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ABSTRACT
Knowledge of thrombosis in children with SARS-CoV-2 
is scarce. In this multicentre national cohort of children 
with SARS-CoV-2 involving 49 hospitals, 4 patients 
out of 537 infected children developed a thrombotic 
complication (prevalence of 0.7% (95% CI: 0.2% to 
1.9%) out of the global cohort and 1.1% (95% CI: 
0.3% to 2.8%) out of the hospitalised patients). We 
describe their characteristics and review other published 
paediatric cases. Three out of the four patients were 
adolescent girls, and only two cases had significant 
thrombotic risk factors. In this paediatric cohort, D-dimer 
value was not specific enough to predict thrombotic 
complications. Adolescence and previous thrombotic risk 
factors may be considered when initiating anticoagulant 
prophylaxis on children with SARS-CoV-2 disease 
(COVID-19).

INTRODUCTION
The disease caused by SARS-CoV-2, named COVID-
19, has spread rapidly. Among adult patients, a 
significant prevalence of thrombotic complications 
has been described. This risk has been linked to a 
hypercoagulability state, which has conditioned the 
publication of guidelines on anticoagulant manage-
ment in patients with COVID-19.1 2

However, due to the lower experience in 
COVID-19 disease in children, these guidelines 
have not included specific recommendations for 
paediatric patients. Based on adult recommenda-
tions, several authors have proposed some indica-
tions for anticoagulant prophylaxis that take into 
account individual risk factors.3 Nevertheless, to 
date, there is scarce information about thrombotic 
complications in children with COVID-19. We 
aimed to describe thrombotic complications among 
children infected with SARS-CoV-2.

METHODS
The Epidemiological Study of COVID-19 in chil-
dren was launched and supported by the Spanish 
Society of Pediatrics (EPICO-AEP) as a multi-
centre prospective national cohort study aiming 
to describe paediatric COVID-19 in Spain. Chil-
dren younger than 18 years of age infected by 
SARS-CoV-2 and attended at 49 hospitals are 
currently being enrolled in this registry. Inclusion 
criteria include positivity in real-time PCR (RT-
PCR), IgM or IgG in lateral-flow rapid test, ELISA 

or chemiluminescence serology, or disease sugges-
tive of multi-inflammatory syndrome related to 
SARS-CoV-2 in children (MIS-C). From 1 March 
to 30 September 2020, children with throm-
botic complications associated with SARS-CoV-2 
enrolled in EPICO-AEP were included in this study.

Thrombotic complications associated with 
SARS-CoV-2 infection were defined as any radio-
logically confirmed thrombosis, arterial or venous, 
occurring close to the diagnosis of SARS-CoV-2 
infection (up to 3 weeks). Microthrombi phenomena 
related or suspected to be related to SARS-CoV-2 
(eg, acral chilblains) were not included. Two-sided 
95% Clopper-Pearson exact CIs (95% CI) for bino-
mial proportions were calculated for prevalence. 
Data were analysed using the Stata V.15 (College 
Station, Texas, USA).

RESULTS
By 30 September, 537 children were diagnosed 
with SARS-CoV-2 infection and included in the 
EPICO-AEP cohort. The median age was 61 months 
(IQR: 6–140 months), and 293 (54.6%) were boys. 
Of those, 368 (68.5%) were hospitalised, requiring 
paediatric intensive care unit admission (PICU), 58 
(10.8%) cases. Forty-seven (8.8%) cases were diag-
nosed with MIS-C.

D-dimer was available from 169 patients, with a 
median of 1071 µg/L (IQR: 291–2858 µg/L). Anti-
coagulant drugs (heparin in all cases) were admin-
istered to 29 (5.4%) patients: as prophylaxis in 
24 (82.8%) cases, and as treatment in 5 (17.2%) 
cases. Most of the patients on thromboprophy-
laxis had severe COVID-19 (79.2% admitted to 
PICU and 56.5% received inotropic support). Four 
cases, which correspond to 0.7% (95% CI: 0.2% 
to 1.9%) out of the global cohort and 1.1% (95% 
CI: 0.3% to 2.8%) out of the hospitalised patients, 
developed some thrombotic complication. A fifth 
case receiving anticoagulant treatment was a patient 
who had a history of venous thrombosis not related 
to SARS-CoV-2 infection and was not included in 
this report.

