Received: 23 January 2021 Revised: 4 March 2021

Accepted: 22 March 2021

DOI: 10.1002/pbc.29049

HOW | APPROACH

Pediatric st h
Blood & as p O
Cancer Sy e \WILEY

How we approach thrombosis risk in children with COVID-19

infection and MIS-C

Anjali A. Sharathkumar® © |

1 Stead Family Department of Pediatrics,
Carver College of Medicine, University of
lowa, lowa City, lowa, USA

Abstract

2 Section of Pediatric Critical Care Medicine,
Department of Pediatrics, Yale School of
Medicine, New Haven, Connecticut, USA

3 Division of Clinical Hematology, St. Jude
Children’s Research Hospital, Memphis,
Tennessee, USA

Correspondence

Anjali A. Sharathkumar, Stead Family Depart-
ment of Pediatrics, Carver School of Medicine,
University of lowa, 200 Hawkins Dr, lowa City,
1A52246,USA.

Email: anjali-sharathkumar@uiowa.edu

KEYWORDS

1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19) encompasses the different syn-
dromes associated with severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) infection.n2 At present, three syndromes have
been described: acute infection, post-acute inflammatory illness, and
late sequelae.® Acute infection has primary respiratory manifesta-
tions and can be characterized as mild, moderate, and severe using a
WHO progression scale.* Post-acute inflammatory illness, which was
first described in children® and termed multisystem inflammatory syn-
drome in children or adults (MIS-C/MIS-A), most often presents few
weeks after a recent SARS-CoV-2 infection.®” This article will focus on

Abbreviations: AA, African American; ACS, acute chest syndrome; CAC,
COVID-19-associated coagulopathy; CDC, Centers for Disease Control and prevention;
COVID-19, coronavirus disease 2019; DOAC, direct oral anticoagulant; DVT, deep venous
thrombosis; LMWH, low molecular weight heparin; MIS-C, multisystem inflammatory
syndrome in children; PE, pulmonary embolism; PICU, pediatric intensive care unit; PT,
prothrombin time; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SCD,
sickle cell disease; UFH, unfractionated heparin; VTE, venous thromboembolism.
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Thrombosis within the microvasculature and medium to large vessels is a serious and
common complication among critically ill individuals with coronavirus disease 2019
(COVID-19). While children are markedly less likely to develop severe disease than
adults, they remain at risk for thrombosis during acute infection and with the post-
acute inflammatory illness termed multisystem inflammatory syndrome in children.
Significant knowledge deficits in understanding COVID-19-associated coagulopathy
and thrombotic risk pose clinical challenges for pediatric providers who must incorpo-
rate expert opinion and personal experience to manage individual patients. We discuss
clinical scenarios to provide framework for characterizing thrombosis risk and throm-
boprophylaxis in children with COVID-19.

anticoagulation, COVID-19, MIS-C, thrombosis

thrombosis risk for both acute infection and post-acute inflammatory
illness.

Micro- and macrovascular thrombotic events are predominant fea-
tures of critically ill adults with COVID-19.8-19 This adverse outcome
results from an immune-thrombotic phenotype termed COVID-19-
associated coagulopathy (CAC).811 Prominent features of CAC include
amarked host inflammatory response with endothelial cell dysfunction
characterized by elevation in biomarkers of thrombogenesis specif-
ically D-dimers.811-16 Bleeding is not common and the thrombotic
spectrum of CAC ranges from pulmonary embolism (PE), deep venous
thrombosis (DVT), thrombotic microangiopathy (TMA), and arterial
events including stroke.?1917.18 Thrombotic complications have also
been reported in children with COVID-19,71%20 but much less is
known about its prevalence and risk factors. Anticoagulation therapy
has shown to reduce mortality in hospitalized adult patients.® There-
fore, several scientific societies have recommended pharmacological
thromboprophylaxis in adults.2%:22 Recently, the International Society
of Thrombosis and Haemostasis (ISTH) proposed a set of consensus
guidelines for the prevention of venous thromboembolism (VTE) in

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.

