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1. Introduction

Until the current writing, more than 68 million cases of Covid-19
have been reported worldwide, leading to more than 1.5 million
deaths [1]. Apart from the pulmonary effects and disabilities associ-
ated with the progression of the infection, cardiovascular disorders
have been reported in patients suffering this disorder [2]. Coronary
atherosclerosis leading to myocardial infarction, myocarditis, valvu-
lar defects, peripheral vascular complications due to increased coag-

33 potentially records identified through
databases searching
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ulpathies, and even acute heart failure due to severe left ventricular
dysfunction have all been reported complications of the disease [3-
5]. The probable mechanisms related to cardiac injuries include both
direct invasion of virus leading cardiomyocyte death or indirect
myocardial injury due to activation of inflammatory or coagulative
cascades, hypoxemia, or metabolic disturbances [6].

Less information is available about children with the disease
and its potential complications in childhood, and according to
some claims, children are at a much lower risk of contracting
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Fig. 1. The flowchart of screening the eligible studies.

Table 1

Baseline characteristics in study population.
Author Country Number Mean age Male/Female RT-PCR (+)
Belhadjer et al (13) Switzerland 35 10 18/17 14/35
Blondiaux et al (14) France 4 9 1/3 0/4
Cheung et al (15) USA 17 8 8/9 8/17
Chiotos et al (16) USA 6 14 1/5 3/6
Dufort et al (17) USA 99 12 53/46 50/94
Feldstein et al (18) USA 186 8 115/71 73/186
Gaitonde et al (19) USA 12 8 9/3 4/12
Grimaud et al (20) France 20 10 10/10 10/20
Kaushik et al (21) USA 33 10 20/13 11/33
Matsubara et al (22) USA 28 11 14/14 14/28
Minocha et al (23) USA 33 3 19/14 11/33
Pouletty et al (24) France 16 10 8/8 11/16
Ramcharan et al (25) UK 15 9 11/4 2/15
Riphagen et al (26) UK 8 12 5/3 2/8
Theocharis et al (27) UK 20 10 15/5 2/20
Toubiana et al (28) France 21 8 9/12 8/21
Valverde et al (29) UK 286 8 194/92 96/286
Verdoni et al (30) Italy 10 7 7/3 2/10
Waltuch et al (31) USA 4 9 31 0/3
Whittaker et al (32) UK 58 9 25/33 15/58
Wolfler et al (33) Italy 5 7 2/3 5/5




B. Haghighi Aski, A. Manafi Anari, F. Abolhasan Choobdar et al.

[JC Heart & Vasculature 33 (2021) 100764

Patient
selection

Chiotos et al
Waltuch et al
Wolfler et al

Grimaud et al

Toubiana et al

Whittaker et al

Blondiaux et al

Cheung et al

Ramcharan et al

Pouletty et al
Kaushik et al

Dufort et al

Feldstein et al

Riphagen et al

Verdoni et al

Belhadjer et al

Matsubara et al

Theocharis et al

Gaitonde et al

Valverde et al

Minocha et al

Index
test

es
Flow
and

Unclear

Fig. 2. Assessment of the risk of bias.

and dying from the disease [7]. Also, cardiac abnormalities among
children suffering Covid-19 is infrequent finding, however it can be
life-threatening and also with permanent heart defects [8].
Although the incidence of cardiac abnormalities related to Covid-
19 are uncommon among children (with an overall incidence of
0.6%) [9], the occurrence of such abnormalities in the background
of critical situation such as multisystem inflammatory syndrome
in children (MIS-C) has been frequently reported [10]. According
to the definition released by the World Health Organization
(WHO), MIS-C is characterized in Children and adolescents (aged
0 to 19 years) by appearing fever (more than three days) with at
least two of the following findings: 1) rash or bilateral
non-purulent conjunctivitis or muco-cutaneous inflammation
signs, 2) hypotension or shock, 3) any evidences of cardiac dys-
function along with raising Troponin and NT-proBNP levels, 4)
any evidence of coagulopathy, 5) acute gastrointestinal problems,
6) increasing inflammatory markers such as ESR and CRP, all in

the background of Covid-19 disease [11]. As reported in the last
months, cardiac defects due to MIS-C have been abundantly
reported leading high morbidity among children affected by
Covid-19 [12]. However, so far no consensus has been reached on
such cardiac complications. We aimed to systematically assess
the incidence of such cardiac abnormalities due to MIS-C in chil-
dren suffering Covid-19 that in this way, it is possible to identify
the various dimensions of such cardiac defects and improve the
survival of the affected children.

