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Abstract

Background: The Long-terM OUtcomes after the Multisystem Inflammatory Syndrome In
Children (MUSIC) study aims to characterize the frequency and time course of acute and long-
term cardiac and non-cardiac sequelae in MIS-C, which are currently poorly understood.

Methods: This multicenter observational cohort study will enroll at least 600 patients <21
years old who meet the Centers for Disease Control and Prevention case definition of MIS-C
across multiple North American centers over 2 years. The study will collect detailed hospital and
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follow-up data for up to 5 years, and optional genetic testing. Cardiac imaging at specific time
points includes standardized echocardiographic assessment (all participants) and cardiac magnetic
resonance imaging (CMR) in those with left ventricular ejection fraction (LVEF) <45% during the
acute illness. The primary outcomes are the worst LVEF and the highest coronary artery z-score

of the left anterior descending or right coronary artery. Other outcomes include occurrence and
course of non-cardiac organ dysfunction, inflammation, and major medical events. Independent
adjudication of cases will classify participants as definite, possible, or not MIS-C. Analysis of the
outcomes will include descriptive statistics and regression analysis with stratification by definite or
possible MIS-C. The MUSIC study will provide phenotypic data to support basic and translational
research studies.

Conclusions: The MUSIC study, with the largest cohort of MIS-C patients and the longest
follow-up period to date, will make an important contribution to our understanding of the acute
cardiac and non-cardiac manifestations of MIS-C and the long-term effects of this public health
emergency.

Keywords

Multisystem inflammatory syndrome in children associated with COVID-19 (MIS-C); long-term
outcomes

BACKGROUND

Coronavirus disease 2019 (COVID-19), triggered by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has affected more than 174 million people and caused
over 3.7 million deaths worldwide as of this writing.1 Acute respiratory failure, severe
hypoxemia, and a profound inflammatory response with “cytokine storm” have been
implicated in the high mortality rates seen in vulnerable adult populations. Early in

the pandemic, children accounted for <2% of laboratory-confirmed cases of COVID-19
infection in the US, and among children admitted to pediatric intensive care units in the
US, only 4% died despite >80% having pre-existing medical conditions.2 More recently,
11.5% of all US cases are <18 years old, but children continue to have the lowest rates of
hospitalization.3 Thus, children exposed to SARS-CoV-2 are much less likely than adults to
develop acute COVID-19 infection.

A small subset of children exposed to SARS-CoV-2, however, develop a multisystem
inflammatory syndrome, termed by the US Centers for Disease Control and Prevention
(CDC) as the multisystem inflammatory syndrome in children (MIS-C),* often with features
of toxic shock and Kawasaki disease.*-8 Whereas hospital admissions for acute COVID-19
have predominantly occurred in children with pre-existing morbidities, the majority of
children with MIS-C have generally been healthy, with obesity and underlying lung
conditions the most common co-morbidities, present in 29% and up to 18%, respectively.”: 8
The incidence of MIS-C is higher in those of Black and Hispanic race/ethnicity.”~10 M1S-C
generally peaks approximately one month after COVID-19 infection, consistent with a post-
infectious mechanism related to the host immune response and hyperinflammation,11-14
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Cardiovascular Involvement

Cardiovascular involvement occurs in approximately 80% of children with MIS-

C,7 8 consisting of left ventricular (LV) dysfunction, shock, coronary artery

dilation and/or aneurysms, valvulitis, pericardial effusions, arrhythmias, and conduction
abnormalities.> 79 15-22 Fe studies have characterized MIS-C-associated ventricular
dysfunction or coronary artery anatomy using standardized assessments, and no data are
available regarding long-term follow-up.

Myocardial Function—Early case series of MIS-C have reported LV dysfunction in

up to 100% of patients, likely related to selection bias towards inclusion of the sickest
patients;5: 15-17. 23 for example, some studies used ventricular dysfunction or shock as entry
criteria.1” 23 In the three largest M1S-C case series to date, including 186 patients across
the US,8 99 from New York State,” and 286 across Europe,?! echocardiographic evidence
of ventricular systolic dysfunction was present in 34-52%, vasoactive support was required
in 30-62%, and <4% of children required extracorporeal membrane oxygenation (ECMO).
The apparent recovery of LV systolic function in most cases suggests that systolic function
may be affected largely by the cytokine milieu or stress. However, even with recovery of
LV systolic function, a case series suggests that echocardiographic parameters of diastolic
dysfunction persist in the early outpatient follow-up period.29 The time course of full
myocardial recovery is currently unclear.

