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Objective: To study the cardiac outcomes of patients with multisystem inflammatory syndrome
in children (MIS-C) after 6-month of diagnosis. Methods: This review of hospital records was
conducted on MIS-C patients (aged <21 years) who completed a six-month follow-up. The
baseline demographic, clinical, laboratory, and treatment characteristics during the acute
phase, and echocardiographic findings during follow-up were collected. Results: 116
patients (61.2% male, median age 7 years) with MIS-C were included in the study. At the time
of admission, cardiac abnormalities were present in 70.7% of MIS-C patients, and the most
common cardiac abnormalities were valve failure (50.9%), followed by ventricular dys-
function (39.7%), and pericardial effusion (23.3%). Six month after diagnosis, cardiac abnor-
malities were found in 10.3% of patients, and patients had lower rates of ventricular dysfunc-
tion (P<0.001), valve failure (P<0.001), pericardial effusion (P<0.001), and coronary involve-
ment (P<0.001) as compared to the baseline. Intravenous immunoglobulin (IVIG) and steroid
treatment significantly reduced the odds of occurrence of ventricular dysfunction (P=0.002),
valve failure (P=0.004), and low ejection fraction (P=0.002) in comparison to IVIG treatment
alone. Conclusion: While most MIS-C patients had abnormal echocardiographic findings at
admission, only 10.3% of patients had cardiac abnormalities during follow up.
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ultisystem inflammatory syndrome in

children (MIS-C) is a severe systemic

hyper-inflammatory disease with multi-

organ involvement that follows severe
acuterespiratory syndromecoronavirus-2 (SARS-CoV-2)
infection[1]. Patientswith MIS-C present with avariety of
clinical characteristics, including cardiac manifestations
similar to Kawasaki disease (KD). There have been several
studiesregarding left ventricular (LV) systolic dysfunction
and coronary artery dilationin MIS-C[1-4]. Theincidence
of coronary artery aneurysmsrangesfrom 14-24%, and 31-
58% of patients have been reported to have LV systolic
dysfunction [1-3]. Few studies reported the incidence of
pericardia effusion and valvar regurgitation in MIS-C;
however, one study found that 33% of patients had
pericardia effusions, 25% had mitral regurgitation, and
17% had tricuspid regurgitation[3].

Thereislimited dataregarding longitudinal follow-up
of MIS-C such ascardiovascular involvement. Therefore,
we conducted this study to eval uate the cardiac outcomes
of MIS-C patientssix months after diagnosis.
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METHODS

This multicenter study was conducted on children and
adolescentswith M1S-C who wereyounger than 21 years,
duringApril, 2020 to September, 2022. The study included
patients who were diagnosed with MISC-C six months
before presentation and werereferred to hospitalsaffiliated
with the two study centers. Patientswith congenital heart
disease, previous history of cardiac dysfunction, and
previous history of Kawasaki disease were excluded from
the study. Subspecialty physicians at each hospital had
diagnosed patientswithM1S-C using CDC criteria[5].

Invited Commentary: Pages 347-49.

Ageat diagnosis, gender, clinical manifestations, hos-
pital stay duration, initial laboratory parametersincluding
white blood cell count, hemoglobin, platelet counts,
erythrocyte sedimentation rate (ESR), liver function tests,
and details of treatmentswere entered in the study forms.
Details of echocardiographic findingson admission and at
six-month follow-up were also collected. According tothe
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vasoactive need (based on vasoactiveinotropic score), the
need for respiratory ventilation, and organ damage,
patients were clinically categorized as having had mild,
moderate, or severeMIS-C6].

Informed consent was obtained at the time of echo-
cardiography from all patients or from their parents/legal
guardians. The study protocol was approved by the insti-
tutional ethics committeein accordancewiththe Helsinki
Declaration guiddlines.

Two-dimensional standard echocardiography was
carried out by skilled cardiac sonographersutilizing the GE
Vivid E9 Ultrasound System (GE Healthcare). Abnormal
echocardiogram findings were described as pericardial
effusion, coronary artery involvement (dilation or aneu-
rysms), significant valvulopathy, ventricular dysfunction
(diastalic function using E/A wave ratio and E wave
deceleration time, and systolic function through Simp-
son'’s biplane method), or any combination of the above.
According to the Boston Children Hospital zscore system,
coronary artery dilatation or aneurysm were defined as
coronary artery diameter >2to<2.5zscoreand >2.5 zscore,
respectively [ 7]. Based on amodified Simpson method, the
left ventricular gjection fraction (EF) was classified as
either normal (=55%) or low EF (<55%) [8].

