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Background Multisystem inflammatory syndrome in children (MIS-C) is a rare life-threatening clinical condition that can develop in
patients younger than 21 years of age with a history of infection/exposure to severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2). The cardiovascular system is a main target of the inflammatory process that frequently
causes myocardial dysfunction, myopericarditis, coronary artery dilation, hypotension, and shock. Multisystem inflam-
matory syndrome in children-associated myocarditis is usually characterized by fever, tachycardia, non-specific elec-
trocardiogram abnormalities, and left ventricular dysfunction, but serious tachyarrhythmias may also occur. We report
two cases of patients with MIS-C-associated myocarditis who developed severe bradycardia.

Case summary Two female adolescents with recent history of coronavirus disease 2019 (COVID-19) were initially hospitalized for
long-lasting high-grade fever and severe gastrointestinal symptoms. Both patients were diagnosed with MIS-C-associated
myocarditis for elevation of markers of myocardial injury (mean highly-sensitive cardiac troponin 2663 pg/mL, mean N-
terminal-pro-brain natriuretic peptide 5097 pg/mL) and left ventricular dysfunction, which was subsequently confirmed
by cardiac magnetic resonance. Both patients developed a severe sinus bradycardia (lowest heart rate 36 and 42, re-
spectively), which appeared refractory to the treatment with intravenous Methylprednisolone and Immunoglobulins, des-
pite a clinical and biochemical improvement. The use of Anakinra (a recombinant interleukin-1 receptor antagonist), was
associated with a rapid improvement of cardiac rhythm and excellent clinical outcome at 6 months of follow-up.

Discussion In patients with MIS-C-associated myocarditis, a continuous cardiac monitoring is mandatory to promptly identify
potential conduction abnormalities. Adolescents may present bradycardia as a rhythm complication. We experi-
enced a rapid recovery after treatment with Anakinra, to be considered as add-on therapy in cases refractory to
standard anti-inflammatory treatment.
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Learning points

® Sinus bradycardia may be an early and likely immune-mediated
complication of multisystem inflammatory syndrome in
children-associated myocarditis.

® A continuous cardiac monitoring is mandatory to identify
conduction abnormalities in those patients.

® Early administration of Anakinra may reduce the progression
of myocardial damage and the risk of cardiac conduction
disorders.

Introduction

Multisystem inflammatory syndrome in children (MIS-C) is a rare but
potentially fatal clinical condition associated with severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) infection or
exposure.’

Regardless of the various definitions, the main clinical manifesta-
tions include long-lasting fever with increased inflammatory markers
associated with at least two of the following: rash, bilateral non-
purulent conjunctivitis, mucocutaneous inflammation in the oral cav-
ity or extremities, coagulopathy, signs or symptoms of organ damage
in cardiovascular, respiratory, gastrointestinal, renal, and neurological
systems.”

The diagnosis of MIS-C also requires the exclusion of other plaus-
ible alternative diagnoses (infectious, rheumatologic, and immuno-
logic diseases) and a temporal correlation with infection/exposure to
SARS-CoV-2.>*

Multisystem infllmmatory syndrome in children mainly occurs
about 2—6 weeks after SARS-COV-2 exposure, and a significant pro-
portion of patients requires intensive care, with an estimated mortal-
ity rate that ranges between 1.7% and 5%.""

Up to 80% of children with MIS-C show cardiovascular involve-
ment,® although the pathophysiological mechanisms and risk factors
for severe courses are still unclear.® In addition, pathological data and
advanced imaging (cardiac magnetic resonance imaging—MRI) find-
ings are scarce in children.”

According to a recent systematic review, 75.3% of patients with
MIS-C developed myocarditis,® with mild-to-severe increase of myo-
cardial injury markers (highly-sensitive cardiac troponin—hs-cTn,
brain natriuretic peptide—BNP, N-terminal-pro-BNP, and muscle
brain creatine kinase—CK-MB).

Children with MIS-C-associated myocarditis usually present
with fever, chest pain, sinus tachycardia, non-specific T-wave
abnormalities, left ventricular ejection fraction impairment, and
cardiogenic shock.”'® Similarly to other viral and non-viral myo-
carditis, a minority of patients may develop electrical conduction
disorders like life-threatening arrhythmias, variable degrees of
atrioventricular block, ventricular fibrillation/flutter, or ventricular
tachycardia."""?

We describe two cases of myocarditis in MIS-C complicated by
unusual and severe bradycardia.

