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Midterm Outcomes and Cardiac Magnetic Resonance Imaging following
Multisystem Inflammatory Syndrome in Children

David M. Barris, MD1, Jenna Keelan, MD1, Neha Ahluwalia, MD1, Simone Jhaveri, MD2, Jennifer Cohen, MD1,

Kenan Stern, MD1, Howard S. Seiden, MD1, and Lauren Glass, MD1

At midterm follow-up visits performed at a median of 7 months (IQR 6.0-8.4 months), 16 patients with multisystem
inflammatory syndrome in children had resolution of left ventricular dysfunction andmost had resolution of coronary
aneurysms. On cardiovascular magnetic resonance imaging, no patients had late gadolinium enhancement.
(J Pediatr 2021;-:1-5).
nitial reports suggested that children experienced less
manifestation of severe respiratory syndrome coronavirus
2 (SARs-CoV-2).1 After clusters of children were identified

presenting with cardiovascular shock, fever, and hyperin-
flammation, the Centers for Disease Control and Prevention
issued a national health advisory and case definition for a
multisystem inflammatory syndrome in children (MIS-C).2

On echocardiographic assessment of children with MIS-C
performed in the acute phase, left ventricular (LV) dysfunc-
tion (33%-58%) and coronary aneurysms (3%-33%) are
diagnosed frequently.3-9 There is resolution of LV dysfunc-
tion in the majority of patients (71%-77%) by 1 month
following the initial diagnosis.5-7

There is paucity of data on the longitudinal outcomes of
these children beyond the subacute phase.10,11 It is unknown
whether patients with coronary aneurysms and electrocar-
diographic (electrocardiogram, ECG) abnormalities in the
acute phase will have resolution of their abnormalities. There
are limited studies that determine whether patients with ven-
tricular dysfunction in the acute phase will exhibit abnormal-
ities on cardiac magnetic resonance (CMR) after LV function
on echo has normalized.12

We aimed to investigate the longitudinal evolution of car-
diac manifestations in patients with MIS-C at our tertiary
care center. Furthermore, we aimed to describe the findings
of CMR performed at midterm follow-up visits.

Methods

This is a retrospective, single-center study performed on
all pediatric patients (<21 years of age) admitted with
MIS-C to Mount Sinai Kravis Children’s Hospital between
BNP Brain natriuretic peptide

CMR Cardiac magnetic resonance

ECG Electrocardiogram

LV Left ventricular

LVEF Left ventricular ejection fraction

MIS-C Multisystem inflammatory syndrome in children

SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
April and June 2020 who received a midterm follow-up
evaluation. Midterm cardiac evaluation included ECG, echo-
cardiography, and CMR (if indicated). The diagnosis of
MIS-C was based on Centers for Disease Control and Preven-
tion criteria.2 Only patients with confirmed SARS-CoV-2
infection by reverse transcriptase polymerase chain reaction
and/or serology during hospitalization were included.
ECG and echocardiograms were performed during the

initial admission, at 1 month following the initial admission,
and at the midterm follow-up visit that took place at a me-
dian (IQR) of 7.0 (6.0-8.4) months following the initial
admission. Specific echocardiographic findings collected
included left ventricular ejection fraction (LVEF), coronary
ectasia or aneurysms (defined as z score ³2.5), and/or pres-
ence of pericardial effusions. Patients were referred for
CMR at the midterm visit, which took place at 9.4
(8.8-10.0) months following the initial admission. Indica-
tions for CMR included elevated troponin and/or reduced
LVEF on initial admission. Reduced LVEF was defined as
<55%. Troponin was measured using the Abbott Architect
Methodology with a reference range of 0.00-0.03 ng/mL.
Brain natriuretic peptide (BNP) was measured with a refer-
ence range of 0.00-100 pg/mL. CMR was not performed on
children that would have required anesthesia for the study
given the risk-benefit profile (n = 3). CMR imaging was per-
formed on a 1.5 Tesla GE Signa HDxt scanner (General Elec-
tric). The protocol included balanced steady-state free
precession cine imaging for evaluation of ventricular size
and function, T2 weighted double inversion recovery turbo
spin echo with fat suppression in ventricular short-axis for
myocardial edema (repetition time of 2 R-R intervals and
echo time of 80 msec), and late gadolinium enhancement
From the 1Division of Pediatric Cardiology, Department of Pediatrics, Icahn School of
Medicine at Mount Sinai/Mount Sinai Kravis Children’s Hospital, New York, NY; and
2Division of Pediatric Cardiology, Department of Pediatrics, Donald and Barbara
Zucker School of Medicine at Hofstra/Northwell, New York, NY

The authors declare no conflicts of interest.

Portions of this study were presented at the American Society of Echocardiography
national meeting, 2021 (virtual).

