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Abstract

Context: Multisystem inflammatory syndrome in children (MIS-C) is an emerging condition after the spread of the severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) pandemic, termed COVID-19. This study aimed to describe the cardiac manifestations
of children diagnosed with MIS-C.

Evidence Acquisition: This narrative review was conducted by searching the PubMed, Scopus, and Google Scholar databases to
review MIS-C cardiac manifestations up to September 30, 2020. The demographic features, past medical history, clinical signs and
symptoms, cardiac involvement, and the type of COVID-19 diagnosis confirmation were extracted.

Results: In many children, MIS-C seems to be a post-infectious complication of the COVID-19 infection. This syndrome affects mul-
tiple organs and has various clinical manifestations mimicking Kawasaki disease. Patients frequently present with persistent fever,
kidney injury, gastrointestinal (GI) problems, neurologic symptoms, mucosal changes, conjunctivitis, and cardiac involvement.
Children with MIS are more likely to present with hypotension, shock, and cardiac dysfunction, rather than coronary artery abnor-
malities and arrhythmia. Children with MIS need close observation; some need to be hospitalized, and a few may need a Pediatric
Intensive Care Unit (PICU) admission. Treatment currently includes anticoagulants, IV immunoglobulin, and anti-inflammatory
drugs.

Conclusions: As a novel syndrome associated with SARS-CoV-2 infection, MIS-C is potentially lethal. Cardiac manifestations, includ-
ing coronary and myocardial involvement, are common and should be carefully identified. With prompt diagnosis and proper
treatment, most children will survive, but the outcomes of the disease are unknown, so long-term follow-ups are required.
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1. Context may deteriorate faster and need admission to the Pedi-
atric Intensive Care Unit (PICU) due to cardiogenic shock
or acute left ventricular dysfunction (7). Apart from car-
diac manifestations, various clinical symptoms have also
been reported, including neurological, renal, significant
gastrointestinal (GI), and mild respiratory symptoms, as
well as rashes and stomatitis (8). Although it is still not
fully understood whether this multisystem inflammatory
syndrome in children (MIS-C) is a primary complication of
COVID-19 infection or a post-infectious complication, a cor-

The SARS-CoV-2 infection, termed COVID-19, has spread
very quickly and affected all ages, even newborns (1, 2). Ini-
tially, there was a misconception among the researchers
believing that the virus does not affect children. How-
ever, it was then proposed that children are usually asymp-
tomatic or present mild symptoms, but a complete immu-
nity cannot be proposed for this age group (3). Since late
April 2020, multiple studies from Europe and the United

States showed that 2% - 6% of SARS-CoV-2-infected children
exhibited a severe multi-system inflammatory syndrome
with similarities to Kawasaki disease (4-6).

As there is no comprehensive testing, the true inci-
dence of this severe condition in pediatrics has remained
unclear. This significant hyper-inflammatory response can
cause cardiovascular disorders, and some of these children

relation is highly suggestive based on epidemiologic data
(7).

There is little information about the cardiac involve-
ment associated with COVID-19 in pediatric cases, and most
of the studies on cardiac involvement are case reports or
case series. It is also possible that children with an under-
lying cardiac disease are at a higher risk of experiencing
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severe cardiac complications following the COVID-19 infec-
tion (9). Reports on MIS-C have shown coronary artery in-
volvement, myocarditis, ventricular dysfunction, hemody-
namic instability, and PICU admission, all of which sug-
gest that cardiac dysfunction might be a notable risk fac-
tor for severe SARS-CoV-2 infection in pediatrics (10). There-
fore, a literature review in this regard would be beneficial.
This study aimed to review and summarize the available
evidence on the potential cardiac clinical presentations in
children with MIS to give a better perspective on manage-
ment and care for these patients.

It should be noted that different terms have been
used to refer to this novel condition, such as multisys-
tem inflammatory syndrome in children (MIS-C), hyper-
inflammatory shock in children with COVID-19, “Coro-
nasacki”, “Kawashocky”, Pediatric COVID-19-associated in-
flammatory disorder (PCAID), and pediatric multisystem
inflammatory syndrome (PMIS) (7). In this review article,
we continue to use the term MIS-C.

