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Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome corona-

virus 2 (SARS-CoV-2) is associated with thrombotic complications in adults, but the incidence

® Cancer, central venous
catheter, older age, and
MIS-C are risk factors
for thrombosis in
children and
adolescents with
COVID-19 or MIS-C.

of COVID-19-related thrombosis in children and adolescents is unclear. Most children with
acute COVID-19 have mild disease, but coagulopathy has been associated with multisystem
inflammatory syndrome in children (MIS-C), a postinfectious complication. We conducted a
multicenter retrospective cohort study to determine the incidence of thrombosis in children
hospitalized with COVID-19 or MIS-C and evaluate associated risk factors. We classified pa-
tients into 1 of 3 groups for analysis: COVID-19, MIS-C, or asymptomatic SARS-CoV-2.
Among a total of 853 admissions (COVID-19, n = 426; MIS-C, n = 138; and asymptomatic
SARS-CoV-2, n = 289) in 814 patients, there were 20 patients with thrombotic events (TEs;
including 1 stroke). Patients with MIS-C had the highest incidence (9 [6.5%] of 138) vs
COVID-19 (9 [2.1%] of 426) or asymptomatic SARS-CoV-2 (2 [0.7%)] of 289). In patients with

COVID-19 or MIS-C, a majority of TEs (89%) occurred in patients age =12 years. Patients
age =12 years with MIS-C had the highest rate of thrombosis at 19% (9 of 48). Notably, 71% of TEs that were not present
on admission occurred despite thromboprophylaxis. Multivariable analysis identified the following as significantly associ-
ated with thrombosis: age =12 years, cancer, presence of a central venous catheter, and MIS-C. In patients with COVID-
19 or MIS-C, hospital mortality was 2.3% (13 of 564), but it was 28% (5 of 18) in patients with TEs. Our findings may help
inform pediatric thromboprophylaxis strategies.

©® Mortality was high
(28%) in children and
adolescents with MIS-C
or COVID-19 who
developed thrombosis.
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COVID-19, rising to 31% in those admitted to the intensive care
unit (ICU)."° The pooled odds of mortality were 74% higher
among adult patients with thrombotic events (TEs), compared
with those without TEs (23% vs 13%, respectively).10

Introduction

The emergence of severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) in late 2019 has led to the global pandemic
of a highly transmissible and severe disease called coronavirus

disease2019 (COVID-19).! Although severe pneumonia is the
cardinalpresentation of COVID-19 in adults, a proclivity to cause
thromboticcoagulopathy became apparent early in the pan-
demic.""® Manypatients had elevated levels of D-dimer and
fibrinogen with mild thrombocytopenia and mild prolongation
of prothrombin time (PT).™ Studies in adults reported a high
venous thromboembolism (VTE) rate, often occurring despite
prophylactic anticoagulation.*? A recent meta-analysis estimat-
ed an overall VTE incidence of 21% in adults hospitalized for
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Compared with adults, most children and adolescents with
COVID-19 have minimal disease, and many infected with SARS-
CoV-2 are asymptomatic."" Those age <21 years accounted for
only 8% of reported cases and 0.08% of deaths in the United
States.'? Starting in April 2020, reports emerged of previously
healthy children presenting with fever, cardiovascular shock and/
or Kawasaki disease features, hyperinflammation, and multisys-
tem involvement with a temporal association with SARS-CoV-2
exposure.”>* Many patients were SARS-CoV-2~ on respiratory
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testing but had positive antibody titers. Public health alerts from
the Centers for Disease Control and Prevention (CDC) and the
World Health Organization listed criteria for this new disease
called multisystem inflammatory syndrome in children (MIS-C).">"”
Coagulopathy was listed as a potential presenting feature of
MIS-C.

As hospitalizations for COVID-19 increased, pediatric hematolo-
gists developed guidelines for thromboprophylaxis.'® The Pedi-
atric/Neonatal Scientific and Standardization Subcommittee of
the International Society of Thrombosis and Haemostasis pub-
lished consensus guidelines recommending pharmacologic pro-
phylaxis in children with additional risk factors for VTE or those
with elevated D-dimer.'” These guidelines were based on ex-
trapolation of adult data and expert opinion and not supported
by data on the incidence of or risk factors for thrombosis in chil-
dren or adolescents with COVID-19 or MIS-C. Therefore, the pri-
mary objective of this study was to determine the incidence of
thrombotic complications in hospitalized children and adoles-
cents with COVID-19 or MIS-C. We additionally sought to evalu-
ate risk factors associated with TEs and describe the current
practices for thromboprophylaxis in this cohort.

Methods

Study cohort

We conducted a retrospective cohort study of consecutive chil-
dren age 0 to <21 years admitted from 1 March 2020 through
15 August 2020 with SARS-CoV-2" polymerase chain reaction
(PCR) or diagnosis of MIS-C across 7 pediatric hospitals in 6 US
states: Boston Children’s Hospital (Massachusetts), Children’s
Hospital of Los Angeles (California), Children’s Hospital of Phila-
delphia (Pennsylvania), Children’s Medical Center of Dallas
(Texas), Johns Hopkins All Children’s Hospital (Florida), Joseph
M. Sanzari Children’s Hospital at Hackensack University Medical
Center (New Jersey), and Texas Children’s Hospital (Texas). This
study was approved for a waiver of informed consent by each
center’s institutional review board.

Eligible patients were identified by =1 of the following: COVID-
19 or MIS-C patient databases maintained at participating insti-
tutions, electronic medical record queries for patients with both
an International Classification of Diseases (10th revision) COVID-
19 diagnosis code and an inpatient admission code, and/or
electronic medical record queries for patients with a SARS-CoV-
2" test and coded for inpatient admission. Additionally, MIS-C
patients were identified from electronic medical record queries
for inpatients who had a consult order with the consult reason
MIS-C and/or from electronic medical record queries for patients
who had a COVID-19-related laboratory test and at least 1 of
the following tests sent: ferritin, interleukin-2, or interleukin-6.