Studies using cardiac magnetic resonance imaging (CMR) in children with MIS-C are
limited. In 3 case series, with 20 patients from the UK,22 4 from France, 24 and 5 from New
York,2> 50-80% showed myocardial edema, and evidence of late gadolinium enhancement
was mixed, with none in one series?* to 40% in another.2> However, the majority of CMRs
were performed within a month of illness onset, and longer-term data are unavailable.

Of note, in adults who have recently recovered from COVID-19 (median 71 days after
diagnosis), CMR has shown abnormalities (increased myocardial native T1, increased
myocardial native T2, late gadolinium enhancement, or pericardial enhancement) in 78%
of patients and ongoing myocardial inflammation in 60%. These findings were independent
of pre-existing conditions, severity, overall course of the acute illness, or time from original
diagnosis.2® Whereas this study of adults has been used to guide recommendations for
resumption of sports and exercise after COVID-19 infection,”: 28 there are no evidence-
based data to guide sports participation in patients with myocardial dysfunction associated
with MIS-C, and longer-term implications for myocardial health are unknown.

Coronary Artery Involvement—The severity of coronary artery involvement in MIS-C
has varied among case series, with some only describing dilation,® 17 and others reporting
coronary artery aneurysms, 16.18.19 including giant aneurysms.16 In the three largest

case series of MIS-C patients to date, 9% had coronary artery aneurysms as defined by

a right coronary artery (RCA) or left anterior descending (LAD) z-score of >2.5,8 9%

had documented coronary artery aneurysms though z-scores were not noted consistently,’
and 24.1% had z-score >2 in any coronary artery. Although rare, progression of coronary
artery involvement to giant aneurysms at outpatient follow-up has been described, leading
to recommendations for serial outpatient evaluations in these patients.2? It is not known
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whether the coronary artery enlargement in MIS-C is related to marked vasodilation in
an inflammatory state30-33 versus the destruction of the arterial wall such as is seen in
Kawasaki disease34: 35,

The extent and timing of coronary artery abnormalities in MIS-C is uncertain. Published
case series have varied in their definitions of aneurysms and in the frequency of coronary
artery imaging, and none have used centralized review of images to standardize assessment
of the coronary arteries and account for the quality of imaging. The latter is particularly
important in MIS-C given the inherent challenges of echocardiographic coronary artery
imaging in these patients, as they are acutely ill and may be uncooperative, tachycardic,
and obese’: 8 with poor acoustic windows. Furthermore, echocardiograms with targeted
imaging are often obtained to prioritize safety and minimize the exposure of sonographers.
Standardized protocols for acquisition of coronary artery images and core laboratory
interpretation across centers, together with systematic longer-term surveillance, are needed
to characterize the prevalence and progression of coronary artery abnormalities in MIS-C.

Arrhythmias—Arrhythmias and other electrocardiographic changes have been reported
in 7-60% of the case series on MIS-C noted above. These have included premature

atrial and ventricular beats; atrial fibrillation; first, second, and rarely third-degree
atrioventricular block; prolongation of the QTc interval; and rarely sustained arrhythmias
causing hemodynamic compromise and the need for ECMO support. Long-term data

on persistence or recurrence of arrhythmias and other electrocardiographic changes are
unknown.

Non-Cardiovascular Organ System Involvement

As implied by the syndrome name, multiple organ systems beyond the cardiovascular
system have been involved in MIS-C. While any organ system is at risk, children with MIS-
C most commonly present with gastrointestinal® ® and mucocutaneous symptoms and/or
laboratory abnormalities,8: 2 36 including vomiting, diarrhea, abdominal pain, transaminitis,
and gall bladder hydrops, as well as rash and conjunctivitis, respectively.3” Hematologic
abnormalities have included pulmonary embolism38 and deep vein thrombosi,3’ or
laboratory abnormalities including anemia and thrombocytopenia.8 Neurologic symptoms
have included headache,”- 39 altered mental status,” and encephalopathy.3% 40 Of note,

a phenomenon termed “long COVID” has been used to describe those with previous
COVID-19 infection who have persistent symptoms beyond the acute illness, with

features similar to myalgic encephalomyelitis, chronic fatigue syndrome, and autonomic
dysfunction.#1-44 However, long-term neurocognitive or other organ system sequelae of
MIS-C are unknown.

