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Short-Term sequelae of Multisystem

Inflammatory Syndrome in Children

Assessed by CMR
Recent studies have reported a wide clinical spectrum
of multisystem inflammatory syndrome in children
(MIS-C) (1–3). This is the first study that describes
short-term sequelae of the acute phase of MIS-C
assessed by cardiac magnetic resonance (CMR) using
a comprehensive imaging protocol.

A total of 44 children were referred with MIS-C
(fulfilling the criteria of the U.S. Centers for Disease
Control and Prevention) between April and June 2020
to our center (Royal Brompton Hospital, London,
United Kingdom). A total of 20 patients were
referred for CMR scanning because of myocardial
involvement in the acute phase: 1) 10 (50%) patients
had myocardial dysfunction (left ventricular ejection
fraction #55%); 2) 5 (25%) patients had dilated coro-
nary arteries (Z-score >2.5); and 3) 5 (25%) patients
had increased cardiac inflammatory markers (B-type
natriuretic peptide and troponin). The study was
approved by the local Research Ethics Committee.
The median age of the patients was 8 years (range
17 months to 14 years).

Patients under general anesthesia were scanned
with a 3.0-T scanner, and the other patients were
scanned with 1.5-T scanner (Vida and Aera/Avanto-
FIT, Siemens, Erlangen, Germany).

Native T1 mapping was performed using a 3(3)5
modified Look-Locker imaging single-shot balanced
steady-state free precession (bSSFP) sequence at the
basal and midventricular levels. T2 mapping was
also conducted on the basis of a single-shot sequence
(1.5-T bSSFP, 3.0-T spoiled gradient recalled echo)
measured at the basal, midventricular, and apical
levels.

As required by the Society for Cardiovascular
Magnetic Resonance consensus statements, normal-
range data are available for all users of mapping at
the Brompton Hospital. These data had been obtained
and shared from healthy young and middle-aged in-
dividuals who were scanned in the 1.5-T (VE11C,
Siemens Healthineers, Erlangen, Germany) and 3.0-T
(VA11A, Siemens Healthineers) scanners, and the
maximum value from all of them (approximately 20
nloaded for Anonymous User (n/a) at Royal Brompton and Harefield NH
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healthy control subjects for each T1 and T2 mapping
per scanner) was taken as a cutoff value to avoid
overestimating the results.

Mean global T1 and T2 values for each slice andmean
segmental T1 and T2 values were measured. The native
T1 normal range was 975 to 1,065 ms at 1.5-T and 1,140
to 1,395 ms at a 3.0-T scanner. T2 values were consid-
ered abnormal if they were>60ms at 1.5-T and>49ms
at a 3.0-T scanner. The same range was used for mean
global and mean segmental values.

The results of a polymerase chain reaction nasal
swab for coronavirus disease-2019 (COVID-19) were
negative in the acute phase in all patients. Results
of COVID-19 serological testing at the time of
admission were positive in 14 (70%) patients for
immunoglobulin G severe acute respiratory syndrome-
coronavirus-2 (SARS-CoV-2).

The time interval between the onset of symptoms
and the date of CMR was between 12 and 72 days
(27 � 14 days). Six (30%) patients required general
anesthesia. Repeated echocardiogram at the time of
CMR showed normal systolic function and normal-
ized size of the coronary arteries in all but 1 patient.

All CMR conventional parameters were in the
normal range (Table 1). Only 1 patient had mildly
reduced left ventricular ejection fraction. Short tau
inversion recovery images were negative in all pa-
tients. Two patients had small areas of late gadolin-
ium enhancement.

Mean T1 values were normal in all but 1 patient.
This patient had a slightly increased mean T1 value at
the midventricular level of 1,068 ms. Altogether, 5
patients had abnormal segmental values in 1 to 5
segments. The patient with the increased T1 values in
5 segments presented in shock with moderate systolic
dysfunction. Abnormally increased T1 values were
associated with high C-reactive protein at the time of
admission (p < 0.001).

Mean global T2 values of basal, midventricular, and
apical slices were normal in all patients. However, 1
patient showed higher T2 values in the apical lateral
segment. Both basal septal values were abnormal in
another patient. Abnormal T2 values were associated
with elevated D-dimer levels at the time of admission
(p ¼ 0.042) and abnormal mitral annular planar sys-
tolic excursion (MAPSE) (p < 0.001). The number of
segments with abnormal T2 values was associated
with C-reactive protein at the time of admission
(p < 0.001) and with MAPSE (p ¼ 0.011). (The Mann-
Whitney U-test and the Kruskal-Wallis test were
used as appropriate.) Three patients had dilated neck
S Foundation Trust from ClinicalKey.com by Elsevier on 
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TABLE 1 CMR Results of the Conventional and Parametric Data

CMR Parameter N ¼ 20 CMR Parameter N ¼ 20

LV EDV index, ml/m2 67 � 12 RV EDV index, ml/m2 67 � 11

LV ESV index, ml/m2 24 � 6 RV ESV index, ml/m2 26 � 6

LV SV index, ml/m2 44 � 10 RV SV index, ml/m2 42 � 7

LV EF, % 64 � 5 RV EF, % 62 � 5

LV mass index, g/m2 45 � 8 —

LA index, cm2/m2 10 � 2 RA index, cm2/m2 12 � 2

MAPSE lateral, mm 13 � 3 TAPSE, mm 20 � 4

CMR Parameter (1.5-T Scanner) N ¼ 14 CMR Parameter (3.0-T Scanner) N ¼ 6

Native T1 at basal level, ms 1,016 � 29 Native T1 at basal level, ms 1,298 � 34

Native T1 at midventricular level, ms 1,008 � 33 Native T1 at midventricular level, ms 1,315 � 35

Native T2 at basal level, ms 45 � 2 Native T2 at basal level, ms 41 � 3

Native T2 at midventricular level, ms 46 � 2 Native T2 at midventricular level, ms 38 � 2

Native T2 at apical level, ms 49 � 4 Native T2 at apical level, ms 39 � 3

Values are mean � SD.

