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Abstract

Background: A novel paediatric disease, multi-system inflammatory syndrome in children, has 

emerged during the 2019 coronavirus disease pandemic.

Objectives: To describe the short-term evolution of cardiac complications and associated risk 

factors in patients with multi-system inflammatory syndrome in children.
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Methods: Retrospective single-centre study of confirmed multi-system inflammatory syndrome 

in children treated from 29 March, 2020 to 1 September, 2020. Cardiac complications during 

the acute phase were defined as decreased systolic function, coronary artery abnormalities, 

pericardial effusion, or mitral and/or tricuspid valve regurgitation. Patients with or without cardiac 

complications were compared with chi-square, Fisher’s exact, and Wilcoxon rank sum.

Results: Thirty-nine children with median (interquartile range) age 7.8 (3.6–12.7) years were 

included. Nineteen (49%) patients developed cardiac complications including systolic dysfunction 

(33%), valvular regurgitation (31%), coronary artery abnormalities (18%), and pericardial effusion 

(5%). At the time of the most recent follow-up, at a median (interquartile range) of 49 (26–61) 

days, cardiac complications resolved in 16/19 (84%) patients. Two patients had persistent mild 

systolic dysfunction and one patient had persistent coronary artery abnormality. Children with 

cardiac complications were more likely to have higher N-terminal B-type natriuretic peptide (p 

= 0.01), higher white blood cell count (p = 0.01), higher neutrophil count (p = 0.02), severe 

lymphopenia (p = 0.05), use of milrinone (p = 0.03), and intensive care requirement (p = 0.04).

Conclusion: Patients with multi-system inflammatory syndrome in children had a high rate of 

cardiac complications in the acute phase, with associated inflammatory markers. Although cardiac 

complications resolved in 84% of patients, further long-term studies are needed to assess if the 

cardiac abnormalities (transient or persistent) are associated with major cardiac events.
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The 2019 coronavirus disease pandemic has been anything but predictable.1 Early in the 

pandemic, due to the Bayesian thinking, there was a concern for missed or delayed diagnosis 

of other diseases including Kawasaki disease.2 To our dismay, a novel paediatric disease 

termed multi-system inflammatory syndrome in children emerged with some patients 

having features resembling Kawasaki disease.3–11 Earlier reports from Europe and New 

York described high rates of cardiac complications including extracorporeal membrane 

oxygenation utilisation and death.12–17 Washington, District of Columbia metropolitan 

epicentre, had a 2019 coronavirus disease surge later than Europe or New York and thus 

multi-system inflammatory syndrome in children at our centre appeared later allowing 

for prompt protocolisation and standardisation of care.18 In this article, we report cardiac 

findings of multi-system inflammatory syndrome in childrenfrom a single large tertiary 

paediatric cardiac centre in Washington, District of Columbia. Our aims were to describe 

the type and frequency of cardiac complications in patients with multi-system inflammatory 

syndrome in children, the short-term progression and to assess demographics, clinical and 

laboratory findings, and therapies associated with cardiac complications in patients with 

multi-system inflammatory syndrome in children.

Materials and methods

This was a retrospective, observational study of all patients admitted to Children’s 

National Hospital from 29 March, 2020 to 1 September, 2020 who met the Centers 
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for Disease Control and Prevention multi-system inflammatory syndrome in children 

case definition.19 Patient demographics, clinical features, laboratory values, diagnostic 

investigations (including echocardiograms), and therapies were extracted from the electronic 

medical records. To assess cardiac complication progression, a retrospective review of 

electronic medical records was carried out. Review of cardiac findings follow-up is current 

as of 8 February, 2021.

