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Abstract
Initial reports on COVID-19 described children as largely spared from severe manifestations, with only 2-6% of children requiring
intensive care treatment. However, since mid-April 2020, clusters of pediatric cases of severe systemic hyperinflammation and shock
epidemiologically linked with COVID-19 have been reported. This condition was named as SARS-Cov-2-associated multisystem
inflammatory syndrome in children and showed similarities to Kawasaki disease. Here, we present a narrative review of cases reported
in literature and we discuss the clinical acute and follow-up management of these patients. Patients with SARS-Cov-2-associated
multisystem inflammatory syndrome frequently presented with persistent fever, gastrointestinal symptoms, polymorphic rash, con-
junctivitis, and mucosal changes. Elevated inflammatory markers and evidence of cytokine storm were frequently observed. A subset
of these patients also presented with hypotension and shock (20-100%) from either acute myocardial dysfunction or systemic
hyperinflammation/vasodilation. Coronary artery dilation or aneurysms have been described in 6-24%, and arrhythmias in 7-60%.
Cardiac support, immunomodulation, and anticoagulation are the key aspects for the management of the acute phase. Long-term
structured follow-up of these patients is required due to the unclear prognosis and risk of progression of cardiac manifestations.
Conclusion: Multisystem inflammatory syndrome is a novel syndrome related to SARS-CoV-2 infection. Evidence is still
scarce but rapidly emerging in the literature. Cardiac manifestations are frequent, including myocardial and coronary involve-
ment, and need to be carefully identified and monitored over time.

What is Known:

* Multisystem inflammatory syndrome in children (MIS-C) has been described associated with SARS-CoV-2.

What is New:

* Patients with MIS-C often present with fever, gastrointestinal symptoms, and shock. Cardiac involvement is found in a high proportion of these
patients, including ventricular dysfunction, coronary artery dilation or aneurysm, and arrhythmias.

* Management is based on expert consensus and includes cardiac support, immunomodulatory agents, and anticoagulation. Long-term follow-up is
required due to the unclear prognosis and risk of progression of cardiac manifestation.
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Abbreviations

BNP B-type natriuretic peptide
BMI Body mass index
CDC Centers for Disease Control and Prevention
COVID-19 Coronavirus disease 2019
CRP C-reactive protein
ECG Electrocardiogram
ECMO Extracorporeal membrane oxygenation
ESR Erythrocyte sedimentation rate
ICU Intensive care unit
IL Interleukin
KD Kawasaki disease
KDSS Kawasaki disease shock syndrome
LV Left ventricular
LVEF LV ejection fraction
MIS-C Multisystem inflammatory
syndrome in children
MRI Magnetic resonance imaging
PCT Procalcitonin
RCPCH Royal College of Pediatrics and
Child Health
RT-PCR Reverse-transcriptase protein chain reaction
SARS-CoV-2 Severe acute respiratory syndrome
coronavirus 2
TNF Tumor necrosis factor
WHO World Health Organization
Introduction

Initial reports during the early phase of the COVID-19 pan-
demic indicated that children were relatively spared from se-
vere manifestations, with 2-6% of children presenting with
severe illness [1-3]. However, since mid-April 2020, clusters
of pediatric cases of severe systemic hyperinflammation and
shock epidemiologically linked with COVID-19 were report-
ed. Riphagen et al. first described a case series of 8 previously
asymptomatic children presenting with hyperinflammatory
shock, ventricular dysfunction, and multiorgan involvement
[4]. This was followed by other reports of patients with
Kawasaki disease (KD) and KD-like syndrome, frequently
complicated by significant cardiac involvement [5-9].

The increasing number of reported cases led to a health
advisory from the Royal College of Pediatrics and Child
Health (RCPCH), the Centers for Disease Control and
Prevention (CDC), and the World Health Organization
(WHO), which identified these cases as a novel condition
named multisystem inflammatory syndrome in children
(MIS-C), also called pediatric multisystem inflammatory

@ Springer

syndrome (PMIS) [10-12]. For the purpose of this review,
the term MIS-C will be used. Here, we aim to review the
published case reports and case series of patients with MIS-
C, summarize the existing evidence on its cardiac manifesta-
tions in a form of narrative review, and propose a consensus-
based approach for the management of MIS-C. Methods of
the review process are reported as Supplemental material.