0022-3476/$ - see front matter. ª 2021 Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.jpeds.2021.10.009

1



Table I. Patient demographics, characteristics, and
baseline clinical data (n = 16)

Age 11.4 y (5.9-13.2 y)
Male sex 9 (56.3)
Race/ethnicity
Hispanic 9 (56.3)
Non-Hispanic Black 3 (18.8)
Non-Hispanic White 4 (25.0)

Length of stay, d 6.5 (6-8)
COVID PCR + 5 (31.3)
COVID antibody + 16 (100)
Treatment
IVIG 13 (81.3)
Steroids 3 (18.8)
Tocilizumab 14 (87.5)
Anakinra 2 (12.5)
Remdesivir 3 (18.8)
Aspirin 12 (75.0)
Lovenox 15 (93.8)

Coronary aneurysm (z score ³2.5) 3 (18.8)
LV dysfunction (EF <55%) 7 (43.8)
Elevated troponin (>0.03 ng/mL) 11 (68.8)

COVID, coronavirus disease; EF, ejection fraction; IVIG, intravenous immune globulin; PCR, po-
lymerase chain reaction.
Values are median (IQR) or number (%).
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imaging in ventricular short and long-axis planes for evalua-
tion of fibrosis approximately 10-20 minutes after adminis-
tration of 0.15 mmol/kg of gadobutrol (Bayer HealthCare).
Inversion time for delayed enhancement was chosen based
on scout cine inversion recovery sequence and adjusted as
needed to maintain appropriate myocardial nulling during
the period of imaging. Continuous variables were summa-
rized as median with IQR, and categorical variables were
described with counts and percentages.

Results

Twenty-four patients were admitted to Mount Sinai Kravis
Children’s hospital between April and June 2020 who met
diagnostic criteria for MIS-C. Six patients were lost to
follow-up. One patient died during the acute phase of the
illness. One patient was infected during a prolonged admis-
sion for pre-existing conditions. Sixteen patients presented
Table II. Midterm CMR patient specific data (n = 9)

Patient age/sex
Positive testing
for SARS-CoV-2

Peak troponin*
(ng/mL)

Presence of coronary
aneurysm†

Lowe
(ech

12 y/male Ab 0.34 Yes
11 y/female Ab 0.07 Yes
13 y/female Ab 5.8 No
11 y/female Ab 2.52 No
10 y/male Ab, PCR 0.9 No
13 y/male Ab, PCR 3.42 Yes
13 y/male Ab 0.54 No
12 y/female Ab 0.94 No
14 y/male Ab 6.13 No
12 y (11-13y) 0.94 (3.42-0.9) 3 (33%) 52 (5

Ab, antibody; An, anakinra; LGE, late gadolinium enhancement; Rem, remdecivir; Toc, tocilizumab.
Total values are median (IQR) or number (%).
*Reference range is 0.00-0.03 ng/mL.
†z score ³2.5.
‡Global signal intensity ratio between myocardium and skeletal muscle > 2:1 on T2-weighted ima
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to Mount Sinai Kravis Children’s hospital for a midterm
follow-up visit at a median of 7.0 (6.0-8.4) months from
initial admission. These visits took place at a range of 2.2-
9.1 months from initial admission. Patient demographics,
characteristics, and baseline clinical data are seen in
Table I. Thirteen of these patients were described
previously by our group looking at short term outcomes in
MIS-C.5

Common ECG abnormalities during initial admission
included prolonged QT interval (25%), t-wave abnormalities
(25%), and low QRS voltage (18.8%). These ECG abnormal-
ities were resolved by the midterm visit in all patients. First
degree atrioventricular block was seen in 1 patient in our
cohort and resolved by the midterm visit. Episodes of ven-
tricular tachycardia were seen in the acute phase in 1 patient
and resolved by the midterm visit.
On initial echo, 43.8% (n = 7) of patients had LV dysfunc-

tion (LVEF <55%). At the 1-month visit 12.5% (n = 2) of pa-
tients had LV dysfunction. At the midterm visit, LV function
was normal in all patients and showed continued improve-
ment with a median LVEF of 60% (58%-63%) (Figure;
available at www.jpeds.com). On initial echo, 18.8%
(n = 3) of patients had a coronary artery ectasia or
aneurysm (z score ³2.5). One patient had a persistent left
main coronary artery aneurysm at the midterm visit.
All 7 patients with LV dysfunction and all 3 of the patients

with coronary aneurysms had an elevated troponin and BNP
during the initial admission. The median troponin for pa-
tients with LV dysfunction was 0.9 (0.22-1.1) ng/mL. The
median troponin for patients without LV dysfunction was
0.1 (0.03-2.52) ng/mL. The median BNP for patients with
LV dysfunction was 994 (558-1472) pg/mL. The median
BNP for patients without LV dysfunction was 584 (391-
876) pg/mL.
CMR was obtained in 9 patients at 9.4 (8.8-10.0) months

following the initial admission. CMR patient specific results
are presented in Table II. All patients had normal LVEF
(>55%) on magnetic resonance imaging. On tissue
characterization, 4 (44%) patients were positive for global
edema, defined as a global signal intensity ratio between
st LVEF
o) (%) Treatment