Three out of these four patients were adoles-
cent girls (table  1, cases 1–4). None of the cases 
was diagnosed with MIS-C. Two patients (patients 
1 and 2) had several significant thrombotic risk 
factors. Patients 3 and 4 did not have any previous 
personal or family risk factors for thrombosis. 
However, in patient 3, after thrombosis diagnosis, 

 on M
arch 6, 2022 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/archdischild-2020-321351 on 30 A

pril 2021. D
ow

nloaded from
 

http://www.rcpch.ac.uk/
http://adc.bmj.com/
http://orcid.org/0000-0003-1017-2386
http://orcid.org/0000-0002-3309-0722
http://orcid.org/0000-0002-7997-0821
http://orcid.org/0000-0001-9613-7228
http://orcid.org/0000-0002-8335-903X
http://orcid.org/0000-0003-2860-3455
http://orcid.org/0000-0002-6503-3423
http://dx.doi.org/10.1136/archdischild-2020-321351
http://dx.doi.org/10.1136/archdischild-2020-321351
http://dx.doi.org/10.1136/archdischild-2020-321351
http://crossmark.crossref.org/dialog/?doi=10.1136/archdischild-2020-321351&domain=pdf&date_stamp=2021-05-25
http://adc.bmj.com/


2 Aguilera-Alonso D, et al. Arch Dis Child 2021;0:1–4. doi:10.1136/archdischild-2020-321351

Short report

Ta
bl

e 
1 

Ch
ar

ac
te

ris
tic

s 
of

 c
hi

ld
re

n 
w

ith
 S

AR
S-

Co
V-

2 
in

fe
ct

io
n 

an
d 

th
ro

m
bo

si
s 

fro
m

 E
PI

CO
-A

EP
 c

oh
or

t (
ca

se
s 

1–
4)

 a
nd

 fr
om

 li
te

ra
tu

re
 re

vi
ew

 (c
as

es
 5

–1
3)

