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Abstract

Multisystem inflammatory syndrome in children (MIS-C), is a rare but severe, hyperinflammatory complication of
COVID-19, in which cardiovascular abnormalities are frequently detected. In this prospective study, we describe the
echocardiographic findings in patients with MIS-C, with the use of conventional Echocardiography and Speckle-Tracking
Echocardiography (STE) with Left Ventricular (LV) Global Longitudinal Strain (GLS) analysis, in the acute and follow-up
phase. In total, 25 MIS-C patients [64% females, mean (+ SD) age: 8.3 (+3.72) years] were included. In the acute phase,
median (IQR) Troponin and NT-proBNP and mean heart rate, were 8.07 (14.52) pg/mL, 2875.00 (7713.00) pg/mL, and
102.87 (£22.96) bpm, respectively. Median (IQR) LV Ejection Fraction (LVEF) was 66 (8)% and LVEF impairment was
detected in 2/25 (8%) patients. On follow-up (mean time interval:9.50 +4.59 months), heart rate was significantly lower,
with a mean value of 90.00 (+14.56) bpm (p-value=0.017). Median (IQR) LVEF was 66.00 (6.70)% (p-value=0.345)
and all 25 participants had normal LVEF. In 14/25 patients, additional LV-GLS analysis was performed. During the acute
phase, mean LV-GLS was — 18.02 (£4.40)%. LV-GLS was abnormal in 6/14 patients (42.9%) and among them, only one
patient had reduced LVEF. On follow-up (median (IQR) time interval:6.93 (3.66) months), mean LV-GLS was -20.31
(£1.91)% (p-value=0.07) and in 1/14 patient (7.1%), the LV-GLS impairment persisted. In conclusion, in the acute and
follow-up phase, we detected abnormal LV-GLS values in some patients, in the presence of normal LVEF, indicating that
STE-GLS is a valuable tool for identifying subclinical myocardial injury in MIS-C.
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Introduction

Despite the milder clinical course of SARS-CoV-2 infec-
tion observed in children in comparison to adults, cases of
a delayed hyperinflammatory condition, known as Mul-
tisystem Inflammatory Syndrome in children (MIS-C),
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In MIS-C, cardiac involvement is frequent, as it has
been estimated that approximately up to 80% of affected
children develop manifestations from the cardiovascular
system [11-13]. These manifestations include ventricu-
lar dysfunction, valvular dysfunction, pericardial effusion,
arrhythmias, conduction disorders, Coronary Artery Abnor-
malities (CAA) and in severe cases acute heart failure and
cardiogenic shock [5, 11, 14-16]. From the above, the most
common cardiac finding in MIS-C, is Left Ventricular (LV)
systolic myocardial dysfunction, which may range from
subclinical myocardial injury to severe dysfunction [5, 11,
13, 16, 17]. Within days to weeks from the acute illness,
the cardiac manifestations, that are described in this syn-
drome, usually resolve and conventional echocardiographic
parameters like the LV Ejection Fraction (LVEF) return to
normal, especially after the administration of effective treat-
ment [14, 18, 19]. Nevertheless, it has been reported that
despite preserved LVEF, cardiac strain abnormalities can be
present in some patients, suggesting subclinical myocardial
damage [4, 14, 19]. Thus, the actual incidence of ventricular
dysfunction in patients with MIS-C, both acutely and in the
long-run, might be underestimated by conventional Echo-
cardiography [14, 15].

In this context, Speckle-Tracking Echocardiography
(STE) has emerged as an advanced angle-independent echo-
cardiographic technique, that assesses the myocardial strain
and thereby the LV deformation, by tracing the speckle dis-
placement during the cardiac circle [13, 20, 21]. In com-
parison with conventional Echocardiography, STE displays
greater reproducibility and sensitivity in detecting subclini-
cal and subtle LV systolic dysfunction [17, 21, 22]. In pedi-
atric cardiology, STE has been used for strain assessment
in various clinical settings, such as in acute myocarditis,
myocardiopathy related to muscular dystrophy, cancer-ther-
apy-induced cardiotoxicity and Kawasaki Disease (KD) and
may detect subclinical myocardial damage, in the presence
of preserved LVEF [21, 23].

