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Abstract

Thrombosis within the microvasculature and medium to large vessels is a serious and common 

complication among critically ill individuals with 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 

incorporate expert opinion and personal experience to manage individual patients. We discuss 

clinical scenarios to provide framework for characterizing thrombosis risk and 

thromboprophylaxis in children with COVID-19. 

Abbreviations: 

Abbreviations
COVID-19 Coronavirus Disease 2019; SARS-CoV-2

SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
MIS-C Multisystem inflammatory syndrome in children  
CAC COVID associated coagulopathy
VTE Venous thromboembolism
PE Pulmonary embolism
DVT Deep venous thrombosis
TMA Thrombotic microangiopathy
ISTH International Society of Thrombosis & Haemostasis
ASH American Society of Hematology
CDC Centre for Disease’s Control
UFH Unfractionated heparin
LMWH low molecular weight heparin
DOAC Direct oral anticoagulant
SCD Sickle cell disease
ACS Acute chest syndrome
BFM Berlin-Frankfurt-Munich
PICU Pediatric intensive care unit
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I. Introduction

Coronavirus Disease 2019 (COVID-19) encompasses the different syndromes associated with 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection1,2. At present, three 

syndromes have been described: acute infection, post-acute inflammatory illness and late 

sequelae3. Acute infection has primary respiratory manifestations and can be characterized as 

mild, moderate and severe using a WHO progression scale4. Post-acute inflammatory illness, 

which was first described in children5 and termed multisystem inflammatory syndrome in 

children or adults (MIS-C/MIS-A), most often presents few weeks after a recent SARS-CoV-2 

infection3,6,7. This article will focus on thrombosis risk for both acute infection and post-acute 

inflammatory illness. 

Micro- and macrovascular thrombotic events is a predominant feature of critically ill adults with 

COVID-198-10.  This adverse outcome results from an immune-thrombotic phenotype termed 

COVID-19- associated coagulopathy (CAC)8,11.  Prominent features of CAC include a marked 

host inflammatory response with endothelial cell dysfunction characterized by elevation in 

biomarkers of thrombogenesis specifically D-dimers8,11-16. 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 stroke9,10,17,18.  

Thrombotic complications have also been reported in children with COVID-193,19, but much less 

is known about its prevalence and risk-factors.  Anticoagulation therapy has shown to reduce 

mortality in hospitalized adult patients18. Therefore, several scientific societies have 

recommended pharmacological thromboprophylaxis in adults20,21. Recently, the ISTH proposed a
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set of consensus guidelines for the prevention of VTE in children with COVID-19 based mainly 

on expert opinion and extrapolation from adult studies with inclusion of D-dimer and 

prothrombotic risk-factors for decision-making22. Nevertheless, pediatric providers are 

challenged with using available evidence to implement thromboprophylaxis strategies in children

with COVID-19.  

In this article, we discuss specific clinical vignettes to illustrate approaches to assessing 

thrombosis risk and decision-making regarding 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 guidelines22, which are listed in Table 1.  Key considerations in our 

proposed approaches are framed upon current knowledge about the risk factors of thrombosis in 

children with COVID-193,19, current thromboprophylaxis practices among children without 

COVID-1923, and current practices in adults with COVID-1920,21 (Figure 1). We acknowledge 

that we have focused primarily on VTE prevention and in many situations, there is insufficient 

evidence to recommend a treatment strategy. 

II. Clinical vignettes

Vignette #1: Assessing thrombotic risk

A 10-year old boy with Crohn’s disease with acute infection is admitted under pediatric service

with left lower lobe pneumonia and receiving 2 liters/minute of oxygen via nasal canula. 

Hematology is consulted to evaluate a need for thromboprophylaxis.
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What is the risk for thrombosis in this patient? 

Severity assessment of acute COVID-19 infection is an important initial step to evaluating 

thrombosis risk 24-29.  In adult patients, hospitalization status and increasing requirement for 

oxygen support are associated with worse outcomes, including thrombosis25,27-29.  An operational 

approach to initial risk stratification would determine if the patient is ambulatory (asymptomatic/

mild symptoms), hospitalized without oxygen (asymptomatic/mild symptoms) or with oxygen 

support (mild/moderate symptoms), and ICU with (severe symptoms) with significant respiratory

support (Figure 1)4.  In children, the majority (~95%) with acute infection have milder clinical 

course compared to adults, and most recover without any complications30.  However, similar to 

adults, children with respiratory symptoms and oxygen requirement have increased VTE risk3.  A

recent study reported a 7% rate of VTE in those hospitalized with COVID-19 and respiratory 

symptoms3 and another study demonstrated increased odds of VTE with oxygen requirements >5

liters/minute19.    