© 2021 The Authors. Pediatric Blood & Cancer published by Wiley Periodicals LLC

Pediatr Blood Cancer. 2021;68:€29049.
https://doi.org/10.1002/pbc.29049

wileyonlinelibrary.com/journal/pbc | 1of9


https://orcid.org/0000-0003-4574-6175
mailto:anjali-sharathkumar@uiowa.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/pbc
https://doi.org/10.1002/pbc.29049

SHARATHKUMAR ET AL.

2 | WILEY

TABLE 1

Focus Clinical challenges
Assessing thrombotic risk

Clinical evaluation:
Identifying high-risk
population

Key management issues in evaluation and management of COVID-19-associated thrombosis risk in pediatric population

How to risk-stratify children for pharmacological thromboprophylaxis?

How to approach children with specific disease conditions such as Crohn’s, sickle cell, cancer? Should

they be treated differently?

What other clinical parameters should be taken into account while considering thromboprophylaxis?

Laboratory evaluation:
Assessment of severity of
prothrombotic milieu

What CAC workup is needed?

Do all children hospitalized with COVID-19 require CAC evaluation?

What biomarkers should be evaluated to characterize the severity of COVID-19?

Should D-dimer be used as a guide for biomarker for CAC?

Thromboprophylaxis management

How to determine intensity of anticoagulation:

Anticoagulationconsideration

Prophylaxis versus therapeutic regimen?

Which anticoagulant to choose?

Is there a need for monitoring?

What is the role of DOACs in children?

How to determine the duration of anticoagulation after discharge?

MIS-C and thromboprophylaxis considerations

Thromboprophylaxis
consideration

What is the role of aspirin?

Research priorities

Risk stratification
of biomarkers

Coagulopathy assessment
antibodies

Outcome assessment

Should MIS-C patients be treated like COVID-19?

Identifying high-risk population: role of clinical risk factors for VTE, COVID-19-related risk factors; role

Evaluation for severity of CAC: Role of blood type, TEG, VWEF, FVIII, lupus anticoagulant, and APS

Vascular Doppler imaging to screen for DVT

VTE outcomes of MIS-C vs. COVID-19

Other therapies and VTE risk
reduction

Therapy intervention: Aspirin, low-dose t-PA therapy, inhaled UFH, protein C, and thrombomodulin
concentrates, impact of antiviral therapy

Abbreviations: APS, antiphospholipid antibody syndrome; CAC, COVID-associated coagulopathy; DOAC, direct oral anticoagulants; DVT, deep venous
thrombosis; FVIII, factor VIII; MIS-C, multisystem inflammatory syndrome in children; TEG, thromboelastography; t-PA, tissue plasminogen activator; UFH,
unfractionated heparin; VTE, venous thromboembolic event; VWF, Von Willebrand’s factor.

children with COVID-19 based mainly on expert opinion and extrapo-
lation from adult studies with inclusion of D-dimer and prothrombotic
risk factors for decision making.2® Nevertheless, pediatric providers
are challenged with using available evidence to implement thrombo-
prophylaxis strategies in children with COVID-19.

In this article, we discuss specific clinical vignettes to illustrate
approaches to assessing thrombosis risk and decision making regard-
ing thromboprophylaxis in children with COVID-19. Our goal is to use
these cases to highlight challenging issues that are not addressed in
detail within the consensus guidelines,?® which are listed in Table 1
Key considerations in our proposed approaches are framed upon
severity of COVID-19,* current knowledge about the risk factors of
thrombosis in children with and without COVID-19,%1? current throm-

boprophylaxis practices among children without COVID-19,24 and
current practices in adults with COVID-1922 (Figure 1). We acknowl-
edge that we have focused primarily on VTE prevention and in many
situations, there is insufficient evidence to recommend a treatment

strategy.