Timeline
Time Events
Patient 1
Days 0 Onset of fever, asthenia, abdominal pain, and diarrhoea.
Day 5 Hospital admission. Finding of significant increase in

acute phase proteins and myocardial injury.
Ecocardiography revealed a global reduction in left
ventricular ejection fraction (EF 36%) and mild ven-
tricular dysfunction with tricuspid insufficiency.
Diagnosis of multisystem inflammatory syndrome in
children (MIS-C). Starting treatment with
Methylprednisolone, IVIG, Enoxaparine, and

Enalapril.

Day 8 Onset of bradycardia. 24-h Holter monitoring showed
mean heart rate (HR) 51 with sinus rhythm.

Day 12 Starting treatment with Anakinra.

Day 14 Improvement of HR and systolic function.

Day 17 Cardiac magnetic resonance imaging (MRI) showed

sub-acute phase myocarditis, with sub-epicardial in-
volvement of left ventricle. EF 63%.

Day 28 24-h Holter monitoring confirmed the normalization of
HR.

Patient 2

Day 0 Onset of asthenia, laterocervical lymphadenomegaly,

fever, and diarrhoea.

Day 3 Hospital admission. Laboratory tests showed significant
increase in acute phase proteins and myocardial in-
jury markers. Diagnosis of MIS-C.

Day 4 Starting treatment with Methylprednisolone, IVIG,
Enoxaparine, and Enalapril.

Day 6 Ecocardiography revealed thin flap of pericardial effu-
sion (4 mm) with normal cardiac morphology and
contractility (EF 62%).

Day 8 Onset of bradycardia. 24-h Holter monitoring showed
mean HR 55 with sinus rhythm.

Day 13 Starting treatment with anakinra.

Day 15 Improvement of HR and systolic function.

Day 27 Cardiac MRI showed outcomes of myocarditis with

sub-epicardial involvement of the mid-ventricular
area. EF 59%.

Case presentation

Patient 1

A previously healthy non-obese Caucasian 12-year-old girl was
admitted to our department for a 5-day fever unresponsive to anti-
biotic therapy, asthenia, severe abdominal pain, and acute diarrhoea
characterized by about 10 loose stools in 24 h.

At hospital admission, the girl was in fair clinical conditions, with
the following clinical parameters; heart rate (HR) 90 b.p.m., respira-
tory rate (RR) 20b.p.m., peripheral oxygen saturation (SpO,) 99%,
and blood pressure (BP) 110/70 mmHg.
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Physical examination showed mild dehydration with capillary refill
time of about 3's, moderate—severe abdominal pain in the epigas-
trium (Numerical Rate Scale 8/10), regular cardio-respiratory activity,
and no signs of respiratory distress.

Significant increase in acute phase proteins (ferritin, C-reactive
protein, procalcitonin, fibrinogen, and D-dimer) and markers of myo-
cardial injury (hs-cTn, BNP, NT-pro-BNP, and CK-MB) with neutro-
philia, lymphopenia, and thrombocytopenia were detected (Table 7).

Transthoracic echocardiography showed a global reduction in left
ventricular ejection fraction [ejection fraction (EF) 36%] with normal
cavity size and parietal thickness. Mild right ventricular dysfunction
and tricuspid insufficiency with normal estimated pulmonary systolic
pressure were also detected. A minimal pericardial detachment was
present.

Electrocardiography (ECG) showed normal sinus rhythm. QTc
interval, calculated according to Bazett’s formula, was prolonged
(547 ms)."?

Ultrasonographic examination of the abdomen showed mesenter-
ic thickening and a fluid collection in subumbilical region with in-
homogeneous content (max diameter 35mm). Urgent surgical
conditions were ruled out.

No evidence of infiltrative parenchymal lesions was observed at
Chest X-ray.

An extensive work up was performed to exclude other aetiologies
potentially responsible for the clinical status, including blood cultures,
specific test for EBV-DNA, CMV-DNA, Mycoplasma pneumoniae and
Chlamydia pneumoniae, and serology for coeliac disease. All of these
were found to be normal or negative. Stool were negative for enteric
pathogens (including SARS-CoV-2).

The patient had history of exposure to coronavirus disease 2019
(COVID-19) cases approximately 1 month before, so a nasopharyn-
geal swab for SARS-CoV-2 RNA and specific serology were per-
formed. Positive IgG antibodies against SARS-CoV-2 in the absence
of RNA on nasopharyngeal swab were detected. Both tests were
positive in the mother, who took care of the daughter during
hospitalization.

