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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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Background

The severe acute respiratory syndrome coronavirus 2
(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.1–3 Data in

paediatric patients are limited and mainly related to the oc-
currence of multisystem inflammatory syndrome in children
associated with SARS-CoV-2 infection (MISc), which pre-
sents mostly with a severe onset.4–7 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-

SHORT COMMUNICAT ION

© 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.

ESC HEART FAILURE
ESC Heart Failure 2021; 8: 5583–5588
Published online 27 October 2021 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.13678

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


Ta
b
le

1
D
em

og
ra
ph

ic
s
an

d
ca
rd
io
va
sc
ul
ar

m
ag

ne
ti
c
re
so
na

nc
e
fi
nd

in
gs

C
O
V
ID
-1
9
n
=

18
H
ea

lt
hy

n
=

7
M
yo

ca
rd
it
is
n
=

9

P-
va
lu
e

C
O
V
ID
-1
9

vs
.h

ea
lt
hy

P-
va
lu
e

C
O
V
ID
-1
9

vs
.m

yo
ca
rd
it
is

P-
va
lu
e

M
yo

ca
rd
it
is

vs
.h

ea
lt
hy

D
em

o
g
ra
p
h
ic
s

A
ge

,y
ea

rs
12

(1
0;
15

)
15

(1
0;
19

)
10

(4
;1
6)

0.
27

0
0.
46

3
0.
17

4
Se

x
m
al
e,

n
(%

)
6
(3
3)

5
(7
1)

4
(4
4)

0.
68

3
0.
17

7
0.
35

8
BS

A
,m

2
1
(1
;2
)

2
(1
;2
)

1
(1
;2
)

0.
65

7
0.
90

0
0.
75

8
Ti
m
e
sy
m
pt
om

on
se
t—

C
M
R,

da
ys

42
.0

(3
7.
8–

54
.0
)

n.
a.

7.
0
(5
.0
–
16

.0
)

n.
a.

0.
01

3
n.
a.

Fu
n
ct
io
n
al

p
ar
am

et
er
s

LV
ED

V
i,
m
L/
m

2
79

(7
5;
87

)
80

(7
8;
86

)
93

(7
7;
17

2)
0.
57

4
0.
05

3
0.
09

1
LV

ES
V
i,
m
L/
m

2
32

(2
7;
34

)
31

(2
8;
38

)
48

(2
8;
13

9)
0.
57

4
0.
05

3
0.
14

2
LV

EF
,%

62
(5
8;
67

)
62

(5
4;
67

)
50

(1
9;
64

)
0.
53

4
0.
03

5
0.
14

2
RV

ED
V
i,
m
L/
m

2
79

(7
5;
83

)
80

(7
1;
86

)
69

(5
8;
99

)
0.
92

9
0.
37

5
0.
60

6
RV

ES
V
i,
m
L/
m

2
29

(2
5;
34

)
28

(2
7;
37

)
30

(2
1;
41

)
0.
83

6
0.
90

0
0.
75

8
RV

EF
,%

63
(6
0;
67

)
64

(5
8;
67

)
58

(4
9;
67

)
0.
88

3
0.
32

2
0.
35

1
Pe

ri
ca

rd
ia
le

ff
u
si
o
n
,n

(%
)

3
(1
7)

0
(0
)

6
(6
7)

0.
53

4
0.
02

6
0.
01

1
W
al
lm

o
ti
o
n
ab

n
o
rm

al
it
ie
s,

n
(%

)
0
(0
)

0
(0
)

9
(1
00

)
n.
a.

<
0.
00

1
<
0.
00

1
St
ra
in

va
lu
es

En
do

ca
rd
ia
lL

V
lo
ng

it
ud

in
al

st
ra
in
,%

�2
7
(�

30
;�

25
)

�2
5
(�

31
;�

22
)

�2
1
(�

24
;�

12
)

0.
22

0
<
0.
00

1
0.
05

4
M
yo

ca
rd
ia
lL

V
lo
ng

it
ud

in
al

st
ra
in
,%

�2
6
(�

28
;�

25
)

�2
5
(�

29
;�

22
)

�2
0
(�

21
;�

12
)

0.
29

7
<
0.
00

1
0.
01

4
En

do
ca
rd
ia
lL

V
ci
rc
um

fe
re
nt
ia
ls
tr
ai
n,

%
�3

0
(�

34
;�

29
)

�3
1
(�

34
;�

25
)