The following data were collected and entered into Research
Electronic Data Capture software?’2': demographics, comorbid-
ities, COVID-19 exposure history and presenting symptoms,
hospital course (ICU admission; need for ventilator, vasopres-
sors, or extracorporeal membrane oxygenation; presence of
bacterial coinfection; presence of central venous catheter [CVC];
length of stay; and death), use of prophylactic anticoagulation
(drug, dose, and duration), use of COVID-19- or MIS-C—directed
therapies, hematologic and inflammatory laboratory parameters,

THROMBOSIS IN CHILDREN WITH COVID-19 OR MIS-C

presence of so-called COVID toes,?? presence of thrombosis up
to 30 days postdischarge, and presence of bleeding during
hospitalization.

Study definitions

Admissions were categorized into 1 of 4 subgroups at the dis-
cretion of the investigator: COVID-19, a positve PCR and
COVID-19 symptoms (fever, cough, diarrhea, loss of smell,
headache, sore throat, or congestion); MIS-C, all 5 CDC criteria
of fever, evidence of inflammation on laboratory testing, =2 or-
gan systems involved, no other plausible diagnosis, and SARS-
CoV-2" PCR or antibody test or known exposure23; MIS-C like,
symptoms and laboratory findings highly suggestive of MIS-C in
patients who were assessed and treated for MIS-C but did not
fully meet the CDC criteria; and asymptomatic SARS-CoV-2,
SARS-CoV-2* PCR test without symptoms of COVID-19 (listed
above) and admitted with alternative diagnoses. Patients with
asymptomatic SARS-CoV-2 were included primarily as a compar-
ison group.

Clinically apparent thrombosis was defined as a radiologically
confirmed arterial or venous thrombus. Superficial vein thrombo-
sis was not included. In patients with thrombosis, data on clot
location, symptoms, and anticoagulation treatment were collect-
ed. Bleeding was categorized as major or clinically relevant non-
major based on the International Society of Thrombosis and
Haemostasis consensus definition.>* COVID-19-directed thera-
pies included systemic steroids, convalescent plasma, remdesivir,
tocilizumab, hydroxycholoroquine, and anakinra. MIS-C—directed
therapies included systemic steroids, IV immunoglobulin, ana-
kinra, tocilizumab, and aspirin. Type, duration, and dosing of
postdischarge thromboprophylaxis were collected. Laboratory
parameters were collected as maximum and/or minimum val-
ues during hospitalization and included platelet count, hemo-
globin, PT, lupus anticoagulant, D-dimer, and fibrinogen.

Obesity was defined using the CDC definition for body mass in-
dex =95th percentile for age for children age >24 months.?* If
height and weight were not available, the patient was classified
as obese if documented as such in the patient’s medical record.

Statistical analysis

Standard statistical methods were used to summarize the data:
frequency and percentage for categorical variables, and median
and interquartile range for continuous scaled variables. The inci-
dence of TEs was calculated, along with the 95% confidence in-
terval (Cl) for each subgroup (COVID-19, MIS-C/MIS-C like, and
asymptomatic SARS-CoV-2). Comparisons of demographic and
clinical characteristics among patients with and without throm-
bosis were performed using nonparametric statistical tests. For
univariable analyses, categorical variables were analyzed using
count and percentage with Fisher's exact test, and continuous
variables were analyzed using median, interquartile range, and
Kruskal-Wallis rank test. Missing values were excluded from the
analyses.

Multivariable analysis was performed using a binomial logit
model with Wald test statistics. Given the low event rate (TEs),
we only carried through a subset of the variables from the uni-
variable analysis based on those that we believed to be inde-
pendently associated. The primary analysis included patients
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with COVID-19 or MIS-C/MIS-C like. Because of the low number
of TEs, these groups were combined, and asymptomatic SARS-
CoV-2 cases were excluded. A sensitivity analysis was performed
excluding MIS-C-like patients.

All calculated P values were 2 sided, and an «a level of 0.05 was
used for assessing significance; all analyses were conducted us-
ing SAS software (version 9.4).

Results

Between 1 March and 15 August 2020, we identified 853 hospi-
tal admissions in 814 patients meeting eligibility criteria. Of
these, 426 admissions (50%) were for COVID-19, 138 (16%) for
MIS-C (n = 130) or MIS-C-like illness (n = 8), and 289 (34%) for
asymptomatic SARS-CoV-2 infection. Of the 8 patients who did
not meet full MIS-C criteria, 1 did not have documented fever, 5
did not have SARS-CoV-2" test or known exposure, and 2 had
an alternative diagnosis. All had other features highly suggestive
of MIS-C and were treated for MIS-C with steroids, IV immuno-
globulin, aspirin, anakinra, and/or infliximab. Demographic and
clinical characteristics of the cohort including therapies received
are listed in Table 1 by clinical subgroup. For all subsequent
analyses, MIS-C-like patients were combined with MIS-C pa-
tients. The MIS-C cohort had the highest proportion of patients
without underlying comorbidities, with more evidence of coagul-
opathy (elevated D-dimer, fibrinogen, and PT and lower platelet
count), and who required critical care (Table 1).