2 | CLINICAL VIGNETTES
2.1 | Vignette #1: Assessing thrombotic risk

A 10-year old Hispanic boy with Crohn’s disease with acute infection
is admitted under pediatric service with left lower lobe pneumonia and
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Framework for thromboprophylaxis assessment in children
| COVID-19 + or MISC |
N ]
‘ Ambulatory |

—{ Hospitalized ’—l

| Icu \

Asymptomatic/mild
No supplemental oxygen

| |

No thromboprophylaxis
Unless > 2 or more significant VTE risk factors*

‘ Asymptomatic/mild |

1—‘ Regular Floor |—1
]

+/- supplemental oxygen

Severe-ICU
High flow/intubation

Moderate

l }

Thromboprophylaxis if no
Yes bleeding contraindications**

D-dimer
>5x ULN
Regimen:
Enoxaparin 0.5 mg bid
or
UFH 10-15 Unit/kg/hr
Yes Consider prophylactic monitoring

>2
additional
VTE risk

factor* Consider therapeutic

anticoagulation for high
suspicion of PE

FIGURE 1 Suggested algorithm for risk stratification and considering thromboprophylaxis for children with COVID-19 infection. Note that
location of patient and oxygen requirement was used for assessment of severity of acute infection.* Definitions: *VTE risk examples: MIS-C, age
>12 years, obesity, immobilization, CVL, estrogen, asparaginase, malignancy, soft tissue infection, family history of thrombosis; **Bleeding
contraindications: active bleeding, significant risk of bleeding, platelet count <20,000 mm?3. Abbreviations: CVL, central venous catheter; ICU,
intensive care unit; 02, oxygen; PE, pulmonary emboli; ULN, upper limit of normal

receiving 2 L/min of oxygen via nasal canula. Hematology is consulted

to evaluate a need for thromboprophylaxis.

211 |
patient?

What is the risk for thrombosis in this

Severity assessment of acute COVID-19 infection is an important ini-
tial step to evaluating thrombosis risk.2>=3? In adult patients, hos-
pitalization status and increasing requirement for oxygen support
are associated with worse outcomes, including thrombosis.2¢:28.30 An
operational approach to initial risk stratification would determine if
the patient is ambulatory (asymptomatic/mild symptoms), hospital-
ized without oxygen (asymptomatic/mild symptoms) or with oxygen
support (mild/moderate symptoms), and ICU (severe symptoms) with
significant respiratory support (Figure 1).* In children, the majority
(~95%) with acute infection have milder clinical course compared to
adults, and most recover without any complications.31 However, sim-
ilar to adults, children with respiratory symptoms and oxygen require-
ment have increased VTE risk.® A recent study reported a 7% rate of
VTE in those hospitalized with COVID-19 and respiratory symptoms?
and another study demonstrated a significant risk VTE in those need-
ing high ventilatory support (>5 L/min oxygen, high-flow nasal cannula,
non-rebreather mask, or intubation).?

This patient has at least three additional risk factors for VTE besides
oxygen requirement: a pneumonia,® underlying comorbid condition

23

with chronic inflammation, and Hispanic race,~ increasing thrombotic

risk. Based on the consensus guidelines,?® he would meet criteria for

thromboprophylaxis. However, a subsequent study in 814 pediatric
patients hospitalized with SARS-CoV-2 showed that thrombotic risk
was decreased in younger age groups (<12 years).2 In the absence
of bleeding risks, we would consider thromboprophylaxis as inflammatory
bowel disease a risk factor for VTE®2; however, given the young age, we
requested additional laboratory markers in order to aid risk assessment and
to make the final determination for prophylaxis.

2.1.2 | What laboratory workup is considered for
thrombosis risk?

CAC, which typically presents with extremely elevated D-dimer, mod-
est decrease in platelet count, elevation of fibrinogen, and mild prolon-
gation of prothrombin time (PT), is associated with increased risk of
thrombosis.1 214 CAC is distinct from sepsis-associated coagulopathy
where fibrinogen and platelets are significantly low. The pathophys-
iology of COVID-19 suggests that cytokine-mediated endotheliopa-
thy and platelet activation play a central role in CAC.1! Markers of
endothelial and platelet activation, including ultra-large multimers of
von Willebrand factor (VWF) and VWF antigen, factor VIII, and solu-
ble P-selectin, are higher in adults admitted to the ICU than in those
admitted to regular ward.3? Viscoelastic testing shows elevated maxi-
mal clot amplitude or strength consistent with increased platelet acti-
vation and increased fibrinogen in both children and adults.3*3> |L-6,
IL-2, and TNF-« produced during acute infection are also contributory.
Dysregulation in plasma levels of coagulation factors and increased lev-

