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Abstract

Aims Our study aimed to investigate the cardiac involvement with sensitive tissue characterization in non-hospitalized chil-
dren with coronavirus disease 2019 (COVID-19) infection using cardiovascular magnetic resonance (CMR) imaging.

Methods and results We prospectively enrolled children who recovered from mildly symptomatic COVID-19 infection be-
tween November 2020 and January 2021. Patients underwent CMR at 1.5 T (Achieva, Philips Healthcare, Best, the
Netherlands) including cine images, native T1 and T2 mapping. Healthy children and paediatric patients with biopsy-proven
myocarditis served as control groups. We performed CMR in 18 children with a median (25th—75th percentile) age of 12
(10-15) years, 38 (24—-47) days after positive PCR test, and compared them with 7 healthy controls [15 (10-19) years] and
9 patients with myocarditis [10 (4-16) years]. The COVID-19 patients reported no cardiac symptoms. None of the COVID-19
patients showed CMR findings consistent with a myocarditis. Three patients (17%) from the COVID-19 cohort presented with
minimal pericardial effusion. CMR parameters of COVID-19 patients, including volumetric and strain values as well as T1 and
T2 times, were not significantly different from healthy controls, but from myocarditis patients. These had significantly reduced
left ventricular (LV) ejection fraction (P = 0.035), LV global longitudinal strain, and left atrial strain values as well as elevated
native T1 values compared with COVID-19 patients (P < 0.001, respectively).

Conclusions There was no evidence of myocardial inflammation, fibrosis, or functional cardiac impairment in the studied co-
hort of children recently. CMR findings were comparable with those of healthy controls. Pericardial effusion suggests a mild
pericarditis in a small subgroup. This is pointing to a minor clinical relevance of myocardial involvement in children after mildly
symptomatic COVID-19 infections.
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paediatric patients are limited and mainly related to the oc-
currence of multisystem inflammatory syndrome in children
The severe acute respiratory syndrome coronavirus 2  associated with SARS-CoV-2 infection (MISc), which pre-

Background

(SARS-CoV-2) has led to the global pandemic of coronavirus
disease 2019 (COVID-19). Recent cardiovascular magnetic
resonance (CMR) studies have reported frequent cardiac
injury in adults with COVID-19 infections.®™ Data in

sents mostly with a severe onset.*’ The prevalence and
clinical role of cardiac injury in paediatric COVID-19 pa-
tients without systemic inflammation is not well studied
using sensitive methods for myocardial tissue characteriza-

© 2021 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

590 SUOWILLIOD AIKERID 3|qedl|dde U Aq pauieob afe il YO BsN JO 3N 0} ARl 1T 3UIIUO AB|IAR UO (SUONIPUOD-PUE-SWLIRIW0D" A 1M ARe.q)BUIIUO//SANY) SUORIPUOD PUe SWB L U1 385 *[¢202/TT/y0] Uo Ariqiauluo A|IM ‘uizipewsiselsoAluN -21Leyd Ad 8/9€T ZJU8/00T 0T/10p/wiod" Ao 1M Afe.q U1 |uO//SANY LWOI) POPEOIUMOQ 9 'TZ0Z ‘22855502


https://orcid.org/0000-0002-1328-1580
mailto:seidel@dhzb.de
http://creativecommons.org/licenses/by-nc-nd/4.0/

20555822, 2021, 6, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ehf2.13678 by Charité - Universitaetsmedizin, Wiley Online Library on [04/11/2022]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

F. Seidel et al.
DOI: 10.1002/ehf2.13678

‘san|en-4 1uediyiubis Jussaidai
sanjen-4 pjog ‘sisAjeue sy} ui papnjpul s123[gns Jo Jaquinu sy} spuasaidal u ‘ejep Jo 195 939|dwodul 104 "JuedIIUBIS PAISPISUOD SBM GO'( > dN|eA-4 B [PasN 219M 1591 S,4aYsl4 10 _X s,uosiedd
‘sa|celieA [eD1061ed Jo) pue ‘pash sem 1$3)-) ASULYA-UUBJA ‘SS|gelIBA SNONUIUOD 3y} O uostiedwod 104 *(3]1uadiad YiG/—Uigz) Uelpaw YIM Ueipaw Jo (%) U se cm>_m ale sanjep

"Je[ndLIIUAA 16U ‘AY ‘eute 1ybu vy ‘B]jqedijdde Jou “e'u JejnduuaA Y|
‘A1 ‘|euie Ya| ‘1 ‘dwinjoA d1j03sAs-pua paxapul ‘IAST ‘UoideI) UoIIa[B ‘43 ‘BWN|oA dijolseIp-pus paxapul ‘IAGT ‘Buibewl adueuosal daubew Jejndseaoipied YD ‘eale adens Apoq ‘vsg

