aspartate aminotransferase; Hb, haemoglobin; LVEF, left ventricle ejection fraction; LVFS, left ventricle fractional

shortening; IL-6, interl6kin-6; MAPSE, mitral annular plane systolic excursion; Na, sodium; TAPSE, tricuspid annular plane systolic excursion; Pro-BNP,
N-terminal prohormone B-type natriuretic; PICU, paediatric intensive care unit; PT, prothrombin time; WBC; white blood cell.

found in the severity of cardiac involvement (p=0.25). Al-
though not statistically significant in delta wave, Group 1
with the most severe cardiac involvement was the most
frequently detected group. Fewer MIS-C patients were ob-
served during the omicron wave. Groups 3 and 4, in which
cardiac involvement was not at the forefront, were the
most frequent groups (Fig. 2).

LV systolic dysfunction was normalized in most patients.
Cardiac dysfunction was not detected in any patient at 3
months. In patients with CAAs in the acute period, all coro-
nary artery z scores were normal after 1 month. The case
fatality rate was 1.48%.

Discussion

Although many clinical features of KD and MIS-C are simi-
lar, diagnostic criteria help to differentiate the diseases.
KD generally affects pediatric patients below the age of 5
years, whereas MIS-C affects children above the age of 5
years."™ The median age of our patients diagnosed with

MIS-C was 8.6 years. It was compatible with the literature.
But, it remained unclear which patients would develop
CAAs as in CD and which patients would develop myo-
cardial dysfunction. We focused on the cardiac findings of
the patients. Group 1 with decreased LVEF and CAAs was
statistically older than Group 4 without cardiac involve-
ment (median age 146 months, p: 0.008). The reason for
this difference was thought to be decreased LVEF. To over-
come this limitation, 15 patients in Group 1 (LVEF<55% and
prominent CAAs) were older in median age (median age
158 months, p=0.003) compared to the patients in Group
3 (LVEF=55%with prominent CAAs). The overall median age
of patients with MIS-C was 104 months. Cardiac dysfunction
in MIS-C patients seems to affect older children. Among the
inflammatory markers, only elevated CRP was significant.
Ludwikowska et al.? also found that CAAs developed more
frequently in younger children, while they were significant-
ly more frequent in older Children who have higher levels of
inflammatory markers and contractility dysfunction at pre-
sentation. It supported the present study.
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Figure 1. Coronary artery abnormalities detected in patients.

Approximately 50% of patients develop LV systolic and/or
diastolic dysfunction and 10-20% coronary artery dilata-
tion and/or aneurysm.”?¥ It has been reported to be more
frequent in male patients.”? In the present study, 60.7% of
the patients had cardiologic findings (mostly left ventricu-
lar dysfunction, myocarditis, coronary dilatation, and peri-
cardial effusion). In the present study, the most frequent
cardiac finding was left ventricular dysfunction, which is
also reported in the literature, while coronary dilatation or
aneurysm was seen less frequently.

Toubiana et al. reported 18 patients whose echocardiog-
raphy yielded coronary artery abnormalities in 8 (38%) MIS-
C patients after a median of 7.5 (range 5-11) days of fever,
which consisted of dilations (z score between 2.0 and 2.5) in
five (24%) patients and increased echo-bright coronaries in
3 patients (14%). No coronary aneurysms were reported. In
the present study, although the z score was normal in coro-
nary arteries in 44 patients, prominent and/or increased
echogenicity was noted in coronary arteries. We think that
these findings may be secondary to inflammation in this
newly defined disease, which has many questions to be
explained. In the literature, despite normal measurements
in patients with MIS-C, prominent coronary artery findings
have been reported in the case series. Ramcharan et al.” in
7 of 15 patients, Kaushik et al.*!in 6 of 33 patients, Cheung
et al®lin 1 of 17 patients, and Chiotos et al.?® in 1 of 6 pa-
tients reported prominent coronary arteries or echobright
coronaries on echocardiogram but normal measurements.

Figure 2. Percentage of groups according to date ranges.

Perivascular brightness or echogenicity in the coronary ar-
teries in CD has been removed from the diagnostic criteria
over time.'"¥ We think that whether this finding in MIS-C
will be accepted as CAAs in the future will be clarified with
further studies.

The results regarding coronary artery dilatation and an-
eurysms in MIS-C have been favorable and many CAAs
normalized within 30 days.””?® In the present study, we
showed that coronary abnormalities regressed during the
follow-up period. Arrhythmias and electrocardiographic
changes have been reported in 28-67% of MIS-C patients.
2931 The most frequent are low QRS amplitude and T-wave
abnormalities.””? A total of 6-25% patients had first-degree
heart block more frequently than second or third-degree
heart block, which is usually related to LV systolic dysfunc-
tion.52 Arrhythmias and electrocardiographic changes
were found in 37.7% of our patients. The most commonly
observed abnormalities were T-wave changes, ST-segment
elevation, and first-degree AV block.

During the COVID-19 pandemic, many new variants
emerged and circulated as a result of mutations in the SARS-
CoV-2 virus. These mutations could potentially increase the
infectivity, pathogenicity, and antigenic capacity of the vi-
rus. The most important criteria for monitoring each new
circulating variant as a public health problem were defined
as an increase in the transmission rate, the potential to
cause more severe clinical manifestations, and escape from
immune response.'>'¥ Little is known on how mutations
affect the severity of cardiac involvement in MIS-C. In the
study of Rojas et al.®®, patients diagnosed with MIS-C with
a more severe clinical course in the second wave [20A to
G, 20G, 21C (Epsilon), 201 (Alpha), and 20J (Gamma)] were
followed up. We followed more patients diagnosed with
MIS-C in the alpha wave of our country compared to other
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waves, but no difference was found in terms of the sever-
ity of cardiac involvement. In the delta wave, we did not
find any statistical significance, but Group 1, in which car-
diac involvement was the highest, was the most frequently
detected group. We think that the reason is related to the
small sample size. A lower incidence of MIS-C was observed
during the Omicron wave. Group 3 and Group 4, in which
cardiac involvement was not at the forefront, were the
most frequent groups.

Our study consists of MIS-C patients, but the sample size is
limited. Additionally, as it is a retrospective study, the data
were obtained solely from existing records, which may
introduce potential errors and biases. Cardiac biopsy was
not performed, and inflammatory/anti-inflammatory cyto-
kines could not be analyzed. Therefore, further prospective
studies and more comprehensive biomarker analyses are
needed to gain a deeper understanding of the findings in
our study.

In conclusion, cardiovascular involvement in MIS-C seems
to affect age groups differently. Myocardial dysfunction af-
fects older children. Patients followed up in the PICU were
older children who have cardiac dysfunction. There was no
difference in the severity of cardiac involvement accord-
ing to the variants. Although cardiac involvement in MIS-C
tends to improve, larger sample size randomized controlled
trials are needed to evaluate long-term outcomes.
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