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Abstract

Multisystem Inflammatory Syndrome in Children is a rare form of COVID-19 that affects vari-
ous organ systems and carries the risk of morbidity and mortality. Cardiac involvement is com-
monly observed in Multisystem Inflammatory Syndrome in Children cases; hence, this study
was conducted to evaluate the cardiac findings of the Multisystem Inflammatory Syndrome in
Children cases that were diagnosed and followed up in our hospital.Materials andmethods:The
medical histories, laboratory results, cardiac findings, and treatments of the cases that were
diagnosed with Multisystem Inflammatory Syndrome in Children between December 2020
and August 2021 were evaluated retrospectively. Results:Our study group consisted of 14 males
and 12 females whose median age was 3.67 years. Of the 26 patients, 24 had echocardiographic
findings and 12 cases had cardiac pathologies that were mostly mild. Among these, mitral valve
insufficiency, coronary artery pathology, and pericardial effusion were the most common.
Perivascular brightness, aortic and tricuspid insufficiency, systolic dysfunction, and tricuspid
thrombosis were less common. The cardiac pathologies of all patients resolved in less than
a month following treatment. Conclusion: Although the cardiac pathologies of Multisystem
Inflammatory Syndrome in Children cases disappear fairly rapidly, the long-term cardiac
effects of this disease are not known clearly. To improve our current understanding of
Multisystem Inflammatory Syndrome in Children, more multi-centred studies with long-term
follow-up periods should be conducted, and treatment protocols for cases of different severities
should be developed to maximise the treatments’ efficacy.

In 2019, the first cases of COVID-19 were recorded in Wuhan, China, and in March 2020,
COVID-19 was declared a pandemic by the World Health Organization. In the earlier days
of the pandemic, it was stated that paediatric cases made up 2–6% of all COVID-19 cases,1

and that in most of these cases, the infection was either asymptomatic or mild.2 Between
April and May 2020, the first paediatric cases that had hyperinflammatory symptoms similar
to Kawasaki syndrome and toxic shock syndrome findings related to COVID-19 infection were
recorded in England.3 Following these first cases, more cases were reported and diagnostic cri-
teria were decided upon.1,4 Two names were commonly used to address this situation: The Royal
College of Paediatric and Child Health referred to this form of the disease as “Paediatric
Inflammatory Multisystem Syndrome Temporally Associated with SARS-CoV-2 ,” whereas
the World Health Organization and the United States Centers for Disease Control and
Prevention referred to it as Multisystem Inflammatory Syndrome in Children.5 The hyperin-
flammatory pathology in these cases was observed to affect the cardiovascular system to a seri-
ous degree along with every other organ system, and cardiac pathologies were reported in 56% of
all Multisystem Inflammatory Syndrome in Children/Paediatric Inflammatory Multisystem
Syndrome Temporally Associated with SARS-CoV-2 cases.6–8 Given this high prevalence rate,
this study was conducted to evaluate the cardiac findings of the cases diagnosed with
Multisystem Inflammatory Syndrome in Children/Paediatric Inflammatory Multisystem
Syndrome Temporally Associated with SARS-CoV-2 in the paediatric clinic of our hospital.

Materials and methods

This study consists of the 26 inpatient cases that have been diagnosed with Multisystem
Inflammatory Syndrome in Children between December 2020 and August 2021 in our hospital,
all of whom were less than 18 years old and had applied to our hospital’s emergency ward with
various symptoms including high fever, vomiting, diarrhoea, abdominal pain, and skin rash.
After their clinical and laboratory examinations, these cases were diagnosed with
Multisystem Inflammatory Syndrome in Children according to the World Health
Organization’s criteria.1–4 All of the cases had either been infected with COVID-19 themselves
or had an infected person in their families. The patients who did not fit the World Health
Organization criteria or had high fever due to another disease were excluded from this study.
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During the examinations, the cases were hospitalised for at least
3 days. Five of the cases whose clinical status were expected to get
worse were referred to ICUs in other centres. The remaining 21
cases were clinically more stable and responded well to the treat-
ments. The histories, clinical, laboratory, and cardiac findings of all
26 cases were retrospectively analysed from the hospital’s records.
The cases were followed up in our clinic for at least 2 months dur-
ing which they were called in for controls 1–2 weeks, 1 month, and
2 months after their discharge from the hospital.