ESC Heart Failure 2021; 8: 5583-5588

ey 8LL0 e ¥ = U :(0L'6V) 95 o=u (0S'LY) 81 sw 'zl
1000 100°0> LSE0 (8€710601) LGLL (L0LLEOL) 0SOL (z90l!s001) veol SWw ‘snneu ||
puiddelpy
G080 ¥45°0 8510 L=UlpS—L1—) LY (LSY?) L€ (€5'€€) €V % ‘ulens vy
200°0 100°0> 000°'L (9e—'zz—) te (95'L€) 81 (29°LY) 9v % ‘uleds v
6110 L6E°0 5190 (LL—'67—) ve— (zz—87—) st— (zz—'67-) LT— % ‘utelys [eutpnibuol AY [e1pJedoAN
£98°0 190 8S1°0 (0L—-0€-) 92— (¢z—'67—) ST~ (€z—0€-) LT— 9% ‘ulel3s [eulpniibuol AY |elpJedopuy
G500 100°0> v€0°0 (8—'zz-) €1— (61—€C—) tt— (¢e—sz-) ve— % ‘UleI}S [eIIUSIBJWNDIND AT [e1pted0A
7520 6500 S617°0 (6—2€-) Lz— (Sz—'ve—) LE— (6C—¥E—) 0€— % ‘Ulel]s [IUSIBJWINDIID AT [elpiedopu]
100 100°0> L67°0 (¢L1—1z-) 0z~ (¢z—'67—) ST— (Gz—'87—) 97— % ‘utel)s [euipnibuo| A7 [e1pledoAN
¥50°0 100°0> 0z70 (¢L— ) Le— (¢z—'1€-) sz~ (§z—0€-) LT— % ‘ules3s jeuipnibuol A7 |eipJedopuy
sonjeA ulells
100°0> 100°0> e'u (0ol) 6 (0)o (0)o (%) U ‘senijewlouqe uoiow |jep\
1100 9200 v€5°0 (£9) 9 (0)o (L1) € (%) u 'uoisnyys |eipaediiad
LGE0 €0 €880 (£9'61) 85 (£9'8S) ¥9 (£9'09) €9 % ‘43 \Y
8G/°0 006°0 9€8'0 (1¥'127) o€ (L€'12) 8T (€'s?) 6C AUAW INST AY
9090 SLEO 6760 (66°85) 69 (98°1£) 08 (€8'sz) 6L LMW INGT AY
wlo S€0°0 v€5°0 (9'61) 0§ (£9'%S) 29 (£9'8S) 29 % ‘43 A1
wlo €500 vLS°0 (6€1°87) 8¥ (8€'87) L€ (ve:Lo) e LUTW INST AT
160°0 €500 ¥45°0 (TL1iLL) €6 (98:8/) 08 (£8'SL) 6L LUAW INGT AT
si9)pweled jeuondunyg
eu €100 e (091-0'5) 0°L e'u (0'vS-8°L€) 0Ty shep "YIND—39suo wordwiAs swiy
8SL°0 006°0 £S9°0 @)1 (@ne @1 /W 'vsg
8S€°0 LLL0 €890 () v (L) s (€€)9 (%) U "s|ew xas
vLL0 €910 0420 (9L'p) 01 (6L'0L) Sl (sL‘ol) z1L sieak ‘aby
soiydesbowaqg
Ayyeay "sa sipJedoAw “sa Ayyeay ‘sa 6 = U snIpJedohpn [ = uAyyjesH 81 = U 6L-dINOD
SIHPIed0AN 61-AINOD 61-AINOD
anjeA-4 anjeA-d4 anjeA-4

sbuipulj a>ueuosal d3aubew Jejndseroipied pue sdiydesbowaq | d|qeL

5584



Cardiovascular magnetic resonance findings in non-hospitalized paediatric patients after recovery from COVID-19 5585

tion. One study on thoracic imaging reports a myocarditis
in only one of 91 children with COVID-19 infections.®

Aims

Our study aimed to investigate the presence of cardiac
involvement including functional impairment, myocardial in-
flammation, and fibrosis using CMR without contrast-en-
hancement and sensitive CMR methods for myocardial
tissue characterization in non-hospitalized children with
COVID-19.

Methods

We prospectively enrolled children who recovered from
mildly symptomatic COVID-19 infection between November
2020 and January 2021. All infections were diagnosed by pos-
itive polymerase chain reaction (PCR). The presence of MISc
was an exclusion criterion. No cardiac diagnostics have been
performed before enrolment in relation to the COVID-19 in-
fection. Patients underwent CMR at 1.5 T (Achieva, Philips
Healthcare, Best, the Netherlands) including cine images, na-
tive T1 and T2 mapping. Images were analysed using com-
mercially available software, mapping parameters by QMap
RE Version 2.0, and global longitudinal strain (GLS) by QStrain
(Medis Medical Imaging Systems, Leiden, the Netherlands).