2. Materials and methods

2.1. Study selection

The present systematic review and meta-analysis followed the
guideline for the Preferred Reporting Items for Systematic review
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Table 2
Cardiac manifestations in study population.
Author Number LV dysfunction Coronary aneurism/dilation Abnormal ECG Raised troponin Raised proBNP/BNP
(LVEF < 35)
Chiotos et al 6 4 1 - 3 3
Waltuch et al 4 4 - 3 3
Wolfler et al 5 3 1 - -
Grimaud et al 20 20 - - - -
Toubiana et al 21 16 5 2 17 14
Whittaker et al 58 18 8 6 - 29
Blondiaux et al 4 1 - 2 4 4
Cheung et al 17 6 7 4 14 15
Ramcharan et al 15 12 14 9 15 15
Pouletty et al 16 7 3 - 11 11
Kaushik et al 33 4 6 - - -
Dufort et al 929 51 9 - 63 74
Feldstein et al 186 90 15 12 50 73
Riphagen et al 8 6 1 1 1 8
Verdoni et al 10 5 2 - 5 10
Belhadjer et al 35 10 - 2 1 35
Matsubara et al 28 11 4 - - -
Theocharis et al 20 8 3 - - -
Gaitonde et al 12 8 - - - -
Valverde et al 286 59 76 101 20 17
Minocha et al 33 4 2 15 7 12
Meta Analysis
Study name Statistics for each study Event rate and 95% CI

Event Lower Upper
rate limit limit Z-Value p-Value

Chiotos et al 0.500 0.168 0.832 0.000 1.000 —u—
Waltuch et al 0.100 0.006 0.674 -1.474 0.140 It
Wolfler et al 0.917 0.378 0.995 1.623 0.105 ——
Grimaud et al 0.500 0.294 0.706 0.000 1.000 —n—
Toubiana et al 0.381 0.203 0.598 -1.080 0.280 ——
Whittaker et al 0.259 0.162 0.386 -3.512 0.000 =
Blondiaux et al 0.100 0.006 0.674 -1.474 0.140 = |
0.471 0.255 0.697 -0.242 0.808 »
SQ;“Cﬁi‘i;ﬁ'et al 0.133 0034 0405 -2464 0.014 -
Pouletty et al 0.688 0.433 0.864 1.462 0.144 _
Kaushik et al 0.333 0.195 0.508 -1.877 0.061 - &
Dufort et al 0.505 0.408 0.602 0.101 0.920 -

Feldstein et al 0.392 0.3256 0.464 -2.910 0.004

Riphagen et al 0.250 0.063 0.623 -1.346 0.178 L N
Verdoni et al 0.200 0.050 0.541 -1.754 0.080 _.. ]
—H

Belhadjer etal 0400 0253 0567 -1.175 0.240
Matsubara etal  0-500 0.323 0.677 0.000 1.000
Theocharis et al 0-100 0.025 0.324 -2.948 0.003 ——
Gaitonde et al 0.333 0.131 0.624 -1.132 0.258 —
Valverde et al 0.336 0.283 0.392 -5452 0.000 .
Minocha et al 0.333 0.195 0.508 -1.877 0.061 ]
0.378 0.346 0.411 -7.122 0.000 .
¢

-1.00 -0.50 0.00 0.50 1.00

Favours A Favours B

Meta Analysis

Fig. 3. The pooled prevalence of RT-PCR positivity for Covid-19 genome.

and Meta-Analysis (PRISMA). Firstly, the main study questions was scholar, Scopus, and Cochrane were deeply searched by the two

suggested based on the authors purposes as “What is the preva- blinded investigators for all eligible studies based on the consid-
lence of each of the cardiac abnormalities caused by MIS-C in the ered keywords including “children”, “Covid-19”, “multisystem
relation to Covid-19 among children?” In the next step, the manu- inflammatory syndrome”, “heart”, and “cardiovascular”. The inclu-

script databases including Medline, Web of knowledge, Google sion criteria were considered to retrieve the studies: 1) the studies
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finally assessed different aspects of cardiovascular defects related
to MIS-C among children suffering Covid-19, 2) The studies were
restricted to English language, 3) the studies with unclear or irre-
producible results were all excluded, 4) lack of access to the manu-
scripts full texts was also considered as the inclusion criteria
unless the abstracts had enough data for our analysis, 5) case
reports and review papers were all excluded. As shown in the flow
diagram of the study selection (Fig. 1), 33 articles were initially col-
lected by database searching. After removing 2 articles due to evi-
dences of duplication, 31 records were primarily under-screened.
Based on the titles and abstracts, 8 records were excluded and
the remaining 23 citations were assessed for further eligibility.
Of those, 2 were also excluded due to incompleteness of the data
and contents. In final, 21 articles were eligible for the final analysis
[13-33] (Table 1).