During these controls, the clinical and laboratory findings as
well as the electrocardiographic and echocardiographic results of
the cases have been evaluated.

The cases’ echocardiograms were taken using the Vivid S6
(General Electric Healthcare Systems) echocardiography device.
The structural and functional cardiac pathologies were assessed
from the echocardiographic findings. These evaluations were done
according to the guidelines of the American Society of
Echocardiography.

All statistical analyses (median, min, max, etc.) and tests were
performed using SPSS version 21 (IBM SPSS Statistics, IBM
Corporation, Armonk, NY, USA) on a personal computer. p values
&lt;0.05 were considered statistically significant. The Mann–
Whitney U-test was used for group comparisons.

A report was taken from the Ethics Committee for our Hospital
(17.03.2021/N0:74) and the Ministry of Health, General
Directorate of Health Services Scientific Research Platform
(2021-04-20T18_01_49). During the study, the Helsinki
Declaration was adhered to.

Results

The study group consisted of 26 cases diagnosed with Multisystem
Inflammatory Syndrome in Children. Fourteen (53.85%) of these
cases were male and 12 (46.15%) were female. The cases’ ages
ranged from 2 months to 17 years, with the median age being
3.67 years. They were hospitalised for 3 to 21 days, and the median
duration of hospitalisation was 10 days. There were 1 to 14 days
between the time when the cases’ symptoms developed and when
they were hospitalised and themedian durationwas 4 days.Most of
the cases had received antibiotic or antipyretic treatment before
being hospitalised. The cases’ body temperatures were between
38°C and 41°C, and the median temperature was 39°C. Twenty-
one of the cases (80.76%) had a known history of contact with
COVID-19, it was unknown in 2 (7.69%), and 3 (11.53%) had
no contact with COVID-19 but had no other pathologies that
might have caused their hyper inflammation and Kawasaki-like
findings and thus were accepted as Multisystem Inflammatory
Syndrome in Children cases. All of the cases were healthy and
had no abnormalities prior to hospitalisation. The clinical findings
of the cases are presented in Table 1 and their laboratory findings
are given in Table 2.

Troponin levels above 0.003 are known to indicate cardiac
involvement; however, our cases had troponin levels only slightly
above 0.003 and thus were not included in Table 2.

Non-specific fluid, antibiotic, and antipyretic treatments were
used along with immunosuppressive (intravenous immuno-
globulin and corticosteroid), antithrombotic (salicylic acid), and
anticoagulation (low-molecular weight-heparin) medication. The
distribution of these treatments is given in Table 3.

Two of the cases were directly transferred to the ICU and had
no echocardiographic measurements. From the 24 cases that had
echocardiography results, 12 had cardiac pathologies while 12 did

not, as shown in Table 4. The distribution of these cardiac pathol-
ogies is presented in Table 5. Although one case had an atrio-
ventricular septal defect and one case had mitral valve prolapse,
these were not included in Table 5 as they were structural pathol-
ogies that were not related to COVID-19. In some of the cases,
mitral valve insufficiency overlapped with other cardiac findings
such as coronary artery pathology, pericardial effusion, aortic
insufficiency, systolic function deficiency, and tricuspid
thrombosis.

Among the 24 cases that had echocardiography results, the ones
that had no cardiac pathologies were compared with those that had
cardiac pathologies based on sex, age, the duration of the symp-
toms prior to hospitalisation, and laboratory findings using the
Mann–Whitney U-test. There were no statistically significant
differences between the groups based on these criteria except for
a difference in Ferritin (Exact Sig. [2*(1-tailed Sig.)] 0.036), which
was skewed due to the laboratory results of only one severe patient
(Table 6).