The presence of persistent fever, elevation in laboratory markers
of inflammation, signs and symptoms of organ dysfunction, lack of al-
ternative diagnoses, and infection/exposure to SARS-CoV-2, defined
the diagnosis of MIS-C complicated by myocarditis.

Immediately after diagnosis, Methylprednisolone as bolus of
20 mg/kg body weight was started followed by progressive oral
tapering, intravenous immunoglobulins  (IVIG; 2g/kg), and
Enoxaparine (80 Ul/kg/day). Enalapril (0.2 mg/kg/day) was also intro-
duced to reduce cardiac workload and treat the left ventricular dys-
function and remodelling.

During the following days, general clinical conditions and labora-
tory tests progressively improved. QTc normalized 5 days after the
beginning of treatment, however, a further ECG and the continuous
cardiac monitoring revealed the presence of asymptomatic bradycar-
dia, with HR below 45 b.p.m. (Figure 1A).

For this reason, a 24-h Holter monitoring was obtained, which
showed a sinus rhythm with bradycardia throughout the day (min-
imum HR 36b.p.m.; mean HR 50b.p.m.; maximum HR 104b.p.m.)
(Figure 2A). Pauses lasting longer than 2s were not detected.
Atrioventricular and intraventricular conduction was regular and
QTc interval was confirmed within normal limits.

Table | General characteristics, clinical features, and
laboratory findings of two paediatric patients with MIS-
C

General characteristics Patient1  Patient 2
Gender/age (years) Female/12  Female/12
SARS-CoV-2 testing
SARS-CoV-2 IgG Positive Positive
Real-time PCR on nasopharyngeal swab Negative Positive
Clinical features
Duration of fever (days) 5 3
Cough No No
Interstitial pneumonia No No
Diarrhoea Yes Yes
Abdominal pain Yes Yes
Mucosal/skin lesions Yes No
Serositis Yes Yes
Neurocognitive symptoms No No
Cervical lymphadenopathy >1.5cm No Yes
diameter
Laboratory findings
C-reactive protein, mg/L (maximum) 278 715
Ferritin, ng/mL (maximum) 858 912
D-dimer, mg/L (maximum) 429 2.88
White blood cells (highest levels) 8470 10230
Neutrophils (highest levels) 7290 6820
Lymphocytes (lowest levels) 590 1180
Thrombocytes (lowest levels) 111000 202 000
Haemoglobin, g/dL (lowest levels) 9.4 12
Cardiac involvement
hs-cTn, pg/mL (highest levels) 1494 3833
CK-MB, ng/mL (highest levels) 47 0.6
NT-proBNP, pg/mL (highest levels) 8184 2011
BNP, ng/mL (highest levels) 470 230
24-h Holter monitoring
Lowest HR (b.p.m.) 36 42
Mean HR (b.p.m.) 50 55
Highest HR (b.p.m.) 104 94
Prolonged QTc Yes No
Nonspecific T-wave abnormalities No Yes
Tricuspidal insufficiency Yes No
Ejection fraction (lowest rate %) 36 59
Mitral regurgitation No No
Coronary dilation No No
Pericardial effusion Yes Yes

CK-MB, muscle brain creatine kinase; HR, heart rate; Hs-cTn, highly-sensitive car-
diac troponin; NT-pro-BNP, N-terminal-pro-brain natriuretic peptide.

Thyroid function was normal.

The persistence of severe bradycardia for more than 72 h despite
the treatment with steroids and IVIG was considered as a clinical par-
ameter of potential treatment failure. In that scenario, the use of
Anakinra, a recombinant interleukin (IL)-1 receptor antagonist, was
considered as second-line therapy. The administration of Anakinra
(dose of 4mg/kg/day), was related with a subsequent rapid
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Figure | Patient 1 (A) and 2 (B) 12-lead electrocardiograms performed when bradycardia was first detected.

improvement of HR, and a further reduction of the markers of inflam-
mation, until complete normalization (Figure 3).

After 12 days, following the stabilization of general clinical condi-
tions and vital parameters, cardiac MRI was also performed. Sub-
acute phase myocarditis, with sub-epicardial involvement in lateral
and postero-lateral walls of left ventricle was detected, in the ab-
sence of areas of myocardial fibrosis/necrosis. Left ventricle
showed normal size and parietal thickness with preserved global
systolic function at rest (EF 63%). No alteration in right chambers
and valves was found. A minimal pericardial effusion was observed
(Figure 4A and B).

