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Introduction

• Coronavirus (COVID-19) affected ~180 million people worldwide
• ~3.9 million deaths

• Higher mortality noted in adults affected by COVID-19 



Demographics

• MIS-C is a rare complication of the COVID-19 infection in children 
occurring in <1% of children with SARS-CoV-2 infection.



• As of June 2nd, 2021 
• 4018 cases + for MIS-C
• 36 deaths

• Median age 9 y (5-13y)
• 60% male
• 62% are Hispanic or Latino, or Black or non-Hispanic

• Lower in children of Asian descent (opposite of KD)





• Mechanism of MIS-C not well understood
• Immune dysregulation – with abnormal immune response to virus.

• Similar to 
• Kawasaki Disease
• Macrophage Activation Syndrome
• Cytokine Release Syndrome

• SARS-CoV-2 virus 
• Several children have negative antigen and positive antibody response – abnormal 

immune host response
• Myocardial injury

• Systemic Inflammation
• Myocarditis, pericarditis
• Stress cardiomyopathy



CDC definition – MIS-C

• Age <21 years presenting with 
• Fever
• laboratory evidence of inflammation
• evidence of clinically severe illness requiring hospitalization, with multisystem (>2) 

organ involvement (cardiac, renal, respiratory, hematologic, gastrointestinal, 
dermatologic or neurological)

+
• No alternative plausible diagnoses

+
• Positive for current or recent SARS-CoV-2 infection by RT-PCR, serology, or 

antigen test; or exposure to a suspected or confirmed COVID-19 case 
within the 4 weeks prior to the onset of symptoms.



Clinical presentation and findings

• Fever is seen in all children
• Important clinical findings are 
• Shock (upto 76% of children)
• Myocardial dysfunction – upto 56-60% patients
• Arrhythmias (51-90%)
• Acute respiratory failure (28-52%)

Feldstein, Leora R et al. “Multisystem Inflammatory Syndrome in U.S. Children and Adolescents.” The New 
England journal of medicine vol. 383,4 (2020): 334-346. doi:10.1056/NEJMoa2021680



• Tarek Alsaied. Circulation. Review of Cardiac Involvement in Multisystem Inflammatory Syndrome in 
Children, Volume: 143, Issue: 1, Pages: 78-88, DOI: (10.1161/CIRCULATIONAHA.120.049836



Cardiac Imaging findings

• Echo
• Depressed LV function – 31-58%
• Coronary artery dilation – 8-38%
• Pericardial effusion and mitral regurgitation

• CXR
• Normal mostly
• Small pleural effusion
• Patchy and focal consolidation and atelectasis

• Chest CT
• Normal
• Few have nodular ground-glass opacification



Elevated cardiac markers (lab)

• Troponin elevated – 50-90%
• BNP/NT proBNP – 73-90%



• Cardiac involvement is the key in the differentiation between MIS-C 
from severe acute COVID-19.
• Can lead to shock and multi-organ failure
• Much remains unknown regarding 
• Epidemiology
• Pathogenesis
• Long-term outcomes



Role of echocardiography

• Echo plays critical role in 
• Early diagnosis
• Management guidance – inpatient and outpatient

• Critical element in addition to clinical findings, serum labs



Parameters for echocardiography

• Myriad of parameters
• Assessment of systolic function

• Ejection fraction
• Diastolic function

• Tissue doppler
• Deformation indices

• Ventricular strain
• Left atrial strain

• Coronary artery measurements



Systolic function analysis
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Myocardial strain



Global Longitudinal Strain



Vector normal strain parameter



Left atrial strain measurement



Cardiovascular findings in MIS-C

• 1116 COVID-19 patients
• 539 MIS-C diagnosis

• 56% cardiovascular involvement
• 34% - reduced EF

• Mild – 55%
• Moderate – 22.7%
• Severe – 22.1%

- 91% had normal EF by 30 days
- 99.4% had normal EF by 90 days
- 1 patient normal by 142 days

• 13% - coronary aneurysms



Echo parameters



Gaitonde M, Ziebell D, Kelleman MS, Cox DE, Lipinski J, Border WL, Sachdeva R. COVID-19-Related Multisystem Inflammatory 
Syndrome in Children Affects Left Ventricular Function and Global Strain Compared with Kawasaki Disease. J Am Soc 
Echocardiogr. 2020 Oct;33(10):1285-1287. doi: 10.1016/j.echo.2020.07.019. Epub 2020 Jul 31. PMID: 33010854; PMCID: 
PMC7832547.