�2
1
(�

32
;�

9)
0.
49

5
0.
05

9
0.
25

2
M
yo

ca
rd
ia
lL

V
ci
rc
um

fe
re
nt
ia
ls
tr
ai
n,

%
�2

4
(�

25
;�

22
)

�2
2
(�

23
;�

19
)

�1
3
(�

22
;�

8)
0.
03

4
<
0.
00

1
0.
05

5
En

do
ca
rd
ia
lR

V
lo
ng

it
ud

in
al

st
ra
in
,%

�2
7
(�

30
;�

23
)

�2
5
(�

29
;�

22
)

�2
6
(�

30
;�

10
)

0.
45

8
0.
46

1
0.
86

7
M
yo

ca
rd
ia
lR

V
lo
ng

it
ud

in
al

st
ra
in
,%

�2
7
(�

29
;�

22
)

�2
5
(�

28
;�

22
)

�2
4
(�

29
;�

11
)

0.
61

5
0.
39

7
0.
77

9
LA

st
ra
in
,%

46
(4
1;
62

)
48

(3
7;
56

)
32

(�
22

;�
36

)
1.
00

0
<
0.
00

1
0.
00

2
RA

st
ra
in
,%

43
(3
3;
53

)
37

(2
4;
57

)
47

(�
17

;�
54

);
n
=

7
0.
45

8
0.
57

4
0.
80

5
M
ap

p
in
g

T1
na

ti
ve
,m

s
10

34
(1
00

5;
10

62
)

10
50

(1
03

1;
10

71
)

11
51

(1
09

0;
12

38
)

0.
35

7
<
0.
00

1
0.
00

1
T2

,m
s

48
(4
7;
50

)
n
=

0
56

(4
9;
70

);
n
=

4
n.
a.

0.
11

8
n.
a.

BS
A
,b

od
y
su
rf
ac
e
ar
ea

;C
M
R,

ca
rd
io
va
sc
ul
ar

m
ag

ne
ti
c
re
so
na

nc
e
im

ag
in
g;

ED
V
i,
in
de

xe
d
en

d-
di
as
to
lic

vo
lu
m
e;

EF
,e

je
ct
io
n
fr
ac
ti
on

;E
SV

i,
in
de

xe
d
en

d-
sy
st
ol
ic
vo

lu
m
e;

LA
,l
ef
ta

tr
ia
l;
LV

,
le
ft

ve
nt
ric

ul
ar
;n

.a
.,
no

t
ap

pl
ic
ab

le
;R

A
,r
ig
ht

at
ri
al
;R

V
,r
ig
ht

ve
nt
ri
cu

la
r.

V
al
ue

s
ar
e
gi
ve
n
as

n
(%

)
or

m
ed

ia
n
w
it
h
m
ed

ia
n
(2
5t
h–

75
th

pe
rc
en

ti
le
).
Fo

r
co

m
pa

ri
so
n
of

th
e
co

nt
in
uo

us
va
ri
ab

le
s,

M
an

n–
W
hi
tn
ey

U
-t
es
t
w
as

us
ed

,
an

d
fo
r
ca
te
go

ri
ca
lv

ar
ia
bl
es
,

Pe
ar
so
n’
s
χ2

or
Fi
sh
er
’s
te
st
w
er
e
us
ed

;a
P-
va
lu
e
<
0.
05

w
as

co
ns
id
er
ed

si
gn

ifi
ca
nt
.F
or

in
co

m
pl
et
e
se
to

fd
at
a,

n
re
pr
es
en

ts
th
e
nu

m
be

ro
fs
ub

je
ct
s
in
cl
ud

ed
in

th
e
an

al
ys
is
.B

ol
d
P-
va
lu
es

re
pr
es
en

t
si
gn

ifi
ca
nt

P-
va
lu
es
.

5584 F. Seidel et al.

ESC Heart Failure 2021; 8: 5583–5588
DOI: 10.1002/ehf2.13678



tion. One study on thoracic imaging reports a myocarditis
in only one of 91 children with COVID-19 infections.8

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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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.9 Paediatric patients with bi-
opsy and CMR proven myocarditis enrolled within the
MYKKE Registry served as a reference with myocardial
inflammation.10 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

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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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.3 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.1,2 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.11 High rates of cardiac involvement
and myocardial inflammation (30–50%) were also seen young
patients with MISc.4,5 This difference to our cohort might be
explained by the postulated cytokine storm, which seems not
that distinctive in mild COVID-19 disease courses.12

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-

temic inflammation. A routinely diagnostic workup by CMR
seems not to be necessary in this patient group.13
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