2.2. Data abstraction and validity assessment

Data abstraction was independently performed by two un-
blinded reviewers on structure collection forms without diver-
gences in data collection. We resolved disagreements by consensus
or by involving a third person. The study quality was evaluated
based on the following criteria: 1) the systematic review and meta-
analysis based on the questions primarily described and formu-
lated; 2) inclusion and exclusion criteria predefined in the studies
as eligibility criteria; 3) searching the literature performed on a
systematic and comprehensive approach; 4) to minimize the bias,
the full texts of the article were dually reviewed; 5) the quality of
included studies were rated independently by the reviewers for

[JC Heart & Vasculature 33 (2021) 100764

appraising internal validity; 6) studies’ characteristics and findings
were comprehensively listed; 7) the publication and risk of bias
were listed; and 8) heterogeneity was also assessed. The risk of
bias for each study was assessed using the criteria outlined in
the Cochrane Handbook for Systematic Reviews of Interventions
and also according to QUADAS-2 tool. Any disagreement was
resolved by discussion in the whole study team (see Table 2).

2.3. Statistical analysis

Dichotomous variables are reported as proportions and per-
centages. The pooled prevalence for each cardiac defect was
assessed and presented by the pooled prevalence and 95%
confidence interval (CI) as summary statistics. Cochran’s Q test
was used to determine the statistical heterogeneity. This test was
complemented with the 12 statistic, which quantifies the propor-
tion of total variation across studies that is due to heterogeneity
rather than chance. Publication bias was assessed by the rank cor-
relation test and also confirmed by the funnel plot analysis.
Reported values were two-tailed, and hypothesis testing results
were considered statistically significant at p = 0.05. Statistical anal-
ysis was performed using the Comprehensive Meta Analysis (CMA)
software version 3.0 (Biostat, Englewood, NJ 07,631 USA).

3. Results

To assess the prevalence of cardiac abnormalities related to
MIS-C based on applied keywords, in total 21 studies finally
assessed that published from different countries between February

Meta Analysis
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit Z-Value p-Value
Chiotoset al 0.667 0.268 0.916 0.800 0.423 —i—
Waltuchet al 0.900 0.326 0.994 1.474 0.140 —
Wolfleretal 0.600 0.200 0.900 0.444 0.657 —
Grimaudet al 0.976 0713 0.999 2594 0.009 —m
Toubianaetal 0.762 0.540 0.897 2.270 0.023 —B
Whittakeretal 0.310 0.205 0.440 -2.813 0.005 -
Blondiauxetal 0.250 0.034 0.762 -0.951 0.341 ST —
Chetnget al 0.353 0.168 0.596 -1.194 0.232 ———
Ramcharanetal 0.800 0.530 0.934 2.148 0.032 =
Paulettyet al 0.438 0225 0676 -0.499 0.618
Kaushiket al 0.121 0.046 0.282 -3.714 0.000 -
Dufortet al 0.515 0.417 0612 0.301 0.763
Feldsteinetal 0.484 0.413 0.556 -0.440 0.660
Riphagenetal 0.750 0.377 0.937 1.346 0.178
Verdoniet al 0.500 0.225 0.775 0.000 1.000
Belhadjeretal 0.286 0.161 0.454 -2.449 0.014
Matsubaraetal  0.393 0233 0.580 -1.125 0.261 -
Theocharisetal ~ 0.400 0.214 0.620 -0.888 0.374 —-
Gaitondeet al 0.667 0.376 0.869 1.132 0.258 ——
Valverdeet al 0.206 0.163 0.257 -9.221 0.000 ——
Minochaet al 0.121 0.046 0.282 -3.714 0.000 [ |
0.380 0.346 0.415 -6.581 0.000 | gl
¢
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B
Meta Analysis