Differences in findings for KD and MIS-C

• Unlike patients with KD, the majority of those with MIS-C had 
significantly reduced left ventricular function at presentation. 
• Even though LVEF and GCS normalized by days 7 to 9 of illness in most 

patients, abnormalities in GLS persisted. 
• Correlations of abnormal LVEF and GLS with cardiac inflammatory 

biomarkers, such as CRP and troponin, highlight the presence of 
myocarditis in patients with MIS-C.

Gaitonde M, Ziebell D, Kelleman MS, Cox DE, Lipinski J, Border WL, Sachdeva R. COVID-19-Related Multisystem Inflammatory Syndrome in 
Children Affects Left Ventricular Function and Global Strain Compared with Kawasaki Disease. J Am Soc Echocardiogr. 2020 Oct;33(10):1285-
1287. doi: 10.1016/j.echo.2020.07.019. Epub 2020 Jul 31. PMID: 33010854; PMCID: PMC7832547.





Functional parameters



Goal

• Develop machine learning and deep learning tools to identify 
pediatric cardiac dysfunction and coronary changes associated with 
MIS-C from echocardiogram.



Proposal for AI based tools

• Curate a pediatric cardiac imaging dataset (from local and global open 
data sources) and develop feature engineering tools specifically for 
echo.

• Develop an echo-based AI tool for automated quantitative annotation
• Measure ejection fraction
• Deformation parameters
• Volume of the ventricles
• Coronary artery dimensions

• Coronary artery dilations or aneurysms of echo with active learning (feed back loop from 
experts)



• Develop a tool that can perform differentiation of MIS-C from other 
similar syndromes.

• Validate the tool with a locally pool sourced dataset for robust 
clinically translatable AI tools.

• Eventually, this pipeline will accelerate clinical workflow and improve 
the consistency/accuracy of MIS-C diagnosis. 



But why do this?

• Identify long term outcomes
• Use AI for 
• Classification of Shock-like syndrome
• Prediction of outcomes
• Utilization of several parameters for accurate and consistent diagnosis



Advantages of 
machine 
learning 

assisted echo 
interpretation



Datasets

• Echocardiogram images for patients and controls with corresponding 
annotations (points/contours) that help identify the region of interest 
required to calculate metrics

• Ex: cardiac output, ejection fraction, stroke volume, volume of ventricle, 
strain, coronary artery size, morphology of dilation, origin, etc.  

• These values with cardiologist confirmed values will be used as ground truth 
for AI training and validation of methods. 







• In addition to echo-based metrics, following may increase the 
strength of the learning algorithm
• Corresponding lab values 
• +/- pertinent clinical information such as physical exam findings, vitals, etc

• Controls 
• Patients with normal echo findings

• Ex: Referral for evaluation of murmur
• Chest pain
• Palpitations
• Dizziness or syncope
• Equivalent referrals with normal cardiac anatomy findings



Sources of training data

• Normal echo data – needed for training datasets
• No pediatric publicly available datasets
• Collaboration with institutions –

• Help improve overall numbers
• Increase heterogeneity – better train the machines

• Adult database – Stanford
• https://echonet.github.io/dynamic/index.html
• https://www.creatis.insa-lyon.fr/~bernard/research.html

https://echonet.github.io/dynamic/index.html
https://www.creatis.insa-lyon.fr/~bernard/research.html


Thank you!!!