Five of the patients were transferred to ICUs in different
centres. Two of the cases had shock-like findings, whereas the
others had findings similar to Kawasaki and incomplete
Kawasaki syndrome. Bradycardia developed in 3 of the asympto-
matic cases during treatment but disappeared within a few days.
There were no other arrhythmia findings. The cardiac findings
of the cases who had cardiac involvement disappeared during their
follow-up in our hospital.

Discussion

Ever since the first COVID-19 case was recorded in 2019, numer-
ous new forms and manifestations of the disease have emerged.
One of these relatively newer aspects was regarding the incidence
rate in children, as during the earlier days of the pandemic it was
claimed that children were less prone to COVID-19 and that they
were either asymptomatic or experienced milder symptoms than
adults. In a number of studies, it has been reported that paediatric
COVID-19 cases make up less than 2% of all cases and that their
rate of hospitalisation is much lower compared to adults.9

However, with more cases being observed worldwide each day,
recent studies have begun to report higher incidence rates among

Table 1. The distribution of clinical findings

Clinical Finding Number %

Fever 26 100

Fatigue 25 96.15

Myalgia 15 57.69

Sore throat 13 50.00

Skin rash 13 50.00

Vomiting 11 42,30

Headache 11 42.30

Diarrhoea 10 38.46

Ocular 9 34.61

Neurological 4 15.38

Cough 3 11.53

Shortness of breath 2 7.69

Ageusia and anosmia 0 0

Cardiology in the Young 1781

https://doi.org/10.1017/S1047951121004911 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951121004911


children, such as the joint report published by the American
Academy of Pediatrics and the Children’s Hospital Association,
which stated that 9.1% of the cases in the United States were chil-
dren.10 Although the paediatric cases are still reported to be notice-
ably milder than their adult counterparts, the presence of severe
cases among children cannot be overlooked, especially those with
Multisystem Inflammatory Syndrome in Children, which is

characterised by fever and non-specific symptoms such as abdomi-
nal pain, vomiting, headache, and fatigue11 and a clinical picture
similar to that of Kawasaki Disease or toxic shock syndrome.
Following its initial documentation in April 2020, various studies
on Multisystem Inflammatory Syndrome in Children cases were
conducted and diagnostic criteria: serious illness leading to hospi-
talisation, age <21 years, fever lasting for at least 24 hours,
laboratory evidence of inflammation, multisystem organ involve-
ment, evidence of SARS-CoV-2 infection based on reverse tran-
scription polymerase chain reaction test, antibody testing, or
exposure to persons with COVID-19 in the past 3 months12 were
decided upon. It has been stated that Multisystem Inflammatory
Syndrome in Children tends to affect males slightly more than
females, although a definitive result has yet to be reached in terms
of sex distribution, and that it can be observed in children whose
ages range from 7 months to 20 years, with the median being
reported between 7 and 10 years old.13 The sex distribution of
our cases was parallel to these reports as 53.85% of our cases were
male. However, the median age of our study group (3.67 years)was
lower than previous studies, which might have been due to the fact
that our group was predominantly composed of cases with clinical
pictures similar to Kawasaki Disease, which is known to mostly
affect children below the age of five,14 rather than toxic shock
syndrome.

Multisystem Inflammatory Syndrome in Children can be man-
ifested with various clinical findings in different cases. It has been
stated that the most common Multisystem Inflammatory
Syndrome in Children symptom is fever, with its rate being
reported up to 97–100% in several studies, along with dermato-
logic, mucocutaneous, and gastrointestinal symptoms such as diar-
rhoea and vomiting, neurological symptoms, and headache.13

Similarly, fever was the only finding that was present in all cases
in our study group, their body temperatures ranging from 38°C
to 41°C. Skin rash was observed in 13 cases (50%), vomiting in
11 (42.30%), and diarrhoea in 10 (38.46%). Fatigue, myalgia, sore
throat, headache, and neurological symptoms were among the