TEs

There were 20 patients with =1 TE; 9 patients were admitted
with COVID-19, 9 with MIS-C, and 2 with asymptomatic SARS-
CoV-2. One patient admitted with COVID-19 developed a sec-
ond TE during the admission (total, 21 TEs). Patients with MIS-C
had the highest incidence at 6.5% (95% Cl, 3% to 12%), fol-
lowed by those with COVID-19 at 2.1% (95% Cl, 1% to 4%) and
those with asymptomatic SARS-CoV-2 at 0.7% (95% Cl, 0.1% to
2.4%). A majority of TEs (89%) in COVID-19 or MIS-C patients
occurred in those age =12 years. The incidence of TEs in pa-
tients age =12 years with COVID-19 or MIS-C was 6.8% (16 of
237), compared with 0.6% (2 of 327) in those age <12 years. In
the subgroup of patients with MIS-C who were age =12 years,
the incidence was 19% (9 of 48). Clinical details regarding patients
with thrombosis are listed in Table 2. Of the 19 TEs in patients
with COVID-19 or MIS-C, there were 11 deep vein thromboses,
3 pulmonary embolisms, 3 intracardiac thromboses, 1 acute ische-
mic stroke, and 1 cerebral sinovenous thrombosis. Four TEs were
clinically apparent on admission to the hospital (Table 2). Thirteen
(68%) were symptomatic, while the rest were asymptomatic, de-
tected on imaging performed for another indication. Nine (47%)
were catheter related. Death resulting from any cause occurred in
5 (28%) of the 18 patients with COVID-19 or MIS-C and thrombo-
sis. A vast majority of COVID-19 and MIS-C patients with throm-
bosis (17 of 18) identified as being of either Hispanic ethnicity or
African American race. One COVID-19 patient was diagnosed
with COVID toes, but this was not included in overall TEs.

We evaluated several clinical, demographic, and laboratory risk
factors for thrombosis in the combined cohort of COVID-19 and
MIS-C, listed in Table 3. Older age, African American race and/
or Hispanic ethnicity, MIS-C, admission to the ICU, need for a
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ventilator, length of stay, presence of a CVC, cancer, D-dimer
>5X ULN, PT >1.5X ULN, elevated fibrinogen, reduced plate-
let count, and death during admission were all statistically signif-
icant variables on univariable analysis. In a univariable analysis
specifically comparing the rate of thrombosis in COVID-19 pa-
tients vs asymptomatic SARS-CoV-2 patients, COVID-19 was not
significantly associated with TEs (P = .2).

Data presented as n (%).

D-dimer >5X ULN was significantly associated with TEs in the
univariable analysis. However, there was a high proportion (36%)
of missing D-dimer values, which was a problem for all the labo-
ratory variables. Rather than imputing values, we ran the multi-
variable modeling in 2 ways: without laboratory values and
including only admissions that had a D-dimer performed. In the
model without laboratory values, the following variables were
significantly associated with thrombosis: age =12 years, cancer,
CVC, and MIS-C (Table 4). When D-dimer was included in the
model, it was significant, but MIS-C was no longer statistically
significant (Table 4).

In a sensitivity analysis that excluded the 8 MIS-C-like patients,
the results of the multivariable analyses were similar to those of
the primary analysis (data not shown).

Thromboprophylaxis

Anticoagulant thromboprophylaxis was used during 30% (128 of
426) of COVID-19 and 58% (80 of 138) of MIS-C admissions, as
well as during 61% of ICU admissions in those patients (Figure 1A).
Nonetheless, 10 (71%) of the 14 TEs that were not identified on
admission occurred in patients receiving thromboprophylaxis
(regimens listed in Table 2). There were 220 regimens used in
the 208 COVID-19 or MIS-C admissions where prophylactic anti-
coagulation was administered. The most common anticoagulant
was enoxaparin (89%), followed by unfractionated heparin in
6.8% and other anticoagulants (4.5%). The variation with respect
to drug and intensity is shown in Figure 1B. Once daily enoxa-
parin accounted for 20%, whereas a majority (62%) received
twice daily prophylactic enoxaparin (~0.5 mg/kg every 12 hours).
Full therapeutic intensity prophylaxis with enoxaparin (~1 mg/kg
every 12 hours) or unfractionated heparin was used in 9.1%.

Notably, 45 (11%) of 417 patients with COVID-19 and 32 (25%)
of 129 with MIS-C who did not develop thrombosis were dis-
charged on prophylactic anticoagulation. A majority were dis-
charged on enoxaparin (n = 56), followed by direct oral
anticoagulants (n = 16), aspirin (n = 4), and warfarin (n = 1).
The only patient known to develop thrombosis after discharge
was a patient with cancer, found to have a catheter-associated
intracardiac thrombosis within 30 days after an admission with
asymptomatic SARS-CoV-2 when he was readmitted for COVID-
19; this patient had not been discharged on anticoagulation.

Bleeding

There were 9 admissions with major bleeding and 8 with clinical-
ly relevant nonmajor bleeding among the COVID-19 and MIS-C
subgroups (Table 1). The COVID-19 cohort had 7 admissions
(1.6%) with major bleeding events, 2 of which occurred while on
anticoagulation, and there were 2 (1.4%) in the MIS-C cohort
with major bleeding (both events occurred on anticoagulation).
Of the 4 COVID-19 or MIS-C patients with major bleeding on
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Table 1. Clinical characteristics of all 3 SARS-CoV-2
cohorts

MIS-C/
Asymptomatic MiS-C
SARS-CoV-2 COVID-19 like
(n = 289) (n = 426) (n = 138)
Age, y
Median 10 10 10
IQR 3-15 1-16 6-14
Male sex 144 (50) 226 (53) 75 (54)
Ethnicity
Hispanic 125 (43) 228 (54) 57 (41)
Non-Hispanic 139 (48) 167 (39) 69 (50)
Unknown/other 25 (9) 31 (7) 12 (9)
Race
White 151 (52) 234 (55) 77 (56)
African American 74 (26) 89 (21) 39 (28)
Asian 2 (1) 6 (1) 4 (3)
Other/unknown 62 (21) 97 (23) 18 (13)
African American 198 (69) 315 (74) 96 (70)
race and/or
Hispanic ethnicity
Length of stay, d
Median 3 3 6
IQR 1-7 2-7 4-10
Comorbidity
Respiratory 22 (8) 90 (21) 16 (12)
Cardiac 13 (5) 38 (9) 5 (4)
Cancer 25 (9) 39 (9) 5 (4)
Obesity 61 (21) 114 (27) 45 (33)
Diabetes 17 (6) 15 (4) 0
Immunodeficiency 10 (3) 18 (4) 1(1)
Sickle cell disease 8 (3) 26 (6) 1(1)
Neurologic 38 (13) 49 (12) 4 (3)
Gastrointestinal 36 (12) 38 (9) ()
None 77 (27) 114 (27) 70 (51)
ICU admission 46 (16) 136 (32) 86 (62)
Ventilator 11 (4) 46 (11) 22 (16)
ECMO 1(0.4) 4(1) 3(2)
CcvC 47 (16) 74 (17) 53 (38)
COVID-19-directed 0 105 (25) 39 (28)
treatment
MIS-C—directed 1(0.3) 6 (1) 130 (94)
treatment
Maximum D-dimer
Not done 214 (74) 197 (46) 5 (4)
Normal range 14 (5) 36 (8) 101
1-5X ULN 34 (12) 131 (31) 32 (23)
>5% ULN 27 (9) 62 (15) 100 (72)
Minimum platelet
count, X103/l
Median 259 208 148
IQR 199-320 140-273 103-204