However, data regarding the cardiac effects of MIS-C
post-hospital discharge and the evaluation of the mid-term
and long-term cardiac complications with the use of STE,
are still lacking [9, 11, 12, 18, 19]. Therefore, in the present
study, we aimed to describe the cardiac findings in patients
with MIS-C with the use of conventional echocardiography
and STE with LV Global Longitudinal Strain (GLS) analy-
sis in the acute setting and in a follow-up period of at least
one-month post-discharge.

Materials and Methods
Study Design and Participants

This was a single-center prospective study conducted at the
“Aghia Sophia” Children’s Hospital, Athens, Greece, which
is the largest tertiary pediatric hospital in Greece and a refer-
ence center for pediatric heart disease. Children aged 0-16
years old with a diagnosis of MIS-C, who were admitted to
the hospital from January 01, 2021, to September 30, 2022,
were included in the study. All study participants fulfilled
the Centers for Disease Control and Prevention (CDC) and/
or the World Health Organization Criteria (WHO) MIS-C
criteria [24, 25]. A patient was excluded from the study if he
had pre-existing heart failure, congenital heart disease that
required surgical intervention or any other form of severe
cardiac disease.

Patient information such as demographic (age, gender)
and clinical (comorbidities, heart rate, blood pressure, clini-
cal presentation, Intensive Care Unit admission, treatments,
outcome) data were obtained. Blood pressure and heart rate
measurements were obtained with the use of a vital signs
monitor (GE HealthCare, Chicago, IL, USA). In addition,
the following laboratory data were recorded: complete
blood count, inflammation markers including C-reactive
protein (CRP), procalcitonin, ferritin and cardiac biomark-
ers, including high sensitivity (hs)-Troponin T (cut-off
level=14 pg/mL) and N-terminal prohormone of B-type
Natriuretic Peptide (NT-proBNP). The cut-off level of NT-
proBNP was determined according to published normal ref-
erence values per age [26]. Subclinical myocardial injury
was defined as an early cardiac injury without any clinical
evidence of coronary heart disease or heart failure [27].

At admission, children underwent a comprehensive
echocardiographic assessment with conventional as well
as strain measurements. The echocardiographic assessment
was repeated at the follow-up period of at least one-month
post-hospital discharge.

Echocardiographic Examination
Conventional Echocardiography

Transthoracic 2-Dimensional (2D) Echocardiographic
examination was performed by two experienced pediatric
cardiologists, using the Vivid E90 and Vivid E7 Ultrasound
System (GE HealthCare, Chicago, IL, USA), according
to the guidelines and standards for performing a pediatric
echocardiogram of the American Society of Echocardiogra-
phy [28]. The following echocardiographic parameters were
recorded: aortic dimension, left atrial diameter, pulmonary
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artery diameter, LV diastolic diameter and LV systolic diam-
eter. The LVEF and the Fractional Shortening (FS) were
calculated by M-mode measurements. LVEF over 55%
(LVEF > 55%) and FS from 28% to 46% were considered
normal [29]. Parameters of the coronary arteries like left
coronary diameter, right coronary diameter, left circumflex
and left anterior descending branch were also measured.
In accordance with the American Heart Association guide-
lines for KD, classification of CAA was performed based on
the Z-score system as following: no coronary involvement
(Z-score: always < 2), dilation only (Z-score: 2 to <2.5 or if
initially <2, an >1 decrease in Z-score during follow-up),
small aneurysm (Z-score: >2.5 to <5), medium aneurysm
(Z-score: >5 to <10 and absolute dimension <8 mm) and
large or giant aneurysm (Z-score: >10 or absolute dimen-
sion>8 mm) [30].

Diastolic function was assessed with the use of Pulsed
Wave (PW) Doppler and Tissue Doppler Imaging (TDI).
The parameters early (E) and late (A) peak mitral inflow
velocity and E/A ratio, were calculated by PW Doppler [31].
Peak velocities of basal segments were assessed by TDI and
subsequently the e prime (e’) in the septal and lateral aspect
of the left heart and the E/e’ ratio were calculated [32]. Dia-
stolic dysfunction was defined as an impairment of at least
two out of the three following parameters: E/A, e’, E/e’
[33]. The mitral inflow E/A Doppler profile was considered
abnormal if the E and A waves were fused or if the E/A
ratio had a Z-score > 2.0 [33]. The ¢’ velocity and E/e’ ratio,
either septal or lateral, were considered abnormal if their
Z-score was > 2.0 [33]. Normal reference data for age were
used for the calculation of Z-scores [34, 35].

