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ABSTRACT

Introduction and purpose:

Multisystem inflammatory syndrome (MIS) in children and adolescents is an
excessive inflammatory response syndrome after storage of COVID-19, which can
lead to serious complications. The course of the disease may vary from mild to
requiring intensive therapy. In our review, we try to draw attention to the importance
of cardiological complications and present the currently used treatment. In medical
professionals vigilant should be increased in order to early recognize this disease,
and to be alert to the need for early cardiological evaluation and follow-up.

Description of the state of knowledge:

MIS can cause myocardial dysfunction, shock, coronary artery lesions, pericardial
effusion, valvulitis, and electrophysiological abnormalities. Patients may require
intensive medical care, careful fluid therapy, the use of pressor amines and, in rare
cases, extra corporeal membrane oxygenation (ECMO). Coronary aneurysms are
the most important long-term complication of MIS. They occur in up to 25% of
patients. Most abnormalities are retreated within 2-3 months. MIS has a good
prognosis with a mortality rate of 2%.

Summary:

Cardiac complications, although serious, rarely require urgent intervention. Patients
with diagnosed dilatation of the coronary arteries or aneurysm require intensive
medical review in the initial period of recovery. The control must include a medical
examination, ECG, ECHO and evaluation of markers of myocardial damage.
Patients who have undergone MIS should be released from physical education for
at least 6 weeks or until the changes in the coronary arteries disappear. The lesions
resolve spontaneously in 2-3 months in most patients and do not recur, suggesting
the possibility of waiving long-term patient follow-up.

Introduction

Multisystem inflammatory syndrome (in children) - (MIS (-C)) otherwise paediatric
inflammatory multisystem syndrome (PIMS) is a condition associated with COVID-19. The
first description is from May 2020. Initial reports described it as a disease similar to Kawasaki
disease (KD) and toxic shock syndrome leading to multiorgan failure and shock [1, 2]. The
most accurate definition for MIS has been provided by WHO (Table 1). However, this is a new
disease entity, the definition is subject to change [3].
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Pediatric hyperinflammatory condition begins between 3-6 weeks after infection with SARS-
CoV-2 virus [4, 5]. It most often affects school-age children, the median is 9 years. American
data published so far suggest, that MIS-C develops in 1/1000 of children infected with SARS-
CoV-2 virus, most often with little or no symptoms. The relationship of MIS with COVID-19
has been established on the base of positive serological test results in the majority of patients

[6].

MIS is a significant clinical challenge, patients may present a wide spectrum of symptoms and
disease severity. It is characterized by a fever lasting more than 3 days, an increase in
inflammatory parameters, gastrointestinal symptoms, symptoms of the heart muscle damage,
muco-cutaneous and neurological symptoms. About half of the patients also present respiratory
symptoms [7]. For diagnosis, it is necessary to fulfil the clinical and laboratory criteria and to
exclude other causes. The biggest challenge is to quickly identify the disease and manage
emergencies. The general condition of the patient usually deteriorates dramatically 5-6 days
after the onset of symptoms. In the treatment parenteral immunoglobulins, steroids and
aminosalicylic acid (ASA) are used. Some patients require intensive care unit (ICU)
hospitalization, intensive fluid therapy, treatment with pressor amines, and even mechanical
circulatory assistance. Proper management enables quick recovery, mortality is 2% [6]. Among
the most common permanent complications are cardiac complications. Coronary artery
aneurysms may occur in up to 25% of patients [3]. Apart from obesity, there has been no
evidence of association between MIS and other chronic diseases [7].

WHO Preliminary case definition

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 (diarrhoea, 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.’
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Table 1. World Health Organization’s definition of Multisystem inflammatory syndrome in
children and adolescents [3]. Abbreviations: N-terminal prohormone of brain natriuretic peptide
(NT-proBNP), prothrombin time (PT), partial thromboplastin time (PTT), erythrocyte
sedimentation rate (ESR), Real Time PCR (RT-PCR). Created with Biorender.com