RATIONALE FOR THE STUDY

To better understand this emerging illness and its sequelae, the Long-TerM OUtcomes after
the Multisystem Inflammatory Syndrome In Children (MUSIC) study was developed and
will be the first to define long-term cardiovascular and other organ system health status in
the largest population of children and adolescents with MIS-C to date. In addition, this study
will contribute important new information on acute cardiac findings, including standardized
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measures of myocardial performance and coronary artery aneurysms in this mostly treated
cohort. Through harmonization of data elements with other multicenter studies on MIS-C,
this longitudinal study will provide a unique framework including phenotyping for basic and
translational research studies. Specifically, we will provide clinical data from this study to
investigators seeking to analyze the relationships of genomic or other fundamental biological
factors with cardiac outcomes and facilitate collaboration across existing registries and
center projects. Finally, risk stratification models and machine learning may identify
personalized care pathways to both predict risk and improve outcomes.

STUDY DESIGN AND METHODS

This multicenter observational cohort study, funded by the National Institutes of Health,

and the National Heart, Lung, and Blood Institute (NHLBI), will use routinely collected
clinical and cardiac (electrocardiogram [ECG], echocardiogram, CMR, exercise testing) data
to assess the association between MIS-C and cardiac and non-cardiac outcomes. The aims of
this study are:

1. To characterize the frequency and course over time of LV dysfunction in MIS-C
associated with COVID-19.

2. To characterize the frequency and time course of coronary artery dilation (z
>2.0 to <2.5) and coronary artery aneurysm (z =2.5) in MIS-C associated with
COVID-19.

3. To characterize the frequency and time course of non-cardiac organ dysfunction,

inflammation, and major medical events, including death.

4. To develop clinical risk stratification models for worse LV systolic function or
higher coronary artery maximum z-scores and for their evolution over time.

5. To determine genetic associations with MIS-C manifestations by collecting DNA
specimens from participants and their parents for whole genome sequencing
(WGS) for future research.

The MUSIC study (https://covidmusicstudy.com/) is a component of the Department

of Health and Human Services strategy to understand MIS-C and pediatric COVID-19

as quickly as possible. The study uses the research infrastructure of the Pediatric

Heart Network (PHN), a pediatric cardiology research consortium funded by NHLBI,
and its data coordinating center, HealthCore Inc. This study is supported by grants
(HL135680, HL135685, HL135683, HL135689, HL135646, HL135665, HL135678,
HL135682, HL135666, HL135691, HL068270) from the NHLBI, NIH. The authors are
solely responsible for the design and conduct of this study, all study analyses, the drafting
and editing of the paper and its final contents.

Inclusion Criteria

Eligibility criteria for the MUSIC study align with the current CDC definition for MIS-C*
1. Age <21 years.

2. Fever =38°C for =224 hours, or report of subjective fever lasting =24 hours.
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3. Laboratory evidence of inflammation, including, but not limited to, one or more
of the following: an elevated C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR), fibrinogen, procalcitonin, d-dimer, ferritin, lactate dehydrogenase
(LDH), interleukin-6 (IL-6) or neutrophils, reduced lymphocytes and low
albumin.

4. Evidence of clinically severe illness requiring hospitalization, with multisystem
(=2) organ involvement, based on clinical judgment from record review,
discharge diagnosis, laboratory or diagnostic tests. Organ system involvement
includes but is not limited to cardiac, renal, respiratory, hematologic including
coagulopathy, gastrointestinal including liver, dermatologic or neurological.

5. 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.

Some individuals may fulfill American Heart Association (AHA) complete or incomplete
criteria for KD,3® but they will be eligible for inclusion in this study if they meet the case
definition for MIS-C. We will consider MIS-C in any deaths in children or adolescents with
evidence of SARS-Cov-2 infection if they otherwise meet criteria for enroliment.

Exclusion Criterion

1. A plausible alternative diagnosis, such as culture-positive bacterial sepsis,
murine typhus, staphylococcal or streptococcal shock syndromes.

Recruitment and Enrollment

As of March 31, 2021, 33 centers in North America have committed to participating in the
MUSIC study: 10 PHN core centers and 23 auxiliary centers, which were chosen based on
geographic variation, racial diversity and number of MIS-C cases (Supplement 1). We plan
to enroll at least 600 participants in 2 years and will include all eligible patients who meet
the CDC case definition of MIS-C starting from March 2020. Follow-up will be for up to
5 years. The MUSIC study launched in October 2020, and as of May 26, 2021, we have
enrolled over 600 participants.