Speckle-Tracking Echocardiography (STE)

In parallel, for the measurement of peak systolic longitu-
dinal strain, STE with LV-GLS analysis, was performed
real time by the same cardiologists that performed the
echocardiographic examination with conventional echo-
cardiographic techniques, using the GE Automated Func-
tion Imaging (AFI) Software (GE Healthcare, Chicago, IL,
USA). Specifically, echocardiography loops were selected
from the most appropriate apical 4-, 3- and 2- Chamber (C)
views [36]. Subsequently, a line was loosely traced along
the endocardium of the left ventricle [36]. The software
selected acoustic markers which followed the myocardial
movement [36]. The contractility in the area selected was
measured by automatic frame-by-frame tracking of these
markers [36]. GLS and GLS rate were calculated for the
entire trail of the myocardium of the left ventricle (basal,
mid, and apical segments of 2 opposite walls in each view)
[36]. GLS values were not included in the analysis, if more
than three segments were rejected [22]. As per published
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literature, GLS values >-18% indicated reduced systolic
function [11, 37].

Ethical Issues

The study was conducted according to the Declaration of
Helsinki. Written informed consent was obtained from the
participants parents or legal guardians. The study protocol
was approved by the scientific and bioethics committee of
“Aghia Sophia” Children’s Hospital (No 5893).

Statistical Analysis

Absolute and relative frequencies (%) were used to describe
the qualitative variables such as demographics and catego-
rized variables (normal vs. abnormal). Categorical variables
were analyzed with Fisher’s exact test. Mean, Standard
Deviation (SD), median, and interquartile range (IQR) were
used for quantitative data. Continuous variables that were
normally distributed, were analyzed with the #-test. Differ-
ences between paired samples were assessed using paired
t-test or Wilcoxon Signed Rank test, respectively for nor-
mal and non-normal data. McNemar test was used for asso-
ciations between baseline and follow-up measurements for
categorized data. Correlations between continuous variables
were performed with the Pearson correlation coefficient (r).
The assumption of normality was checked through kurto-
sis and skewness. The statistical significance level was set
at p-value <0.05. Statistical analysis was performed using
SPSS version 26.0 (IBM Corp., Released 2019. IBM SPSS
Statistics for Windows, Version 26.0. Armonk, NY: IBM

Corp).

Results
Patients’ Baseline Characteristics

In the present study, a total of 25 children diagnosed with
MIS-C were included. The mean (+SD) age of the chil-
dren was 8.30 (£ 3.72) years. Among the study participants,
16/25 (64%) were females and 9/25 (36%) were males. The
baseline demographic, clinical and laboratory characteris-
tics of the study population are presented in Table 1.

Most of the children that participated in the study (22/25,
88%) were previously healthy (Table 1). Three children had
underlying comorbidities. Specifically, one child had ven-
tricular septal defect and a bicuspid aortic valve, another
child had a history of transfusion-dependent homozygous
beta-thalassemia, and a third child was diagnosed with
Noonan’s syndrome without cardiac manifestations.
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Table 1 Descriptive statistics of demographic and clinical characteris-
tics, and laboratory measurements in children diagnosed with MIS-C

Demographic, Clinical and Laboratory Parameters

Gender female* 16 (64)
Underlying Comorbidities* 3(12)
Symptoms*

Fever 25 (100)
Gastrointestinal Symptoms 21 (84)
Cardiovascular Involvement 20 (80)
Mucocutaneous Involvement 16 (64)
Respiratory Symptoms 8(32)
Neurocognitive Symptoms 4(16)
Treatment™®

IVIG 25 (100)
Corticosteroids 24 (96)
Aspirin 11 (44)
Biologic Agents (Anakinra) 6 (24)
Antibiotics 22 (88)
PICU admission* 14 (56)
Mortality* 0(0)
Complete Blood Count in the acute phase

Haemoglobin (g/dL) 10.78 +1.13
White blood cells (10° cells/uL)* 11.64 (7.40)
Neutrophils (10° cells/uL) 10.15+5.50
Lymphocytes (10° cells/uL)* 1.28 (1.09)