2. Methods

A literature review was conducted by searching
PubMed, Scopus, and Google Scholar. The following key-
words were used for the search: “Pediatrics”, “children”,
“heart”, “cardiac”, “Coronavirus disease-19”, “COVID19”,
“SARS-CoV-2", “systemic inflammatory response syn-
drome”, “multisystem inflammatory disorder in children
and adolescents”, “MISC”, “PMIS”, “PCAID”, “Coronasacki”,
and “Kawashocky”. We included case reports and case se-
ries related to MIS-C associated with SARS-CoV-2 infection.
The inclusion criterion was defined as being a case report
or case series reporting some findings of cardiac involve-
ment in pediatrics with COVID-19. Articles published in
languages other than English and those irrelevant to our
objectives, like commentaries, other reviews, and letters to
editors, were excluded. The last search was performed on
September 30, 2020. We used the Newcastle-Ottawa scale
(NOS) (11) for the quality assessment of the studies, and
those with top quality were enrolled. The baseline data
including the first author’s name of the article, number of
cases, age, sex, past medical history, ethnicity, clinical signs
and symptoms, and the type of COVID-19 diagnosis confir-
mation (PCR or serology) were extracted. Moreover, the
laboratory, electrocardiography, and echocardiography
findings were gathered.

3. Definition of MIS-C

The three definitions of MIS-C, by the World Health Or-
ganization (WHO) (12), the Centers for disease control and
prevention (CDC) (13), and the Royal College of Pediatrics
and Child Health (RCPCH) (14), are presented in Table 1. The
presence of fever, multisystem organ involvement without
alternative plausible diagnoses, laboratory evidence of in-
flammation, and recent exposure to a COVID-19 case or evi-
dence of COVID-19 infection are the key elements in all MIS-
C cases. But, some signs, including fever duration and or-
gan involvement, vary among these criteria.

4. Clinical Manifestation

The available information regarding the syndrome
shows that the age of patients ranged from two months
to 20 years, and the majority of cases were previously
healthy (15, 16). Almost all affected children had a persis-
tent fever for > 4 days and GI symptoms, including ab-
dominal pain, diarrhea, and vomit. Other common clinical
manifestations were mucocutaneous changes resembling
Kawasaki disease (skin rash and conjunctivitis), extrem-
ity edema, lymphadenopathy, headache, mild respiratory
distress, myalgia, fatigue, and cardiac symptoms (Table 2).
Some patients presented with shock and hypotension re-
quiring PICU admission (17,18). The cardiac findings in MIS-
C patients are divergent from Kawasaki disease’s manifes-
tations. Children with this syndrome were more likely to
present with hypotension, shock, and cardiac dysfunction,
rather than coronary artery abnormalities (Figure 1) (19).

5. COVID-19 Infection

Epidemiological information indicates that SARS-CoV-
2 is the possible cause of the syndrome, but the causal-
ity is unknown (1). Based on the studies mentioned in Ta-
ble 2, the positivity percentage of the COVID-19 reverse-
transcriptase protein chain reaction (RT-PCR) test varies
from 0% to 100%. In most reports, it was positive in less
than 50% of cases. On the other hand, the majority of the
studies had evidence of positive immunoglobulin G (IgG)
antibodies. These data suggest that a post-infectious dis-
ease is more likely to be responsible for this condition than
an active infection (44).

6. Cardiac Involvement

6.1. Cardiac Dysfunction
In most cases diagnosed with MIS-C, left ventricular sys-
tolic dysfunction has been reported (Table 2). In the first
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Table 1. Case Definition of Multisystem Inflammatory Syndrome in Children

