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Welcome! We will begin shortly. 
“Update 2022: COVID-19, Multisystem Inflammatory Syndrome in 

Children, and the Heart”
Jane W. Newburger, M.D., M.P.H. 
Associate Cardiologist-in-Chief for 
Academic Affairs, Boston 
Children’s Hospital; 
Commonwealth Professor of 
Pediatrics, Harvard Medical 
School

Dongngan Truong, M.D., M.S. 
Associate Professor of Pediatrics, 
The University of Utah and 
Primary Children’s Hospital

Introduction by Victoria Pemberton, M.S., RNS, CCRC, Program Officer, NHLBI/PHN

https://healthcare.utah.edu/fad/mddetail.php?physicianID=u0714490&name=dongngan-truong
https://www.childrenshospital.org/directory/physicians/n/jane-newburger
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Learning Objectives

• Review the epidemiology of COVID-19 and MIS-C 
in children.

• Identify the cardiovascular manifestations and 
management of MIS-C.

• Review the NHLBI MUSIC study.
• Review the current understanding of myocarditis 
temporally related to COVID-19 vaccination
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WHO MAP JAN 7, 2022
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WHO MAP JAN 7, 2022

 ~299 million cases
 ~5.5 million deaths
 ~ 9 billion vaccine 

doses administered
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Burden of COVID-19 Among Children  (12/30/21)

• Positive US cases in children:  ~7.9 million 

• COVID-19 is much milder in children than adults:
• 17% of confirmed cases since pandemic onset
• 18% of confirmed cases in last week. 
• 10,484 cases per 100,000 children in the population
• 0.1% - 1.6% of children with COVID-19 are hospitalized

• Mortality rate in children 0.00% to < 0.02% in state reporting
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https://covid.cdc.gov/covid-data-tracker/#cases_casesper100klast7days
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Figure 2. Association Between Medical Complexity and Risk of Hospitalization or Severe Illness 
When Hospitalized in the Sample Kompaniyets et al, JAMA Open, 2021
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The Emergence of a New Syndrome in Children
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CDC Case Definition for Multisystem 
Inflammatory Syndrome in Children Associated 

with COVID-19 (MIS-C)
■ Age <21 years 
■ Fever >38° C for >24 hours 

■ Laboratory evidence of inflammation 
■ Evidence of clinically severe illness requiring hospitalization, with 

multisystem {~2) organ involvement based on clinical judgment from 
record review, discharge dx, lab or diagnostic tests. 

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

■ No plausible alternative explanation. 
16



TIMING OF MIS-C IN RELATION TO COVID-19

Dr. Mike Levin, Imperial College London

17



TIMING OF MIS-C IN RELATION TO COVID-19
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MIS-C
CDC Update, 01/03/22

• Number of cases:  6,431

• Total deaths: 55 (0.9%)

• Percent male:  61%

• + test for SARS-CoV-2:  98%

• Half between ages 5 -13 
years

Race/Ethnicity %

Hispanic/Latino 27.4%
Black Non-Hispanic 31.9%
White Non-Hispanic 32.5%
Other Non-Hispanic 3.5%
Asian Non-Hispanic 2.6%
Multiple Races, Non-Hispanic <1.0%
American Indian/Alaskan Native <1.0%
Native Hawaiian/Pacific Islander <1.0%



• Population incidence: 5.1 per 1 million person-months
• Compared with White persons, higher rate in

• Black persons:  aIRR = 9.26
• Hispanic/Latino: aIRR = 8.92
• Asian/Pacific Islander: aIRR = 2.94
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• Population MIS-C incidence: 5.1 per 
1 million person-months

• Compared with White persons, 
higher rate in
• Black persons:  aIRR = 9.26
• Hispanic/Latino: aIRR = 8.92
• Asian/Pacific Islander: aIRR = 2.94

• MIS-C incidence: 316 per million 
SARS-CoV-2 infections

• Compared with White persons, 
higher rate in
• Black persons:  aIRR = 5.62
• Hispanic/Latino: aIRR = 4.26
• Asian/Pacific Islander: aIRR = 2.88
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Published online June 29, 2020

22



OVERCOMING 
CtiVID-19 

186 Cases Reported to CDC, March 15 – May 20, 2020

Treatment 
II ntravenous 

llmmunog lobul in 
(IVllg) 

77% 
Second dose IVlg 21% 
Systemic Stero ids 49% 

11-6 Inhibitors 
(tocil izum1ab and 

si lltuximab) 