CMR ¼ cardiac magnetic resonance; EDV ¼ end-diastolic volume; EF ¼ ejection fraction; ESV ¼ end-systolic volume; LA ¼ left atrial; LGE ¼ late gadolinium enhancement; LV ¼ left ventricular;
MAPSE ¼ mitral annular planar systolic excursion; RA ¼ right atrial; RV ¼ right ventricular; SV ¼ systolic volume; TAPSE ¼ tricuspid annular planar systolic excursion
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and/or innominate veins. A splenic infarct was
demonstrated in 1 of the most severely affected
patients.

This study demonstrates that despite the initial
life-threatening presentation of some children with
MIS-C, there is rapid improvement and nearly com-
plete normalization of all cardiac abnormalities
within a few weeks after the onset of the disease.
Subtle residual cardiac and extracardiac abnormal-
ities were found in a subset of children, who will
require follow-up studies.

Limitations include the large spread of patients’
ages, caused by the nature of the disease and the wide
range of time intervals from the onset of symptoms to
CMR, that makes the interpretation of the results
challenging. Statistical analysis of T1 mapping is
further limited by different field strengths used for
the scanning. Extracellular volume, another param-
eter used for tissue characterization of acute
myocarditis, was not used in this study because of a
lack of institutional normal values.
Ivan Altamar Bermejo, MD
Carles Bautista-Rodriguez, MD, PhD
Alain Fraisse, MD, PhD
Inga Voges, MD
Peter Gatehouse, PhD
Heechan Kang, MD
Enrico Piccinelli, MD
Giselle Rowlinson, PhD
Mary Lane, MD
Thomas Semple, MD
Sara Moscatelli, MD
Downloaded for Anonymous User (n/a) at Royal Brompt
August 21, 2021. For personal use only. No other use
Maria Dwornik, MD
Amrit Lota, PhD
Giovanni Di Salvo, MD, PhD
Ricardo Wage, DCR R, FSCMR
Sanjay K. Prasad, PhD
Raad Mohiaddin, PhD
Dudley J. Pennell, PhD
Sylvia Krupickova, MD, PhD*

*Department of Pediatric Cardiology
Royal Brompton Hospital
Sydney Street
London SW3 6NP
United Kingdom
E-mail: s.krupickova@rbht.nhs.uk
https://doi.org/10.1016/j.jcmg.2021.01.035

� 2021 the American College of Cardiology Foundation. Published by Elsevier.
All rights reserved

The authors have reported that they have no relationships relevant to the
contents of this paper to disclose. Drs. Bermejo and Bautista-Rodriguez are joint
first authors.
Paladinesh Thavendiranathan, MD, served as Guest Editor for this paper.
The authors attest they are in compliance with human studies committees and
animal welfare regulations of the authors’ institutions and Food and Drug
Administration guidelines, including patient consent where appropriate. For
more information, visit the Author Center.
REF ER ENCES

1. Dufort EM, Koumans EH, Chow EJ, et al. Multisystem inflammatory
syndrome in children in New York State. N Engl J Med. 2020;383:347–
358.

2. Feldstein LR, Rose EB, Horwitz SM, et al. Multisystem inflammatory
syndrome in U.S. children and adolescents. N Engl J Med. 2020;383:334–
346.

3. Bautista-Rodriguez C, Sanchez-de-Toledo J, Clark BC, et al. Multisystem
inflammatory syndrome in children: an international survey. Pediatrics.
2021;147:e2020024554.
on and Harefield NHS Foundation Trust from ClinicalKey.com by Elsevier on 
s without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

mailto:s.krupickova@rbht.nhs.uk
https://doi.org/10.1016/j.jcmg.2021.01.035
https://www.jacc.org/author-center
http://refhub.elsevier.com/S1936-878X(21)00161-3/sref1
http://refhub.elsevier.com/S1936-878X(21)00161-3/sref1
http://refhub.elsevier.com/S1936-878X(21)00161-3/sref1
http://refhub.elsevier.com/S1936-878X(21)00161-3/sref2
http://refhub.elsevier.com/S1936-878X(21)00161-3/sref2
http://refhub.elsevier.com/S1936-878X(21)00161-3/sref2
http://refhub.elsevier.com/S1936-878X(21)00161-3/sref3
http://refhub.elsevier.com/S1936-878X(21)00161-3/sref3
http://refhub.elsevier.com/S1936-878X(21)00161-3/sref3

	Short-Term sequelae of Multisystem Inflammatory Syndrome in Children Assessed by CMR
	References