els of anti-fibrinolytic factors are correlated with high levels of IL-6 in
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adults with acute infection.2¢ Imbalance between procoagulant eleva-
tion and anticoagulant depletion overwhelms fibrinolysis resulting in
a prothrombotic milieu. Elevations in D-dimer, a biomarker for fibri-
nolysis, and fibrinogen reflect this prothrombotic milieu. Presence of
lupus anticoagulant and antiphospholipid antibodies have also been
reported during acute infection.3° Recently, anti-A antibodies in indi-
viduals with blood type “O” have been shown to have protective effect
against SARS-CoV-2 invasion.®”

For hospitalized patients with symptomatic acute infection, we typ-
ically request complete blood counts, peripheral blood smear, screen-
ing coagulation tests (PT, activated partial thromboplastin time [aPTT]),
fibrinogen, and D-Dimer to assess for CAC and disease severity. Inflam-
matory markers, such as CRP and ferritin, may be used to trend dis-
ease progression. In case of prolongation of coagulation tests, lupus
anticoagulant testing should be performed to assist the diagnosis of
CAC. Other potential biomarkers may be considered for evaluation of
children, however their utility to predict clinical outcomes, particularly

thrombosis, has not yet been extensively studied.

2.1.3 | What is the role of D-dimer in evaluating
CAC in children?

Elevated D-dimer levels were recognized early in the pandemic
as an important biomarker for predicting disease severity state in
COVID.16:2829 A recent meta-analysis showed that baseline D-dimer
was increased by over 3 mcg/ml, more than six times the upper limit
of normal (ULN), in adults with VTE.®® The sensitivity of predicting
VTE was 95% when both D-dimer and CRP were used in decision
rule.3? One pediatric report showed elevation of D-dimer more than
five times ULN increased odds of VTE.1? While D-dimer is not specific
for COVID-19, based on adult experience, elevation of D-dimer has
been incorporated into pediatric guidelines for risk assessment.2340
Recent report from Italy suggested that elevated D-dimer in children
was more pronounced with MIS-C and did not predict disease severity

19.23 we consider elevation

in acute infection.? Based on available data,
of D-dimer (greater than or equal to five times ULN) as an additional throm-
botic risk that should be incorporated into the overall risk assessment in chil-
dren. This child had a D-dimer seven times the ULN along with clinical risk

factors for VTE, and thromboprophylaxis was recommended.

2.2 | Vignette #2: Thromboprophylaxis
management

A 16-year-old Caucasian girl with history of asthma was admit-
ted in pediatric intensive care unit (PICU) with acute COVID-19
infection. She has multiorgan failure and acute respiratory dis-
tress syndrome (ARDS). PICU would like to start pharmacologi-
cal thromboprophylaxis along with pneumatic compression stock-
ings. Hematology is consulted to guide about choice and duration of

anticoagulation.

2.2.1 | What should be the intensity of
anticoagulation regimen: Prophylactic versus
therapeutic?

This question is under scrutiny as observational studies in adults indi-
cate a high incidence of VTE despite prophylactic anticoagulation.1”?
This has been also recently reported in children. A large multi-
center pediatric study by Whitworth and colleagues showed that
over two-thirds of pediatric patients developed thrombotic com-
plications despite prophylactic anticoagulation,?® while a smaller
single-institution experience by Mitchell et al. reported this occur-
rence in over one-third of their patients.!” However, there is yet no
high-quality evidence demonstrating the safety and efficacy of ther-
apeutic over prophylactic dosing in children. Randomized controlled
trials (RCTs) are ongoing to determine the efficacy and safety of ther-
apeutic anticoagulation in adults with acute infection.*? In pediatrics,
“COVAC-TP” is recruiting acutely ill children with COVID-19 or MIS-C
(NCT04354155) to answer this question. Some providers consider
therapeutic dosing in adolescents with underlying comorbid conditions
and severity of lung injury that are associated with breakthrough VTE
in adults.*? This patient is critically ill with high respiratory support and
was recommended prophylactic anticoagulation. However, therapeutic
anticoagulation should be considered in cases with high suspicion of
pulmonary emboli and inability to obtain adequate imaging (e.g., due to risk
of infecting health care workers, renal insufficiency for contrast). While the
option of therapeutic anticoagulation was strongly considered, this patient
was commenced on prophylactic anticoagulation with low molecular weight
heparin (LMWH).