Definition of MIS-C

The RCPCH’s, CDC’s, and the WHO’s definitions of the
novel syndrome are shown in Table 1 [10—12]. All three def-
initions include presence of fever, laboratory evidence of in-
flammation, and multisystem organ involvement without al-
ternative plausible diagnoses, as well as evidence of COVID-
19 infection or recent exposure to a COVID-19 case. The
duration of fever, criteria for organ involvement, and need
for documentation of SARS-CoV-2 infection vary between
definitions.

Clinical presentation
Clinical symptoms

Children with MIS-C commonly present with persistent
fever, asthenia, diffuse erythematous polymorphic rash,
non-purulent conjunctivitis, and prominent gastrointes-
tinal symptoms (Table 2) [4-9, 13-29]. Other common-
ly reported symptoms are mucosal changes and periph-
eral edema, which, along with the rash and conjuncti-
vitis, resemble the clinical characteristics of KD [5-9,
13-31]. In contrast with adults, odynophagia and respi-
ratory symptoms were rarely seen [4, 9, 14, 15, 22-27].
Notably, a subset of patients presents with hypotension
and shock from either acute myocardial involvement or
systemic hyperinflammation/vasodilation, frequently
requiring intensive care admission, circulatory, and re-
spiratory support (Tables 2 and 3) [4, 5, 8, 9, 13-20,
22-25, 27].

Factors associated with MIS-C

Although comorbidities have been associated with more
severe disease in both adults and children with severe
COVID-19 [2], their role in MIS-C remains unclear.
While Belhadjer, Dufort and Feldstein et al. hypothesize
that overweight patients may have a higher risk to
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Table 1

Case definitions for SARS-CoV-2-associated multisystem inflammatory syndrome in children

Royal College of Paediatrics and Child
Health, UK

Centers for Disease Control and Prevention
(CDC), USA

World Health Organization (WHO)

A child presenting with persistent fever
(>38.5 °C), inflammation (neutrophilia,
elevated CRP, and lymphopenia) and
evidence of single or multiorgan
dysfunction (shock, cardiac, respiratory,
kidney, gastrointestinal, or neurological
disorder) with additional features*.

This may include children fulfilling full or
partial criteria for KD.

Exclusion of any other microbial cause,
including bacterial sepsis, staphylococcal
or streptococcal shock syndromes,
infections associated with myocarditis such
as enterovirus (waiting for results of these
investigations should not delay seeking
expert advice).

SARS-CoV-2 RT-PCR test results may be
positive or negative.

*Additional features:

Clinical:

Most: oxygen requirement, hypotension

Some: abdominal pain, confusion,
conjunctivitis, cough, diarrhea, headache,
lymphadenopathy, mucus membrane
changes, neck swelling, rash, respiratory
symptoms, sore throat, swollen hands and
feet, syncope vomiting;

Laboratory:

All: abnormal fibrinogen, high D-dimers,
high ferritin, hypoalbuminemia;

Some: acute kidney injury, anemia,
thrombocytopenia, coagulopathy, high
IL-10, high IL-6, proteinuria, high CK,
high LDH, high TG, high troponin,
transaminitis;

Imaging:

Echo and ECG: myocarditis, valvulitis,
pericardial effusion, coronary artery
dilation;

CXR: patchy symmetrical infiltrates, pleural
effusion;

Abdo USS: colitis, ileitis, lymphadenopathy,
ascites, hepatosplenomegaly;

CT chest: as for CXR. May demonstrate
coronary artery abnormalities if with
contrast.

An individual aged <21 years presenting
with fever*, laboratory evidence of
inflammation**, and evidence of clinically
severe illness requiring hospitalization,
with multisystem (>2) organ involvement
(cardiac, renal, respiratory, hematologic,
gastrointestinal, dermatologic or
neurological);

AND

No alternative plausible diagnoses;

AND

Positive for current or recent SARS-CoV-2
infection by RT-PCR, serology, or antigen
test, or COVID-19 exposure within
4 weeks prior to the onset of symptoms.

*Fever <38 °C for >24 h, or report of
subjective fever lasting >24 h.

**Including, but not limited to, one or more of
the following: an elevated CRP, ESR,
fibrinogen, procalcitonin, d-dimer, ferritin,
LDH, or IL-6, elevated neutrophils,
reduced lymphocytes and low albumin.