Symptoms and course of the disease

The disease affects children and young adults, the median age of onset is approximately 9 years.
The necessary criterion for the diagnosis is a fever lasting at least 3 days or longer.
Gastrointestinal symptoms such as vomiting, diarrhea and abdominal pain of varying severity
are often the first symptoms. Then, the differential diagnosis of MIS-C is necessary with acute
appendicitis and other acute conditions affecting the abdominal organs, that may require urgent
surgical intervention. The most characteristic of MIS-C is involvement of the cardiovascular
system, symptoms of shock, myocarditis, coronary aneurysms, cardiac arrhythmias, fluid in the
pericardium, furthermore chest pain may appear. Additionally, patients may suffer from cough,
dyspnea, apathy, headache, drowsiness, irritability, paresis, features of aseptic meningitis,
anuria, acute kidney damage [4]. A number of characteristic muco-cutaneous symptoms that
require differentiation from Kawasaki Disease are swelling of the hands and feet, polymorphic
rash, conjunctivitis, strawberry tongue, erythema on the face, hands and feet [2, 4, 8].
Laboratory tests show increased parameters of inflammatory markers: C-reactive protein
(CRP), procalcitonin, elevated erythrocyte sedimentation rate (ESR), D-dimers, ferritin, lactate
dehydrogenase (LDH), interleukin-6 (IL-6). Other common findings include positive test for
antibodies to SARS-CoV-2 in the majority of patients, or active SARS-CoV-2 infection. We
also observe an increase in troponin, B-type natriuretic peptide (BNP), NT-proBNP levels,
which are markers of myocardial damage. Patients with MIS may also be characterized by
hyponatremia, lymphopenia, neutrophilia, thrombocytopenia, or hypoalbuminemia [4, 5, 9].
These patients should be hospitalized and monitored, because more than half of them may
develop heart failure or shock in the course of the disease. Ideally, hospitalization should take
place in a hospital with access to cardiological consultation and ICU. However, transfer to a
higher-reference hospital should not delay the start of treatment.

In children with suspected MIS-C, the necessary laboratory tests should be performed -
biochemical tests, inflammatory parameters and microbiological tests, depending on the clinical
presentation of the patient. Patients diagnosed with MIS-C should have an ECG and an ECHO
[10]. Chest X-ray or computed tomography (CT) scan are frequently performed tests in this
group of patients. In the case of abdominal symptoms, an ultrasound of the abdomen is
recommended.

Cardiac manifestation

The most characteristic feature of MIS patients is cardiovascular involvement, which may be
directly related to the life-threatening course of the disease. Clinical manifestations include
hypotension (49.5%), shock (35.4%), left ventricular dysfunction (40.6%), mitral regurgitation
(25.5%), pericardial effusion (23.9%), myocarditis (22.8%), coronary ectasia and aneurysms
(18.6%), arrhythmias and conduction system disease [5, 11, 12]. Most common cardiovascular
manifestations are presented on figure 1.
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Fig.1 The most common cardiovascular manifestations of MIS-C. Created with Biorender.com

The involvement of the cardiovascular system is more severe in MIS than in KD. Patients more
often require a hospitalization in the ICU and require multiple vasoactive agents therapy.
Patients with shock or symptoms of left ventricular failure most often presented elevated
troponin or NT-proBNP values. Cardiac consultation should not be delayed by a negative
SARS-CoV-2 RT PCR result or a negative IgG test result, but should be based on the results of
troponin or NT-proBNP [13].

ECG abnormalities may have various manifestations and different dynamics. Diffuse ST-
segment elevation, increased QT interval, atrioventricular block (AV), transient AV block and
ventricular tachycardia have been observed. The majority of patients with arrhythmia had
decreased left ventricular function. Electrophysiological abnormalities were rare, however, they
may have a significant clinical impact and require monitoring [5, 13]. ECG should be performed
immediately when MIS is suspected and for control purposes, especially when there is a
significant damage to the heart muscle.

Echocardiography should be performed as early as possible, due to the possibility of detecting
coronary aneurysms, ventricular dysfunction, valvulitis or pericardial effusion in the early
stages of the disease. In previous studies it was shown that patients may develop pericardial
effusion, tricuspid regurgitation, mitral regurgitation, left ventricular dilation and aortic
insufficiency during follow-up period [13]. Compared to KD, aneurysms in MIS appear
quickly, even within 1 week of the disease. Patients with coronary artery lesions should be
subjected to control echocardiographic examinations. Follow-up examinations should be
performed after 7-14 days, after 6 weeks, and after 6-12 months in uncomplicated cases. If the
course of the disease is worse, the intensity of echocardiographic assessment should be