2.2.2 | What is the choice of anticoagulant for VTE
prophylaxis in this patient?

LMWH or unfractionated heparin (UFH) is the anticoagulant of choice
in children with acute infection.2* The dosing and monitoring regimens
should be used according to published guidelines.?* In stable patients
without high bleeding risk and with adequate renal function, LMWH is
commonly used over UFH due to reliable pharmacokinetics and phar-
macodynamic responses and longer half-life, which allows for twice or
once daily regimens.2* LMWHSs may have additional benefits due to
its anti-inflammatory and immunomodulatory properties.*344 LMWH
has shown to have potential antiviral property as it interacts with the
SARS-CoV-2 Spike S1 protein receptor-binding domain and interferes
with its engagement with receptor.*> Thus, the consensus guidelines
suggest the use of LMWH for thromboprophylaxis for acute infection
in children,2® and COVAC-TP trial is evaluating LMWH dosing regimen.
There is no consensus of monitoring anti-Xa for prophylaxis dosing,
however pediatric experience suggests improved efficacy and safety
with target dosing.'? Higher doses of LMWH/UFH may be needed
due to acquired heparin resistance and deficiency of antithrombin as
disease progresses.*® While thrombocytopenia is typically mild and

bleeding is uncommon with acute infection, some children may be at



SHARATHKUMAR ET AL.

WILEY 1=

high risk of bleeding and preferably prescribed with UFH. Subcuta-
neous adult UFH dosing can be used, but for pediatric patients (e.g.,
less than 50 kg), intravenous route is preferred. Anticoagulation with
UFH can be reversed by discontinuing the infusion and/or using pro-
tamine sulfate. Of note, heparin-induced thrombocytopenia has been
reported in COVID-19 patients and should be considered with drop in
platelet count.*”

Direct oral anticoagulants (DOACs) are increasingly used in the ado-
lescent population with normal renal function even though it is not
yet approved by the FDA for this population (<18 years). It is rea-
sonable to use DOAC to treat VTE in adolescents with COVID-19 as
pharmacokinetic and safety data are published.*84? However, use of
antiviral therapies may prohibit its use due to drug interaction and
risk of supra-therapeutic anticoagulation.2! DOACs are also not rec-
ommended for those with triple-positive high risk for antiphospholipid
syndrome (APS).>C As this patient had normal renal function and no other
contraindication for DOAC use, she was transitioned to Apixaban at 2.5 mg

by mouth twice daily.

2.2.3 | Are there alternative therapies/interventions
to reduce thrombotic risk?

Considering autopsy findings of widespread microthrombosis,>1>2
anticoagulation therapy alone may offer limited efficacy with severe
acute infection.’® Systemic administration of the fibrinolytic therapy
with t-PA>2 and inhaled UFH>* to adults with ARDS in COVID-19 have
been reported. However, there is yet no experience with thrombolytics
in children with COVID-19 in the absence of acute VTE. The endothe-
lial dysfunction and platelet activation seen with this disease raises
the question of the utility of antiplatelet agents or anti-inflammatory
agents such a steroids or anti-IL6 therapy. Aspirin is shown to have
antiviral activity, which could offer potential benefit during acute
infection.”®> However, as of today, there is insufficient evidence to
use these agents for preventing VTE. Other therapies for consumptive
coagulopathies such as protein C concentrates or thrombomodulin are
still under evaluation and there are also no data to support its use in
children.”® Direct effect of the virus may contribute to thrombotic risk.
We will learn more of the potential information of benefit for antiviral
or immune-based therapies in preventing VTE as more patients are

managed with these strategies.