Platelets (10° cells/uL)
Inflammatory markers in the acute phase

266.68+131.26

CRP (mg/L) 74.93 £61.68

Procalcitonin (ug/L)* 1.04 (1.28)

Ferritin (ug/L)* 347.00 (748.00)

Cardiac enzymes in the acute phase

hs-Troponin T (pg/mL)} 8.07 (14.52)

NT-proBNP (pg/mL)* 2875.00
(7713.00)

Notes: Values are referred to as: mean=+standard deviation (SD),
!median (interquartile range) or “absolute frequencies (relative fre-
quencies, %)

Abbreviations: MIS-C; Multisystem Inflammatory Syndrome in chil-
dren after COVID-19, IVIG; Intravenous Immune Globulin, PICU;
Pediatric Intensive Care Unit, CRP; C-reactive protein, hs-Troponin
T; high sensitivity Troponin T, NT-proBNP; N-terminal prohormone
of brain natriuretic peptide

The most common symptom in our cohort of MIS-C
patients was fever (25/25, 100%), followed by gastrointes-
tinal symptoms (21/25, 84%). Cardiovascular involvement
was also frequent, as it was observed in 20 out of 25 par-
ticipants (80%). In the acute phase, the most common treat-
ments were Intravenous Immunoglobulin (IVIG) (25/25,
100%) and corticosteroids (24/25, 96%). Most children also
received antibiotics (22/25, 88%), while 11 out of 25 (44%)
received aspirin and 6 out of 25 (24%) were treated with the
biological agent Anakinra. Admission to the pediatric ICU
was required in 14 out of 25 children (56%). No death was
reordered in our cohort and all MIS-C patients recovered
(Table 1).

At admission, serum concentrations of inflammatory
markers were elevated in the majority of the participants.
Specifically, mean CRP (+ SD) was 74.93 +61.68 mg/L and
most participants (19/25, 76%) had raised levels of CRP.
The median (IQR) serum concentration of ferritin was
347.00 (748.00) pg/L and the median (IQR) Procalcitonin
was 1.04 (1.28) ug/L (Table 1).

Regarding the cardiac biomarkers, at admission, median
(IQR) hs-Troponin T was 8.07 (14.52) pg/mL and hs-Tropo-
nin T was elevated in 7 out of 25 participants (28%). Median
(IQR) NT-proBNP was 2875.00 (7713.00) pg/mL and most
of the participants (20/25, 80%) had NT-proBNP concentra-
tions above the cut-off level (Table 1).

Cardiological Assessment

MIS-C patients underwent cardiological evaluation at
admission and at a follow-up of a mean (+ SD) time inter-
val of 9.5 (£4.59) months (range:1.20-18.56 months). In
a subset of patients (14/25), in parallel with conventional
echocardiographic examination, STE-GLS analysis was
performed. It should be noted that in some patients the GLS
could not be calculated due to poor echocardiographic win-
dows or differences in heart rate. Only patients that had GLS
images of adequate quality at both time-points (admission
and follow-up) were kept in the statistical analysis of GLS.
For this specific group of patients, median (IQR) time inter-
val of the follow-up was 6.93 (3.66) months (range:5.3-18
months). The findings of Heart rate measurement, conven-
tional Echocardiography and STE with LV-GLS analysis
are presented in Table 2.

Findings at Admission

At admission, the mean (+SD) heart rate was 102.87
(£22.96) beats per minute (bpm) (n= 15) and median (IQR)
systolic heart pressure was 80.00 (30.00) mmHg (n=13).
Regarding the assessment of systolic heart function with
conventional 2D Echocardiography, at admission, median
(IQR) LVEF was 66.00 (8)% and only in two participants
(2/25, 8%) the LVEF was depressed. The mean SV (n=5)
was 51.40 (£22.58) mL and median (IQR) FS was 35.50
(7.00)% (Table 2). FS was normal in 20 out of 21 participants
(95.2%). In addition, diastolic function was also assessed
with the use of conventional echocardiography in a subset
of the participants (n=6) at admission. All participants that
were evaluated at admission, had normal diastolic function.
Mean (+SD) A wave was 0.61 (£0.16) m/s, mean (+SD)
E/A ratio was 1.51 (£ 0.39), mean (+ SD) ¢’ lateral was 0.14
(£0.02) m/s, mean (= SD) e’ septal was 0.12 (£0.01) m/s
and mean (+ SD) E/e’ ratio was 6.96 (+0.96).
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Table 2 Heart rate and echocardiographic findings of Standard echo-
cardiography and Speckle-tracking echocardiography with left ven-
tricular global longitudinal strain analysis at admission and on the
follow-up period of children diagnosed with MIS-C