THROMBOSIS IN CHILDREN WITH COVID-19 OR MIS-C

Table 1. (continued)

MIS-C/
Asymptomatic Mis-C
SARS-CoV-2 COVID-19 like
(n = 289) (n = 426) (n = 138)
Maximum fibrinogen,
mg/dL
Median 421 463 551
IQR 282-583 325-583 462-657
Maximum PT
Not done 183 (63) 204 (48) 7 (5)
Normal range 55 (19) 121 (28) 38 (27)
1-1.5x ULN 48 (17) 90 (21) 86 (62)
>1.5X ULN 3 11 (3) 7 (5)
Thromboprophylaxis 31 (11) 128 (30) 80 (58)
Admission with TEs 2 (0.7) 9 (2) 9 (7)
DVT 2 4 7
PE 0 3 0
Stroke 0 0 1
Intracardiac 0 2 1
Cerebral 0 1 0
sinovenous
thrombosis
Major bleeding 4(1) 7 (2) 2 (1)
Death during 2 (0.7) 11 (2.6) 2 (1.4)
hospitalization
(or <30 d)

Data presented as n (%).

CVC, central venous catheter; DVT, deep vein thrombosis; ECMO, extracorporeal mem-
brane oxygenation; IQR, interquartile range; PE, pulmonary embolism; ULN, upper limit
of normal.

anticoagulation, 1 was receiving prophylactic daily enoxaparin,
1 was receiving therapeutic-dose unfractionated heparin for ex-
tracorporeal membrane oxygenation and treatment of TEs,
and 2 were receiving therapeutic-dose enoxaparin for treatment
of TEs.

Mortality

The all-cause mortality rate in our cohort of COVID-19 and MIS-
C patients was 2.3% (13 of 564). A majority of deaths (n = 11)
occurred in patients hospitalized with COVID-19. All patients
who died had an underlying comorbidity; the most common
was cancer (n = 7). Respiratory failure was the most common
reason for death (n = 7). The cause of death was attributed,
at least in part, to malignancy in 3 patients. One patient had a
hemothorax while on therapeutic anticoagulation that was
thought to contribute to death. Other reported contributors
to death included renal failure (n = 1), thrombotic microangiop-
athy (n = 1), complex congenital heart disease (n = 1), bowel
obstruction with abdominal compartment syndrome (n = 1),
and septic shock (n = 1). Five of the 18 patients (28%) with
COVID-19 or MIS-C and TEs died.

Discussion

This is the first study to evaluate the incidence of thrombosis
in a large, multicenter cohort of children hospitalized with
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Table 3. Comparison of COVID-19 or MIS-C/MIS-C-like
patients with thrombosis with those without

No
Thrombosis  thrombosis
(n = 18) (n = 546)
Age, y .0001
Median 16 10
IQR 14-17 2-15
Age group, y .0002
0-6 1(6) 209 (38)
6-12 1(6) 116 (21)
=12 16 (89) 221 (40)
Male sex 9 (50) 292 (53) .81
Hispanic ethnicity 8 (44) 277 (51) .64
Race
White 6 (33) 305 (56) .09
African American 9 (50) 119 (22) .009
Asian 0 10 (2) 1
Other/unknown 3(17) 112 (21) 1
African American 17 (94) 394 (72) .03
race and/or
Hispanic ethnicity
SARS-CoV-2
disease category
COVID-19 9 (50) 417 (76) .02
MIS-C 9 (50) 129 (24)
Length of stay, d <.0001
Median 18 4
IOR 10-41 2-8
Comorbidity
Respiratory 3(17) 103 (19) 1
Cardiac 1(6) 42 (8) 1
Cancer 8 (44) 36 (7) <.0001
Obesity 9 (50) 150 (27) .06
Neurologic 2(11) 51 (9) .68
Sickle cell disease 0 27 1
None 2(11) 182 (33) .07
ICU admission 13 (72) 209 (38) .006
Ventilator 9 (50) 59 (11) .004
ECMO 2(11) 5(1) .06
CvC 15 (83) 112 (21) <.0001
Maximum D-dimer .002
Not done 2(11) 200 (37)
Normal range 0 37 (7)
1-5X ULN 2(11) 161 (29)
>5x ULN 14 (78) 148 (27)
Maximum .034
fibrinogen, mg/dL
Median 632 499
IQR 449-788 386-602
Minimum platelet .0001
count, X103/l
Median 71 189
IQR 54-152 131-266

THROMBOSIS IN CHILDREN WITH COVID-19 OR MIS-C

Table 3. (continued)

[\ [)
Thrombosis thrombosis
(n = 18)

PT .03

Not done 1 (6) 210 (38)

Normal range 3(17) 156 (29)

1-1.5x ULN 12 (67) 164 (30)

>1.5X ULN 2(11) 16 (3)
Thromboprophylaxis 10 (56) 198 (36) 134
Bacterial coinfection 5 (28) 67 (12) .07
Death during 5 (28) 8 (1) <.0001

hospitalization

(or <30 d)

Data presented as n (%).

CVC, central venous catheter; ECMO, extracorporeal membrane oxygenation; IQR,
interquartile range; PT, prothrombin time.