Before discharge, a new 24-h Holter ECG confirmed the normal-
ization of HR (minimum HR 60 b.p.m.; mean HR 96 b.p.m.; maximum
HR 160 b.p.m.) (Figure 2B).

Cine MRI sequences of Patient 1 were captured after 2 weeks
from symptoms onset (Videos 1-2).

At a 9-month follow-up, the girl showed a good clinical outcome
with optimal cardiac function and normal HR values for age.

Patient 2

A previously healthy non-obese Caucasian 12-year-old girl with
SARS-CoV-2 infection was admitted to our department for

suspected MIS-C: the patient had asthenia, pharyngodynia, 3-day
antibiotic-resistant fever, diarrhoea, and laterocervical lymphadeno-
megaly that presented approximately 4 weeks after the diagnosis of
COVID-19.

On admission, she was in good general conditions, with HR
120 b.p.m., SatO, 98%, RR 22 b.p.m., BP 110/65 mmHg.

Physical examination showed moderate abdominal pain in the epi-
gastrium (NRS 5/10), mild dehydration with capillary refill time of
about 3 s, regular cardio-respiratory activity without signs of respira-
tory distress.

Laboratory tests showed significant increase in acute phase pro-
teins and myocardial injury markers (Table 7).

A thin flap of pericardial effusion (4 mm) in the absence of altera-
tions in cardiac morphology and contractility (EF 62%) was observed
at transthoracic echocardiography.

Electrocardiography showed normal sinus rhythm with non-spe-
cific atypia in the ventricular recovery phase in Patient 2. QTc
interval, calculated according to Bazett's formula, was borderline
(453 ms)."?

Abdominal ultrasonography showed a fluid collection in the pelvic
cavity with inhomogeneous content (50 x 40 x 30 mm) associated
with mesenteric thickening. Chest X-ray was found to be normal.
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Figure 2 24-h Holter monitoring of Patient 1 obtained during bradycardia (A) and after recovery (B).

The patient showed a positive serology and nasopharyngeal real-time
PCR for SARS-CoV-2 (cycle threshold 39).

Other main aetiologies potentially responsible for the clinical sta-
tus were ruled out.

Based on clinical and biochemical parameters, a diagnosis of MIS-C
complicated by myocarditis was made and initial treatment with
Methylprendisolone, IVIG, Enoxaparine, and Enalapril was promptly
started.

As previously described, despite a progressive improvement in
general clinical conditions and laboratory tests, asymptomatic brady-
cardia was detected during cardiac monitoring (HR below 45 b.p.m.)
(Figure 1B), this finding was confirmed by a 24-h Holter monitoring
(minimum HR 42bp.m.; mean HR 55bp.m,; maximum HR
94b.p.m.). Pauses lasting longer than 2s were not observed.
Atrioventricular and intraventricular conduction was regular and
QTc interval was within normal limits. Thyroid function was normal.

In consideration of the successful response to the IL-1 receptor
antagonist observed in patient 1, Anakinra (4 mg/kg/day) was

promptly started, with a subsequent rapid and persistent improve-
ment of HR, and progressive normalization of inflammatory markers
(Figure 3).

A cardiac MRI performed 15 days after showed outcomes of myo-
carditis with sub-epicardial involvement in lateral and postero-lateral
walls of the mid-ventricular area, in the absence of myocardial fibrosis
or necrosis. Left ventricle showed normal size and parietal thickness
with preserved global systolic function at rest (EF 59%).

At a 9-month follow-up, the patient maintained optimal cardiac
function and normal HR values for age.

Discussion

Multisystem inflammatory syndrome in children is a severe and po-
tentially fatal clinical condition temporarily associated with SARS-
CoV-2 infection in children. Its incidence significantly varies among
countries, with few cases reported in Southeast Asia and higher
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Figure 3 Time course and response to therapies of heart rate, markers of myocardial damage, and C-reactive protein in two paediatric patients
with multisystem inflammatory syndrome in children.
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Figure 4 Cardiac magnetic resonance imaging scans of Patient 1. (A) Short inversion time inversion-recovery sequences showed myocardial signal
hyperintensity of the left ventricle, suggesting interstitial oedema. Absence of late gadolinium enhancement suggestive of focal myocardial necrosis/fi-
brosis. (B) Thin flap of pericardial effusion along the inferior wall of the left ventricle (arrow).