Parameters Admission Follow-up p-value

Heart Rate (bpm) 102.87+£22.96 90.00+14.56  0.017°
(n=15) (n=15)

Standard Echocardiography

LVEF (%)* 66.00 (8.00)  66.00 (6.70) 0.345°
(n=25) (n=25)

Number of children 23/25 (92.0%)  25/25 (100%) -

(%)* with normal (n=25) (n=25)

LVEF

SV (mL)* 514042258 4920+1322  0.776
(n=5) (n=5)

FS (%)} 35.50 (7.00)  36.00 (6.00) 0.601°
(n=21) (n=21)

EDV (mL)! 69.41 (30.00)  72.41 (25.00)  0.557°
(n=17) (n=17)

ESV (mL)* 23.35(9.00)  26.29 (7.00) 0.448°
(n=17) (n=17)

Speckle-Tracking Echocardiography

GLS (%) -18.02+4.40 -2031+1.91  0.070°
(n=14) (n=14)

Portion of children 8/14 (57.1%)  13/14(92.9%) 0.063°

(%0)*

with normal GLS

Notes: Values are referred to mean + standard deviation (SD), *median
(interquartile range) or “absolute frequencies (relative frequencies,
%). P-value obtained after: *paired samples t-test, "Wilcoxon Signed
rank test, ‘McNemar test

Abbreviations: MIS-C; Multisystem Inflammatory Syndrome in
children after COVID-19, bpm; beats per minute, LVEF; Left Ven-
tricular Ejection Fraction, SV; Stroke Volume, FS; Fractional Short-
ening, GLS; Global Longitudinal Strain

Most of the patients that where assessed had to some
extent valvular insufficiency. Specifically 13 out of 15
patients (86.7%) had mitral regurgitation. From them, all
patients had mild mitral regurgitation, but one participant
was diagnosed with moderate mitral regurgitation. Addi-
tionally, 13 out of 13 patients had mild tricuspid regurgi-
tation. Finally, on the acute setting, only one child (1/18,
5.5%) had developed coronary artery dilation which eventu-
ally resolved on follow-up.

In parallel, in a subset of the participants (n=14), sys-
tolic heart function was also assessed with STE with LV-
GLS analysis. The demographic and clinical characteristics
of this subgroup of patients are presented at Table 3. The
mean (+SD) age of this subgroup of patients was 9.00
(£3.97) years. Half (n=7) of the children were admitted
to the PICU and all children in this group were treated with
IVIG and steroids. At admission, mean (+SD) LV-GLS
was —18.02 (+4.40)%. LV-GLS was abnormal (>-18) in
6/14 (42.9%) cases (Table 2). Among the six patients that
had impaired LV-GLS, five patients had preserved LVEF.
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There was no statistically significant difference in the demo-
graphic and clinical characteristics between the patients that
had impaired LV-GLS and those that had normal LV-GLS at
admission (Table 3). Heart rate did not have a statistically
significant correlation with LV-GLS at admission (r=0.333,
p-value=0.245, n=14).

Findings during the Follow-up

During the long-term follow-up, mean heart rate was sta-
tistically significantly lower at 90.00 (+ 14.56) bpm, than
at admission (p-value=0.017). Median (IQR) LVEF was
66.00 (6.70)%, Mean (+SD) SV was 49.20 (+13.22) mL
and median (IQR) FS was 36.00 (6.00)%. The differences
in the FS and SV measurements were not statistically sig-
nificant at follow-up compared to admission (Table 2). On
follow-up, LVEF and FS were normal in all the partici-
pants that were measured (25/25, 100% and 21/21, 100%,
respectively). Regarding the diastolic heart function, all
participants that were evaluated (n=15), had normal dia-
stolic function at follow-up. Mean (+SD) A wave was
0.59 (+0.15) m/s, median (IQR) E/A ratio was 1.50 (0.22),
median (IQR) e’ lateral was 0.16 (0.03) m/s, mean (+SD)
e’ septal was 0.13 (£0.02) m/s and mean (+SD) E/e’ ratio
was 5.93 (£ 1.42).