Positive for global edema‡

(T2-weighted signal ratio) LGE
LVEF on
CMR (%)

52 IVIG, Toc No (1.05) No 63
40 IVIG, Steroids, Toc No (1.89) No 61
55 IVIG, Toc Yes (2.10) No 57
58 IVIG, Steroids, Toc Yes (2.50) No 55
49 IVIG, Toc, Rem No (1.29) No 67
43 IVIG, Toc, Rem, An No (1.20) No 66
58 Toc Yes (2.08) No 60
50 IVIG, Toc No (1.47) No 60
58 IVIG, Toc Yes (2.28) No 59
8-49) 4 (44%) 0 (0%) 60 (63-59)

ging.
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myocardium and skeletal muscle of >2:1 on T2-weighted
imaging. None of the patients exhibited gross fibrosis as
defined as evidence of late gadolinium enhancement.

Discussion

Patients with MIS-C seen at our center commonly had car-
diac manifestations during the acute phase. One patient in
our center died in the acute phase secondary to a middle ce-
rebral artery stroke while on extracorporeal membrane
oxygenation. This low rate of mortality is comparable with
national acute phase outcomes.13 Despite the low rate of
mortality, many patients continue to have LV dysfunction
upon discharge from their initial admission.

A multicenter, retrospective study performed in France
and Switzerland observed that LV function was restored in
71% (n = 25) of patients prior to hospital discharge.7 In a
retrospective single center trial performed at the Children’s
Hospital of Philadelphia, in the subacute period (interval of
5.2 � 3 days), LVEF normalized and diastolic dysfunction
remained.6 In a study performed at our center, 10 of 13
children had recovery of cardiac function within 1 month
of the initial echocardiogram.5 In a study performed
at Columbia University Iriving Medical Center, 24
patients returned for a follow-up visit at 4-9 months postdi-
scharge. Only 1 child had persistent mild biventricular
dysfunction and no children had abnormal coronary artery
measurements.10

There is currently no consensus guideline that delineates
how often to follow-up patients with MIS-C and which im-
aging modalities to obtain. There is also no consensus guide-
line that delineates how long to continue antiplatelet agents
in these patients. To ensure appropriate clinical surveillance
and better characterize the longitudinal evolution of myocar-
dial dysfunction in patients with MIS-C, our institution fol-
lowed our myocarditis protocol and brought patients back
for a midterm follow-up visit that took place at 7.0
(6.0-8.4) months following their initial presentation.

We report that patients with MIS-C continue to have
improvement in both LV function and coronary aneurysms
at the midterm visit. No patients had LV dysfunction and
only 1 patient had a coronary aneurysm. Of note, the patient
with the persistent coronary aneurysmwas treated with intra-
venous immune globulin, corticosteroids, tocilizumab, and
enoxaparin in the acute phase and continues on aspirin treat-
ment.

Studies have shown that there are racial and ethnic dispar-
ities in MIS-C.14 Our study population is comprised of a
greater percentage of Hispanic (56.3%) than non-Hispanic
White (25%) and non-Hispanic Black patients (18.8%). All
patients showed improvement of ECG abnormalities and
LV dysfunction regardless of race. The patient with a persis-
tent coronary aneurysm at the midterm visit identifies as
Hispanic.

The predominant hypothesis for the pathophysiology of
MIS-C is an underlying postinfectious myocarditis.6,15

Without endocardial biopsies and CMR imaging, this theory
Midterm Outcomes and Cardiac Magnetic Resonance Imaging fo
Children
is supported by elevated BNP, troponin levels and reduced
tissue deformation indices.5,6 This assertion is further
corroborated by a case series of 4 patients with MIS-C who
underwent CMR in the acute phase. The CMR findings in
these patients were consistent with postinfectious myocar-
ditis and showed diffuse myocardial edema and hyperemia
without evidence of focal myocardial necrosis or fibrosis
(inflammatory infiltration without myocardial injury).16