WHO CDC NHS-the Royal College of Pediatrics
and Child Health
Age (years) 0-19 <21 Children
Fever Fever > 3 days Subjective persistent fever > 24 hours  Persistent fever > 38.5°C
or documented fever > 38.0°C for >
24 hours
Clinical findings Mucocutaneous inflammation signs Evidence of clinical deterioration Single or multi-organ dysfunction
(e.g., stomatitis), bilateral requiring hospital admission, in (cardiovascular, respiratory, renal, GI,
non-purulent conjunctivitis or rash, addition to multiple (> 2) organ hematologic, dermatologic, or
shock or hypotension, ventricular dysfunction (renal, dermatologic, neurologic). Oxygen requirement and
dysfunction, valvulitis, pericarditis, or cardiovascular, respiratory, G, hypotension have been reported in
coronary involvement (including an hematologic, or neurologic) most kids. Other features, including
increased level of NT-proBNP abdominal pain, diarrhea, vomiting,
[troponin or echo findings), acute GI conjunctivitis, rash, sore throat,
manifestations, including abdominal cough, respiratory symptoms,
pain, diarrhea, or vomiting headache, confusion,
lymphadenopathy, stomatitis, neck
swelling, hands and feet edema,
syncope have been seen in some
children.
Laboratory findings Elevated inflammatory factors (e.g., Elevated ESR, CRP, LDH, procalcitonin, Abnormal fibrinogen level,

CRP, ESR, or procalcitonin) evidence of
coagulopathy in laboratory data (PT,
PTT, INR, and D-dimer)

Evidence of COVID-19 infection Positive for SARS-CoV-2 infection by
serology, antigen test, or RT-PCR or
exposure to patients with COVID-19

infection

Exclusion of other microbial causes  Exclusion of any other infectious
causes of inflammation, including
toxic shock syndrome, bacterial sepsis,
staphylococcal or streptococcal

infections

MIS-C must be considered in children
with characteristics of toxic shock
syndrome or typical or atypical
Kawasaki disease

Additional comments

fibrinogen, D-dimer, ferritin, IL-6,
hypoalbuminemia neutrophilia;
lymphocytopenia

hypoalbuminemia, high D-dimer and
ferritin amount Some: acute kidney
injury, anemia, coagulopathy,

thrombocytopenia, elevated IL-6,
elevated IL-10, hypertransaminasemia,
proteinuria, high troponin, increased
creatine kinase level, elevated
triglycerides, high LDH

RT-PCR, or antigen test, or serology
positive for COVID-19 or possible
contact with COVID-19 patients within
amonth before to the initiation of
clinical features

SARS-CoV-2 RT-PCR testing may be
positive or negative

Exclusion of alternative plausible
diagnoses

Exclusion of any other microbial
cause, including infectious
myocarditis, bacterial sepsis, and
staphylococcal/streptococcal toxic
shock syndromes

Consider MIS-C in any pediatric death
with evidence of COVID-19 infection. It
should be considered in children with
features of typical or atypical
Kawasaki disease who meet the case
definition for MIS-C

Children may fulfill full or partial
criteria for Kawasaki disease

Abbreviations: APTT, activated partial thromboplastin time; COVID-19, coronavirus disease 2019; CRP, C-reactive protein, echo, echocardiography; CXR, chest X-ray; ESR,
erythrocyte sedimentation rate; GI, gastrointestinal; IL, interleukin; LDH, lactic acid dehydrogenase; MIS-C, multisystem inflammatory syndrome in children; NT-proBNP,
N-terminal pro-B-type natriuretic peptide; PT, prothrombin time; PTT, partial thromboplastin time; 2, RT-PCR, reverse transcriptase-polymerase chain reaction; SARS-CoV-

2, severe acute respiratory syndrome coronavirus.

report of MIS-C, Riphagen et al. (24) found ventricular dys-
function in six out of eight cases. The majority of avail-
able studies in the literature also reported that ventricular
dysfunction happens in up to 50% of MIS-C patients (Table
2). Two case series mentioned cardiac dysfunction as an in-
clusion criterion (20, 38). Belhadjer et al. (20) considered
an acute LV failure (LV ejection fraction (LVEF) < 50%), and
Grimaud et al. considered cardiogenic/vasogenic shock as
an inclusion criterion (38). The incidence rate of cardio-
genic shock is much greater in this syndrome than in the
Kawasaki disease (60% vs. 7%) (45). Matsubara et al. (46)
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found severe LV dysfunction in MIS-C patients. They sug-
gested that the subclinical myocarditis might lead to ven-
tricular dysfunction.