Shortly after the emergence of the (multi-system inflammatory syndrome in children) 

illness, a multi-disciplinary committee (Children’s National Hospital multi-system 

inflammatory syndrome in children task force) was created with representation from 

allergy/immunology, cardiology, critical care, emergency medicine, clinical pharmacy, 

gastroenterology, haematology, hospitalist medicine, infectious disease, laboratory medicine, 

rheumatology, and neurology. At the onset, the task force met three times per week 

for planning purposes and eventually this was scaled down to once a week. During 

the meeting, all potential cases and plan of care were reviewed. The multi-system 

inflammatory syndrome in children task force developed institutional guidelines for 

diagnosis and management including initiating prompt intravenous immunoglobulin as the 

first-line therapy, establishing a multi-system inflammatory syndrome in children order 

set, formulating a parent handout and staffing a common email to answer queries by 

Children’s National Hospital Faculty and staff as well as community paediatricians and 

nurse practitioners. The treatment algorithm followed by our institution is unique in its 

use of Anakinra as an adjunct or second-line therapy rather than corticosteroids partly due 

to local experience with viral myocarditis. This decision was also informed by systematic 

meta-analyses and Cochrane review of viral myocarditis treatment that did not support 

routine use of corticosteroids.20,21 In addition, earlier reports cautioned against the use 

of corticosteroids in patients with 2019 coronavirus disease.22 As evidence evolved, the 

algorithms were updated including corticosteroids as a third-line agent.23,24 Furthermore, 

Anakinra was considered a good choice due to experience using it in systemic juvenile 

idiopathic arthritis, macrophage activation syndrome, haemophagocytic lymphohistiocytosis, 

Kawasaki disease, sepsis trials, and adult with 2019 coronavirus disease.25 It has a short 

half-life that enables early initiation in sick patients when other infectious diagnoses have 

not been completely ruled out.

The multi-system inflammatory syndrome in children task force held a daily huddle, which 

was held on a virtual online platform, with the primary care team to better coordinate care 

and communication across all the specialists. The huddle was organised by the primary 

hospitalist medicine team taking care of active patients with multi-system inflammatory 

syndrome in children and attended by all consulting services. Discussions on second-line 

immune modulation therapy, weaning of therapies, timing of follow-up echocardiogram 

and any other radiology studies, and discharge planning were discussed for each patient.24 

Members of the multi-system inflammatory syndrome in children task force developed a 

standardised discharge process that included followup in-person with cardiology and via 

telemedicine with rheumatology and haematology. In addition, the cardiology evaluation 

during and after hospital discharge was standardised.
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Cardiac complications during the acute phase were defined as the presence of at least 

one of the following: decreased ventricular systolic function if ejection fraction was 

<55% or shortening fraction <28% (this was further classified into mild ventricular 

systolic dysfunction for ejection fraction between 40 and 54%, moderate for ejection 

fraction between 30 and 39%, and severe for ejection fraction <30%);26,27 coronary artery 

abnormalities defined as (a) dilation (z score 2–2.4), (b) small aneurysm (z score 2.5–

4.9);28,29 more than trivial pericardial effusion; and atrioventricular valve regurgitation 

defined as more than trivial mitral valve regurgitation and/or more than mild tricuspid valve 

regurgitation.

At this centre, for patients with multi-system inflammatory syndrome in children, the 

left main coronary, left anterior descending coronary, and right coronary arteries were 

routinely measured and z score calculated.29 The team has benefited from participating in 

a multicentre quality improvement project through the American College of Cardiology 

to ensure measurement and calculation of z scores in children with Kawasaki disease.30 

Ejection fraction was calculated using the Simpson’s rule.31 When assessing valvular 

regurgitation, the team followed the American Society of Echocardiography guidelines.32 

The echocardiogram laboratory has a system in place to assess the proximal isovelocity 

surface area and the effective regurgitant orifice area.32

Statistical analysis

The cohort was divided into two groups based on presence or absence of cardiac 

complications. The analysis focused on a comparison of these two groups across 

demographics, clinical features including fulfilling Kawasaki disease diagnostic criteria, 

laboratory findings, therapy received, and clinical outcomes. All data were summarised 

using descriptive statistics of the median and interquartile range and frequency/crosstabs 

depending on data type. Continuous variables were analysed using the nonparametric 

Wilcoxon rank sum test as normality was not assumed. Categorical variables were analysed 

using the chi-square and Fisher’s exact test. A p value ≤ 0.05 was considered statistically 

significant. All analyses were performed using STATA version 16 (StataCorp. 2019. Stata 

Statistical Software: Release 16. College Station, TX: StataCorp. LLC.).