Additional comments:

Some individuals may fulfill or partial criteria
for KD but should reported if they meet the
case definition for MIS-C;

Consider MIS-C in any pediatric death with
evidence of SARS-Cov-2 infection.

Children and adolescents 0—19 years of age
with fever >3 days;

AND two of the following:

1. Rash or bilateral non-purulent
conjunctivitis or muco-cutaneous
inflammation signs (oral, hands or feet).

2. Hypotension or shock.

3. Features of myocardial dysfunction,
pericarditis, valvulitis, or coronary
abnormalities (including echo findings or
elevated troponin/NT-proBNP),

4. Evidence of coagulopathy (by PT, PTT,
elevated d-dimers).

5. Acute gastrointestinal problems (diarrhea,
vomiting, or abdominal pain).

AND

Elevated markers of inflammation such as
ESR, C-reactive protein, or procalcitonin.

AND

No other obvious microbial cause of
inflammation, including bacterial sepsis,
staphylococcal or streptococcal shock
syndromes.

AND

Evidence of COVID-19 (RT-PCR, antigen
test or serology positive), or likely contact
with patients with COVID-19.

Consider this syndrome in children with
features of typical or atypical KD or toxic
shock syndrome

APTT activated partial thromboplastin time, CK creatine kinase, COVID-19 coronavirus disease 2019, CXR chest X-ray, CRP C-reactive protein, echo
echocardiography, ESR erythrocyte sedimentation rate, /L interleukin, KD Kawasaki disease, LDH lactic acid dehydrogenase, MIS-C multisystem
inflammatory syndrome in children, NT-proBNP N-terminal pro—B-type natriuretic peptide, P7 prothrombin time, P77 partial thromboplastin time,
RT-PCR reverse transcriptase—polymerase chain reaction, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, 7G triglycerides

present MIS-C [24, 25, 27], patients overall were report-
ed to be previously healthy, and only occasionally had a
baseline chronic condition such as asthma or autoim-
mune disorders (Table 2) [4, 8, 15, 19, 20, 25, 27, 28].
Interestingly, none of the reported patients had known
congenital heart disease or preexisting cardiovascular

MIS-C.

disease. Finally, several case series have described a
high proportion of African ethnicity or ancestry [4, 18,
20, 24, 25], as well as Hispanic subjects [23-25]. Future
studies may help better understand the role of genetic
and socioeconomic status in the pathophysiology of
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Evidence of SARS-CoV-2 infection

While a small number of MIS-C patients have positive SARS-
CoV-2 reverse-transcriptase protein chain reaction (RT-PCR)
(Table 3), the majority have either known family exposures or
serologic evidence of prior infection. Time from infection to
onset of MIS-C symptoms varies among studies, from a few
days to months [17, 18, 25, 27]. Overall, a variable percent-
ages of subjects, from 0 [15, 30] to 100% [16] had positive
RT-PCR; however, in most of the reports, SARS-CoV-2 pos-
itivity varies between 20 and 53% (Table 2) [4, 5, 14, 17, 18,
20, 22-25, 27]. Generally, a higher percentage (75-100%)
had evidence of IgG antibodies (Table 2) [5, 15, 17, 18,
20-25, 27, 30] and suggest that a postinfectious immune re-
sponse may be responsible for this condition [32].

Laboratory findings

Elevated inflammatory markers and evidence of
hyperinflammation were widely reported and consistently
found in patients with MIS-C [4-9, 13-33]. Supplemental
Table 1 summarizes the main laboratory characteristics of
the existing cases in the literature. Overall, C-reactive protein
(CRP), procalcitonin (PCT), and erythrocyte sedimentation
rate (ESR) are highly elevated, as well as ferritin and IL-6.
A significant increase in D-dimer and fibrinogen are key fea-
tures of the coagulation profile, while the hematologic aspect
of the disease is characterized by leukocytosis, neutrophilia
with immature forms, lymphopenia, normal or decreased red
blood cell count and normal or decreased platelet count.

Cardiac involvement
Myocardial dysfunction

Left ventricular (LV) systolic dysfunction has been described
in a large proportion of children diagnosed with MIS-C in
both the initial reports and subsequent case series. Cardiac
findings in children with MIS-C are summarized in Table 2
and Table 3. In the first MIS-C case-series reported from the
UK, cardiac dysfunction was present in 6/8 patients (75%) [4].
In subsequent case series, ventricular dysfunction has been
reported in 35-100% of children with MIS-C, depending on
definition and inclusion criteria (Table 2) [4, 5, 8, 9, 13-25,
27, 30, 31].