Satigtical analysis: Categorica variablesweredescribed as
frequencies (%), and continuous variables were des-cribed
as mean (SD) or median (IQR). We compared the
demographic, clinical, laboratory, and echocardiographic
examination of our patients between mild-to-moderate and
severe cases. Besides, we divided patients into two groups
based on the two commonly used initia treatments, which
were intravenous immunoglobulin (IVIG) plus steroid or
IV1G done, and wecompared the cardiac outcomes bet-ween
thesetwo typesof treatment. In order to compare qualitative
data, thechi-squaretest and, whenever needed, Fisher exact
test were used. The Mann-Whitney test was used to
compare the quantitative data between the two study
groups. To compare the changes in echo-cardiography
findingsasqualitative dataat baselineand theend of follow-
up, McNemar test was used. Additional analyses were
performed using the multiple logistic regression modelsto
compare the echocardiography findings at the 6-month
follow-up between the two treat-ment groups by adjusting
the effect of MIS-C disease severity. All statistical anadyses
were performed using IBM SPSS software version 20.0
(SPSSInc.), atthesignificanceleve of 0.05.

RESULTS

A total of 116 patients (71 males) withMIS-C wereenrolled
inthestudy withamedian (IQR) ageof 7 (5-9) years. MIS-C
patientswereclinically classified into severe cases (n=43,
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37.1%), and mild-to-moderate MIS-C patients (n=73,
62.9%). Patients with severe MIS-C had significantly
longer hospital stay than those with mild-to-moderate
MIS-C(P<0.001) (Tablel).

At thetime of admission, cardiac abnormalitieswere
found in 82 (70.7%) of MIS-C patients, and the most
common cardiac abnormalitieswerevalvefailure (50.9%),
ventricular dysfunction (39.7%), and pericardial effusion
(23.3%). Severe M1 S-C patients had considerably higher
ratesof valveinsufficiency (P<0.001), ventricular dysfunc-
tion (P<0.001), andlow EF (P=0.018) than mild-to-moderate
MIS-C patients.

6-monthfollow up, cardiac abnormalitieswerefoundin
12 (10.3%) of patients(Tablell). Therewasasignificant
decreasein cardiac abnormalities 6 month follow-upviz.,
ventricular dysfunction (P<0.001), valvefailure (P<0.001),
coronary involvement (P<0.001), and low EF (P<0.001).

Onmultiplelogistic regression, after adjusting for the
effect of MIS-C disease severity, cardiac outcomes
following 6-month follow-up showed that the odds (95%

Table | Baseline Characteristics of Patients (Aged <21
Years) With Multisystem Inflammatory Syndrome in
Children (M1S-C)

Variables Mild-to-moderate  SevereMIS-C
MIS-C (n=73) (n=43)
Malegender 45(61.6) 26 (60.5)
Age(y)? 7(5.0-8) 7.5(5.5-9)
Hospital stays (d)®¢ 8(7.0-9) 11(10-12.5)
Clinical characteristics
Fever 73(100) 43(100)
Abdominal pain 37(50.7) 23(53.5)
Nausea/vomiting 28(38.4) 17(39.5)
Diarrhea 16(21.9) 11(25.6)
Respiratory symptoms 30 (41.1) 20(46.5)
Skinrash 27(37.0) 17(39.5)
Lymphadenopathy 7(9.6) 4(9.3)
Neurologic symptoms 12 (16.4) 8(18.6)
Laboratory findings
Leukocytes(109L)2  8.1(6.9,9.8) 7.4(6.3,11.45)
Hemoglobin (g/dL)? 114(10.3,12.7) 11.0(10.4,12.7)
Platlet (10°%/L)2¢ 220(185, 73) 187(161.5, 213)
ESR (mnvh)2 37(29,42) 39.0(29.5, 44)
AST (U/L)?2 33(25,45) 30(20,47.5)
ALT (U/L)2 34(21,44) 30(20.5,48.5)
Creatinine(mg/dL)" 0.59(0.15) 0.65(0.16)
Treatment®
IVIG 50(68.5) 4(9.3
IVIG + steroid 23(31.5) 39(90.7)

Values in no. (%), 2median (IQR) or Pmean (SD). P<0.001. ESR: ery-
throcyte sedimentation rate; AST: aspartate aminotransferase; ALT:
alanine aminotransferase; IVIG: intravenous immunoglobulin.
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disease (MIS-C).