2.2.4 | Should this patient receive postdischarge
anticoagulation?

The benefit of posthospitalization thromboprophylaxis after acute
infection is unclear both in pediatric and adult population. Current
adult guidelines suggest that hospitalized patients should not rou-
tinely be discharged on thromboprophylaxis.>” However, anticoagu-
lation should be considered for those with significant persistent risks
after discharge, and in adults, D-dimer has been incorporated into risk

assessment to determine the duration of thromboprophylaxis.®” Anti-

coagulation is continued until patient is no more exposed to risk fac-
tors with normalization of D-dimers. Based on these data, our current
approach is to continue thromboprophylaxis for children with persistent risk
factors at discharge, such as continued immobility, presence of central line,
significant D-dimer elevation, for 1-2 weeks and until risk factors are no
longer present.

2.3 | Vignette #3: VTE risk in sickle cell disease
and COVID-19

A 12-year-old African American (AA) male with homozygous sickle
cell disease (SCD) on hydroxyurea therapy is evaluated for fever, res-
piratory distress and oxygen saturations of 80%. He had dry cough
and was positive for SARS-CoV-2 by PCR. The chest X-ray showed
bilateral infiltrates. White count was 36,000/mm? with hemoglobin
of 7 g/dl and platelet count of 440,000/mm3. The D-dimer was
11-times ULN.

2.3.1 | What is the VTE risk in pediatric patients
with SCD who have COVID-19?

SCD is a hypercoagulable state.’® In adults, the incidence of VTE is
higher than the general population, affecting over 11% of adults with
SCD by age 40 years.”? In patients 21 years or younger with SCD, the
VTE incidence is estimated to be 1.7% compared to a rate of about
5% in children with cancer, and 2.7% in children who have undergone
congenital heart surgery.?®© As COVID-19 and SCD are both throm-
boinflammatory diseases, acute infection may increase thromboem-
bolic complications. Data from adults with SCD suggest a higher risk (at
least doubled for acute chest syndrome [ACS]) for complications with
COVID-19,1-3 and the Centers for Disease Control and prevention
(CDC) considers individuals with SCD at risk to develop severe disease
with COVID-19. There are sparse data for the VTE incidence in chil-
dren with SCD and COVID-19.¢0 An international registry has been
established to collect information on outcomes in patients with SCD
(Secure-SCD covidsicklecell.org). Thus far the registry has reported a
low incidence of thromboembolic disease in the pediatric range, how-
ever additional shared data from large cohorts will be critical to bet-
ter understand VTE risks in SCD. Increased D-dimer levels in adults
are associated with acute infection and VTE, but the interpretation in
SCD has not been studied. We would consider symptomatic acute infec-
tion with COVID-19 an additional significant VTE risk in patients with SCD.
This patient received prophylactic doses of LMWH.

2.3.2 | How do we manage ACS in SCD and
COVID-19?

Patients with COVID-19 and pulmonary findings can develop de novo
non-embolic PE which can precipitate, or exacerbate ACS in SCD. For

the same reason imaging for screening for asymptomatic DVT or PE
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has not been shown to be beneficial. In this patient with ACS, the con-
tributions of acute infection, associated inflammation, possible bac-
terial superinfection, and ongoing sickling are difficult to parse out,
however typical antibiotic coverage is recommended. The potential
benefit of antivirals and immune therapies are yet to be studied, specif-
ically in SCD. In addition to antibiotic coverage, red cell transfusions,
either simple or exchange, are effective therapies for respiratory com-
promise with SCD. Dexamethasone has been shown to reduce mor-
tality and duration of ventilatory support in adults with COVID-19
without SCD due to its anti-inflammatory properties.®#4> While there
may be concerns for use of dexamethasone in patients with SCD and
COVID-19 due to rebound pain risk, dexamethasone has also been
shown to be effective for treating ACS.¢¢ The combination of transfu-
sion therapy may be protective of steroid-associated pain episodes.®”
In patients with ACS and COVID-19, we have had low threshold for imple-
menting transfusion therapy. In addition, we have used the recommended
COVID-19 dosing of dexamethasone at 0.15 mg/kg/day (dose equivalent to
prednisone 1 mg/kg/day) for several days until improvement in those with

moderate to severe disease.