Two of the published case series described selected cohorts
of patients with myocardial dysfunction as inclusion criteria
[17,27]. Belhadjer et al. reported a selected cohort of 35 MIS-
C patients who developed acute LV failure (LV ejection frac-
tion (LVEF) < 50%) or shock, fever, and elevated inflamma-
tory markers [27]. Management of these patients included
mechanical ventilation and inotropic support in 80% of pa-
tients, and extracorporeal membrane oxygenation (ECMO)
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support in 28%. All patients successfully weaned off ECMO
and none had died at the time of publication. [27]. Grimaud at
el. reported 20 patients admitted with cardiogenic/vasoplegic
shock and a median LVEF of 35% (IQR 25-55%). Nineteen
out of 20 patients required inotropes/vasopressors but no
ECMO support was needed. All patients had a full recovery
of the LV function prior to discharge [17].

A high proportion of patients also had elevated troponin
level or B-type natriuretic peptide (BNP)/pro-BNP values
(Table 2), which may be a useful marker for myocardial in-
volvement. Most patients had recovery of ventricular func-
tion, but 6-14% of patients had persistent dysfunction at dis-
charge (Table 3).

The mechanism underlying myocardial dysfunction in
MIS-C has not been yet fully elucidated. Possible causes of
myocardial injury in adults with COVID-19 include acute
myocarditis, hypoxic injury, ischemic injury caused by cardi-
ac microvascular damage or coronary artery disease, right
heart strain (acute cor pulmonale), stress cardiomyopathy
(Takotsubo), and systemic inflammatory response syndrome
[3, 34-37]. The variable timing and modality of presentation
with ventricular dysfunction suggests that different patho-
physiological mechanisms may be responsible: while the
acute infection may explain the occurrence of acute myocar-
dial damage, a second phase characterized by a post-viral
immunological reaction and systemic hyperinflammation
may explain the occurrence of myocardial inflammation and
dysfunction in predisposed subjects. In this second phase, a
combination of cardiogenic and distributive shock may be
observed. Advanced cardiac imaging in patients with MIS-C
and ventricular dysfunction may help us better understand the
underlying mechanism of injury, and presence of long-term
scar or myocardial damage.

Coronary involvement

Coronary artery dilation or aneurysms have been described in
6—24% of patients (Table 2) [4, 5, 14, 15, 18-25, 27]. Most
cases described mild coronary artery dilation with z-scores 2—
2.5. As coronary artery z-scores are based on healthy, non-
febrile children, some of the findings in the acute phase may
be related to coronary vasodilation in the setting of fever and
inflammation. However, there have also been reports of large
and giant coronary artery aneurysms [4, 20], and progression
of coronary aneurysm following discharge raising concerns
for coronary artery intimal disruption [4, 5, 19, 20]. The late
development of coronary artery aneurysm highlights the need
for ongoing follow-up of those patients.

Arrhythmia

Studies focusing on arrhythmic manifestations have described
7-60% of patients having rhythm abnormalities of variable
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severity (Table 2). The most frequently reported electrocardio-
gram (ECG) anomalies were non-specific and included ST
segment changes, QTc prolongation, and premature atrial or
ventricular beats. First- and second-degree atrioventricular
blocks were reported in one series, while atrial fibrillation
was described in two reports [9, 20]. However, there have also
been reported cases of sustained arrhythmias leading to hemo-
dynamic collapse and need for ECMO support [4, 20].

Hyperinflammatory state and resemblance
to Kawasaki disease

MIS-C overlaps with many features of KD [5, 20, 32].
KD is an acute pediatric vasculitis involving medium-
sized vessels typically affecting children <5 years of
age [38, 39]. The etiology of KD is still unknown, but it
has been considered an inflammatory syndrome likely
resulting from an infectious or other environmental trigger
in a genetically susceptible host. While no specific infec-
tious trigger has been confirmed, several viruses have
been implicated, including coronaviruses [40, 41].
Clinical diagnostic criteria include a persistent fever (>
5 days) and at least 4 of 5 clinical symptoms including
mucocutaneous involvement, non-purulent conjunctivitis,
polymorphous rash, unilateral lymphadenopathy, and
palmar/plantar erythema and desquamation. An incom-
plete form of KD is defined by persistent fever and pres-
ence of <4 of classical symptoms with suggestive labora-
tory data and/or echo findings [38, 39]. In the acute phase
of the disease, about 7% of patients manifest hemodynam-
ic instability, a condition known as KD shock syndrome
(KDSS) [39, 42]. Compared with KD patients without any
signs of shock, KDSS patients were more frequently fe-
male, had a larger proportion of bands, higher CRP, and
lower hemoglobin and platelet counts [42].