The pathophysiology of cardiac dysfunction in pa-
tients with this syndrome is not known. The possible
causes of acute myocardial dysfunction following a COVID-
19 infection in adults include hypoxic injury, myocardi-
tis, ischemic heart injury due to coronary artery disease,
stress cardiomyopathy (Takotsubo), acute cor pulmonale,
and systemic inflammatory response syndrome (SIRS) (47-
50).
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Neurologic:
Seizure

Stroke

Aseptic Meningitis
Headache
Lethargy

Respiratory: E
Pneumonia B
ARDS

Pulmonary Embolism

Gastrointestinal:

Elevated Liver Enzymes (AST/ALT)
Diarrhea

Ileus

Gastrointestinal Bleeding
Nausea

Vomiting

Abdominal Pain

Cardiovascular:

Shock

Hypotension

Elevated Troponin
Elevated BNP

Abnormal Echocardiogram
Arrhythmia

Pericarditis

Valvulitis

Coronary Abnormalities
Tachycardia

LAB:
Neutrophilia
Renal: Lymphocytoper

AKI Hypoalbuminermia
Renal Failure Elevated CRP
Elevated ESR
Elevated Fibrinogen
Elevated Procalcitonin
Elevated D-dimer

Dermatologic: Elevated Ferritin

Erythroderma Elevated LDH
Mucositis Elevated IL-6L level
Rash Prolonged PT or PTT

Figure 1. Schematic representation of clinical signs of MIS-C patients (both CDC and WHO criteria are shown)

6.2. Laboratory Findings

The elevated troponin and B-type natriuretic peptide
(BNP)/pro-BNP levels have been reported in many patients
with MIS-C. In most studies, the elevated BNP and troponin
levels have been assessed as biomarkers to diagnose my-
ocardial injury in the absence of cardiac magnetic reso-
nance imaging (CMRI) or myocardial biopsies (15).

6.3. Coronary Involvement

Mostreports have mentioned coronary involvement in
0-40% of cases (Table 2) (16, 21, 24, 26, 41). Mild coronary
artery dilation with z-scores of 2 - 2.5 has been reported in
most cases. However, large coronary artery aneurysm cases
have also been mentioned. Some studies found the late de-
velopment of coronary artery dilation, which necessitates
an ongoing follow-up of MIS-C patients.

6.4. ECG Findings

Some case series reported rhythm abnormalities with
variable severity in 4% - 58% of patients (Table 2) (18, 22).
The most frequently reported arrhythmic manifestations
were QTc prolongation, ST-segment changes, and prema-
ture atrial or ventricular beats, which all are non-specific.
Whittaker et al. (18) reported first- and second-degree
atrioventricular blocks, and two other studies mentioned
atrial fibrillation (18, 33). Hemodynamic collapse and the
need for extracorporeal membrane oxygenation (ECMO)

support due to sustained dysrhythmias have also been re-
ported in these patients (18, 24).

6.5. Management

This syndrome is a newly reported condition, and only
afewstudies have addressed it so far. Our knowledge about
itis, therefore, limited, and the treatment of children with
MIS has been based on the experts’ advice and the man-
agement of Kawasaki disease. Due to the similarity of the
symptoms, the treatment method for adults with COVID-
19 and other systemic inflammatory diseases can also be
used in pediatrics. Management of these children requires
a multidisciplinary care team comprising pediatric spe-
cialists in cardiology, infectious disease, critical care, and
rheumatology.

Generally, the management is decided based on symp-
toms and their severity. Due to the potential shortage
of drug supplies in a pandemic and considering side
effects, pharmacotherapy is not recommended for non-
hospitalized children. For children who present with mild
symptoms, supportive care, including respiratory support
and fluid resuscitation, is, therefore, recommended. How-
ever, children with hemodynamic instability and severe ill-
ness require PICU admission, mostly for inotropic support,
which was reported in 20-100% of the cases (15-18, 20-22, 24-
27, 30-35, 37, 38). Some of the PICU-admitted children re-
quired a veno-arterial (V-A) support (0% -28%) (15, 17,18, 20,
24,30, 33).