N
A

ge
Se

x
M

ed
ic

al
 b

ac
kg

ro
un

d/
ri

sk
 fa

ct
or

s

O
th

er
 

th
ro

m
bo

ti
c 

ri
sk

 fa
ct

or
s

Fa
m

ily
 

th
ro

m
bo

ti
c 

hi
st

or
y

Th
ro

m
bo

ti
c 

co
m

pl
ic

at
io

n
O

th
er

 s
ig

ns
/s

ym
pt

om
s

SA
RS

- C
oV

-2
 

RT
-P

CR
SA

RS
-C

oV
-2

 
A

bs
D

-d
im

er
 

(µ
g/

L)
Th

ro
m

bo
-

pr
op

hy
la

xi
s*

A
nt

ic
oa

gu
la

ti
on

 
tr

ea
tm

en
t

Th
ro

m
bo

ph
ili

a 
w

or
k-

up
O

ut
co

m
e†

1
4 

ye
ar

s
Fe

m
al

e
Sy

st
em

ic
 ju

ve
ni

le
 

id
io

pa
th

ic
 a

rt
hr

iti
s 

on
 

tr
ea

tm
en

t w
ith

 s
te

ro
id

s 
an

d 
ca

na
ki

nu
m

ab

Ce
nt

ra
l v

en
ou

s 
ca

th
et

er
N

o
Ri

gh
t i

lia
c 

ve
in

 th
ro

m
bo

si
s

Fe
ve

r, 
co

ug
h 

an
d 

rh
in

or
rh

oe
a

Po
si

tiv
e

N
eg

at
iv

e
59

53
‡

N
o

LW
H

N
A

Di
sc

ha
rg

ed
 

w
ith

ou
t 

se
qu

el
ae

2
12

 y
ea

rs
Fe

m
al

e
B 

ce
ll 

ac
ut

e 
ly

m
ph

ob
la

st
ic

 
le

uk
ae

m
ia

 o
n 

in
du

ct
io

n 
ch

em
ot

he
ra

py
 a

nd
 

ob
es

ity

Ce
nt

ra
l v

en
ou

s 
ca

th
et

er
 a

nd
 

as
pa

ra
gi

na
se

 
tr

ea
tm

en
t

N
o

Th
ro

m
bo

si
s 

of
 th

e 
rig

ht
 u

pp
er

 li
m

b
Dy

sp
no

ea
 a

nd
 th

or
ac

ic
 p

ai
n 

(p
ul

m
on

ar
y 

em
bo

lis
m

 w
as

 
ru

le
d 

ou
t)

Po
si

tiv
e

Ig
G

 p
os

iti
ve

23
2‡

LW
H

LW
H

De
cr

ea
se

d 
pr

ot
ei

n 
C 

ac
tiv

ity
 (5

8%
)

Di
sc

ha
rg

ed
 

w
ith

ou
t 

se
qu

el
ae

3
13

 y
ea

rs
Fe

m
al

e
N

o
N

o
N

o
Le

ft 
co

m
m

on
 a

nd
 s

up
er

fic
ia

l f
em

or
al

 v
ei

n 
th

ro
m

bo
si

s
Fe

ve
r, 

hy
po

re
xi

a,
 h

ea
da

ch
e,

 
as

th
en

ia
, r

as
h,

 a
bd

om
in

al
 

pa
in

 a
nd

 v
om

iti
ng

Po
si

tiv
e

N
A

11
94

‡
N

o
LW

H 
an

d 
ca

va
 fi

lte
r

Lu
pu

s 
an

tic
oa

gu
la

nt
 

po
si

tiv
e 

(re
m

ai
ne

d 
po

si
tiv

e 
5 

m
on

th
s 

la
te

r)