Table 2. Laboratory findings of study group

Laboratory tests Median Minimum Maximum

Normal
range

of values

Leucocyte (mm3) 10,750 3690 26,470 4000–12,000

PNL (mm3) 7415 2380 16,790 2000–8000

Lymphocyte
(mm3)

2080 990 8750 800–7000

Erythrocyte
(×106 mm3)

4.445 3.33 5.85 3.5–5.2

HTC (%) 33.2 27 44 35–49

HB (gr/dL) 11.45 8.8 15 12–16

Platelet
(×103 mm3)

210 91 540 100–400

CRP (mg/L) 111 7.75 266.85 1–5

Ferritin (ng/mL) 169.5 32.34 2000 10–291

Fibrinogen
(mg/dL)

569 190 961 170–400

Albumin (g/L) 3.9 2.74 4.54 3.5–5.4

Na (mmol/mL) 134 121 143 136–145

D-dimer (μg/mL) 1.28 0.41 13.5 <0.5

PT (sn) 14 12,7 25 12.6–17

PTT (sn) 31 18,3 58 24–38

INR 1.19 0.91 2.2 0.85–1.2

AST (U/L) 29 12 98 0–32

ALT(U/L) 15.5 3 138 0–33

Creatinine (mg/dL) 0.37 0.21 1.77 0.53–0.79

CK-MB (ng/mL) 1.58 0.11 5.2 0–3.4

CK (U/L) 59 13 524 29–168

LDH (U/L) 312 1.72 623 120–300

PNL: Polymorphonuclear leucocytes, HTC: Hematocrit, HB: Haemoglobin, CRP: C-reactive
protein, PT: Prothrombin time, PTT: Prothromboplastin time, INR: International normalised
ratio, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, CK-MB: Creatine
kinase-MB, CK: Creatine kinase, LDH: Lactic acid dehydrogenase.

Table 3. The distribution of the types of Multisystem Inflammatory Syndrome in
Children treatment

Type of Treatment Number %

Intravenous immunoglobulin 21 80.77

Corticosteroid 12 46.15

Low molecular weight heparin 9 34.61

Salicylic acid 12 46.15

Table 4. The distribution of the cases according to the presence of cardiac
pathologies

Number Percentage (%)

No echocardiography 2 7.70

Cardiac pathology − 12 46.15

Cardiac pathology þ 12 46.15

Total 26 100

Table 5. The distribution of the cardiac pathologies observed with
echocardiography

Type of cardiac pathology Number

Mitral valve insufficiency 7

Coronary artery pathology 5

Pericardial effusion 3

Perivascular brightness of coronary arteries 1

Aortic insufficiency 1

Tricuspid insufficiency þ systolic dysfunction 1

Tricuspid insufficiency þtricuspid thrombosis 1

1782 N. Erol et al.

https://doi.org/10.1017/S1047951121004911 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951121004911


other common symptoms, as shown in Table 1. As for the labora-
tory findings, elevated levels of C-reactive protein, erythrocyte sed-
imentation rate, ferritin, procalcitonin, and serum interleukin-6
are common inflammatory markers in Multisystem
Inflammatory Syndrome in Children cases,13,14 while elevated lev-
els of D-dimer, fibrinogen, prothrombin time, partial prothrombin
time, and international normalised ratio are indicators of coagula-
tion dysfunction. In our study group, there were cases whose C-
reactive protein levels were mildly higher than the normal range
as well as those who had significantly elevated levels. There was
a similar trend in terms of fibrinogen, D-dimer, prothrombin time,
prothromboplastin time, and international normalised ratio levels
as some cases were in the normal range while others were moder-
ately above it. Interestingly, the ferritin levels of our cases ranged
over a wide spectrum. Although most cases had moderately
elevated levels of ferritin, one of our severe cases, who had systolic
dysfunction, had an exceptionally high ferritin level of 2000 ng/mL,