2.3.3 | Are patients with SCD and COVID-19 at
increased risk of stroke?

Patients with COVID-19 have been reported with stroke. The overall
incidence of stroke with acute infection is 3% compared the risk of VTE
at 20%.%8 The incidence of stroke is increased in SCD pediatric patients
who have abnormally elevated transcranial Doppler (TCD) velocities,
as well as a previous history of stroke. However, there is yet no data
about the additional stroke risk with COVID-19in SCD. In SCD patients
with abnormal TCD or history of stroke, chronic transfusions are imple-
mented with a goal reduction of sickle hemoglobin to 30% or less for
primary and secondary stroke prevention. For acute stroke presentations
or transient ischemic attacks in the setting of COVID-19, the American Soci-
ety of Hematology guidelines recommend reducing the sickle hemoglobin
fraction to 15%.67

2.4 | Vignette #4: VTE risk in malignancy and
COVID-19

A 16-year-old male with acute lymphoblastic leukemia (ALL) is cur-
rently undergoing treatment and received asparaginase a week ago.
The patient comes to clinic with a COVID-19 exposure in the family and
his PCR for SARS-CoV-2 is positive. He is asymptomatic and his oxygen

saturations are 98% on room air. Chest X-ray shows no infiltrate.

24.1 | What is the VTE risk with malignancy and
COVID-19?

This patient’s VTE risks include the diagnosis of active malignancy,

central line, and recent asparaginase treatment. Numerous studies

have demonstrated an increased rate of VTE in pediatric patients
with malignancy.”%”1 Pediatric patients with malignancy can develop
severe COVID-19. Current registry data do not show a significantly
increased risk for severe infection, and VTE risk is not well stud-
ied in this population’?; however, a recent study in children shows
that malignancy was a risk factor for thrombosis with COVID-19.20
Severe disease and need for respiratory support with acute COVID-
19 infection are additional VTE risks, but what is the additional risk
with asymptomatic or mild infection? In the adult population, VTE rates
in ambulatory patients with mild or asymptomatic SARS-CoV-2 infec-
tion are lower than those who are hospitalized; however, VTE events,
some fatal, do occur in the outpatient setting.”® Viral shedding has
been reported up to 2 months in those with immunosuppression with
chemotherapy, so thrombotic risk with the virus may be prolonged,
although data are lacking.”* While this patient is asymptomatic, an impor-
tant consideration is that the trajectory of the disease over the next several
days is not yet known. Severity may progress and thus deserves very close

follow-up and consideration for thromboprophylaxis.

2.4.2 | lsthere a role for thromboprophylaxis in
ambulatory patients with malignancy and COVID-19?

In ambulatory adult patients with malignancy, VTE prophylaxis is not
routinely recommended, but is offered based on cancer type and val-
idated risk-assessment scores.”” In children, evidence to support VTE
prophylaxis in patients with ALL and other malignancy has been lim-
ited due to small sample sizes or retrospective study design. However,
a recent prospectively randomized study in pediatric patients with
ALL treated on Berlin-Frankfurt-Munich (BFM) protocols in Europe
showed a significant reduction in symptomatic VTE rate in patients
treated with prophylaxis with LMWH (3.5%) or antithrombin (1.9%)
compared to low-dose UFH (8%).”¢ Bleeding rate was low in all groups
(~1%). These patients were treated with asparaginase, and prophylaxis
was used only during induction. Current studies in adults with malig-
nancies have shown benefit of DOACs to decrease VTE rate.”” The cur-
rent NIH recommendations to manage VTE risk are the same in SARS-
CoV-2-infected adults with cancer and the general population and
recommends thromboprophylaxis only when VTE risk factors exist.>”
Pediatric patients with ALL and other malignancies have an increased base-
line risk of VTE, and acute COVID-19 adds increasing VTE risk with increas-
ing disease severity. In children with mild to moderate symptoms, we would
consider thromboprophylaxis on a case-by-case basis if there is high base-
line VTE risk. In a completely asymptomatic patient, it is reasonable to defer
thromboprophylaxis. However, the patient should be reassessed closely over

several weeks for clinical worsening.