As for valvular dysfunction, at follow-up 10 out of 15
(66.7%) patients were diagnosed with mild mitral regurgi-
tation (p-value=0.453). Regarding the tricuspid valve, at
follow-up, 13 out of 13 patients were diagnosed with mild
tricuspid regurgitation.

In the subset of participants (n=14), in which LV-GLS
analysis was performed, on follow up, mean (+ SD) LV-GLS
was —20.31 (=1.91)% (p-value=0.07). LV-GLS returned
to normal in most of the participants, that had abnormal
GLS in the acute setting (Fig. 1), (p-value=0.063). Only in
one patient (1/14, 7.1%) LV-GLS was abnormal on follow-
up, despite the presence of normal LVEF (Table 2). This
child did not have any underlying disease. Heart rate did
not correlate significantly with LV-GLS at follow-up (r=-
0.284, p-value =0.325, n=14). The evolvement of LV-GLS
impairment of a patient with MIS-C, from the acute phase
until a seven-month follow-up, is presented in Fig. 1.

Discussion

In MIS-C, cardiovascular involvement is not only one of
the most prominent features, but it is also a key determinant
of illness severity, management, and prognosis [12, 15]. To
date, most published reports assess myocardial function in
MIS-C with conventional echocardiography, while very
few studies use advanced echocardiographic techniques
like STE in a long-term follow-up of these patients [4, 11,
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Table 3 Clinical and demo-
graphic characteristics of 14
children diagnosed with MIS-C
and evaluated with speckle-track-
ing echocardiography with Left
Ventricular Global Longitudinal
Strain (LV-GLS) analysis

Notes: Values are referred to
mean + standard deviation

(SD) or “absolute frequencies
(relative frequencies, %). p-value
obtained after: *t-test, "Fisher’s
exact test

Abbreviations: MIS-C; Multisys-
tem Inflammatory Syndrome in
children after COVID-19, GLS;
Global Longitudinal Strain,
IVIG; Intravenous Immune
Globulin, PICU; Pediatric Inten-
sive Care Unit

Children evaluated Impaired GLS  Normal p-value

with STE-GLS at admission GLS at

(n=14) (n=6) admission

=8

Age (years) 9.00+3.97 8.91+3.59 9.07+4.48 0.944%
Gender female* 7 (50) 2(33.3) 5(62.5) 0.592°
Underlying Comorbidities* 1(7.1) 0(0) 1(12.5) >0.999°
Symptoms*
Fever 14 (100) 6 (100) 8 (100) -
Gastrointestinal Symptoms 12 (85.7) 5(83.3) 7 (87.5) >0.999°
Cardiovascular Involvement 10 (71.4) 5(83.3) 5(62.5) 0.580°
Mucocutaneous Involvement 10 (71.4) 6 (100) 4(50) 0.085°
Respiratory Symptoms 4 (28.6) 0(0) 4 (50) 0.085°
Neurocognitive Symptoms 0(0) 0(0) 0(0) -
Treatment®
IVIG 14 (100) 6 (100) 8 (100) -
Corticosteroids 14 (100) 6 (100) 8 (100) -
Aspirin 6(42.9) 2 (33.3) 4 (50) 0.627°
Biologic Agents (Anakinra) 4 (28.6) 3 (50) 1(12.5) 0.245°
Antibiotics 13 (92.9) 6 (100) 7 (87.5) >0.999°
PICU admission* 7 (50) 3(50) 4 (50) >0.999°

Peak Systolic Strain

Fig. 1 Evolvement of myocardial strain abnormalities detected on a
patient diagnosed with MIS-C. At admission, while the patient had
normal systolic function parameters assessed by conventional Echo-
cardiography, strain rate was abnormal on the anterior septal seg-
ment of the left ventricle (A). Three days after the admission, strain

12, 18]. Therefore, in this single-center prospective study,
we performed echocardiographic evaluation of children
presenting with MIS-C, with conventional Echocardiogra-
phy and in a subset of patients we performed additionally
STE with LV-GLS analysis, at admission and in a follow-up
period of a mean time interval of 9.5 months.