as shown in Table 2, which reinforces the fact that critically high
ferritin levels are thought to increase the susceptibility for cardiac
dysfunction. Another important marker for Multisystem
Inflammatory Syndrome in Children is platelet count, though a
consensus does not seem to be reached on thismatter as some stud-
ies claim that platelet count is elevated in Multisystem
Inflammatory Syndrome in Children cases,15 whereas others con-
trarily state that it is in fact reduced. We observed that there were
cases that had elevated platelet levels as well as reduced levels in our
group, as shown in Table 2; thus, it is hard to make a conclusive
inference from our laboratory results. However, it is worth noting
that the severe cases that had to be referred to the ICU in our study
group had significantly decreased platelet counts.

The cardiovascular system is among the various organ systems
that can be affected by Multisystem Inflammatory Syndrome in
Children. Almost every retrospective cohort study that has been
published has reported prominent cardiac involvement in

Table 6. Mann–Whitney U-test results

Mann–Whitney U-test Wilcoxon W Z Asymp. Sig. (2-tailed) Exact Sig. [2*(1-tailed Sig.)]

Sex 66,000 144,000 −0.401 0.688 0.755b

Hospitalisation duration (day) 44,500 122,500 −0.682 0.495 0.508b

Age 39,500 117,500 −1.877 0.061 0.060b

Time before hospitalisation (day) 67,000 145,000 −0.291 0.771 0.799b

Fever 66,000 144,000 −0.358 0.721 0.755b

Leucocyte 50,000 128,000 −1.270 0.204 0.219b

Polymorphonuclear leucocyte 50,000 128,000 −1.270 0.204 0.219b

Lymphocyte 59,500 137,500 −0.722 0.470 0.478b

Erythrocyte 53,500 131,500 −1.068 0.285 0.291b

Haemoglobin 49,500 127,500 −1.300 0.193 0.198b

Hematocrit 42,500 120,500 −1.704 0.088 0.089b

Thrombocyte 56,000 134,000 −0.924 0.356 0.378b

C-reactive protein 68,000 146,000 −0.231 0.817 0.843b

Aspartate transaminase 69,000 147,000 −0.173 0.862 0.887b

Alanine transaminase 45,500 123,500 −1.532 0.126 0.128b

Prothrombine time 58,000 136,000 −0.497 0.619 0.651b

Partial thromboplasty time 57,500 135,500 −0.524 0.601 0.608b

INR 59,500 137,500 −0.401 0.688 0.695b

D-dimer 52,000 130,000 −0.862 0.389 0.413b

Fibrinogen 53,500 119,500 −0.770 0.441 0.449b

Ferritin 25,000 91,000 −2.113 0.035 0.036b

Lactate dehydrogenase 29,000 65,000 −0.674 0.501 0.541b

Creatinine 57,500 135,500 −0.838 0.402 0.410b

Creatinine kinase-mb 47,500 125,500 −1.139 0.255 0.260b

Creatinine kinase 44,500 99,500 −0.416 0.677 0.684b

Natrium 56,000 134,000 −0.938 0.348 0.378b

Albumin 68,000 146,000 −0.231 0.817 0.843b

Contact time 65,000 143,000 −0.425 0.671 0.713b

a. Grouping Variable: Group with and without pathology in echocardiography.
b. Not corrected for ties.
Mann–Whitney U-test was applied. A significant difference was found only in Ferritin levels according to ecopathology (p< 0.05) (p= 0.036).
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Multisystem Inflammatory Syndrome in Children cases.14 In a
prospective cohort study conducted in the United Kingdom, it
was observed that 57% of Multisystem Inflammatory Syndrome
in Children cases had one or more documented cardiac complica-
tions.5 In another cohort study done in New York City, 73% of the
33 patients in the study group had at least one abnormality in car-
diac testing.16 In our study group, echocardiographic measure-
ments were taken for 24 of the 26 cases, and half of these cases
had at least one cardiac abnormality, as shown in Table 5. Themost
prevalent pathology among our group was valve insufficiency. The
severity of regurgitation ranged from mild to moderate. The sec-
ond most common pathology was coronary artery pathology. One
of these cases had a small aneurysm whereas the others had coro-
nary artery dilation. 3 patients had pericardial effusion. One of our
severe cases had ventricular systolic dysfunction (ejection fraction
50%), right ventricular dilation, and mitral and tricuspid valve
insufficiency. Another severe case had tricuspid thrombosis as well