Fig. 4a. The pooled prevalence of left ventricular dysfunction.
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Meta Analysis
Study name Statistics for each study Event rate and 95%Cl
Event Lower Upper

rate limit limit Z-Value p-Value
Chiotosetal 0.167 0.023 0.631 -1.469 0.142 -
Waltuchetal 0.750 0.238 0.966 0.951 0.341 ———
Toubianaetal 0.238 0.103 0.460 -2.270 0.023 -
Whittakeretal 0.138 0.071 0.252 -4.813 0.000 B
Cheungetal 0.412 0.210 0.648 -0.724 0.469 B
Ramcharanetal 0.933 0.648 0.991 2550 0.011 —u
Poulettyetal 0.188 0.062 0.447 -2.289 0.022 B
Kaushiketal 0.182 0.084 0.350 -3.333 0.001 .
Dufortetal 0.091 0.048 0.166 -6.586 0.000 B
Feldsteinet al 0.081 0.049 0.129 -9.037 0.000 ]
Riphagenetal 0.125 0.017 0.537 -1.820 0.069 = |
Verdonietal 0.200 0.050 0.541 -1.754 0.080 -
Matsubaraet al 0.143 0.055 0.324 -3.318 0.001 =
Theocharisetal 0.150 0.049 0.376 -2.770 0.006
Valverdeetal 0.266 0.218 0.320 -7.593 0.000 i
Minochaetal 0.061 0.015 0.212 -3.757 0.000 u

0200 0.172 0231 -14.717 0.000 F“

-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B
Meta Analysis
Fig. 4b. The pooled prevalence of coronary artery aneurism/dilatation.
Meta Analysis

Study name Statistics for each study Event rate and 95%Cl

Event Lower Upper

rate limit limit Z-Value p-Value
Wolfler et al 0200 0027 0691 -1240 0215 |
Toubiana et al 0095 0024 0311 -3028 0.002 |
Whittaker et al 0.103 0.047 0212 -5.009 0.000 [ 3
Blondiauxet al 0500 0.123 0.877 0.000 1.000
Cheung etal 0235 0091 0486 -2061 0039 i
Ramcharan et al 0600 0.348 0.808 0.769 0.442
Feldstein et al 0.065 0.037 0110 -8.960 0.000
Riphagen et al 0125 0017 0537 -1820  0.069 B
Belhadjer et al 0.057 0014 0202 -3.850 0.000
Valverde et al 0353 0300 0410 4.892 0.000 [ |
Mnocha et al 0455 0296 0623 -0522 0.602
0281 0244 0321 -9549 0.000 ¢
-1.00 -050 0.00 050 1.00
Favours A Favours B

Meta Analysis

Fig. 4c. The pooled prevalence of ECG abnormalities.

and October 2020 (Table 1). According to our risk of bias assess-
ment, all 21 studies yielded good quality and none of the citation
was determined to have high risk of bias and therefore the pooled

results should be persuasive (Fig. 2). In total, 916 children were
assessed indicating higher rate of boys than girls. The median
age of the patients on admission was 9 years ranged 3 to 14 year.
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Study name Statistics for each study Event rate and 95%Cl

Event Lower Upper
rate  limit limit Z-Value p-Value

Chiotos etal 0500 0.168 0832 0.000 1.000 ——
Waltuch et al 0.750 0238 0966 0951 0.341 ———
Toubiana et al 0810 0588 0927 2604 0.009 —
Blondiauxet al 0900 0326 0994 1474 0.140 —
Cheung et al 0824 0573 0942 2421 0.015 —
Ramcharanetal 0969 0650 0998 2390 0.017 —N
Pouletty et al 0688 0433 0864 1462 0.144 -
Dufort et al 0636 0537 0725 2679 0.007 B
Feldstein et al 0269 0210 0.337 -6.050 0.000 [ |
Riphagen et al 0.125 0.017 0537 -1.820 0.069 o
Verdoni et al 0500 0225 0775 0000 1.000 ——
Belhadjer et al 0.029 0.004 0.177 -3476 0.001 =—
Valverde et al 0.070 0.046 0.106 -11.161 0.000
Mnocha et al 0.212 0.105 0.383 -3.082 0.002 B
0.333 0291 0378 -6.949 0.000 ¢
-1.00 -050 0.00 050 1.00

Favours A Favours B

Meta Analysis
Fig. 4d. The pooled prevalence of raised serum troponin level.
Meta Analysis
Study name Statistics for each study Event rate and 95%ClI
Event Lower Upper
rate limit  limit Z-Value p-Value
Chiotosetal 0.500 0.168 0.832 0.000 1.000 ——
Waltuchetal 0.750 0.238 0.966 0.951 0.341 ——
Toubianaetal 0.667 0.447 0.832 1.497 0.134 -
Whittakeretal 0.500 0.374 0.626 0.000 1.000 L B
Blondiauxetal 0.900 0.326 0.994 1.474 0.140 ——
Cheungetal 0.882 0.632 0.970 2.677 0.007 —B
Ramcharanetal 0.969 0.650 0.998 2.390 0.017 —N
Poulettyetal 0.688 0.433 0.864 1.462 0.144 .
Dufortetal 0.747 0.653 0.823 4.691 0.000 =
Feldsteinet al 0.392 0.325 0.464 -2.910 0.004 ]
Riphagenetal 0.944 0.495 0.997 1.947 0.052
Verdonietal 0.955 0.552 0.997 2.103 0.035
Belhadjeretal 0.986 0.813 0.999 2.993 0.003
Valverdeetal 0.059 0.037 0.094 -11.042 0.000 m
Minochaetal 0.364 0.219 0.537 -1.546 0.122
0.436 0.392 0.481 -2.758 0.006 _.;
-1.00 -0.50 0.00 0.50 1.00