Video | Left ventricular short axis cine-MRI (patient 1).

incidence in European, Northern and Southern American countries.
A recent cohort study in USA estimated an incidence rate of 3/
10000 SARS-CoV-2 infected patients younger than 21 years of age.™

Risk factors for developing MIS-C are currently unknown; how-
ever, the presence of underlying comorbidities (excluding obesity)
does not apparently expose children to higher risk or worst
outcome.

Although usually affect otherwise healthy children and adolescents,
MIS-C may be lethal in 1.7% of patients and 71% of affected subjects
require intensive care suppor't.5

Together with gastrointestinal tract (abdominal pain, diarrhoea,
and serositis), the cardiovascular system is the main target organ of
the immune-mediated inflammatory process accounting for more
than 80% of MIS-C patients.

Multisystem inflammatory syndrome in children has overlapping
features with Kawasaki Disease (KD); however, there are several epi-
demiological and clinical differences. Multisystem inflammatory syn-
drome in children predominantly affects children older than 5 years
without a clear sex bias, results in a more common and severe
gastrointestinal involvement, and a more frequent cardiovascular

Video 2 4-chambers cine MRI (patient 1).

impairment resulting in higher rates of myocardial dysfunction and
shock. A similar rate of coronary artery dilations and aneurysms (4—
20%) has been reported, although persistent aneurysms seem to be
less frequent in MIS-C patients if compared to Kawasaki."®

As reported in adult COVID-19 patients, who more frequently
present previous cardiovascular diseases, cardiac involvement is
related with a severe prognosis and increased mortality rate.'® The
pathogenic mechanisms supporting the cardiovascular injury in chil-
dren and adolescents with MIS-C, as well as factors affecting the clin-
ical presentation and outcomes are far from being clear.

Therefore, it is critical to ensure an extensive cardiological, bio-
chemical, and imaging work-up for all patients with MIS-C.

The main cardiovascular disorders diagnosed in this population are
myocarditis, pericarditis, mitral regurgitation, arrhythmias, coronary
artery aneurysms, hypotension, and shock.!

Myocardial injury results in a broad spectrum of clinical manifesta-
tions, ranging from mild non-specific symptoms to chest pain, leth-
argy, tachycardia, or even cardiogenic shock.'”” Heart rate often
seems to be disproportionately elevated compared with the overall
appearance of the child and sinus tachycardia represents the most
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Video 3 4 chambers echo-video (patient 1).

frequent presenting sign of myocarditis. Available evidence indicates
that low-specific ECG changes such as repolarization abnormalities
and alterations in the electrical conduction system can be frequently
found in myocarditis, but life-threatening arrhythmias and conduction
abnormalities, including variable degrees of atrioventricular block,
ventricular fibrillation/flutter, or ventricular tachycardia can
occur."® Echocardiography shows ventricular systolic dysfunction,
pericardial effusion, impaired diastolic release, and impaired biventric-
ular strain in most cases.”

Only in rare cases cardiac magnetic resonance (MRI) has been per-
formed in COVID-19-related myocarditis. An atypical pattern with
evidence of myocardial signal hyperintensity in T2-short inversion
time inversion-recovery sequences, suggesting interstitial oedema,
with no evidence of late gadolinium enhancement suggestive of re-
placement fibrosis or focal necrosis has been identified.”

Limited histological data from myocardial biopsies is available in
adults. The presence of SARS-CoV-2 in myocardiocytes was not
detected in all patients, suggesting that myocardial damage is not ne-
cessarily virus-induced but most likely immune-mediated."”

According to Lake-Louis criteria, the diagnosis of myocarditis
can be made in a patient presenting with suggestive symptoms
and signs, specific laboratory alterations, and coherent cardiac MRI
findings."”

In both our patients, despite the absence of prominent clinical signs
or symptoms, the diagnosis of myocarditis was based on the elevation
of markers of myocardial injury in association to echocardiographic
findings. Bradycardia was a late and unexpected sign detected during
clinical visits and continuous cardiac monitoring. Sinus bradycardia
alone is an extremely rare manifestation of cardiac involvement in
patients with MIS-C. Its occurrence is reported in a very small num-
ber of case series and is quite poorly described.*® The exact patho-
genetic mechanism underlying the development of conduction
abnormalities is currently unknown.'* We could infer that the dam-
age of electrical conduction system cells could be secondary to a viral
propagation within the myocardial cells® although being MIS-C an
immune-mediated response to SARS-CoV-2, bradycardia might be
more likely sustained by an inflammatory mechanism, even after com-
plete clearance of viral infection.