Participants can be enrolled at any time in the first year after MIS-C onset, either
retrospectively or prospectively. Three potential pathways for patient recruitment include: 1)
parental/guardian or participant consent during the hospitalization, at outpatient follow-up,
or via a virtual platform after contacting the family by mail, phone, or email; 2) waiver of
consent after three unsuccessful attempts to contact a family; or 3) waiver of consent due to
death prior to study enroliment to avoid bias in the data (Figure 1). Because MIS-C surged
in many centers before the MUSIC study began, each center will identify past cases who
were hospitalized with MIS-C. For those enrolled under a waiver of consent, the waiver will
cover clinical data for research elements which meet the specific regulatory criteria that the
research presents no more than minimal risk of harm to subjects and involves no procedures
for which written consent is normally required outside of the research context. The waiver
of consent and collection of retrospective data on cardiac and non-cardiac organ dysfunction
are considered vital because MIS-C particularly affects underrepresented minorities and
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underserved populations who may be more difficult to reach. Omission of these data would
carry substantial risk of selection bias, affecting the generalizability and validity of the
results.

Outcome Measures and Schedule of Measurements

Our principal goal is to determine the spectrum and early time course of LV

systolic dysfunction, coronary artery involvement, and arrhythmias or conduction system
abnormalities, and to define associated clinical and laboratory factors using these data. The
primary and secondary cardiac outcomes are listed in Table 1.

The secondary non-cardiac outcomes are listed in Table 2.

The schedule of measurements is based on standard clinical follow-up in MIS-C patients
(Table 3), with study timepoints at Day 1 of hospitalization, hospital discharge, follow-up at
2 weeks, 6 weeks, and 6 months after discharge, and annually at years 1-5. In those with
LVEF <45%, we expect that CMR and exercise testing would be obtained as part of routine
clinical care at ~3 months. We included wide windows for each timepoint to optimize data
capture.

Adjudication of MIS-C Diagnosis

The CDC case definition of MIS-C is broad and nonspecific, and confirmatory laboratory
testing by serologic testing can be unreliable. Furthermore, as increasing seroprevalence
from exposures or vaccination becomes more common, accurate diagnosis of MIS-C

will become more complicated and inaccurate diagnoses may increase. An Adjudication
Committee of three experts from pediatric rheumatology, pediatric infectious disease, and
pediatric cardiology, will classify cases as definite, possible, or not MIS-C. They will use
data from within the first 6 months after initial presentation, based upon the state of current
knowledge.

Medical History and Annual Health Assessment

Besides extensive data collection during the hospital period, including labs, treatment

and medication, participants will undergo a medical history at each timepoint, including

at the annual health assessment that will either occur in-person, or via virtual platform

or telephone starting 1 year from MIS-C diagnosis for up to 5 years from diagnosis.

The medical history includes a series of questions to better understand the participant’s
current health status. The broad range of questions covers general health and well-being
with specific questions on various organ systems including cardiovascular, respiratory,
neurologic, rheumatologic, immunologic, hematologic, genitourinary, renal, gastrointestinal,
and dermatologic. (Supplement 2)

Tools to assess general health and well-being include the Functional Status Score*® (FSS)
and the Patient-Reported Outcomes Measurement Information Systems (PROMIS) Global
Health?® instrument. The FSS assesses 5 domains of functioning: mental status, sensory
functioning, communication, feeding, and respiratory status,*> and will be assessed at
hospital admission and discharge. The PROMIS Global Health assesses an individual’s
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physical, mental, and social health in a general manner, rather than in disease-specific
terms.4” The age appropriate Pediatric, Parent Proxy, or Adult PROMIS Global Health
instrument6 will be assessed at the 2 week, 6 week, 6 month, and annual follow-up time
points.

Echocardiographic Core Laboratory

The MUSIC study uses an echocardiographic imaging protocol for prospectively-performed
imaging studies and an Echocardiographic Core Laboratory (Boston Children’s Hospital)

to ensure standardized echocardiographic assessment for the outcome measures. The
Echocardiographic Core Laboratory will interpret all echocardiograms 1) performed at the
study time points; 2) with the worst LVEF and worst-ever LAD or RCA z-score obtained
outside of the study time points; 3) performed beyond the 6-month visit because of persistent
abnormalities. Research funds are available for unsedated echocardiograms to be performed
in participants at the designated time points if they are not deemed to be clinically indicated
by the local study site.