Arch Pediatr Infect Dis. 2021; 9(4):e109915.
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Various treatments have been suggested, but their ef-
fectiveness is still questionable. Furthermore, these treat-
ments are based on experts’ opinions with no evidence to
affirm them.

6.6. Cardiac Support

As mentioned above, a large proportion of children
presenting with hemodynamic instability required acute
resuscitation. Therefore, it is necessary to follow the pedi-
atric resuscitation guidelines (51). Children suspicious of
ventricular dysfunction and cardiogenic shock should re-
ceive smaller fluid blouses (e.g., 10 mg/kg), with an evalua-
tion of the signs of fluid overload before each administra-
tion.

6.7. Immunomodulatory Therapy

The advantages of using immunomodulatory therapy
in the treatment of Kawasaki disease, as well as other sys-
temic inflammatory disorders, are well established (52,
53). An anti-inflammatory therapy, including intravenous
immunoglobulins (IVIGs) and corticosteroids, was used
in most patients, and a few cases also received an anti-
inflammatory dosage of aspirin (15, 16, 18, 20-22, 24, 26, 31,
32,34-38). Itis critical to remember that the administration
of IVIG in patients with cardiac dysfunction must be slower
to reduce the risk of fluid overload. The dosage of corticos-
teroids is based on clinical judgment, but in more severe
patients, using a low dosage is recommended.

The assessment of the pattern of cytokine storm in pa-
tients with MIS-C showed that an important component
of this disorder is macrophage activation, as it is also ob-
served in Kawasaki disease and other autoimmune disor-
ders such as systemic lupus erythematosus (35, 54). There-
fore, corticosteroids are another option in the treatment of
MIS-C patients, as they can modulate this condition. How-
ever, corticosteroids may cause hypertension that can fur-
ther exacerbate the underlying cardiac problem (45).

Two treatment protocols with corticosteroids have
been proposed. The first method involves an intravenous
injection of 0.8 mg/kg methylprednisolone, twice a day for
5 - 7 days or until achieving a normal CRP level and then
continuing with oral treatment with 2 mg/kg/day for 2 - 3
weeks. The second protocol includes intravenous methyl-
prednisolone 10 - 30 mg/kg/day for three days, followed by
oral prednisone/prednisolone 2 mg/kg/day for four days or
until achieving a normal CRP level and then tapering the
treatment over 2 -3 weeks. It is important to know that cor-
ticosteroids should not be administered in an active infec-
tion phase (1).

Arch Pediatr Infect Dis. 2021; 9(4):109915.

In some studies, cytokine blockers have been used as a
supplemental therapy, for example, interleukin 1 receptor
antagonist (e.g., anakinra), interleukin 6 (IL-6) inhibitors
(e.g., tocilizumab), and tumor necrosis factor (TNF)-« in-
hibitors (e.g., infliximab) (16, 18, 20, 22-25, 27, 29-31, 34).
These drugs can be prescribed for children who do not re-
spond to routine treatments.

6.8. Antiplatelet Treatment and Anticoagulation

Hypercoagulable state, blood stasis due to immobiliza-
tion, possible endothelial injury, and ventricular dysfunc-
tion are the proposed reasons for the increased risk of
thrombotic complications. As a result, anticoagulant ther-
apy should be considered based on coagulation tests and
symptoms (55, 56).

6.9. Antiviral Therapy

The benefits of antiviral therapy, such as remdesivir, for
children with this syndrome are still unknown (57, 58). The
reports suggest that MIS-C is more likely a post-infectious
complication in children rather than an active infection.
Nonetheless, antiviral drugs could be considered in pa-
tients with a positive RT-PCR test, after consulting an infec-
tious disease specialist.

7. Conclusions

In conclusion, children seem to proceed better with
the novel coronavirus infection than adults. On the other
hand, some children show signs and symptoms of MIS-C,
which is a severe complication of the disease. Pediatricians
should be aware of this syndrome and differentiate it from
other differential diagnoses, including the Kawasaki dis-
ease. These children can quickly deteriorate and should
closely be observed. The etiology of MIS-C is not yet fully
understood, and treatment is mostly based on experts’
opinions. More studies are, therefore, required to define
evidence-based management for this new syndrome, and
our study played a part in this literature contribution.
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