Di
sc

ha
rg

ed
 

w
ith

ou
t 

se
qu

el
ae

4
13

 y
ea

rs
Fe

m
al

e
N

o
N

o
N

o
Th

ro
m

bo
si

s 
of

 th
e 

tr
an

sv
er

se
 s

in
us

es
 a

nd
 

of
 th

e 
ju

gu
la

r v
ei

n,
 p

ul
m

on
ar

y 
em

bo
lis

m
 

an
d 

fe
m

or
al

 th
ro

m
bo

si
s

Fe
ve

r a
nd

 o
dy

no
ph

ag
ia

Po
si

tiv
e

N
A

35
 4

20
‡

N
o

Co
nt

in
uo

us
 

un
fra

ct
io

na
te

d 
he

pa
rin

 
fo

llo
w

ed
 b

y 
LW

H

N
or

m
al

Di
sc

ha
rg

ed
 

w
ith

ou
t 

se
qu

el
ae

5
16

 y
ea

rs
Fe

m
al

e
Ho

m
oz

yg
ou

s 
si

ck
le

 c
el

l 
di

se
as

e
N

o
N

D
Bi

la
te

ra
l p

ul
m

on
ar

y 
em

bo
lis

m
Fe

ve
r, 

co
ug

h,
 a

no
sm

ia
, a

cu
te

 
ch

es
t s

yn
dr

om
e

Po
si

tiv
e

N
D

23
 6

11
N

o
Ye

s 
(n

ot
 fu

lly
 

de
sc

rib
ed

)
N

D
Di

sc
ha

rg
ed

6
5 

ye
ar

s
M

al
e

N
o

EC
M

O
N

D
Ri

gh
t m

id
dl

e 
ce

re
br

al
 a

rt
er

y 
in

fa
rc

tio
n,

 
ce

re
br

al
 o

ed
em

a 
an

d 
di

ffu
se

 c
on

tr
al

at
er

al
 

su
ba

ra
ch

no
id

 h
ae

m
or

rh
ag

e§

Fe
ve

r, 
co

ug
h,

 a
nd

 a
bd

om
in

al
 

pa
in

; c
ar

di
og

en
ic

 s
ho

ck
 w

ith
 

ca
rd

io
pu

lm
on

ar
y 

fa
ilu

re

N
D

Po
si

tiv
e

15
 0

00
Ye

s
N

D
N

D
Br

ai
n 

de
ad

7
2 

m
on

th
s

M
al

e
Tr

ac
he

om
al

ac
ia

 
re

qu
iri

ng
 tr

ac
he

os
to

m
y

EC
M

O
N

D
Bi

la
te

ra
l m

id
dl

e 
ce

re
br

al
 a

rt
er

y 
an

d 
po

st
er

io
r c

er
eb

ra
l a

rt
er

y 
te

rr
ito

ry
 

in
fa

rc
tio

n 
w

ith
 h

ae
m

or
rh

ag
ic

 
tr

an
sf

or
m

at
io

n§

Re
sp

ira
to

ry
 fa

ilu
re

, 
pn

eu
m

om
ed

ia
st

in
um

, a
nd

 
bi

la
te

ra
l p

ne
um

ot
ho

ra
ce

s

N
D

N
eg

at
iv

e
N

D
N

D
N

D
N

D
Ad

m
itt

ed

8
12

 y
ea

rs
Fe

m
al

e
N

o
N

o
N

o
Po

pl
ite

al
-t

o-
co

m
m

on
 il

ia
c 

ve
in

 th
ro

m
bo

si
s 

an
d 

m
as

si
ve

 p
ul

m
on

ar
y 

em
bo

lis
m

N
o

N
eg

at
iv

e
Ig

M
 p

os
iti

ve
19

53
N

o
Pe

rc
ut

an
eo

us
 

m
ec

ha
ni

ca
l v

en
ou

s 
th

ro
m

be
ct

om
y,

 
th

ro
m

bo
ly

si
s 

an
d 

in
fra

he
pa

tic
 v

en
ou

s 
fil

te
r

An
tip

ho
sp

ho
lip

id
 

an
tib

od
ie

s
Di

sc
ha

rg
ed

 
w

ith
ou

t 
ne

ur
ol

og
ic

al
 

de
fic

its

9
16

 y
ea

rs
M

al
e

N
D

Sp
he

no
id

 
si

nu
si

tis
N

D
Ca

ve
rn

ou
s 

si
nu

s 
th

ro
m

bo
si

s 
an

d 
le

ft 
m

id
dl

e 
ce

re
br

al
 a

rt
er

y 
st

ro
ke

As
ep

tic
 m

en
in

gi
tis

 a
ss

oc
ia

te
d 

w
ith

 s
tu

po
r

Po
si

tiv
e

N
D

N
D

N
o

Ye
s 

(n
ot

 fu
lly

 
de

sc
rib

ed
)

N
D

Di
ed

10
16

 y
ea

rs
M

al
e

N
D

N
D

N
D

De
ep

 v
en

ou
s 

th
ro

m
bo

si
s 

of
 th

e 
lo

w
er

 
lim

bs
 w

ith
 p

ul
m

on
ar

y 
em

bo
li

N
D

Po
si

tiv
e

N
D

N
D

N
D

N
D

N
D

N
D

11
6 

ye
ar

s
M

al
e

N
D

N
D

N
D

Sm
al

l s
eg

m
en

ta
l p

ul
m

on
ar

y 
em

bo
li

M
IS

-C
 (f

ev
er

, h
yp

ox
ic

 
re

sp
ira

to
ry

 fa
ilu

re
, a

bd
om

in
al

 
pa

in
)