CMR Core Laboratory

The CMR Core Laboratory (Cincinnati Children’s Hospital) will ensure uniform assessment
of CMR outcomes, measured according to standard established conventions.#8-50, We
anticipate that CMRs will be performed approximately 3 months (range 1-6 months) after
illness onset in children who have at least moderately depressed LV function (i.e., LVEF
<45%). Research funds will be available for CMR (unsedated and without a gadolinium-
based contrast agent) if not ordered for clinical reasons in participants who had decreased
LVEF <45%. The CMR Core Laboratory will also interpret all CMRs ordered for any
clinical reason, including mild decrease in function or arrhythmias, as such studies could
potentially identify subclinical issues.

Assessment of Arrhythmias and Conduction Disturbances

To assess for arrhythmias and conduction disturbances, we will collect data from resting
electrocardiograms (ECG) obtained during the hospitalization and follow-up of participants,
with research funds available for ECGs if not ordered for clinical reasons at the study
timepoints. Data will also be collected from any ambulatory monitoring, as well as any
exercise stress testing performed for clinical purposes, both of which may be ordered as part
of assessment prior to return to sports in those with significant ventricular dysfunction or
concerns for myocarditis.>?

Optional Genetic Testing and Biorepository

Participants who consent for optional genetic testing will provide blood or saliva samples
for future whole genome sequencing. Biological parents will also be approached for blood
or saliva samples for optional genetic testing to better understand genetic variation within
the MIS-C population. Samples will be stored at the PHN biorepository (University of
Michigan). We will leverage the careful phenotyping of participants in the MUSIC study
to provide an opportunity for future genotype-phenotype studies using whole genome
sequencing from those samples, and to make these data available for hypothesis-driven
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studies aimed at identifying genetic determinants of outcome in MIS-C. By aligning the
study with treatment trials and bench research, and in using common data elements and
access to clinical data, the structure of this study will provide a resource for investigators
across disciplines and funding agencies. The Data Coordinating Center (HealthCore) will
provide necessary infrastructure, harmonization, data synthesis, and quality control.

Statistical Considerations

In this observational study, we will exclude cases later adjudicated as “not MIS-C” from
analyses of MIS-C outcomes, and will describe the alternative diagnoses. Coronary artery
dimensions will be normalized for BSA as z-scores using the Boston Z-score system®2
(primary, for consistency with the definition of coronary artery aneurysms in the AHA
guideline), as well as the PHN®3 (secondary). We will characterize the study population,
treatment course, medical history, and study outcomes over time using descriptive statistics.
Before beginning statistical modelling, outcomes will be examined for normality and
transformations considered. Trends over time will be examined through non-linear curve
fitting, e.g., LOESS curves; this will inform further modelling, e.g., treating time as linear,
quadratic, or categorical.

For the analysis of the primary outcome measures, we will use mixed effects linear
regression analysis for repeated measures to examine trends in LVEF and coronary artery z-
scores over time, as well as to identify independent factors associated with lower LVEF or
higher coronary artery z-scores. As factors such as a known prior history of decreased LVEF
or coronary artery dilation have a potential to confound the results, we will first calculate
the proportion of those with a known prior history of decreased LVEF or coronary artery
dilation (with or without Kawasaki disease), but will exclude them from the main analysis
of LV dysfunction and/or coronary artery outcomes. Predictors significant at level 0.20 in
bivariate analyses (with time included in all models) will be entered into a multivariable
model with backwards selection. Care will be taken to investigate possible collinearity of
predictors and to choose from among the highly correlated predictors for inclusion in the
multivariable model.

For secondary outcome measures, we will similarly use linear, logistic, or Cox regression
analyses to assess trends over time and multivariable associations of other outcomes,

such as LVEF at the time of presentation, presence of conduction system abnormalities,

or symptom duration, respectively. A random effect of site will be used for outcomes

that may be affected by differences in practice between sites, e.g., length of stay. Risk
stratification models will also be developed by applying machine learning (random forest) to
dichotomized outcomes. We will train both random forest and gradient boosting algorithms,
selecting the best performing models. The dataset will be split into training and test sets
using stratified random sampling to ensure balanced samples.