The small case series from Bergamo, Italy, reported a
30-fold increase in the incidence of KD or KD-like ill-
ness during the height of COVID-19 outbreak in the
region (uncorrected for seasonal incidence), with many
patients testing positive for IgG antibody and negative
RT-PCR [5]. When these cases were compared with 19
classical KD, COVID-19-associated cases were found to
be older (7.5+3.5 vs 3.0+£2.5 years), more likely to
present in shock (50% vs 0%), to have more cardiac
involvement (abnormal echocardiogram in 60% vs
10%), and more likely to have elevation in troponin or
BNP. Similarly, Whittaker et al. compared patients meet-
ing the MIS-C definition with classical KD or KDSS
patients [20], reporting that patients with MIS-C were
generally older, had higher white blood cell count, neu-
trophil count, CRP, fibrinogen levels and higher

troponin, as well as more profound lymphopenia, ane-
mia, and lower platelet counts.

While generally self-limited, KD can have a number of
long-term sequelae, the most important of which are car-
diovascular. In addition to ventricular and valvular dys-
function, patients with KD can develop persistent coro-
nary aneurysms, occurring in 20-25% of untreated chil-
dren [38, 43, 44]. Coronary dilation or aneurysms have
been reported in up to 25% of MIS-C patients, suggesting
a pathophysiologic similarity with KD. Even if MIS-C
patients have different clinical characteristics and labora-
tory findings compared with classical KD, the similarity
in clinical features and the development of coronary artery
aneurysms in both disorders may represent a key point for
the future understanding of underlying pathophysiologic
mechanisms [32]. Further studies will be needed to deeply
understand the pathophysiology of this disorder.

Management

Management of patients with MIS-C is reported in Table 3.
Overall, admission to the intensive care unit (ICU) for man-
agement of shock was described in 20-100% of the patients,
most often for inotropic support (Table 3) [4, 5, 8, 9, 13-25,
27, 30, 31]. More rarely, patients required V-A ECMO sup-
port (0-28%) [4, 9, 20, 23-25, 27]. Most patients received
immunomodulatory treatment with intravenous immunoglob-
ulin. The use of corticosteroids was less consistent and ranged
from low-dose treatment to high-dose methylprednisolone
pulses [4, 5, 8, 13, 14, 16-25, 27, 30, 31]. The use of anti-
inflammatory dosages of aspirin has been also occasionally
reported [5, 6, 21, 22]. Not infrequently, cytokine blockers
have been added as a supplemental therapy, with a preference
for IL-6 inhibitors (tocilizumab), but also IL-1 or tumor-
necrosis-factor (TNF)-«inhibitors (anakinra, infliximab) [4,
14-17, 19, 20, 22, 23, 25, 27, 28, 31, 33]. Antiplatelet treat-
ment with aspirin was frequently adopted, especially in pa-
tients with KD-like clinical presentations, or in those with
evidence of coronary involvement. A therapeutic or prophy-
lactic anticoagulation approach was less frequently used, ex-
cept for a few case series [16, 19, 23, 25, 27, 31].

Due to the scarce knowledge and the small number of re-
ported cases so far, the management of patients with MIS-C
has been largely based on expert opinion and extrapolated
from KD treatment, adult experience with COVID-19, and
other systemic inflammatory disorders in children. Here, we
describe a consensus-based approach for the acute and
medium-term management of children with MIS-C, as well
as a follow-up algorithm, developed within our Institution.
However, it is necessary to emphasize that there are currently
no approved therapies for MIS-C patients, and data from
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higher-evidence studies may quickly lead to changes in clin-
ical practice.

Proposed clinical approach

A multidisciplinary team should be involved in the manage-
ment of patients with MIS-C, including cardiology, rheuma-
tology, intensive care, and infectious disease specialists.
Given the lack of established treatment, possibility of harm,
and limited drug supply, treatment is currently not recom-
mended for (a) prevention or postexposure prophylaxis or
(b) non-hospitalized patients.