Children’s National Hospital Institutional Review Board approved this study with a waiver 

of consent granted. Author A.S.H. had full access to all the data in the study and takes 

responsibility for its integrity and the data analysis.

Results

Thirty-nine children met the Centers for Disease Control and Prevention case definition 

of multi-system inflammatory syndrome in Children and were included in this study. The 

median (interquartile range) age was 7.8 (3.6–12.7) years. Eighteen (46%) were female. 

An underlying medical diagnosis was noted in 13 (33%) patients (Table 1). Thirty-one 

(79%) required admission to the critical care unit. None of the children required the use 

of extracorporeal membrane oxygenation and there were no deaths. All patients were 

discharged home with a median (interquartile range) length of stay of 12 (8–14) days. 

Twenty (51%) were non-Hispanic Black, 17 (44%) were Hispanic, and 0 were non-Hispanic 
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White. Concurrently, 5262 patients with non-multi-system inflammatory syndrome in 

children were admitted to Children’s National Hospital during the same period (29 March, 

2020–21 September, 2020); 1652 (31.4%) were Non-Hispanic Black, 1136 (21.6%) were 

Hispanic, and 1387 (26.4%) were non-Hispanic White (p < 0.01).

Nineteen (49%) patients developed cardiac complications during their hospitalisation. 

Mild systolic dysfunction (ejection fraction of 47 ± 4.7) was seen in 13 (33%) patients, 

atrioventricular valve regurgitation was seen in 12 (31%) patients (worst grade was mild 

mitral valve regurgitation (n = 5), moderate mitral valve regurgitation (n = 4), moderate 

tricuspid valve regurgitation (n = 2) and one patient had a combination of mild mitral valve 

regurgitation and moderate tricuspid valve regurgitation), coronary artery abnormalities were 

noted in 8 (21%) patients (isolated left main coronary artery dilation (n = 3), isolated left 

anterior descending coronary artery dilation (n = 2) and dual coronary artery involvement (n 

= 3) as outlined below), and small pericardial effusion was seen in 2 (5%) patients. Figure 

1 shows the distribution of cardiac complications. Figure 2 displays the progression of 

cardiac complications. One patient had a small left main coronary artery aneurysm (z score 

+2.9) and left anterior descending coronary artery dilation (z score +2.1) that subsequently 

resolved. Another patient developed a small left main coronary artery aneurysm (z score 

+2.6) and left anterior descending coronary artery dilation (z score +2.1) on the second 

echocardiogram that later resolved. A third patient developed small left main coronary artery 

and right coronary artery aneurysms (z scores +2.8 and +2.6, respectively) that decreased 

in size and were noted as only dilation (z score +2.3) at last follow-up after a median 

(interquartile range) of 54 (31.5–55.5) days.

At the time of the most recent follow-up, at a median (interquartile range) of 49 (26–61) 

days, cardiac complications resolved in 16/19 (84%) patients. Two patients had persistent 

mild systolic dysfunction and one patient had persistent coronary artery abnormality 

(dilation, z score +2.3). Pericardial effusion, mitral valve regurgitation, and tricuspid valve 

regurgitation resolved in all patients (Fig 2).

As shown in Table 1, conjunctival injection was more likely to be seen among children 

who developed cardiac complications (15 (79%) versus 9 (45%), p = 0.05). All other 

demographics, patient characteristics, and presenting symptoms were not different between 

the groups including fulfilling Kawasaki disease diagnostic criteria.