The finding of a sinus bradycardia as main and single rhythm dis-
order, in absence of conduction abnormalities (i.e. atrioventricular
blocks), suggests extrinsic causes as a possible trigger of sinus node
dysfunction, rather than a primary cardiac disease. Conduction

disorders, more frequently than rhythm disturbances, have been
reported in several autoimmune rheumatic diseases, and usually
occur during clinical flares and regress in disease remission.

In patients with systemic lupus erythematosus (SLE), sinus node
dysfunction is related to a small vessel vasculitis and infiltration by
granulation tissue, and newborns to SLE mothers may develop
rhythm and conduction disorders, up to complete heart block, due
to the transplacental passage of anti-Ro/SSA and anti-La/SSB.'

It is plausible that a similar immune-mediated mechanism may de-
termine conduction disturbances in children with MIS-C, who dem-
onstrated a secondary autoreactive humoral response. In that
scenario, Gruber et al?* demonstrated IgG and IgA autoantibodies
repertoire against endothelial, mucosal and immune antigens that can
trigger potent inflammation and tissue damage. Particularly, the pres-
ence of anti-La/SSB and anti-Jo-1 in children with MIS-C, suggests that
those patients may share similar pathophysiology with classic auto-
immune disorders, including SLE or idiopathic inflammatory
myopathies.

In addition, there is evidence that patients with SLE and positive
anti-Ro/SSA antibodies have an increased likelihood of prolonged
QTg, similarly to what we observed in the early inflammatory phase
of Patient 1.

We also considered the opportunity that bradycardia may have an
jatrogenic aetiology in patients receiving high doses of IVIG and
steroids.

Bradycardia is known to be an extremely rare adverse event of
IVIG infusion. As reported in a single case report of an adult patient,
the reduction in HR occurred shortly after the start of the infusion
and resolved spontaneously in less than 48 h2% In children with
Kawasaki, the combination of IGEV with intravenous steroids
increases the risk of developing bradycardia compared with IGEV
alone.”*

In contrast with this evidence, in both our patients, the bradycardia
occurred approximately 72 h after initiation of IVIG and persisted for
7 or more days. No other drugs potentially associated with bradycar-
dia or vagal stimuli were administered. For this reason, we attributed
the absence of spontaneous improvement in HR to the myocardial
damage sustained by inflammation and interpreter this finding as a po-
tential failure to first-line treatment.

Based on expert consensus and evidence coming from large case
series, the use of IL-1 receptor antagonist has been proposed for
patients refractory to first-line treatment.5**

Furthermore, the biochemical-radiological evidence of myocarditis
and the rapid normalization of HR after administration of Anakinra
might further support this hypothesis.

The up-regulation of the IL-1b pathway, together with the pres-
ence of endothelial damage, plays a central role in the pathogenesis
of postviral myocarditis.

Patient 1 came to our observation with a longer lasting fever and
with higher inflammatory markers upon admission, and showed a
more extensive myocardial damage and a more pronounced brady-
cardia. This may support the hypothesis that inflammation plays an
important role in cardiac involvement in MIS-C and that an early diag-
nosis is crucial to avoid a sustained damage.

Of note, among all the patients who received a diagnosis of MIS-C
at our department, both patients who had severe myocardial
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involvement showed bradycardia, although treatment was adminis-
tered at the same timing and doses. This finding would suggest that
bradycardia may represent an event more frequent than expected in
children developing MIS-C-associated myocarditis. Since MIS-C is a
relatively new condition and its long-term cardiac sequelae are still
poorly understood, ongoing cardiologic follow-up is warranted.

At a 9-month follow-up, both patients showed a good clinical out-
come with optimal cardiac function and normal HR values for age.

The clinical course of our patients with myocarditis suggests the
need of a continuous cardiac monitoring as an essential diagnostic
tool for a prompt detection of rhythm anomalies. In addition, since
the use of Anakinra was associated with a concomitant improvement
of bradycardia, clinical trials could be proposed to test the efficacy of
Anakinra in patients with myocarditis and MIS-C, in order to reduce
the progression of myocardial damage and the risk of cardiac conduc-
tion disorders.
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