Po
si

tiv
e

N
D

N
D

N
D

N
D

N
D

N
D

12
5 

ye
ar

s
M

al
e

N
o

EC
M

O
N

D
Ri

gh
t a

nt
er

io
r a

nd
 m

id
dl

e 
ce

re
br

al
 a

rt
er

y 
is

ch
ae

m
ic

 in
fa

rc
tio

n§
M

IS
-C

 (f
ev

er
, v

om
iti

ng
, c

ou
gh

, 
ab

do
m

in
al

 p
ai

n)
N

eg
at

iv
e

Po
si

tiv
e

18
 3

00
He

pa
rin

N
D

N
D

Br
ai

n 
de

ad

13
2 

ye
ar

s
Fe

m
al

e
N

o
M

ili
ar

y 
tu

be
rc

ul
os

is
N

D
Th

ro
m

bo
si

s 
of

 th
e 

su
pe

rio
r s

ag
itt

al
 s

in
us

 
an

d 
th

e 
tr

an
sv

er
se

 s
in

us
es

 a
nd

 c
er

eb
ra

l 
in

fa
rc

tio
n 

in
vo

lv
in

g 
th

e 
an

te
rio

r l
im

b 
of

 th
e 

rig
ht

 in
te

rn
al

 c
ap

su
le

, l
en

tif
or

m
 

nu
cl

eu
s 

an
d 

th
al

am
us

W
ea

kn
es

s, 
le

th
ar

gy
 a

nd
 

ce
rv

ic
al

 ly
m

ph
ad

en
op

at
hy

Po
si

tiv
e

N
D

14
 8

00
N

o
As

pi
rin

N
D

Di
sc

ha
rg

ed
 

w
ith

 
re

si
du

al
 le

ft 
ha

em
ip

ar
es

is

*T
hr

om
bo

pr
op

hy
la

xi
s 

be
fo

re
 th

ro
m

bo
si

s 
di

ag
no

si
s.

†O
ut

co
m

e 
w

he
n 

th
is

 a
rt

ic
le

 o
r t

he
 re

vi
ew

ed
 a

rt
ic

le
s 

w
er

e 
pu

bl
is

he
d.

‡H
ig

he
st

 v
al

ue
 d

ur
in

g 
th

e 
ep

is
od

e.
§T

he
se

 c
as

es
 w

er
e 

su
pp

os
ed

 to
 b

e 
hy

pe
rc

oa
gu

la
bl

e 
m

an
ife

st
at

io
ns

 o
f C

O
VI

D-
19

/M
IS

-C
.

Ab
s, 

an
tib

od
ie

s; 
EC

M
O,

 e
xt

ra
co

rp
or

ea
l m

em
br

an
e 

ox
yg

en
at

io
n;

 L
W

H,
 lo

w
-w

ei
gh

t h
ep

ar
in

; M
IS

-C
, m

ul
ti-

in
fla

m
m

at
or

y 
sy

nd
ro

m
e 

re
la

te
d 

to
 S

AR
S-

Co
V-

2 
in

 c
hi

ld
re

n;
 N

A,
 n

ot
 a

va
ila

bl
e;

 N
D,

 n
ot

 d
es

cr
ib

ed
; R

T-
PC

R,
 re

al
-t

im
e 

PC
R.

 on M
arch 6, 2022 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/archdischild-2020-321351 on 30 A

pril 2021. D
ow

nloaded from
 

http://adc.bmj.com/


3Aguilera-Alonso D, et al. Arch Dis Child 2021;0:1–4. doi:10.1136/archdischild-2020-321351

Short report

a thrombophilia work-up was performed, which revealed a posi-
tive lupus anticoagulant, remaining positive 5 months later.

The only patient receiving thromboprophylaxis (low-weight 
heparin) before thrombosis was patient 2. D-dimer levels were 
severely increased in patients 1 (5953 µg/L) and 4 (35 420 
µg/L) but were only slightly increased in the other cases (1194 
and 232 µg/L, respectively). All cases except patient 3 had 
SARS-CoV-2 RT-PCR confirmation coinciding with thrombosis 
diagnosis. In patient 3, COVID-19 was initially suspected but 
not microbiologically confirmed until 3 weeks after throm-
bosis. All cases had thrombosis affecting the limbs, with cere-
bral venous sinus thrombosis and pulmonary embolism in one 
of them. All patients were treated with heparin and discharged 
without sequelae.