Subgroup analysis will be performed based on adjudication as “definite” vs. “possible”
MIS-C, changing definitions of MIS-C over time, and by cohorts over time. At this time,
there are no plans for subgroup analyses for specific pre-existing conditions, including
congenital heart disease; however, if 210% of participants have a particular pre-existing
condition, subgroup analysis will be considered. Moreover, patients with forms of congenital
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heart disease that might affect left ventricular size or function, or coronary artery dimension,
will be excluded from analyses of those variables; in particular, congenital heart disease
except for bicommissural aortic valve with <mild stenosis and/or insufficiency, mitral

valve prolapse with <mild insufficiency, and hemodynamically insignificant atrial septal

or ventricular septal defects will be excluded from analyses of left ventricular or coronary
artery outcomes. Differential effects of treatment strategies on outcomes will be explored via
propensity score adjustment.

DISCUSSION

Importance of the Knowledge to be Gained

While MIS-C is a rare complication of COVID-19, the multiorgan involvement leads to
critical illness in the majority of patients, many of whom had been previously healthy.

The results of the MUSIC study will make an important contribution to our understanding
of the cardiac and non-cardiac manifestations of MIS-C and its long-term effects through

a systematic and standardized history and imaging assessment for up to 5 years across
North American centers. Currently available practices and algorithms are based on limited
data and extrapolated from other illnesses, such as myocarditis. The results of the MUSIC
study are expected to provide vital data to inform clinical pathways and algorithms for best
therapies and clinical practice during the acute illness, as well as for long-term follow-up
and return to sports. This study will also share phenotypic data with translational and basic
researchers studying MIS-C biology, thereby expanding our understanding of MIS-C disease
mechanisms.

STUDY LIMITATIONS

This study has several potential limitations. The number of eligible patients is unpredictable,
because we do not know whether the current surge will be maintained or the location of
future hot spots. For this reason, we have chosen sites in diverse geographic locations. It

is possible that the CDC definition for MIS-C will change during the course of the study.
MUSIC study entry criteria will change in accordance with the most current CDC definition,
and we will account for the change in definition in the study analysis plan. We anticipate
that some families of children who had MIS-C prior to the study launch at their local center
may be difficult to reach. Moreover, it is possible that return for clinical follow-up will

be lower in this previously healthy population of low socioeconomic status than in our

usual studies in children with a history of heart disease and a pre-existing relationship with
pediatric cardiologists. Participants with mild disease may also be less inclined to return for
follow-up at the recommended time points. Each center will work closely with social work
and pediatric offices to maximize return for scheduled visits. We will request a waiver of
consent for collection of information related to clinical care when we are unable to reach
patients after three attempts. As the study is observational, centers and providers could

vary considerably with respect to depth of testing or timing of follow-up, we have allotted
funding for echocardiograms and CMR in some patients. We have constructed our study
protocol in accordance with current norms of routine practice; therefore, most prospectively-
enrolled patients should have relatively complete data. Data will be reviewed periodically
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to search for patterns of missingness, and we will determine ways to address gaps in data
collection. Our study can serve as a scaffold for basic and translational research of other
investigators. If patients have not given consent to contribute biospecimens, this could limit
study utility for correlation of clinical phenotype with fundamental bench findings.

CONCLUSIONS

The emergence of MIS-C during the COVID-19 pandemic has created a public health
emergency that necessitates multicenter collaboration to better understand this new illness
and its long-term outcomes. The MUSIC study will gather systematic follow-up data using
standardized protocols for cardiac imaging, independent assessment in Echocardiographic
and CMR Core Laboratories and surveillance for non-cardiac morbidities and global health
in a large population of patients with MIS-C. Through harmonization of data elements with
other studies on MIS-C, this longitudinal study will provide a unique framework including
phenotype for basic and translational research studies. In the future, risk stratification
models and machine learning may identify personalized care pathways to both predict risk
and improve outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Years 1-5 (annual)

Figure 1.
Pathways for enrollment of participants in the MUSIC study. For participants enrolled under

a waiver of consent due to death or lost to follow-up, follow-up data beyond discharge may
not be available.

Am Heart J. Author manuscript; available in PMC 2023 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Truong et al. Page 16

Table 1.