11-1 Ra Inhibitor 
(anakinra) 13% 
Systemic 

Antiicoag ulation 47% 

Highest l evel of Care 

Ward 20% 
Intensive 
Care Unit 80% 

llntensive Care llnterventio11s 

4% 
Mechanical 
Venti lation 20% 
Vasoactive 

Support 48% 

Outcomes 
j\~edian 

Hospitalizat ion 7days 
Still Hospitalized 

f\~ay 20, 2020 2,8% 
Discharged Alive 70% 

Died 2% 
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Symptoms Vary According to Age Group

Dufort et al, NEJM, 2020
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Symptoms Vary According to Age Group

Dufort et al, NEJM, 2020
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Non-
Cardiovascular 

Involvement
• Gastrointestinal symptoms

• Hematologic symptoms
• Coagulopathy
• DVT/PE

• Mucocutaneous 

• Respiratory symptoms

• Musculoskeletal

• Neurologic complications
• Guillain Barré
• ADEM
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Cardiovascular 
Involvement

• Any cardiovascular involvement: 80%

• Elevated troponin: 50%

• BNP > 400: 73%

• LV ejection fraction < 55%: 38%

• Coronary aneurysms ≥ 2.5: 8%

• ECMO: 4%

Feldstein LR, NEJM, 2020
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Multisystemic Inflammatory Syndrome in Children 
 






 












 















 











  




Alsaied T, et al, Circulation, 2021

28



 






















 














































Alsaied T, et al, Circulation, 2020



OVERCOMING 
CQVID-19 

Resolution of decreased left ventricular ejection fraction 

 






















 





      






Feldstein et al, JAMA, 2021
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Diastolic Dysfunction 
• 28 patients with MIS-C, 20 

healthy control, 20 Kawasaki 
disease patients

• Diastolic dysfunction was found 
in all MIS-C patients, even those 
with normal systolic function 

• Patients with myocardial injury 
(elevated troponin) were more 
affected

• Diastolic dysfunction persisted 
after normalization systolic 
function

Matsubara et al. JACC, 2020 
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Hameed et al, Radiology, 2020
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OVERCOMING 
CQVID-19 

Resolution of coronary artery aneurysms 57/424 pts, 13.4%
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Cardiac MRI after MIS-C (20 patients)
• Mean time to CMR 20 days (range 11-29 

days)
• Myocardial edema in 10 patients (50%) 

• Global increase T2 weighted imaging most 
common (n=6), followed basal septal 
segments (n=3)

• Global MR strain analysis demonstrated 
impaired systolic strain indices in all pts

• Myocardial scar with late gadolinium 
enhancement in 1 patient (5%)

• EF and strain did not correlate with 
persistent myocardial edema, scarring, 
age or timing presentation Theocharis et al, Eur Heart J Cardiovasc Imaging, 2020
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Arrhythmias and ECG changes 
• 7-60% patients with MIS-C
• ECG changes 

• Non-specific ST segment changes 
• Prolonged QTc interval 

• Atrial arrhythmias
• Atrial ectopy 
• Atrial fibrillation

• Ventricular arrhythmias
• Ventricular ectopy 
• NSVT/VT, some requiring resuscitation and ECMO  

• AV block 
• 1st, 2nd, 3rd degree AV block 
• Often preceded by PR prolongation

35



How do we manage MIS-C?

36



• French consortium studied 111 children with 
MIS-C 

• Propensity score analysis for children treated 
with IVIG versus IVIG + Steroids 

• Primary outcome was fever at 48 hours
• Secondary outcomes: second line 

treatments, hemodynamic support, LVEF and 
PICU stay 

• IVIG + Steroids led to improved outcomes 



• French consortium studied 111 children with 
MIS-C 

• Propensity score analysis for children treated 
with IVIG versus IVIG + Steroids 

• Primary outcome was fever at 48 hours
• Secondary outcomes: second line 

treatments, hemodynamic support, LVEF and 
PICU stay 

• IVIG + Steroids led to improved outcomes 



Published online June 16th, 2021

IVIG + glucocorticoids as initial 
treatment on Day 0 was associated 
with 

less cardiovascular dysfunction 2 or more 
days later; and  
less adjunctive therapies 1 or more days later

“We found no evidence that recovery 
from MIS-C differed after primary 
treatment with IVIG alone, IVIG plus 
glucocorticoids, or glucocorticoids 
alone.”