COVID-19-related complications.'®?4?¢ The incidence of TEs in
hospitalized children was 2.1% in those with COVID-19 and
6.5% in those with MIS-C, compared with 0.7% in those with
asymptomatic SARS-CoV-2 infection. We identified several im-
portant laboratory (elevated D-dimer) and clinical variables (age
=12 years, cancer, MIS-C, and CVC) that were associated with a
much higher risk of TEs. Importantly, more than two-thirds of
TEs that occurred in hospitalized children with COVID-19 or
MIS-C occurred in patients receiving thromboprophylaxis. These
findings have important implications for clinicians and provide
new evidence regarding the risk of TEs in children hospitalized
with COVID-19 or MIS-C. Mortality was 28% in pediatric patients
with TEs and COVID-19 or MIS-C, although most patients who
died had comorbid conditions that were risk factors for TEs and
contributed to mortality. "

To put our findings into perspective, the rate of VTE in children
admitted to US tertiary care hospitals in 2007 was estimated at
58 (0.58%) per 10000 admissions using the Pediatric Health
Information System database, with those age 12 to 18 years
having the highest rate (94 [0.94%] per 10000).*’ The rate ob-
served in our study was much higher, particularly in patients age
=12 years (6.8%) with COVID-19 or MIS-C. However, this com-
parison is limited for several reasons. Patients hospitalized with
COVID-19 are known to have a high prevalence of underlying
medical conditions (eg, cancer, diabetes, and obesity), which
may have increased the rate. In addition, the age distribution of
patients in this study was skewed toward older patients com-
pared with the Pediatric Health Information System study, which
would also result in a higher rate. Nonetheless, the rates of TEs
that we observed, particularly in the MIS-C population and those
age =12 years, suggest that COVID-19 and MIS-C are unique
risk factors for thrombosis in hospitalized children.

Consistent with this conclusion is the finding that a D-dimer
>5X ULN was significantly associated with TEs in our study.
This is the first pediatric COVID-19 study to demonstrate the as-
sociation between elevated D-dimer and TEs, and this finding is
consistent with multiple studies of adults with COVID-19.83%31
In addition, elevated fibrinogen, prolonged PT, and reduced
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Table 4. Multivariable model for factors associated with thrombosis in COVID-19 and MIS-C/MIS-C-like patients

Without D-dimer

With D-dimer*

Variable OR (95% CI) OR (95% Cl)

Cancer 6.34 (1.56-25.73) .01 13.74 (2.36-79.95) .004
Obesity 0.89 (0.24-3.25) .856 1.16 (0.21-6.35) .863
No comorbidity 0.31 (0.04-2.17) .236 0.43 (0.05-3.79) 447
Bacterial coinfection 1.63 (0.41-6.48) 484 1.31 (0.27-6.43) 741
CcvC 7.22 (1.71-30.45) .007 25.71 (2.65-249.01) .005
ICU admission 2.17 (0.56-8.40) 263 0.35 (0.04-3.04) .339
MIS-C 6.44 (1.65-25.24) .008 3.18 (0.57-17.55) .185
COVID-19 Reference Reference

Age <6y 1.30 (0.06-27.71) .871 1.19 (0.05-30.28) 916
Age 6-12y Reference Reference

Age =12y 16.84 (1.93-147.1) .01 20.05 (2.18-184.29) .008
African American race and/or Hispanic ethnicity 7.14 (0.83-61.36) .073 9.74 (0.91-104.45) .06
D-dimer >5x ULN Not included 21.16 (2-223.94) .01

CVC, central venous catheter; OR, odds ratio; ULN, upper limit of normal

*Missing values excluded.

A

8071 u Prophylactic dose enoxaparin or UFH

704 = Therapeutic dose enoxaparin or UFH

m Other

60 -
. 50
<
S 40-
&

30

20

104

0 n=426 n=14
COVID-19 MIS-C COVID-19 or MIS-C
with TE

m Enoxaparin prophylaxis twice daily

m Enoxaparin prophylaxis once daily

= UFH prophylactic dosing

m Enoxaparin therapeutic dosing
UFH therapeutic dosing

= Other

Figure 1. Prophylactic anticoagulation regimens in COVID-19 and MIS-C pa-
tients. (A) Proportion of admissions receiving prophylactic anticoagulation in
clinical subgroups by dose intensity (n = 208 admissions). When >1 regimen
was used per admission, the regimen with either the longest duration or highest
dose intensity was included. For patients with TEs, only those without TEs on
admission were included (n = 14). (B) Prophylactic anticoagulation regimens in
patients with COVID-19 or MIS-C (n = 220 regimens; other: rivaroxaban, apixa-
ban, bivalirudin, warfarin, or aspirin). TE, thrombotic event; UFH, unfractionated
heparin.
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platelet count were also associated with TEs in our study on uni-
variable analysis, similar to reports of adults with COVID-19."3
A limitation of our analysis is that there was a high proportion of
missing laboratory values, and we limited the collection of labo-
ratory parameters to the maximum or minimum values during
hospitalization, regardless of timing (ie, early in hospitalization
and/or before TEs). Therefore, it is possible that elevations in
D-dimer levels may have occurred after a TE in some patients,
reducing the predictive value of this variable. Future studies will
be necessary to better evaluate the predictive value of elevated
D-dimer in this setting.