WHAT THIS STUDY ADDS?

< Inthis retrospective study, only 10.3% patients were found to have cardiac abnormalities on echocardiography,
six months after a diagnosis of multisystem inflammatory syndrome in children associated with coronavirus

Table Il Echocardiography Findings of M1S-C Patients at
Admission and at Six-Month Follow-up

Findings Mild-to-moderate  SevereMISC
MIS-C (n=73) (n=43)
Atadmission
Ventricular dysfunction 20(27.4) 26 (60.5)
Vavefailure 27(37.0) 32 (74.4)
Pericardia effusion 13(17.8) 14 (32.6)
Coronary involvement 10(13.7) 6 (14.0)
Low gjectionfraction 9(12.3) 13 (30.2)
At 6-month follow-up
Ventricular dysfunction 3(4.1) 4(9.3)
Vavefalure 4(5.5) 6 (14.0)
Pericardial effusion 0 0
Coronary involvement 1(1.4) 2(4.7)
Low gjectionfraction 3(4.1) 4(9.3)

Values in no. (%). 2P<0.001, ®P<0.05.

Cl) of persisting ventricular dysfunction 0.009 (0-0.16),
valvefailure0.025 (0.002-0.306), and low EF 0.009 (0-0.16)
inthelVIG plussteroid treatment group were greater than
thoseinthelVIG treatment group, respectively but not for
coronary involvement[0.71 (0.03-16.6)].

DISCUSSION

Thishospital record review found a 10.3% occurrence of
cardiac abnormalities in children who had MIS-C six
months back, which werelower inthosewho weretreated
with steroidsand I V1G both.

According to recommendations, MIS-C patients
require long-term follow-up, particularly in the case of
cardiacinvolvement. Duetothesimilaritiesbetween MI1S-
C and KD, the long-term cardiac sequela has been
described in the literature as a coronary artery aneurysm,
anditissuggested that it bemonitored similarly toKD [4].
Variousstudieshad different rates of cardiac abnormalities
on echocardiographic follow-up. One study reported that
16% of MIS-C patients had persisting echocardiographic
abnormalities after three months follow-up [11]. Another
study found 15.4% of 138 MIS-C patients had residual
echocardiographic changes after an average follow-up of
39.9 days [12]. We found that 10.3% of patients had
cardiac abnormalitiesafter a6-month follow-up, whichisa
longer follow-up than the previous two studies. Bagri, et
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a. [13] found that following 4-6 weeks of echocardio-
graphicfollow-up, one of the 19.4% of M1S-C patientswho
had a coronary artery abnormality at admission still had
coronary artery involvement [13]. Farooqi, et al. [14]
reported that 80% of M| S-C patientshad mild echocardio-
graphic abnormalities, while 44% of them exhibited mode-
rate-to-severe abnormalities such as coronary involve-
ment. None of the patients had coronary involvement, and
18% till had mild echocardiographic abnormalitiesfollow-
ing 1-4 weeksof cardiacfollow-up[14].

Withregardsto thetreatment, IVIG and steroids arethe
maintreatment optionsfor M1S-C patients. Previousstudies
demonstrated that 1VIG plus steroids was linked to better
fever coursethan IVIG alone[15]. Son, et al. [16] reported
that patientswhoreceived | VI G plussteroids had decreased
risks for the left ventricular dysfunction (8% vs 17%). Our
findings are in line with this study that 1VI1G plus steroid
trestment significantly reduced the odds of ventricular
dysfunctionincomparisonto|VIGtreatment done. Similarly,
Ouldali, et d. [15] demonstrated that treatment with IVIG
plus seroids was linked to fewer severe acute
consequences, such as acute left ventricular dysfunction
and the need for hemodynamic support. Another single-
center study [17] concluded that cardiac recovery in those
who received 1V1G plus steroidswas shorter in comparison
to those who received IVIG done. Further studies are
required to comprehend the mechanisms underlying the
potential effect of steroidsin patientswithMIS-C.

In conclusion; athough, MIS-C is a severe multi-
system disorder throughout its acute stage, it has agene-
raly encouraging long-term cardiac outcome. Further-
more, treatment with IV IG plussteroids may reducetherisk
of cardiac complicationsonfollow-up.
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