The demographic, clinical and laboratory characteristics
of the children diagnosed with MIS-C that participated in
our study, were relatively consistent with those previously
described in literature, with fever, evidence of inflamma-
tion, gastrointestinal and cardiovascular involvement being
the most prevalent features in our cohort [38]. Regarding
specifically the cardiac involvement, our main findings

Peak Systolic Strain

Poak Systolic Strain

measurements further deteriorated, demonstrating generalized global
hypokinesis of the left ventricular wall (B). Seven months later, there
was full resolution of the myocardial dysfunction, with normalization
of the systolic and diastolic function (C). The bull’s eye of the strain
rate was normal (C)

included LV myocardial dysfunction and mild valvular
insufficiencies.

In the present cohort, impaired LV systolic myocardial
function was detected in a subset of patients, in the acute
setting, with both echocardiographic methods used. Par-
ticularly, at admission, LVEF was reduced in 8% of the
participants. In previous reports, decreased LVEF was
more common, as it was present, during the acute illness,
in 34.2-40% of children with MIS-C [14, 16, 39]. In line
with the findings of previous studies, that described a rapid
improvement of LVEF, returning to normal by the first days
to weeks from admission, all the participants of our cohort
had preserved LVEF on follow-up [12, 13].
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In parallel, during the acute phase, in a subset of MIS-C
patients we observed an impairment of LV-GLS. Specifi-
cally, we found that during the acute phase, LV-GLS was
impaired in 42.9% of the patients, while LVEF was normal
in all but one of these patients. In MIS-C, LV dysfunction,
identified by LV-GLS, during the acute illness, has been
reported in other studies, where the rate of GLS impairment
was estimated at 44—65% [23, 40]. Study data from mid-term
echocardiographic follow-up evaluation (approximately
at 2 months), report that while LV-GLS was improved in
most patients, there was a persistence of GLS abnormali-
ties in 21-24% of MIS-C patients [10, 23]. Upon long-term
follow-up (range: 5—18 months), although all children had
normal LVEF, in one patient we detected persistence of the
GLS impairment. Notably, in our group of patients, while
there was a trend for improvement in LV-GLS measure-
ments, it was not statistically significant, probably due to
the small sample size. Our findings are consistent with those
reported by other studies, that observed a normalization of
the LV-GLS in the majority of MIS-C patients at a six-month
follow-up, where the rates of participants with residual GLS
impairment ranged from 0 to 13% [11, 12, 18].

Abnormal strain measurements with preserved LVEF,
during the acute phase of MIS-C and in different follow-
up periods, have been also described in previous studies [4,
17,23, 41]. The above findings are suggestive of subclinical
myocardial injury, that can be recognized with STE with LV-
GLS analysis, but not with conventional echocardiographic
parameters like the LVEF [11]. Indeed, the LVEF relies on
volume overload and does not take into account ultrastruc-
tural alterations that may occur at a myocardial level and
may lead to LV systolic dysfunction [20, 21]. In contrast,
STE parameters, like GLS, provide extensive information
on the active deformation of the LV, permitting the early
identification of cardiac dysfunction [20, 42].

In MIS-C, the underlying pathophysiological mecha-
nisms of cardiac dysfunction have not been yet fully eluci-
dated [43]. A possible pathophysiological explanation of the
cardiac dysfunction in MIS-C is myocardial inflammation
in the setting of a post-viral immunological reaction and
systematic hyperinflammation [13, 43]. Given that MIS-C
is a rare and relatively newly identified disease, histologic
and imaging findings that could allow a better understand-
ing of the cardiac involvement that is described in the syn-
drome, are still lacking [13, 15]. In this context, advanced
echocardiographic techniques, like STE with GLS analy-
sis, may help us to gain an in-depth understanding of the
pathophysiology of ventricular dysfunction in patients with
MIS-C [43].

Notably, in MIS-C, GLS impairment has been associated
with a higher risk of inotropic support, ICU admission, or
mechanical ventilation [44]. Therefore, GLS imaging is an
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indicator of disease severity and could be applied at admis-
sion, for the risk stratification of patients, regarding the need
of early therapeutic management and ICU admission [10].
GLS can also help to identify which patients are at a greater
risk for developing persistent myocardial dysfunction after
the acute illness and therefore may benefit from a long-term
cardiac follow-up [13, 19].