In a multivariable regression model that excluded laboratory val-
ues, MIS-C, age =12 years, presence of a CVC, and cancer
were significantly associated with TEs. With the exception of
MIS-C, these mirror previously established risk factors for TEs in
hospitalized children.**** When D-dimer was included in the
multivariable model, it was significant; however, MIS-C was no
longer significant. We hypothesize that this is due to the collin-
earity of these variables, as well as to the proportion of missing
laboratory values. Interestingly, cancer was identified as an inde-
pendent risk factor for TEs in multivariable models with and
without D-dimer. Although COVID-19 was not found to be a risk
factor for TEs, 30% of patients with COVID-19 received throm-
boprophylaxis, which may have reduced the rate of thrombosis
in this group. In addition, our ability to evaluate COVID-19 as a
risk factor may have been limited by the small sample size. Be-
cause of the small sample size, missing laboratory values, and
lack of a validation cohort, we did not develop a clinical predic-
tion model. Future studies, focused on TE risk prediction in chil-
dren with SARS-CoV-2, should address these points and also
include other potentially important variables, such as blood type
and pubertal status (rather than age).
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We decided to include asymptomatic patients with SARS-CoV-2
for several reasons. First, we wanted to evaluate the risk of
thrombosis in these children, because hematologists are fre-
quently consulted to address the role of thromboprophylaxis in
this setting. Second, if patients were truly asymptomatic and
had no effects from viremia, this group could potentially serve
as a control group. The overall incidence of TEs in the asymp-
tomatic SARS-CoV-2 group was low (0.7%), and the 2 patients
with TEs in this subgroup had several prothrombotic risk factors
(Table 2). Therefore, we believe that asymptomatic SARS-CoV-2
infection may not significantly increase the risk of thrombosis.

In our studly, all 9 of the TEs in the MIS-C cohort occurred in pa-
tients age =12 years, for a rate of 19% (9 of 48) in this sub-
group. This is higher than that in an earlier report from a
multicenter registry of 186 MIS-C patients, where 3 (6.7%) of 45
patients age >12 years had TEs."® This difference may be due
to variation in thromboprophylaxis, severity of disease, inclusion
of different centers, or because our study was designed to focus
on TEs. We did not identify any TEs in the 90 MIS-C admissions
that occurred in children age <12 years, confirming the low inci-
dence of TEs in younger children with MIS-C observed in the
prior study.

Similar to other studies, we observed a high prevalence of His-
panic (51%) and African American children (23%) hospitalized
with COVID-19 or MIS-C3* Of the 18 patients with TEs and
COVID-19 or MIS-C, 17 identified as being of either Hispanic
ethnicity or African American race. These racial disparities associ-
ated with worse outcomes in both children and adults are likely
linked to similar socioeconomic disadvantages that have been
suggested by others.'3435

A majority of TEs in our study developed while patients were
receiving thromboprophylaxis, which is similar to adult re-
ports.”® This has raised questions regarding the optimal inten-
sity of prophylactic anticoagulation for patients with SARS-CoV-
2. We are unable to answer this question because thrombopro-
phylactic practices varied across institutions and changed dur-
ing the study period. However, it is notable that 4 of 9 of the
major bleeding events in patients with COVID-19 and MIS-C
occurred on anticoagulation. This is limited by the fact that we
could not assess all clinical risk factors for bleeding in these pa-
tients; however, anticoagulation likely contributed to these
bleeding events. Optimal thromboprophylactic dose intensity
may be more carefully addressed by an ongoing clinical trial to
evaluate the safety of enoxaparin in children with SARS-CoV-
2-associated illness, administered twice daily to achieve a
4-hour postdose anti-Xa level of 0.20 to 0.49 IU/mL.*

There are several limitations to this retrospective study. First, our
findings must be contextualized, recognizing that a significant
proportion of patients received inpatient and postdischarge
thromboprophylaxis. Given the lack of a comparator group, it is
plausible that the rate of thrombosis in this cohort would have
been higher in the absence of thromboprophylaxis. Second, par-
ticipating hospitals were large pediatric referral centers, and pa-
tients may have had more medically complex cases or been
transferred from outside hospitals for a higher level of care.
Thus, the risk of thrombosis may actually be an overestimate,
and results from our study may not be generalizable to smaller
pediatric centers or community hospitals. In contrast, some

THROMBOSIS IN CHILDREN WITH COVID-19 OR MIS-C

patients may have died as a result of unrecognized TEs or PE;
this number is likely low, but would have resulted in an underes-
timate of the risk. Third, there was some variation over time
regarding the practice of testing all admitted patients for SARS-
CoV-2 (particularly earlier in the pandemic), so patients with mild
disease may have been missed. Last, is important to note that a
proportion of patients in this study (estimated at <10%) have
been reported in prior publications or included in other regis-
tries."®3”3? To our knowledge, none of the TEs have been pre-
viously reported.

For the first time, we provide data regarding the rate of throm-
botic complications in patients age <21 years hospitalized with
SARS-CoV-2-associated illness. Our findings, including the low
rate of TEs in children age <12 years with COVID-19 or MIS-C
and the low rate of postdischarge TEs, along with factors associ-
ated with an increased risk (age =12 years, MIS-C, CVC, and
cancer), may help inform thromboprophylactic strategies at pe-
diatric centers. Future studies focused on the intensity of antico-
agulation as well as on novel targets are well under way in
adults with COVID-19 and will likely be relevant to high-risk ado-
lescent patients with COVID-19 or MIS-C, in whom the rates of
thrombosis and mortality were highest.

Acknowledgments

This study was supported by National Institutes of Health, National
Heart, Lung, and Blood Institute grant T32 HL007971 (H.W.) and a
scholarship from the Institute for Translational Medicine and Thera-
peutics at the University of Pennsylvania (C.D.).

Authorship

Contribution: HW., S.E.S., RK., KA., L.B., M.B., CT.C., RD., C.D.,
N.A.G., JJ., AG.R, S.R-Z, AS., LS., AZ., and L.R. contributed to
study design; HW., S.E.S., RK,, KA., M.B,, C.T.C,, RD., C.D., JJ.,
JK., KM, SR-Z, WS.L, AS., LS., AZ, and LR. contributed to
data collection; HW., L.B., and L.R. analyzed data; and H.W., S.E.S.,
RK., KA., LB., MB.,, CT.C, RD, CD, NAG, JJ.,, AGR, SR-Z,
AS., LS., AZ, and L.R. wrote and edited the paper.

Conflict-of-interest disclosure: S.E.S. serves on the advisory board for
Alexion Pharmaceuticals. R.K. has attended advisory board meetings
for Bayer, Genentech, and Kedrion. The remaining authors declare
no competing financial interests.