Primary and Secondary Cardiac Outcomes

Primary Outcomes

1. Worst-ever LVEF

2. Worst-ever maximum z-score of the proximal LAD or RCA

Secondary Cardiac Outcomes

1. Occurrence of a proximal LAD or RCA z-score of >2.5 on any echocardiogram

N

. Occurrence of aneurysms by Japanese Ministry of Health criteria

. Individual z-scores for the LMCA, RCA, and LAD

. Left ventricular size and function: LVEDV z-score, LVEF, LVSF

g || w

. Percentage of patients who had LVEF <55% on any echocardiogram

a. LVEF 45-54% (mildly depressed systolic function)

b. LVEF 35-44% (moderately depressed systolic function)

c. LVEF <35% (severely depressed systolic function

(2]

. LV strain

a. Global longitudinal strain from apical view

b. Global circumferential strain from parasternal short-axis view

~

Right ventricular systolic function (qualitative assessment)

a. If possible, right ventricular global longitudinal strain

8. Presence and degree of mitral and aortic valve insufficiency

9. LV diastolic function, i.e., tissue Doppler imaging and mitral valve inflow

10. Presence and size of pericardial effusion

11. The occurrence of arrhythmias and conduction system disturbances

12. Exercise testing (age and maturing permitting) at ~3 months in those who had at least moderate systolic dysfunction

13. CMR outcomes

a. LVEF and RVEF

b. Valvar regurgitation

c. Percent of participants with

i. Myocardial late gadolinium enhancement, and its distribution

ii. Abnormal LV T2-weighted imaging

iii. Elevated LV T2

iv. Elevated LV native T1

v. Elevated LV extracellular volume fraction

vi. Coronary artery dilation

vii. Final interpretation of CMR as abnormal, equivocal, or normal

LVEF=Left ventricular ejection fraction; LAD=Left anterior descending; RCA=Right coronary artery; LMCA=Left main coronary artery;
LVEDV=Left ventricular end-diastolic volume; LVSF=Left ventricular shortening fraction; CMR=Cardiac magnetic resonance imaging;
RVEF=Right ventricular ejection fraction
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Table 2.

Secondary Non-Cardiac Outcomes

1. Other organ abnormalities: Immunologic, rheumatologic, renal, pulmonary, hematologic, gastrointestinal, dermatologic or neurologic

2. Trends in laboratory markers of inflammation

3. Admission to the intensive care unit

4. Maximal vasoactive inotrope score

5. Hospital length of stay

6. Symptom duration

7. Major medical events (e.g. stroke, need for extracorporeal therapies such as renal replacement therapy, plasma exchange, ECMO,
ventricular assist device)

8. Mortality

9. Global Health

a. Functional Status Score*®

b. Patient-Reported Outcomes Measurement Information Systems (PROMIS) Instrument*6

ECMO=EXxtracorporeal membrane oxygenation
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Table 3.
Schedule of Measurements
Variable Hospital Day 1  Discharge 2 wks (1<3 6 wks (3-9 3mo (1- 6mo(9wks-1 1-5 Years
wks) wks) 6 mo) yr)

Demographics X
Medical History‘Z X X X X X X
Echocardiogram X X X X xZ xZ
ECG X X X X
CMR and exercise test (LVEF X
<45%)
Clinical Labs"’7 X X X X X

X X X X X

Research Labs4
ECG=Electrocardiogram; CMR=Cardiac magnetic resonance imaging; LVEF=Left ventricular ejection fraction

Medical history will include complete cardiac and non-cardiac systems review; Functional Status Score (FSS) will be measured Day 1, Discharge,
and 2 weeks, 6 weeks, and 6 months; PROMIS instrument at 2 weeks, 6 weeks, 6 months, and annually.

2 . . . . . .

Echocardiograms at 6 months and annually between years 1 and 5 are optional in patients who have previously had two consecutive normal
echocardiograms, though the study will collect information on clinical cardiology visits beyond the 6-month window, and also will complete annual
medical history forms for years 1-5, to bring follow-up to up to 5 years after presentation.

3We will collect and analyze all data obtained as part of routine care. Although we will not mandate specific laboratory tests in the research
protocol, we recommend based upon best clinical evidence to date that patients have lab testing that includes at a minimum the following tests
until they have normalized: CBC and differential (for absolute lymphocyte count and neutrophil/lymphocyte ratio), platelets, ESR, CRP, ferritin,
D-Dimers, procalcitonin (if the center performs this), ALT, BNP and troponin.

Biospecimens for the PHN biobank for future whole genome sequencing in patients who give consent for this can be obtained at any point within

the first year of enrollment. Other research laboratory tests may be drawn at the time of blood draws based upon the patient’s participation in
protocols in addition to the MUSIC study within their clinical center if they have signed the study-specific informed consent form.
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