This patient has at least two additional risk-factors for VTE besides oxygen requirement: a 

pneumonia3 and underlying co-morbid condition with chronic inflammation, increasing 

thrombotic risk23.  Based on the consensus guidelines22, he would be recommended for 

thromboprophylaxis.  However, he is in an age group where the incidence of VTE in general 

population is relatively low compared to older patients31,32. In the absence of more data of VTE 

risk in this population, should he receive thromboprophylaxis?  In the absence of bleeding risks, 

we would consider thromboprophylaxis as inflammatory bowel disease a risk-factor for VTE33; 

however, additional laboratory markers may be helpful for risk assessment.  
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What laboratory work-up is considered for thrombosis risk?

CAC, which typically presents with extremely elevated D-dimer, modest decrease in platelet 

count, elevation of fibrinogen and mild prolongation of prothrombin time, is associated with 

increased risk of thrombosis11,14. CAC is distinct from sepsis associated coagulaopthy where 

fibrinogen and platelets are significantly low.  The pathophysiology of COVID-19 suggests that 

cytokine-mediated endotheliopathy and platelet activation play a central role in CAC11. Markers 

of endothelial and platelet activation, including ultra-large multimers of von Willebrand factor 

(VWF) and VWF antigen, factor VIII and soluble P-selectin, are higher in adults admitted to the 

ICU than in those admitted to regular ward34. Viscoelastic testing shows elevated maximal clot 

amplitude or strength consistent with increased platelet activation and increased fibrinogen in 

both children and adults35,36. IL-6, IL-2 and TNF- produced during acute infection are also 

contributory. Dysregulation in plasma levels of coagulation factors and increased levels of anti-

fibrinolytic factors are correlated with high levels of IL-6 in adults with acute infection37. 

Imbalance between procoagulant elevation and anticoagulant depletion overwhelms fibrinolysis 

resulting in a prothrombotic milieu. Elevations in D-dimer, a biomarker for fibrinolysis, and 

fibrinogen reflect this prothrombotic milieu. Presence of lupus anticoagulant and 

antiphospholipid antibodies have also been reported during acute infection29. Recently anti-A 

antibodies in individuals with blood type “O” have been shown to have protective effect against 

SARS-Co-2 invasion38.
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For hospitalized patients with symptomatic acute infection, we typically request complete blood 

counts, peripheral blood smear, screening coagulation tests, fibrinogen and D-Dimer to assess 

for CAC and disease severity.  Inflammatory markers, such as CRP and ferritin, may be used to 

trend disease progression.  Other potential biomarkers may be considered for evaluation of 

children, however their utility to predict clinical outcomes, particularly thrombosis, have not yet 

been extensively studied.

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 COVID16,27,28.  A recent meta-analysis showed that baseline D-

dimer was increased by over  3 mcg/ml, >6 times upper limit of normal (ULN),  in adults with 

VTE39.  The sensitivity of predicting VTE was 95% when both D-dimer and CRP were used in 

decision rule 40. One pediatric report showed elevation of D-dimer more than 5-times ULN 

increased odds of VTE19. 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 

assessment22,41.  Recent report from Italy suggested that elevated d-dimer in children was more 

pronounced with MIS-C and didn’t predict disease severity in acute infection41. Based on 

available data19,22, we consider elevation of D-dimer (5 ULN) as an additional thrombotic risk 

that should be incorporated into the overall risk assessment in children.  This child had a D-

dimer 7 x the ULN along with clinical risk-factors for VTE and thromboprophylaxis was 

recommended.
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Vignette#2: Thromboprophylaxis management

 

A 16-year old girl with history of asthma was admitted in PICU with acute COVID-19 

infection.  She has multi-organ failure and acute respiratory distress syndrome (ARDS). PICU

would like to start pharmacological thromboprophylaxis along with pneumatic compression 

stockings. Hematology is consulted to guide about choice and duration of anticoagulation. 