ORCID profiles: H.W., 0000-0002-5323-7023; C.T.C., 0000-0001-
6819-4049; C.D., 0000-0002-8005-3836; J.J., 0000-0002-1175-7266; A.
G.R., 0000-0002-3084-3071; A.Z., 0000-0003-3283-0415; L.R., 0000-0001-
8152-1040.

Correspondence: Leslie Raffini, 11022 Colkett Translational Research
Building, 3501 Civic Center Blvd, Philadelphia, PA 19104; e-mail:
raffini@chop.edu.

Footnotes

Submitted 5 January 2021; accepted 30 January 2021; prepublished
online on Blood First Edition 25 April 2021. DOl 10.1182/
blood.2020010218.

For original data, please contact raffini@chop.edu.

There is a Blood Commentary on this article in this issue.

The publication costs of this article were defrayed in part by page
charge payment. Therefore, and solely to indicate this fact, this article
is hereby marked “advertisement” in accordance with 18 USC section
1734.

€ blood” 15 JULY 2021 | VOLUME 138, NUMBER 2 197

120z AInr 91 uo 1sanb Aq 4pd-81Z0100Z0ZPIGPOOId/SEEE L 8L/06 L/2/8€E L/Pd-ajone/poo)q/Bio suoneoligndysey/:dyy woly papeojumod


https://orcid.org/0000-0002-5323-7023
https://orcid.org/0000-0001-6819-4049
https://orcid.org/0000-0001-6819-4049
https://orcid.org/0000-0002-8005-3836
https://orcid.org/0000-0002-1175-7266
https://orcid.org/0000-0002-3084-3071
https://orcid.org/0000-0003-3283-0415
https://orcid.org/0000-0001-8152-1040
https://orcid.org/0000-0001-8152-1040
mailto:raffini@chop.edu
mailto:raffini@e-mail.chop.edu
http://www.bloodjournal.org/content/138/02/1149

REFERENCES

1.

Zhou F, Yu T, Du R, et al. Clinical course and
risk factors for mortality of adult inpatients
with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet. 2020;
395(10229):1054-1062.

Fogarty H, Townsend L, Ni Cheallaigh C, et al.
COVID19 coagulopathy in Caucasian patients.
Br J Haematol. 2020;189(6):1044-1049.

Wang D, Hu B, Hu C, et al. Clinical
characteristics of 138 hospitalized patients

with 2019 novel coronavirus-infected
pneumonia in Wuhan, China. JAMA. 2020;
323(11):1061-1069.

Al-Samkari H, Karp Leaf RS, Dzik WH, et al.
COVID-19 and coagulation: bleeding and
thrombotic manifestations of SARS-CoV-2
infection. Blood. 2020;136(4):489-500.

Cui S, Chen S, Li X, Liu S, Wang F. Prevalence
of venous thromboembolism in patients with
severe novel coronavirus pneumonia. J Thromb
Haemost. 2020;18(6):1421-1424.

Helms J, Tacquard C, Severac F, et al;
CRICS TRIGGERSEP Group (Clinical
Research in Intensive Care and Sepsis Trial
Group for Global Evaluation and Research in
Sepsis). High risk of thrombosis in patients
with severe SARS-CoV-2 infection: a
multicenter prospective cohort study.
Intensive Care Med. 2020;46(6):1089-1098.

. Llitjos JF, Leclerc M, Chochois C, et al. High

incidence of venous thromboembolic events
in anticoagulated severe COVID-19 patients.
J Thromb Haemost. 2020;18(7):1743-1746.

. Middeldorp S, Coppens M, van Haaps TF,

et al. Incidence of venous thromboembolism
in hospitalized patients with COVID-19. J
Thromb Haemost. 2020;18(8):1995-2002.

. Poissy J, Goutay J, Caplan M, et al; Lille

ICU Haemostasis COVID-19 Group.
Pulmonary embolism in patients with
COVID-19: awareness of an increased
prevalence. Circulation. 2020;142(2):184-186.

. Malas MB, Naazie IN, Elsayed N, Mathlouthi

A, Marmor R, Clary B. Thromboembolism
risk of COVID-19 is high and associated with
a higher risk of mortality: a systematic review
and meta-analysis. EClinicalMedicine. 2020;
29:100639.

. Lu X, Zhang L, Du H, et al; Chinese Pediatric

Novel Coronavirus Study Team. SARS-CoV-2
infection in children. N Engl J Med. 2020;
382(17):1663-1665.

. Bixler D, Miller AD, Mattison CP, et al;

Pediatric Mortality Investigation Team.
SARS-CoV-2-associated deaths among
persons aged <21 years - United States,
February 12-July 31, 2020. MMWR Morb
Mortal Wkly Rep. 2020;69(37):1324-1329.

. Riphagen S, Gomez X, Gonzalez-Martinez C,

Wilkinson N, Theocharis P. Hyperinflammatory
shock in children during COVID-19 pandemic.
Lancet. 2020;395(10237):1607-1608.

. Verdoni L, Mazza A, Gervasoni A, et al. An

outbreak of severe Kawasaki-like disease at
the Italian epicentre of the SARS-CoV-2
epidemic: an observational cohort study.
Lancet. 2020;395(10239):1771-1778.

20.

21.

22.

23.

24.

25.

. Dufort EM, Koumans EH, Chow EJ, et al;

New York State and Centers for Disease
Control and Prevention Multisystem
Inflammatory Syndrome in Children
Investigation Team. Multisystem
inflammatory syndrome in children in New
York state. N Engl J Med. 2020;383(4):
347-358.

. Feldstein LR, Rose EB, Horwitz SM, et al;

CDC COVID-19 Response Team.
Multisystem inflammatory syndrome in U.S.
children and adolescents. N Engl J Med.
2020;383(4):334-346.

. Ramcharan T, Nolan O, Lai CY, et al.

Paediatric inflammatory multisystem
syndrome: temporally associated with SARS-
CoV-2 (PIMS-TS): cardiac features,
management and short-term outcomes at a
UK tertiary paediatric hospital. Pediatr
Cardiol. 2020;41(7):1391-1401.