Favours A Favours B

Meta Analysis

Fig. 4e. The pooled prevalence of raised serum NT-ProBNP level.
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Contrary to the impression, the molecular assessment of virus
using the RT-PCR (Fig. 3) led to wide positive test results with
the pooled positivity of 37.7% (95%CI: 32.2% to 43.7%). Considering
studies focusing different cardiac abnormalities related to MIS-C
yielded a pooled prevalence of 38.0% (95%Cl: 34.6% to 41.5%) for
significant left ventricular dysfunction, 20.0% (95%Cl: 17.2% to
23.1%) for coronary aneurism or dilatation, 28.1% (95%Cl: 24.4%
to 32.1%) for ECG abnormalities or cardiac arrhythmias, 33.3%
(95%Cl: 29.1% to 37.8%) for raised serum troponin level and
43.6% (95%Cl: 39.2% to 48.1%) for raised proBNP/BNP level
(Figs. 4a-e). The statistical heterogeneity was significant for all
events assessment with I? values ranged 75.456 to 97.249
(P < 0.001). The authors believed that the pointed heterogeneities
were sourced from the differences in the interpretation of the
ECG or echocardiography by specialists and also the lack of calibra-
tion of the instruments used. There was also a significant publica-
tion bias as evidenced by either funnel plot asymmetry or Egger
test for all assessments due to the publishers’ desire to publish arti-
cles with significant and positive results. The main echocardiogra-
phy findings in the studies evaluated were hypokinesia of the left
ventricular wall and interventricular septum, left ventricular
dilatation, mild to moderate pericardial effusion, mild mitral regur-
gitation, cardiogenic shock, myocarditis, or coronary artery dilata-
tion/aneurism/ectasia. Regarding ECG abnormalities, the
prominent findings included ST-segment elevation or depression,
Junctional cardiac rhythm, atrial fibrillation, sinus bradycardia,
QT interval prolongation, ventricular arrhythmias, and atrioven-
tricular block.

4. Discussion

According to the findings of the present systematic review and
meta-analysis, various dimensional and functional changes are
expected following MIS-C due to Covid-19 in children. In this
regard, both left ventricular myocardial tissue as well as coronary
arteries can be affected significantly by such critical situation so
that overall more than one-third of the patients may show a degree
of such abnormal cardiac conditions. As analyzed finally, about
38.0% of the pointed children suffered from significant (mild to
moderate) left ventricular dysfunction which accompanied with
diffuse left ventricular hypokinesia along with dilatation, 20.0%
from coronary arteries involvement as aneurism, dilatation or ecta-
sia, and 28.1% from different types of ECG abnormalities as atrial or
ventricular arrhythmias. Interestingly, such cardiac changes could
be accompanied with the raise of both cardiac enzyme (troponin)
and also cardiac function-related proteins (NT-proBNP) in 33.3%
and 43.6% respectively. The evidences have been shown that mild
cardiac changes in those children suffering Covid-19 [7,8], however
if accompanied by MIS-C, a notable number of children affected by
Covid-19 may suffered from serious cardiac complications may
lead to high mortality rates. Of course, it is not yet clear whether
the occurrence of such complications is related to the severity
and extention of Covid-19 disease. As shown in this study, a signif-
icant proportion of patients had a negative result of tracing the
genome of the virus and in fact the diagnosis was based mainly
on clinical manifestations, but it has been also shown that majority
of affected children had high titers of antibodies as well as elevated
inflammatory biomarkers and trigger cytokines explaining a close
link between the severity of Covid-19 and cardiac complications
even among children. As a general guideline, children suffering
MIS-C need to intensive cares due to multi-organ dysfunction
and thus such caring approaches should be more emphasized in
case of appearing any evidences of cardiac involvement. In this
regard, continuous hemodynamic and cardiac monitoring, using
cardiac inotropes, preserving arterial oxygen saturation, using

[JC Heart & Vasculature 33 (2021) 100764

intravenous immunogolebulin (IVIG) and immunomodulators
should be considered in such patients [34,35].
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