The maximal N-terminal B-type natriuretic peptide (pg/ml) was higher in children with 

cardiac complications compared to those without (14,396 (8814–20,158) versus 3205.5 

(1466–10,625), p = 0.01). Initial white blood cell counts (K/mcl) were higher in patients 

with multi-system inflammatory syndrome in children who developed cardiac complications 

compared to those who did not (11.32 (9.08–17.59) versus 7.225 (5.34–8.81), p = 0.01). A 

similar finding was seen with initial neutrophils (K/mcl) (74.5 (68–80) versus 63 (38–71), 

p = 0.02). Minimal lymphocytes (K/mcl) were lower in children with cardiac complications 

compared to those without (4 (3–13) versus 10 (8–13), p = 0.05). All other laboratory values 

were not statistically different between the groups including percentage of children who 

were severe acute respiratory syndrome coronavirus-2 polymerase chain reaction positive 

and troponin level (Table 2).
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Milrinone therapy was utilised more in children who developed cardiac complications 

compared to those who had no cardiac complications (8 (42%) versus 2 (10%), p = 0.03). 

There were no other differences in vasoactive support, immunotherapy including intravenous 

immunoglobulin and immunosuppressive agents, anticoagulation or aspirin therapy among 

the groups (Table 3). Thirty-one patients (79.5%) required an intensive care unit admission. 

The reason for intensive care unit admissions included combined advanced respiratory and 

inotropic support (n = 6), isolated advanced respiratory support (n = 10), isolated inotropic 

support (n = 10), and finally five patients had clinical deterioration requiring multiple 

fluid intravenous boluses but did not require advanced respiratory therapies or inotropic 

support. Patients with multi-system inflammatory syndrome in children who developed 

cardiac complications were more likely to be admitted to the intensive care unit (18 (95%) 

versus 13 (65%), p = 0.04) (Table 4).

Discussion

We report the frequency and type of cardiac complications in patients who presented 

with multi-system inflammatory syndrome in children at a tertiary paediatric centre. These 

occurred in 49% of the multi-system inflammatory syndrome in children cohort but most 

resolved by the time of the most recent cardiac follow-up evaluation, at a median of 49 

days. Patients with multi-system inflammatory syndrome in children who developed cardiac 

complications were more likely to present with conjunctival injection, higher maximum 

N-terminal B-type natriuretic peptide, higher initial white blood cell counts, higher initial 

neutrophil counts, and lower minimal lymphocyte counts. They were also more likely to 

have received milrinone and be admitted to the intensive care unit.

The strengths of this study include the uniform care of these patients that were managed 

under a protocol that endorses prompt immunotherapy, namely intravenous immunoglobulin 

as a first-line treatment, providing insight into cardiac complications in a cohort of patients 

followed by one centre. As we had the benefit of learning from other centres that faced 

earlier cases of multi-system inflammatory syndrome in children, our centre was able to 

develop protocols early in the multi-system inflammatory syndrome in children surge. In 

addition, this study provides short-term outcomes for cardiac complications in patients with 

multi-system inflammatory syndrome in children. Finally, to our knowledge, this is one of 

the earlier papers to assess risk factors associated with development of cardiac complications 

in patients with confirmed multi-system inflammatory syndrome in children.

In our cohort, the most common cardiac complication seen was systolic dysfunction, 

followed by atrioventricular valve regurgitation and coronary artery abnormalities. This is 

similar to previous studies reporting cohorts of patients with multi-system inflammatory 

syndrome in children in Europe and eastern United States of America.33,34 Similar to our 

finding, Belhadjer et al and Feldstein et al showed resolution of cardiac complications 

in the majority of patients by the time of most recent follow-up.33,35 Further work is 

still needed to assess if transient or persistent cardiac complications in patients with multi-

system inflammatory syndrome in children is associated with long-term development of 

cardiomyopathy.
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Children with cardiac complications were more likely to present with conjunctival injection. 