Cohort Differences
• Inclusion criteria:  OC-19 participants were adjudicated and 

met CDC definition.  BATS included suspected cases.
• OC-19 patients were much sicker (47% on vasopressors, 

41% with LV dysfunction, 18% on mechanical ventilation) 
than BATS patients (12% on vasopressors, 12% with LV 
dysfunction, 1.5% on mechanical ventilation).

• Different study endpoints
• CO-19 – LV dysfunction or shock
• BATS – composite of inotropic support or mechanical 

ventilation or death OR reduction in disease severity score 40



Guidelines
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Immunomodulatory treatment Version 3

• First tier treatments in hospitalized patients:
o High-dose IVIG (2 gm/kg based upon ideal body weight to max 100 gm) and IV 

methylprednisolone 1-2mg/kg/day.
 If LV dysfunction, IVIG may be given as 1 gm/kg daily over 2 days.

• Refractory MIS-C despite IVIG and low-moderate dose glucocorticoids:
o IV pulse dose steroids (10-30 mg/kg/day) for non-responders, especially if they require 

high-dose or multiple inotropes and/or vasopressors.
o Anakinra (4 mg/kg/day IV or SC) for treatment of MIS-C refractory to IVIG and steroids, 

with features of MAS, or with contraindications to long-term steroids.
o Infliximab (5-10 mg/kg/day IV X 1 dose) may be considered an alternative biologic agent to 

anakinra or in patients with contraindications to long-term use of steroids.
• Serial laboratory testing and cardiac assessment guide immunomodulatory treatment and tapering 
• Patients often require a 2-3-week taper of immunomodulatory medications
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Cardiac Management of MIS-C
Alsaied et al. Circulation, 2021

• Baseline Cardiac Testing:  ECG, BNP, troponin, echo
• During Active Disease Course:

• EKG q 1-2 days
• Trend BNP and troponin daily if abnormal
• Repeat echo as clinically indicated

• Outpatient F/U
• Echo and ECG at 1-2 weeks, 4-6 weeks
• Continue to follow BNP and troponin if not normalized
• Holter monitors for patients with EKG/conduction abnormalities 44



Cardiac Management of MIS-C
Alsaied et al. Circulation, 2021

• For patients with history of LV dysfunction
• Echo/EKG at one year or sooner
• Exercise restrictions considered for 3-6 months
• MRI can be considered in acute phase or at 3-4 mo

• For patients with coronary artery aneurysms
• Follow in accordance with KD guidelines
• CT may be indicated if coronaries can not be well imaged in 

larger patients in whom aneurysms are suspected.
45
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Levy et al, JAMA, 2021
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Zambrano et al, MMWR, 2022
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Zambrano et al, MMWR, 2022
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Zambrano et al, MMWR, 2022
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Return to Play after Coronavirus Infection

• Return to play guidelines have been 
released by the AAP, ACC, and other 
organizations

• Graduated return to play protocols
• Reasonable to treat pediatric patients who 

have had MIS-C as if they had myocarditis.
• If cardiac abnormalities acutely, patient 

should be restricted for 3-6 months
• Only resume activities when/if ECG, echo, 

Holter, CPET, CMR have normalized. 52



MIS-C
What We Don’t Know About the Heart

• To date, there are limited data on:
• MIS-C-associated coronary aneurysms or 

heart function using standardized 
assessments in Core Labs (echo, MRI)

• Long-term cardiac outcomes
• Association of heart complications with clinical 

and laboratory risk factors or treatments
53



NHLBI’s MUSIC Study
Long-TerM OUtcomes after the Multisystem 

Inflammatory Syndrome In Children

54



Overarching Goals

• To characterize the occurrence and time course of 
• Cardiac outcomes:  coronary abnormalities, ventricular 

dysfunction, and arrhythmias/conduction disturbances
• Systemic organ dysfunction
• Inflammatory response
• Major medical events

• To develop clinical risk stratification models
• To provide phenotyping for correlation with basic/translational 

mechanistic studies



Study Design
• Observational cohort study

• Research funding available for echoes and CMRs not ordered 
by primary provider.

• Annual medical history forms for up to 5 years.

• Adjudication Committee to review MIS-C diagnoses (specialists 
in Rheumatology, ID, and Cardiology).