CMR has become the gold standard noninvasive test for
diagnosis of acute myocarditis and its utility in predicting
prognosis and monitoring resolution has been the focus of
recent studies.17,18 Given this data, we performed CMR on
our patients with MIS-C at the midterm follow-up visit.
Only those patients with evidence of LV dysfunction on
echocardiogram or positive troponin had CMR performed.
Because of the unknown benefit of CMR in patients with
MIS-C, patients who required anesthesia were excluded.
We report that of the 9 patients who underwent CMR all

had normalization of LV function. A significant percentage
(44%) of patients had evidence of global edema on
T2-weighted imaging. None of the patients in our cohort
had late gadolinium enhancement. These findings may sup-
port the hypothesized pathophysiology of this entity and its
similarity to post-infectious myocarditis, though it is unclear
why signs of edema would be present so long after the acute
presentation in patients that by all other markers were clini-
cally improved. Interpretation of these findings is limited by
the lack of a control group. In addition, quantification of T1
and T2 mapping values was not performed as parametric
mapping was not yet available on this scanner. In a
meta-analysis, Pan et al demonstrated that parametric map-
ping can overcome some of the limitations of the semiquan-
titative tissue characterization techniques we performed.19

T2-weighted techniques rely on relative signal intensity be-
tweenmyocardium and skeletal muscle, and imaging artifacts
and choice of skeletal muscle reference can affect reliability of
results.
In a prospective study Webster et al performed CMR

1-3 months after recovery of 11 patients with coronavirus
disease 2019 and 6 patients with MIS-C.12 The authors
used the parametric mapping technique to show that mean
native global T1, global T2 values, and segmental T2
maximum values were not statistically different from control
patients. The authors did not use a gadolinium based agent to
assess for late gadolinium enhancement. Similar to our data,
the authors found that LVEF was normal on CMR performed
on patients with MIS-C after recovery. Unlike our study, us-
ing the parametric mapping technique Webster et al did not
find abnormalities on tissue characterization. However, of
the 6 patients with MIS-C enrolled in the study by Webster
et al, only 2 out of 6 patients had an elevated troponin and
only 2 out of 6 had mild-moderate LV dysfunction on echo-
cardiogram. Every patient in our cohort who underwent
CMR had either elevated troponin or reduced LVEF during
their initial admission (Table II).
In a retrospective study Bartoszek et al report on the CMR

findings performed on 19 children who were diagnosed with
llowing Multisystem Inflammatory Syndrome in 3
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MIS-C.20 Similar to our cohort and in contrast to the study
performed by Webster et al all patients in the study per-
formed by Bartoszek et al had previous evidence of LV
dysfunction or increased troponin. On CMR that were per-
formed 3 months following the initial diagnosis, this study
also did not find evidence of late gadolinium enhancement
(evidence of fibrosis) in their cohort. Similar to Webster
et al, authors did not find evidence of abnormal T1 or T2
values using the parametric mapping technique. However,
using the T2 signal intensity ratio (the ratio of signal intensity
between myocardium and skeletal muscle), 1 patient in their
cohort was positive for increased T2 enhancement (evidence
for edema). The occurrence of this positive finding in their
study (n = 1, 5%) is much lower than our study (n = 4, 44%).

It is unclear whether the increased T2 signal intensity in the
patient reported by Bartoszek et al and in the 4 patients in our
study represent false positives, or if they represent true evi-
dence of myocardial edema. Of note, in our cohort, 3 of
the 4 patients with the highest peak troponin level at initial
admission (Table II) had increased T2 signal intensity at
the midterm follow-up visit. The average troponin of
patients with increased T2 signal intensity was 3.75 ng/mL
compared with an average of 1.16 ng/mL in patients
without increased T2 signal intensity. Difference in
treatment or presence of coronary aneurysm at initial
admission did not appear to influence of the likelihood of
having increased T2 signal intensity (Table II).

Although troponin and BNP levels were documented to be
near normal in every patient, we do not have documented ev-
idence of normalization of inflammatory markers. Our cen-
ter’s MIS-C protocol did not include an assessment of
diastolic function to reduce the infection risk for our sonog-
raphers. An additional limitation of our study is its retrospec-
tive nature.

Further longitudinal studies and CMR data would help
refine the evolution of cardiac findings in patients who pre-
sent with significant cardiac involvement. Despite the finding
of increased T2 signal intensity ratio in some patients, given
the normalization of other clinical variables (ECG, echocar-
diogram, laboratory) and absence of late gadolinium
enhancement on CMR, we have lifted the exercise restrictions
in all patients in our cohort 6 months following their initial
admission.

LV dysfunction and coronary aneurysms were commonly
diagnosed in our cohort in the acute phase. By the midterm
follow-up visit, all patients had resolution of LV dysfunction
and ECG changes and most had resolution of coronary aneu-
rysms. No late gadolinium enhancement was seen on CMR at
the midterm visit. We recommend continued surveillance in
patients with MIS-C to further elucidate longitudinal mani-
festations of this novel entity. n
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Figure. LVEF over time.
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