While an interesting finding, it needs further study to clarify the possible relationship. 

Coronary artery abnormalities were the third most common cardiac finding among our 

cohort of patients with multi-system inflammatory syndrome in children at a rate of 21% 

even though 95% of our patients received timely intravenous immunoglobulin. This rate 

is five times the rate reported in appropriately treated children with classical Kawasaki 

disease (excluding Kawasaki disease shock syndrome) in the intravenous immunoglobulin 

era (4%).28 The underlying cause and the pathophysiology of multi-system inflammatory 

syndrome in children is still to be identified. A debate of how similar or dissimilar multi-

system inflammatory syndrome in children is to Kawasaki disease continues to exist.3,36,37 

The higher rate of coronary artery abnormalities in our cohort of multi-system inflammatory 

syndrome in children, despite appropriate and timely intravenous immunoglobulin therapy 

suggests a more aggressive inflammatory disease with multi-system inflammatory syndrome 

in children. Of note, the race/ethnicity in our cohort revealed predominantly minority 

children of either non-Hispanic Black or Hispanic, which is different than what our centre’s 

general admissions were during the same period or traditionally reported in children with 

Kawasaki disease.3,38,39 Further research is needed to assess the role of genetic and 

environmental factors in the pathophysiology of multi-system inflammatory syndrome in 

children.

Children with cardiac complications also presented with higher maximal N-terminal B-type 

natriuretic peptide. B-type natriuretic peptide has been shown to have predictive value in 

identifying severity of heart failure in children.40 Further larger prospective studies are 

needed to assess if there is a B-type natriuretic peptide threshold that can predict cardiac 

complications in patients with multi-system inflammatory syndrome in children.

Higher initial white blood cell counts, higher initial neutrophils, and lower lymphocytes 

were more common among our patients with cardiac complications. Several blood counts 

have also been shown previously to correlate with cardiac disease. Cuinet et al found that 

patients with cardiogenic shock have early neutrophilia, correlating with shock severity. 

More importantly, those with the most severe shock had reduced lymphocytes.41 Further 

larger prospective studies are needed to assess if white blood cell counts and its subtypes 

have prognostic prediction for severity of cardiac disease in patients with multi-system 

inflammatory syndrome in children.

Finally, children with cardiac complications were more likely to have received milrinone and 

be admitted to the intensive care unit. This is not surprising as the most common cardiac 

complication was systolic dysfunction. Milrinone therapy is commonly used by intensivists 

caring for children with cardiac disease.42,43 In a survey of intensivists caring for cardiac 

patients, 97% of respondents used milrinone routinely.42 While more children with cardiac 

complications were admitted to the intensive care unit, the rate among those with no cardiac 

disease was also substantial.

Limitations

This was a single-centre retrospective study. In this report, we did not include rhythm 

assessment or electrocardiogram findings. As the sample size was small (n = 39), a 
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multivariate analysis was not conducted since the outcome was a binary variable (cardiac 

complications (yes/no)). While further long-term study is needed to assess progression and 

long-term impact, we included short-term follow-up echocardiogram data in this report.

Conclusions

Our patients with multi-system inflammatory syndrome in children had a high rate of 

cardiac complications in the acute phase which exceeded rates historically observed in the 

setting of Kawasaki disease. In this small cohort, we identified factors associated with 

development of cardiac complications. Although cardiac complications resolved in 84% of 

patients, further long-term studies are needed to assess if the cardiac abnormalities (transient 

or persistent) are associated with major cardiac events.
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Figure 1. 
Distribution of cardiac complications in multi-system inflammatory syndrome in children.
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Figure 2. 
Progression of cardiac complications. CAA = coronary artery abnormality; MR = mitral 

valve regurgitation; TR = tricuspid valve regurgitation.
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