Recruitment
• Enrollment of at least 600 subjects

• Participants can be enrolled any time in the first year after MIS-C onset

• Prospective cases can be enrolled as early as during hospitalization

• For retrospective cases or those in whom consent could not be obtained 
during hospitalization, we will send a letter and opt out card (English or 
Spanish), then after 2 weeks, phone, text, or email to discuss study 

• Written consent and assent in-person OR virtual

• Waiver of consent for inclusion of routine clinical data if:
 3 unsuccessful attempts to reach patient/family
 Death before consent can be obtained



NHLBI’s MUSIC Study
Long-TerM OUtcomes after the Multisystem Inflammatory Syndrome In Children



Primary Outcomes

• Worst-ever LVEF by 6-month visit
• Maximum z score of the proximal LAD or RCA (zMax) by 6-

month visit



Secondary Cardiac Outcomes
1. Coronary Outcomes

a. Proximal LAD or RCA z score of ≥2.5 on any echocardiogram
b. Occurrence of aneurysms by Japanese Ministry of Health criteria
c. Individual z scores for LMCA, RCA and LAD

2. Ventricular Function Outcomes
a. LV size and function (LVEDV z score, LVEF, LVSF)
b. % with LVEF<55%, and with LVEF 45-54%, 35-44%, and <35% on any echo.
c. LV strain (global circumferential and longitudinal)
d. Qualitative assessment of RV systolic function and RV strain (global longitudinal)
e. LV diastolic function, i.e., tissue Doppler imaging and mitral valve (MV) inflow 

3. Valve regurgitation:  presence and degree of mitral and aortic regurgitation
4. Presence and size of pericardial effusion
5. Arrhythmias and conduction system disturbances 
6. MRI outcomes of LVEF, RVEF, valvar regurgitation, % and distribution of LGE, abnormal T2-weighted 

imaging (%), elevated T2 (%), elevated native T1 (%), elevated ECV (%), coronary artery dilation/aneurysm 
(%), and overall interpretation of CMR as abnormal, equivocal, or normal



Secondary Non-Cardiac Outcomes
1. Other organ abnormalities by medical history: Immunologic, 

rheumatologic, renal, pulmonary, hematologic, gastrointestinal, 
dermatologic or neurologic

2. Laboratory markers of inflammation
3. Admission to ICU
4. Hospital length of stay
5. Symptom duration
6. Major medical events (e.g., stroke, renal replacement therapy, 

plasma exchange, ECMO, VAD)
7. Mortality











Core Laboratories

• Echo Core Lab • Kevin Friedman, MD, PI

• MRI Core Lab • Michael Taylor, MD, PI
• Andrew Powell, MD, Co-PI

• Biorepository • Mark Russell, MD



Schedule of Measurements

Variable Day 1 Discharge 2 wks 6 wks 3 mo 6 mo Years 1-5

Demographics X

Medical History X X X X X X

PROMIS Global
Health X X X X

Echo X X X X X* X**
EKG X X X X X
Cardiac MRI and 
ETT X***

Clinical Labs X X X X X*

WGS, other 
research Labs X X X X X

* ≥6-mo echo and labs optional if all earlier echoes normal; ** if abnormal echo at 6 months, repeat ≥ annually until 2 consecutive normal 
echoes; *** All with history mod-severe LV dysfunction by protocol; CMR Core Lab will read any CMR for any indication.



Informed Consent and Data Sharing

• Allows us to share clinical and genetic data broadly  

• Allows Electronic Health Record review



Center Data Warehouses
• Benefits of using center data warehouses:  decreased 

coordinator burden, increased accuracy, and analytics

• Paul Avillach (BCH) is conducting a pilot study of BCH 
and Utah data warehouses to analyze completeness of 
collection of data elements

• If successful, CDW extraction will extend to other 
MUSIC centers with data warehouses



STUDY UPDATE: Screening/Enrollment

 
















  

 
  

 





                
                
                
                



MUSIC Demographics (1/14/2022)
% Children According to Race and Ethnicity

60%  

   













CORE LAB UPDATES

BIOREPOSITORY 
SAMPLES RECEIVED
• 280 Child 

(192 blood, 88 saliva)

• 207 Mother 
(73 blood, 134 saliva)

• 84 Father 
(26 blood, 58 saliva)

• 50 complete trios

ECHO LAB
• 867 echos received 

(592 reviewed and finalized)

• Reminder to update echo 
form in REDCap when sent.

CMR LAB
• 85 CMRs received; 

73 reviewed

• Please use MUSIC ID 
number with visit identifier 
during anonymization.