505



increased depending on the clinical situation [4]. Normalization of coronary aneurysms is
observed within 2-3 months after onset in the majority of patients [9]. We should be the viligant
in caring for a patient with MIS, because the changes in the coronary arteries may appear during
the hospitalization or after discharge, even if the first ECHO examination was normal [9]. The
aim of the treatment is to stabilize the general condition in the short term, and in the long term
to prevent chronic sequelae in the form of coronary aneurysms, scars and fibrosis of the heart
muscle, and to prevent arrhythmias. This explains the use of aspirin in treatment and its
continuation for another 6 weeks. It should be added that we have insufficient data on the impact
of the treatment used on the prevention of cardiovascular complications. Spontaneous
disappearance of changes is often observed. Even the most serious of them do not require
immediate intervention, including large pericardial effusions or significant coronary dilatation.
Despite the high risk of life-threatening complications, heart involvement in MIS appears to
have a favorable prognosis, suggesting a need for reduction of medical follow-up after complete
recovery.

Treatment

In treatment, fluid therapy should be used carefully, because of the risk of heart failure and
pulmonary edema. Empirical antibiotic therapy is indicated in the case of suspected sepsis and
other manifestations of bacterial infection until negative microbiological results are obtained.
Antiviral therapy (remdesivir) is indicated only in cases of confirmed infection with SARS-
CoV-2 virus, with reduced saturation (<94%) [4, 10]. It seems that the first-line treatment in
the form of intravascular immunoglobulines (IVIG) infusion, using the IBW (ideal body
weight) dosage, plays the most important role in the therapy. In the second line,
glucocorticosteroids are used, most often pulses of methylprednisolone for the next 3 days.
The third line, similar to Kawasaki disease, is the biological treatment of anakinra, infliximab,
tocilizumab [10]. ASA is used as an additional treatment, especially in patients with the
Kawasaki Disease phenotype. Patients with coronary aneurysms should receive anticoagulation
and antiplatelet therapy in line with the Kawasaki disease guidelines. It is important to
remember about the possibility of developing macrophage activation syndrome (MAS) in some
patients with MIS-C, such diagnosis requires multi-specialist treatment. [4, 14]

Prognosis

With early recognition and treatment, the prognosis is good, the mortality rate is approximately
2%. The onset of the disease requires hospitalization. It lasts average 7-10 days. The first sign
of recovery is most often reduction of levels of markers of myocardial damage. Coronary
arteries changes usually normalize within 3 months of follow-up, and ECG changes may persist
for longer [9].

What about sport?

Patients who have undergone MIS should be exempt from physical education (PE) at school
and from additional sports activities for a period of at least 6 weeks. Patients with documented
damage to the coronary arteries should be excused from participating in PE classes until the
arterial diameter is normalized. A patient with a history of MIS should still be subjected to
medical evaluation, the frequency of visits depends on the severity of the disease and its
complications [4].

Limitations

We are aware of the limitations of our review. So far results of only a few small cohorts studies
and single case reports on the cardiac manifestations of MIS have been published. In a large
studies cardiac manifestations are treated briefly, paying attention only to the most important
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facts. There is a need for a bigger studies focused on cardiac manifestations occurrence and
management.

Summary

MIS is a severe, life-threatening multi-system inflammatory syndrome that requires immediate
treatment and has a good prognosis. The most common manifestations are fever,
gastrointestinal symptoms, symptoms from the cardiovascular system, muco-cutaneous
manifestations and many others. It requires detailed differential diagnosis and a quick start of
treatment. A patient with suspected MIS should be hospitalized in a medical facility with an
intensive care unit and the possibility of cardiological consultation. Transport to another center
should not delay the start of treatment. Some patients may require cardiovascular stabilization
or mechanical ventilation. The most effective in preventing complications are the stabilization
of the general condition and treatment with an infusion of IVIG (first line) and
glucocorticosteroids therapy (second line). Long-term complications mainly concern the
cardiovascular system, and the most dangerous of them are coronary aneurysms. According to
the literature, aneurysms retreat spontaneously within 2-3 months. Patients with a history of
MIS require increased frequency of medical checks, especially in the initial period after
discharge from the hospital. Patients should resign from PE classes at school and additional
sports for 6 weeks or until the changes in the coronary arteries have resolved.
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