2.5 | Vignette #5: MIS-C and thromboprophylaxis
consideration

Previously healthy 13-year-old AA male presented to the emer-

gency department with fever, abdominal pain, tachycardia, and lower



SHARATHKUMAR ET AL.

WILEY 122

extremity rash. PCR testing for SARS-CoV-2 was negative while anti-
body testing was positive. Patient was admitted to the hospital with a
diagnosis of MIS-C. Soon after admission, he developed shock requir-
ing transfer to the PICU for vasopressor support and mechanical ven-
tilation for respiratory failure. Initial platelet count was 565,000/mm?3,
D-dimer was 10 times the ULN, and echocardiography showed slightly
depressed left ventricular function and normally sized coronary

arteries.

2.5.1 | What is the VTE risk in patients with MIS-C?
The CDC and WHO defines MIS-C based on fever, laboratory markers
of inflammation, organ dysfunction, and temporal relationship to acute
infection in children.” Several published cohorts of children diagnosed
with MIS-C report elevated rates of VTE. In a multicenter study of chil-
dren who were admitted to a pediatric ICU in the United States, 8%
with MIS-C developed VTE, with the majority being 13 years or older.”
In addition to MIS-C, this patient had multiple VTE risk factors, includ-
ing postpubertal age, AA race,2 ventilatory support, and inflamma-
tion. The patient also had elevated D-dimer levels, which is a feature
of CAC and is seen in the majority of patients with MIS-C.> Given the
multiple VTE risks and high ventilatory support with MIS-C, this patient was
prescribed LMWH for thromboprophylaxis with prophylactic dosing based

on the consensus guidelines.?3

2.5.2 | What is the role of antiplatelet therapy for
thromboprophylaxis in MIS-C?

MIS-C is thought to be the result of a dysregulated host immune
response.”? It has been compared with Kawasaki disease because of
reports of coronary artery dilation and prominence of cardiogenic
shock with MIS-C.89 While differences in age, laboratory parameters,
and inflammatory response suggest that the two are different entities,
the management of MIS-C has been patterned after that of Kawasaki
disease.”?81 In particular, aspirin is commonly used as thrombopro-
phylaxis in children with Kawasaki disease due to platelet activation,
thrombocytosis, altered flow dynamics in abnormal coronary arteries,
and endothelial damage.2 Similarly, the American College of Rheuma-
tology recommends the use of low-dose aspirin for all children with
MIS-C. Aspirin is continued until the platelet count is normalized and
coronary arteries demonstrate to be normal >4 weeks after the diag-
nosis of MIS-C.83 Thromboprophylaxis with LMWH is recommended
for patients with cardiac ejection fractions less than 35% or with signif-
icant coronary artery aneurysms (z-score over 10, in combination with
aspirin). Bleeding risk may be increased with concomitant use of low
doses of aspirin (3-5 mg/kg/day) with thromboprophylaxis in children
with MIS-C; however, in the absence of other bleeding risks, is not a
contraindication.2® Given the diagnosis of MIS-C, low-dose aspirin was pre-
scribed in addition to LMWH.

3 | SUMMARY

Thrombosis is major cause of morbidity with COVID-19 and is asso-
ciated with CAC. The paucity of data about VTE risk in children with
COVID-19 poses clinical challenge about considering thromboprophy-
laxis. Disease severity and exposure to known risk factors for VTE
are key elements of this decision making. Laboratory parameters of
CAC specifically D-Dimers may be helpful in determining the inten-
sity and duration of thromboprophylaxis. The pharmacological throm-
boprophylaxis in children with COVID-19 is generally limited to those
with moderate to severe disease and thus usually limited for hospi-
talized patients. Each patient will need an individualized approach in
the context of his/her clinical course, but improved management and
understanding of this disease will need to be informed by results of

ongoing clinical studies in this population.
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