What should be the intensity of anticoagulation regimen:  prophylactic versus therapeutic?

This question has not been studied in the pediatric population. Observational studies in adults 

indicate a high incidence of VTE despite prophylactic dosing17,19. Thus, some centers have 

started using therapeutic anticoagulation. However, no high quality evidence is yet available to 

support therapeutic dosing and current guidelines for pediatric and adults recommend 

prophylactic dosing.  Randomized controlled trials are ongoing to determine the efficacy and 

safety of therapeutic anticoagulation in adults with acute infection42.  Some providers consider 

therapeutic dosing in adolescents with underlying comorbid conditions and severity of lung 

injury that are associated with break through VTE in adults43. 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 healthcare workers,

renal insufficiency for contrast). 

What is the choice of anticoagulant for VTE prophylaxis in this patient?
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Low molecular weight heparin (LMWH) or unfractionated heparin (UFH) are the anticoagulants 

of choice in children with acute infection44. The dosing and monitoring regimens should be used 

according to published guidelines44. In stable patients without high bleeding risk and with 

adequate renal function, LMWH is commonly used over UFH due to reliable pharmacokinetics 

and pharmacodynamic responses and longer half-life, which allows for twice or once daily 

regimens45.  LMWHs may have additional benefits due to its anti-inflammatory and 

immunomodulatory properties46,47. 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 receptor48.  Thus, the consensus guidelines suggest the use of LMWH for 

thromboprophylaxis for acute infection in children22.  There is no consensus of monitoring anti-

Xa for prophylaxis dosing, however pediatric experience suggests improved efficacy and safety 

with target dosing19.  Higher doses of LMWH/UFH may be needed due to acquired heparin 

resistance and deficiency of antithrombin as disease progresses49.  While thrombocytopenia is 

typically mild and bleeding is uncommon with acute infection, some children may be at high risk

of bleeding and preferably prescribed with UFH.  Subcutaneous 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 protamine sulfate.  Of note,

heparin induced thrombocytopenia has been reported in COVID-19 patients and should be 

considered with drop in platelet count50.

DOACs are increasingly used in the adolescent population even though it is not yet 

approved by the FDA for this population (< 18 years). It is reasonable to use DOAC to treat VTE
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in adolescents with COVID-19 as pharmacokinetic and safety data is published51,52. However, 

use of antiviral therapies may prohibit its use due to drug interaction and risk of supra-

therapeutic anticoagulation53. DOACs are also not recommended for those with high risk APS54. 

Are there alternative therapies/interventions to reduce thrombotic risk?

Considering autopsy findings of widespread microthrombosis, anticoagulation therapy alone may

offer limited efficacy with severe acute infection10. Systemic administration of the fibrinolytic 

therapy with t-PA55 and inhaled UFH56 to adults with ARDS in COVID-19 have been reported. 

However, there is yet no experience with thrombolytics with children with COVID-19 in the 

absence of acute VTE.  The endothelial dysfunction and platelet activation seen with this disease 

raises the question of the utility of anti-platelet agents or anti-inflammatory agents such a 

steroids or anti-IL6 therapy. Aspirin is shown to have anti-viral activity, which could offer 

potential benefit during acute infection.57. However, as of today, there is insufficient evidence to 

use these agents for preventing VTE.  Other therapies for consumptive coagulopathies such 

protein C concentrates or thrombomodulin are still under evaluation and there is also no data to 

support its use in children58.  Direct effect of the virus may contribute to thrombotic risk.  We 

will learn more of the potential information of benefit for anti-viral or immune based therapies in

preventing VTE as more patients are managed with these strategies. 

Should this patient receive post-discharge anticoagulation?
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The benefit of post-hospitalization thromboprophylaxis after acute infection is unclear both in 

pediatric and adult population. Current adult guidelines suggest that hospitalized patients should 

not routinely be discharged on thromboprophylaxis59.  However, anticoagulation 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 thromboprophylaxis59.  

Anticoagulation was continued until patient is no more exposed to risk-factors with 

normalization of D-dimers.  Based on these data, our current approach is to continue 

thromboprophylaxis for children with persistent risks factors at discharge, such as continued 

immobility, presence of central line, significant d-dimer elevation for 1 to 2 weeks and until risk 

factors are no longer present.  