DISCUSSION
To the best of our knowledge, this is the first study that describes 
thrombotic complications in children with SARS-CoV-2 infec-
tion in a large cohort. Only four patients developed a thrombotic 
complication (1.2% of hospitalised children with non-MIS-C 
SARS-CoV-2 infection). Although this prevalence is not as high 
as in hospitalised adults with COVID-19,1 it is slightly higher 
than that previously described in hospitalised children without 
COVID-19 (0.13%–0.55%). Among the factors associated with 
a lower incidence of thromboembolic complications in children 
with COVID-19, a different balance in coagulation homeostasis, 
with a higher concentration of antithrombotic serum factors 
(eg, alpha-2-macroglobulin) in children compared with adults, 
a protective ‘healthy’ endothelium or fewer comorbidities have 
been proposed.

Only two of our four cases had significant thrombotic risk 
factors (central venous catheter, obesity, malignancy or aspar-
aginase treatment), highlighting the difficulty of predicting 
thrombotic complications in children with COVID-19 to initiate 
anticoagulant prophylaxis. Thrombosis is very uncommon in 
patients under 18 years old, and systemic anticoagulant prophy-
laxis may have adverse events that outweigh its benefit. Of note, 
one patient was diagnosed with antiphospholipid syndrome, 
showing lupus anticoagulant persistently elevated. Transient 
lupus anticoagulant has been described in patients with COVID-
19, but its significance is unclear.

We conducted a systematic search in order to review reported 
paediatric patients diagnosed with SARS-CoV-2 infections with 
any thrombotic complication (search strategy in online supple-
mental material). Ten cases were found (full references in online 
supplemental material); one of them included in our series (case 
4). Table 1 (cases 5–13) shows the main characteristics of the 
reported cases. Additionally, three (3.8%) and four (2.2%) cases 
diagnosed with MIS-C from two other national cohorts devel-
oped a venous thrombosis, but their full clinical information was 
not available.4

The central nervous system was the most commonly affected 
site (six cases), followed by the lung (five cases) and lower limbs 
(three cases). Similar to our data, most of the patients were 
adolescents. This age distribution is also seen in patients with 
MIS-C, in which the prevalence of thrombosis increases with 
the age of the patients: 0 of 66 (0%), 1 of 75 (1.3%) and 3 
of 45 (6.7%) in patients aged <5 years, 5–12 years and 13–20 
years, respectively.4 This peak of cases with thrombosis affecting 
adolescents is similar to what is seen in hospitalised children 
without COVID-19.

Markedly elevated plasma D-dimer levels (eg, ≥5 times the 
upper limit of normal values) has been proposed as an indication 

for anticoagulant prophylaxis in children hospitalised with 
SARS-CoV-2-related illness.3 In our cohort, 68 of 169 (40.2%) 
had a value >1500 µg/L. However, only 2 of 68 (2.9%) cases 
developed a thrombotic complication. Therefore, the use of 
the D-dimer value is not specific enough to make decisions 
regarding anticoagulant prophylaxis in children. In our opinion, 
other factors, such as the age (considering adolescents espe-
cially vulnerable), coexistence of risk factors (eg, malignancy, 
indwelling central venous catheter, obesity, immobility, etc),5 or 
MIS-C diagnosis, should be considered when initiating anticoag-
ulant prophylaxis in children with COVID-19. Of note, a clinical 
trial is currently evaluating the safety and efficacy of thrombo-
prophylaxis in children hospitalised with signs and/or symptoms 
of SARS-CoV-2 infection (​ClinicalTrials.​gov NCT04354155).

Our study has some limitations, such as the variability of tests 
that were used to diagnose infection, not only the gold standard 
PCR, which could make false results. Additionally, since ultra-
sound was not routinely performed in all patients, subclinical 
thrombosis may not have been diagnosed.

In conclusion, except in the MIS-C, unlike adults, throm-
botic complications seem very uncommon in children with 
SARS-CoV-2. Adolescence and previous thrombotic risk factors 
may be considered when initiating thromboprophylaxis in chil-
dren with COVID-19. Further studies are needed to clarify risk 
factors among children with COVID-19 in order to develop 
specific recommendations.
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