Figure 1 CMR findings in a 12-year-old girl 2 months after positive SARS-CoV2 PCR. Upper row: Cine image of the left ventricle (LV) in radial long-axis
(LAX) view with corresponding endomyocardial longitudinal strain (LS) in %. LV ejection fraction was 60%, LV LS —25%. Middle row: Cine image of the
right ventricle (RV) in LAX view with corresponding endomyocardial LS of —24%. Lower row: Cine image of the LV in short-axis (SAX) view with cor-

responding T1 and T2 maps (T1, 1001 ms; T2, 47 ms).
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Figure 2 CMR findings between healthy controls, COVID-19, and myocarditis patients. The upper row presents T1 (left) and T2 maps of a healthy con-
trol (left), a COVID-19 (middle), and a myocarditis patient (right). Corresponding, the middle row shows left ventricular (LV) myocardial global longi-
tudinal strain (GLS) values and the lower row cine images in short-axis (left) and four-chamber (4CH) views. The red arrows point towards the mild

pericardial effusion in the COVID-19 patient.
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In addition, children who underwent cardiomyopathy
screening due to a family history of cardiomyopathy, but
without any pathologies and pathogenic cardiomyopathy var-
iants were included as controls.® Paediatric patients with bi-
opsy and CMR proven myocarditis enrolled within the
MYKKE Registry served as a reference with myocardial
inflammation.’® Parents or legal guardians gave written in-
formed consent. Ethical approval was obtained from the re-
sponsible ethics committee.

Results

We performed CMR in 18 children recovered from COVID-19
infection with a median (25th—75th percentile) age of 12 (10—
15) years, 38 (24—-47) days after positive PCR test, and com-
pared them with 7 healthy controls [15 (10-19) years] and
9 patients with myocarditis [10 (4-16) years]. CMR was per-
formed significantly earlier after symptom onset in the myo-
carditis group compared with COVID-19 patients (P = 0.013,
Table 1). Demographics and CMR parameters are presented
in Table 1. The COVID-19 patients reported mild symptoms
including fatigue (61%), fever (56%), respiratory symptoms
(50%), loss of smell and taste (44%), gastrointestinal symp-
toms (39%), and dyspnoea (17%).

None of the COVID-19 patients showed CMR findings con-
sistent with a myocarditis based on the updated Lake Louise
Criteria. Findings of a 12-year-old female COVID-19 patient
are displayed in Figure 1. Three patients (17%) from the
COVID-19 cohort presented with minimal pericardial effu-
sion. CMR parameters of COVID-19 patients, including volu-
metric and strain values as well as T1 and T2 times, were
not significantly different from healthy controls. In contrast,
myocarditis patients more often showed pericardial effusion
(67% vs. 17%; P = 0.026) and wall motion abnormalities
(P < 0.001) and had significantly reduced left ventricular
(LV) ejection fraction (P = 0.035), LV GLS, and left atrial strain
as well as elevated native T1 values compared with COVID-19
patients (P < 0.001, respectively; Table 1). See Figure 2 as an
overview of different CMR findings between healthy controls,
the COVID-19, and the myocarditis cohort.

Conclusions

In the studied cohort of children, recently recovered from
mildly symptomatic COVID-19 infections, no evidence of
myocardial inflammation, fibrosis, or functional cardiac im-
pairment was found. CMR findings were comparable with
those of healthy controls but clearly different to findings in
myocarditis patients. With a longer time difference between
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symptom onset and CMR in COVID-19 patients, a cardiac in-
volvement in the first 4 weeks cannot be ruled out. Especially
myocardial oedema might have not been detected in our
study more than 1 month after symptom onset.? In children,
the cardiac involvement after mild COVID-19 infections was
lower compared with studies in adults with mild or moderate
COVID-19 infections, where high frequencies of CMR mani-
festations (30-78%) as ongoing myocardial inflammation,
positive late gadolinium enhancement, and LV dysfunction
were reported.? The minimal pericardial effusion might be
a sign of mild pericarditis in this paediatric cohort, which
could also be detected in adults studies in wide range of 0—
58% within 10 studies.** High rates of cardiac involvement
and myocardial inflammation (30-50%) were also seen young
patients with MISc.*® This difference to our cohort might be
explained by the postulated cytokine storm, which seems not
that distinctive in mild COVID-19 disease courses.*?

Despite the small sample size, our study in paediatric pa-
tients is pointing to a minor clinical relevance of myocardial
involvement in children after mildly symptomatic COVID-19
infections without need for hospitalization or signs of sys-
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temic inflammation. A routinely diagnostic workup by CMR
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