Cardiac support

As described above, a high proportion of patients will present
with shock and require acute resuscitation. Pediatric resusci-
tation guidelines should be followed [45]. In patients with
suspicion or evidence of ventricular dysfunction, smaller fluid
boluses (10 mg/kg) should be administered with careful reas-
sessment for signs of fluid overload between ecach.
Extracorporeal membrane oxygenation should be considered
if medical support fails.

Immunomodulatory therapy

There may be a benefit of immunomodulatory therapy in pa-
tients with MIS-C, severe disease, and evidence of cytokine
storm syndrome and/or those with cardiac involvement. Due
to recent emergence of MIS-C, no randomized trials or com-
parative effectiveness studies have evaluated treatment strate-
gies, but the benefits of immunomodulatory therapy are well
established in KD [39], and they are often used for the treat-
ment of infective myocarditis [46—48] and other systemic in-
flammatory diseases [49, 50]. Therefore, based on the experi-
ence in similar conditions, it appears reasonable to suggest an
immunomodulation approach based on intravenous immuno-
globulins (IVIGs). Slower IVIG administration should be con-
sidered in patients with myocardial dysfunction to decrease
the risk of fluid overload. Low-dose corticosteroids should
be considered in sicker patients, in patients with known base-
line conditions which can benefit from steroid treatment, or
based on clinical judgment. The use of biologic drugs (toci-
lizumab, anakinra, infliximab) could be considered in patients
with severe or critical illness, especially if they did not re-
spond to first-line treatments.

Antiplatelet treatment and anticoagulation
Children with MIS-C are at risk of thrombotic complications
from multiple causes, including hypercoagulable state, possi-

ble endothelial injury, stasis from immobilization, ventricular
dysfunction, and coronary artery aneurysm. For these reasons,
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antiplatelet and/or anticoagulation treatment is recommended.
Decisions about anticoagulation should be based on coagula-
tion tests, viscoelastic testing [51, 52], and clinical presenta-
tion. Patients with evidence of myocardial involvement or
coronary artery dilation may benefit from antiplatelet therapy
and prophylactic anticoagulation. In addition, therapeutic
anticoagulation may be considered in patients with very ab-
normal coagulation profile (i.e., D-dimer >3 mg/mL), docu-
mented thrombosis, arrhythmia, ventricular dysfunction great-
er than moderate, or giant coronary artery aneurysm.
However, it should be emphasized that this is based on ex-
perts’ opinion, with no evidence to support recommendations.

Antiviral therapy

The role of antiviral therapies (e.g., remdesivir) in the man-
agement of children with MIS-C is uncertain [53, 54].
Evidence suggests that MIS-C represents a postinfectious
complication rather than an active infection. Although we
did not include antiviral therapies as an established step in
our algorithm, antiviral therapy may be considered in patients
with severe manifestations and concerns for ongoing infection
with positive RT-PCR. A consultation with specialists in in-
fectious disease is highly recommended in this case.

Outpatient follow-up

Cardiac manifestations often improve and/or normalize prior
to hospital discharge, but some patients have shown residual
cardiac lesions. Additionally, some series reported progres-
sion of coronary artery aneurysm following discharge,
highlighting our limited knowledge of this disease and the
potential for long-term complications. Therefore, it is essential
to guarantee an adequate medium and long term follow-up to
these patients.

At this point of knowledge, we recommend follow-up for
at least a year after initial diagnosis (Fig. 1). At initial visits,
laboratory testing should be obtained to document normaliza-
tion of inflammatory markers and resolution of hematologic
anomalies. Laboratory testing may also guide weaning of cor-
ticosteroids if used in the acute phase. Echocardiograms
should be obtained at regular intervals for evaluation of ven-
tricular function and coronary artery dimensions. ECGs
should also be obtained due to reports of arrhythmias includ-
ing atrioventricular block, which may progress after initial
diagnosis. If anomalies are identified on ECG, Holter moni-
tors may be useful as further investigation. In patients with a
history of ventricular dysfunction, cardiac magnetic resonance
imaging (MRI) may be considered 2—6 months after initial
diagnosis for evaluation of ventricular function, edema, dif-
fuse fibrosis, and scar.