In addition, since diastolic dysfunction is a finding in
MIS-C, diastolic parameters with the use of conventional
echocardiography were also evaluated in our study [33, 45].
In the present cohort, at admission and at follow-up, none
of the children was diagnosed with diastolic dysfunction.
However, no definite conclusions can be made, as diastolic
function was evaluated in a very small number of patients,
especially at admission.

Most of the MIS-C patients that participated in our study,
and were evaluated for valvular dysfunction, were diag-
nosed with mild mitral and/or tricuspid regurgitation in the
acute phase. Valvular dysfunction has been described in
MIS-C with an estimated rate of 24—48% [46]. However,
we cannot disregard the fact that some of these children may
have had preexisting, unrelated to MIS-C, valvular regurgi-
tation, that was undiagnosed. Indeed, it has been reported
that in healthy children with no evidence of heart disease,
tricuspid and less frequently mitral valve regurgitation can
be present with variable severity [47]. Regarding specifi-
cally the tricuspid valve, all the children had mild tricuspid
regurgitation according to the 2012 European Society of
Cardiology Criteria for grading tricuspid regurgitation and
no structural abnormalities of the valve were detected, but
still we cannot draw definite conclusions as to whether the
tricuspid regurgitation was preexisting or not [48].

In the current study, in consistency with previous reported
data, coronary arteries were spared in most of the partici-
pants [4]. Only one child had echocardiographic findings of
coronary artery dilation that resolved on follow-up. CAA in
MIS-C are described in published literature and usually are
mild and transient [8]. However, the incidence of CAA in
MIS-C varies among different studies and it is estimated to
be at 6-24% [8, 43]. These discrepancies could be a result
of the overlap of MIS-C with KD, a delay in the diagnosis
and treatment, demographic disparities of the study popula-
tions, the circulating SARS-CoV-2 variant, the use of differ-
ent MIS-C diagnostic criteria and variabilities in the quality
of the applied imaging techniques [12, 15]. The underlying
mechanism of CAA formation may also differ between KD
and MIS-C [15, 16]. In KD, CAA are attributed to a disrup-
tion in the integrity of the wall of the coronary artery [15,
16]. In MIS-C, while the mechanism of coronary dilation is
not fully elucidated, CAA could be a result of the vasodila-
tion caused by fever and inflammation [15, 16, 49].
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The major limitations of the present study are its sin-
gle-center study design and the limited number of MIS-C
patients. Also, other limitations are that GLS was performed
only in a subset of the participants and the differences in
the timing of the follow-up examination due to the different
clinical demands of each patient. Furthermore, the evalua-
tion of diastolic function and the STE-GLS analysis were
performed only in a subset of the participants. Regarding
the limitations of the echocardiographic methods used in the
study, M-mode echocardiography is limited by angle-depen-
dency, while the main limitation of STE is intervendor vari-
ability [50, 51]. Moreover, interobserver and intraobserver
variability were not assessed in our study. Additionally,
although, GLS is a very sensitive indicator of ventricular
injury and is the most commonly used STE parameter in
clinical practice, STE analysis was limited only in the evalu-
ation of systolic function with longitudinal cardiac deforma-
tion assessment (GLS) and global circumferential and radial
strain were not assessed [50]. Finally, we did not perform
GLS with Cardiac Magnetic Resonance (CMR) imaging for
comparison with the 2D-Ultrasound GLS results.

However, to the best of our knowledge, this is one of
the very few prospective studies that provides echocardio-
graphic longitudinal data with the use of both conventional
and advanced echocardiographic (STE with LV-GLS analy-
sis) techniques at a long-term follow-up period (at a median
of 6.9 months post the acute illness). Besides, our study pro-
vides data for patients that were diagnosed with MIS-C dur-
ing the Alpha, Delta and Omicron predominance periods.

Conclusion

During the acute phase and the follow-up, we observed that
a subset of children had abnormal LV-GLS values, in the
presence of normal LVEF, indicating subclinical myocardial
injury. This persistence of subclinical myocardial dysfunc-
tion in a small subset of MIS-C patients emphasizes the
need of a cardiological follow-up after discharge. Our find-
ings suggest that STE-GLS is a valuable tool for the detec-
tion of subclinical myocardial injury in MIS-C.
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