72 Investigator’s Meeting  | CONFIDENTIAL



Summary
The MUSIC longitudinal cohort study will:
1. Contribute important new information on acute cardiac 

findings and long-term cardiac health status following MIS-C
2. Facilitate surveillance for abnormalities in other systemic 

organs and overall well-being
3. Provide a unique framework including phenotype for basic 

and translational research studies
4. Facilitate creation of a clinical care pathway for children with 

suspected or confirmed MIS-C







Myocarditis Temporally Related to COVID-19 Vaccination
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COVID-19 Vaccine

• May 2020: Plans for Operation Warp Speed
• December 11, 2020: Emergency Use Authorization (EUA) for Pfizer-

BioNTech COVID-19 mRNA vaccine for ≥16 years old 
• May 10, 2021: EUA for 12-15 year-olds

• April 2021: Cases of myocarditis in men <30 years old following Pfizer-
BioNTech’s COVID-19 mRNA vaccine
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COVID-19 Vaccine
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• December 11, 2020: Emergency Use Authorization (EUA) for Pfizer-
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BioNTech’s COVID-19 mRNA vaccine
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E-published June 4, 2021
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What We Know
• Typically post mRNA 

vaccination
• Predominantly male
• Typically after 2nd dose, 

within 7 days of vaccination
• Symptoms

• Chest pain
• SOB
• Palpitations
• Fatigue

• 18.7% ICU
• 1.4% Vasoactive support
• No ECMO or death
• 70% with ECG changes
• 19% LVEF <55%
• 77% had abnormal CMR

• 99% Late gadolinium 
enhancement

• 72% myocardial edema
• Hospital LOS: 2 days (1-10 days)

Su, ACIP COVID-19 Vaccine Safety Updates, 1/5/2022
Gargano JW et al, MMWR, 2021
Truong et al, Circulation, 2021
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Rare Event: VAERS Data
Reporting Rates of Myocarditis (per 1 million doses administered) after 

Pfizer-BioNTech COVID-19 vaccination, 7-day risk interval

37,810,998 total 1st and 2nd vaccine doses administered

Su, ACIP COVID-19 Vaccine Safety Updates, 1/22/2022
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In Conclusion
• Nearly 2 years after the start of the pandemic, we know a bit more 

about COVID-19 and MIS-C
• Incidence 
• Some data on therapies
• Short-term effects on the heart

• There are still many things we do not know
• Risk factors
• Best therapies
• Long-term outcomes

• Vaccination appears to prevent MIS-C
• Myocarditis following COVID-19 vaccination is a rare event

• Highest reporting risk in teen-age males
• Mild clinical course; long-term outcomes needed
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MUSIC Study Leadership Team
MUSIC Study Leaders
 Jane Newburger (BCH)
 Dongngan Truong (Primary Children’s)

MUSIC Small Working Group
 Audrey Dionne (BCH)
 Matthew Elias (CHOP)
 Brian McCrindle (Sick Kids)
 Matthew Oster (Emory)
 Lara Shekerdemian (TCH)

Echo Core Lab: Kevin Friedman

MRI Core Lab:   Michael Taylor, 
Andrew Powell

Biorepository: Mark Russell

Lead Coordinators: David Garuba
Tonia Morrison

NHLBI:  Gail D. Pearson, Vicki Pemberton

PHN Chair:  Lynn Mahony

HealthCore

 Felicia Trachtenberg

 Julie Miller

 Kerri Hayes

 Amanda Marshall

 Adrienne Randolph

 Manish Patel

 Mary Beth Son (CARRA)
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MUSIC Participating Centers (n = 33)
Boston Children’s

CHOP

MUSC
Primary Children’s
U. Michigan 
(CS Mott)
Cincinnati Children’s

Riley Children’s

Children’s Hospital of 
Wisconsin
Phoenix Children’s

Atlanta

Texas Children’s

Sick Kids
Columbia
U. of Mississippi

Valley Children’s

Mercy (Kansas City)

U. of North Carolina

Lurie Children’s

Seattle Children’s

Rady Children’s
Children’s National 
UT Southwestern

Children’s Hospital of 
Colorado
Dell Medical Center

DiMaggio Children’s 

Nemours/duPont

Cohen Children’s

U. of Alabama
CHLA
Children’s Hospital of 
Michigan (Detroit)
Children’s Hospital New 
Orleans
Nicklaus Children’s 
Hospital (Miami)
Duke



Questions?
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Q & A Session
Please send us your questions via the 

Q & A pod directed to All Panelists



Thank You!
prevention.nih.gov

@NIHprevents

https://prevention.nih.gov/
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