. Loi M, Branchford B, Kim J, Self C, Nuss R.

COVID-19 anticoagulation recommendations
in children. Pediatr Blood Cancer. 2020;67(9):
©28485.

. Goldenberg NA, Sochet A, Albisetti M, et al;

Pediatric/Neonatal Hemostasis and
Thrombosis Subcommittee of the ISTH SSC.
Consensus-based clinical recommendations
and research priorities for anticoagulant
thromboprophylaxis in children hospitalized
for COVID-19-related illness. J Thromb
Haemost. 2020;18(11):3099-3105.

Harris PA, Taylor R, Thielke R, Payne J,
Gonzalez N, Conde JG. Research electronic
data capture (REDCap)—a metadata-driven
methodology and workflow process for
providing translational research informatics
support. J Biomed Inform. 2009;42(2):
377-381.

Harris PA, Taylor R, Minor BL, et al; REDCap
Consortium. The REDCap Consortium:
building an international community of
software platform partners. J Biomed Inform.
2019;95:103208.

Cordoro KM, Reynolds SD, Wattier R,
McCalmont TH. Clustered cases of acral
perniosis: clinical features, histopathology,
and relationship to COVID-19. Pediatr
Dermatol. 2020;37(3):419-423.

Centers for Disease Control and Prevention.
Multisystem inflammatory syndrome in
children (MIS-C) associated with coronavirus
disease 2019 (COVID-19). https://
emergency.cdc.gov/han/2020/han00432.
asp. Accessed 30 July 2020.

Mitchell LG, Goldenberg NA, Male C, Kenet
G, Monagle P, Nowak-Géttl U; Perinatal and
Paediatric Haemostasis Subcommittee of the
SSC of the ISTH. Definition of clinical
efficacy and safety outcomes for clinical trials
in deep venous thrombosis and pulmonary
embolism in children. J Thromb Haemost.
2011;9(9):1856-1858.

Abarca-Gémez L, Abdeen ZA, Hamid ZA, et
al; NCD Risk Factor Collaboration (NCD-
RisC). Worldwide trends in body-mass index,
underweight, overweight, and obesity from
1975 to 2016: a pooled analysis of 2416
population-based measurement studies in
128-9 million children, adolescents, and
adults. Lancet. 2017;390(10113):2627-2642.

198 @ blood® 15 JULY 2021 | VOLUME 138, NUMBER 2

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

lppolito Bastidas H, Marquez-Pérez T,
Garcia-Salido A, et al. Cerebral venous sinus
thrombosis in a pediatric patient with
CQOVID-19. Neurol Clin Pract. 2020;11(2):
€208-e210.

Essajee F, Solomons R, Goussard P, Van
Toorn R. Child with tuberculous meningitis
and COVID-19 coinfection complicated by
extensive cerebral sinus venous thrombosis.
BMJ Case Rep. 2020;13(9):e238597.

Del Borrello G, Giraudo |, Bondone C, et al.
SARS-CoV-2 associated coagulopathy and
thromboembolism prophylaxis in children: a
single centre observational study. J Thromb
Haemost. 2021;19(2):522-530.

Raffini L, Huang Y-S, Witmer C, Feudtner C.
Dramatic increase in venous thrombo-
embolism in children’s hospitals in the United
States from 2001 to 2007. Pediatrics. 2009,
124(4):1001-1008.

Miesbach W, Makris M. COVID-19:
coagulopathy, risk of thrombosis, and the
rationale for anticoagulation. Clin Appl Thromb
Hemost. 2020;26:1076029620938149.

Zhang L, Feng X, Zhang D, et al. Deep vein
thrombosis in hospitalized patients with
coronavirus disease 2019 (COVID-19) in Wuhan,
China: prevalence, risk factors, and outcome
[published correction appears in Circulation.
2020;142(2):e33]. Circulation. 2020;142(2):
114-128.

Mahajerin A, Branchford BR, Amankwah EK,
et al. Hospital-associated venous
thromboembolism in pediatrics: a systematic
review and meta-analysis of risk factors and
risk-assessment models. Haematologica.
2015;100(8):1045-1050.

Witmer CM, Takemoto CM. Pediatric
hospital acquired venous thromboembolism.
Front Pediatr. 2017;5:198.

Goyal MK, Simpson JN, Boyle MD, et al.
Racial and/or ethnic and socioeconomic
disparities of SARS-CoV-2 infection among
children. Pediatrics. 2020;146(4):
€2020009951.

Alcendor DJ. Racial disparities-associated
COVID-19 mortality among minority
populations in the US. J Clin Med. 2020;
9(8):2442.

COVID-19 anticoagulation in children -
thromboprophylaxis. https://clinicaltrials.
gov/ct2/show/NCT04354155.

Diorio C, Anderson EM, McNerney KO, et
al. Convalescent plasma for pediatric
patients with SARS-CoV-2-associated acute
respiratory distress syndrome. Pediatr Blood
Cancer. 2020;67(11):€28693.

Chiotos K, Bassiri H, Behrens EM, et al.
Multisystem inflammatory syndrome in
children during the COVID-19 pandemic: a
case series. J Pediatric Infect Dis Soc. 2020;
9(3):393-398.

Diorio C, McNerney KO, Lambert M, et al.
Evidence of thrombotic microangiopathy in
children with SARS-CoV-2 across the
spectrum of clinical presentations. Blood
Adv. 2020;4(23):6051-6063.

WHITWORTH et al

120z AInr 91 uo 1sanb Aq 4pd-81Z0100Z0ZPIGPOOId/SEEE L 8L/06 L/2/8€E L/Pd-ajone/poo)q/Bio suoneoligndysey/:dyy woly papeojumod


https://emergency.cdc.gov/han/2020/han00432.asp
https://emergency.cdc.gov/han/2020/han00432.asp
https://emergency.cdc.gov/han/2020/han00432.asp
https://clinicaltrials.gov/ct2/show/NCT04354155
https://clinicaltrials.gov/ct2/show/NCT04354155