as mitral and tricuspid valve insufficiency. These patients were
among the five cases that were transferred to the ICU. Unlike
our findings, in the previously published studies, the incidence rate
of left ventricular systolic dysfunction in Multisystem
Inflammatory Syndrome in Children cases has been reported to
be quite high. Various studies have reported left ventricular systolic
dysfunction in 31–100% of cases that underwent imaging.13 This
significant difference between these numbers and our results might
have been due to the fact that most of our study group was com-
posed of mild Multisystem Inflammatory Syndrome in Children
cases. Since left ventricular systolic dysfunction is generally
observed in more severe cases, it was only present in the most
severe case in our group, whose ferritin levels were 2000 ng/mL.
Regarding this matter, Henderson et. al have stated that the fre-
quency of left ventricular dysfunction, coronary artery dilation,
and coronary artery aneurysms reported in the initial descriptions
of Multisystem Inflammatory Syndrome in Children may have
actually been overestimated since they most likely represent the
most severe component of the Multisystem Inflammatory
Syndrome in Children spectrum.14 As our understanding of
Multisystem Inflammatory Syndrome in Children has significantly
improved nowadays, patients can be diagnosed before they reach a
critically severe stage; hence, this might have led to a decrease in the
left ventricular dysfunctions in these cases.

For the treatment of children with Multisystem Inflammatory
Syndrome in Children, the commonly accepted approach is to
use intravenous immunoglobulin and corticosteroids as first-tier
agents to suppress the inflammatory response, as well as using
low molecular weight heparin for anticoagulation and salicylic acid
for antithrombotic treatment based on the clinical picture of the
case.14 We have used a similar approach in the treatment of our
cases, as shown in Table 3. All of the cases that we have followed
up have responded well to the treatments as their cardiac findings
disappeared in less than a month and no other complications
occurred for the most part except for three cases that developed
asymptomatic bradycardia during treatment, which resolved later
on. Other studies have also found similar results, stating that the car-
diac symptoms ofMultisystem Inflammatory Syndrome inChildren
cases mostly resolved in a few weeks during follow-up.16 However,
despite this rapid cardiac improvement, any possible long-term
complications are yet to be known for certain, asmyocardial inflam-
mation may lead to myocardial fibrosis and scarring in the future.14

Furthermore, due to its similarities with Kawasaki Disease, common
long-term symptoms of Kawasaki Disease such as early athero-
sclerosis and coronary pathologies may also be observed in cases

with Multisystem Inflammatory Syndrome in Children; hence,
the long-term follow-up of these cases would be beneficial to shed
light on this matter. Given that cardiac involvement is commonly
seen in Multisystem Inflammatory Syndrome in Children cases,
whether it be mild or severe, echocardiographic examinations are
crucial in the diagnosis of these patients. Additionally, the cases
should be classified according to their severity and different treat-
ment protocols for different severities should be developed in order
tomaximise the treatments’ efficacy. To improve our current under-
standing ofMultisystem Inflammatory Syndrome inChildren, more
multi-centred studies with long-term follow-up periods should be
conducted.

Limitations

Our study was conducted at a single centre, with a respectively
small sample that was mostly composed of mild cases. Patients
who received intensive care and their follow-ups were not included
in this study. However, despite its limitations, this study can be use-
ful for comparison with Multisystem Inflammatory Syndrome in
Children cases in different societies.
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