While the prothrombotic risk is greatest in the acute phase,
the optimal duration of antiplatelet and anticoagulation
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Inpatient
Echocardiogram:

- Repeat at 5-7 days or prior to discharge if ventricular dysfunction
or dilated coronary arteries;

- Repeat at 7-10 days if within normal limit (can be done as
outpatient).
G:

- Every 48 hours;
- If 1st degree AVB, daily ECG and continuous telemetry.

Antiplatelet: Continue aspirin following discharge.
Anticoagulation:

- If no cardiac involvement: stop prior to discharge;

- If cardiac involvement: continue following discharge;

- If documented thrombosis: continue following discharge;
- Consider transition to apixaban at time of discharge;

Exercise restriction
- For 2 weeks if no evidence of cardiac involvement

(normal ventricular systolic function, normal and
troponin levels);

- For 3-6 months if evidence of cardiac
involvement.

More frequent follow-up may be required if
- Ventricular dysfunction;

- Coronary artery dilation.

7-10 days follow-up

- Labs: CBC, electrolytes, renal function, liver enzymes, CRP, ESR,
PCT, coagulation, viscoelastic test, D-dimer, ferritin, LDH;

- Echocardiogram;

- ECG;

- Consider Holter monitor if 15t degree AVB or arrhythmia;

- If no cardiac involvement, consider stopping aspirin;

- If ventricular dysfunction or coronary dilation, consider stopping
anticoagulation and continuing aspirin.

l

4-6 weeks follow-up

- Echocardiogram;

- ECG;

- Consider Holter monitor if 1st degree AVB or arrhythmia;

- If normal echocardiogram, consider stopping aspirin;

- If persistent ventricular dysfunction or coronary dilation, consider
continuing aspirin.

4-6 months follow-up

- Echocardiogram;

- ECG;

- Consider Holter monitor if 1st degree AVB or arrhythmia;

- Exercise stress test for patients with history of ventricular
dysfunction or elevated BNP or elevated troponin;

- Consider cardiac MRI in patients with history of ventricular;
dysfunction or elevated BNP or elevated troponin;

- If normal echocardiogram, consider stopping aspirin;

- If persistent ventricular dysfunction or coronary dilation,

- consider continuing aspirin.

|

9-12 months follow-up

- Echocardiogram;

- ECG;

- Consider Holter monitor if 1st degree AVB or arrhythmia;

- If persistent ventricular dysfunction or coronary dilation, consider
continuing aspirin.

Fig. 1 Suggested outpatient follow-up of patients with MIS-C. AVB
atrioventricular block, ECG electrocardiogram, CBC complete blood
count, CRP C-reactive protein, ESR erythrocyte sedimentation rate,
MRI magnetic resonance imaging, PCT procalcitonin, LDH lactic
dehydrogenase

remains unclear. Patients with documented thrombosis should
be continued on anticoagulation for at least 3 months after
discharge. Coagulation, D-dimer, and viscoelastic testing
may help guide discontinuation of anticoagulation.
Moreover, patients with persistent ventricular dysfunction

@ Springer

and/or coronary artery aneurysm may also benefit from
long-term antiplatelet and/or anticoagulation depending on
the severity of cardiac involvement.

Exercise restriction

Due to the high prevalence of myocardial involvement with
MIS-C, the safety to return to physical activity and exercise
after discharge is unanswered. While the etiology of the myo-
cardial involvement remains unknown, it is clear that there are
similarities to acute myocarditis. Thus, one can argue that
guidelines for return to sport participation after myocarditis
should be followed in those patients [48, 55]. After acute
myocarditis, restriction from physical activity for at least
6 months following diagnosis is recommended.
Preparticipation evaluation with echocardiograms and exer-
cise testing may be beneficial to document the safety of exer-
cise participation.

Conclusion

MIS-C is a novel syndrome related to SARS-CoV-2 infection
characterized by fever, signs of inflammation, and organ dys-
function. Evidence is still scarce but rapidly emerging from
literature. Myocardial involvement, due to either acute myo-
carditis or secondary hyperinflammation, is frequent in chil-
dren with MIS-C. Coronary dilation or aneurysm and arrhyth-
mias may develop and evolve over time. Cardiac support,
immunomodulation, and antiplatelet/anticoagulation treat-
ments are part of the management of acute MIS-C. Finally,
follow-up of MIS-C patients is essential to better understand
the evolution and prognosis of this disease. Future studies are
needed to define evidence-based management of this novel
condition.
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