Vignette # 3: VTE risk in sickle cell disease (SCD) and COVID-19

A 12-year old male with homozygous sickle cell disease on hydroxyurea therapy is evaluated 

for fever, respiratory distress and oxygen saturations of 80%.  He had dry cough and was 

positive for SARS-CoV2 by PCR.  The chest x-ray showed bilateral infiltrates.  White count 

was 36,000 per mm3 with hemoglobin of 7 g/dL and platelet count of 440,000 per mm3.  The D-

dimer 11 times ULN.

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

Sickle cell disease is a hypercoagulable state60. In adults, the incidence of VTE is higher than the 

general population, affecting over 11% of adults with SCD by age 40 years61. In patients 21 year 
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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 surgery62.  As

COVID-19 and SCD are both thrombo-inflammatory diseases, acute infection may increase 

thromboembolic complications.  Data from adults with SCD suggest a higher risk (at least 

doubled for acute chest syndrome) for complications with COVID-1963-65  and the CDC considers

individuals with SCD at risk to develop severe disease with COVID-19.  There is sparse data for 

the VTE incidence in children with SCD and COVID-1962. 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, however additional shared data from large cohorts will be critical 

to better 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 infection with COVID-19 an additional significant VTE risk in patients with 

SCD. 

How do we manage acute chest syndrome (ACS) in SCD and COVID-19?

Patients with COVID-19 and pulmonary findings can develop de novo non-embolic  pulmonary 

embolism which can precipitate, or exacerbate ACS in SCD 66,67.  For the same reason imaging 

for screening for asymptomatic DVT or PE has not been shown to be beneficial. In this patient 

with ACS, the contributions of acute infection, associated inflammation, possible bacterial 

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
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studied specifically in SCD.  In addition to antibiotic coverage, red cell transfusions, either 

simple, or exchange, are effective therapy for respiratory compromise with SCD.  

Dexamethasone has been shown to reduce mortality and duration of ventilatory support in adults 

without SCD68,69.  Dexamethasone has not been studied in SCD and COVID-19. There may be 

benefit with ACS but with and risk subsequent pain episodes.  In patients with ACS and COVID-

19, we have had low threshold for implementing transfusion therapy.  In addition, we have 

considered dexamethasone at 0.15 mg/kg/day for several days until improvement in those with 

moderate to severe disease.

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%70.  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-19 in SCD.  In SCD patients with abnormal TCD or history of stroke, chronic 

transfusions are implemented 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 ASH guidelines recommend reducing the sickle 

hemoglobin fraction to 15% 71.

Vignette # 4: VTE risk in malignancy and COVID-19
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A 16-year old male with acute lymphoblastic leukemia (ALL) is currently 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-CoV2 is positive.  He is asymptomatic and 

his oxygen saturations are 98% on room air.  Chest x-ray shows no infiltrate. 

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 malignancy72,73.  Pediatric patients with malignancy can develop severe 

COVID-19. However, current registry data do not show a significantly increased risk for severe 

infection, and VTE risk is not well studied in this population74. 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-CoV2 infection are lower than those who 

are hospitalized; however, VTE events, some fatal, do occur in the outpatient setting75.  While 

this patient is asymptomatic, an important 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.

Is there a role for thromboprophylaxis in ambulatory patients with malignancy and COVID-

19?
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In ambulatory adult patients with malignancy, VTE prophylaxis is not routinely recommended, 

but is offered based on cancer type and validated risk assessment scores76.   In children, evidence 

to support VTE prophylaxis in patients with ALL and other malignancy has been limited due to 

small sample sizes or retrospective study design.  However, a recent prospectively randomized 

study in pediatric patients with ALL treated on 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%)77.  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 malignancies have shown benefit of DOACs to 

decrease VTE rate78.  The current NIH recommendations to manage VTE risk are the same in 

adults with cancer and the general population and recommends thromboprophylaxis only when 

VTE risk-factors exist59.  Pediatric patients with ALL and other malignancies have an increased 

baseline risk of VTE.  COVID-19 adds increasing VTE risk with increasing disease severity.   In 

asymptomatic/mild COVID-19 infections, thromboprophylaxis may be considered by the 

individual provider if there is high baseline VTE risk.  

Vignette # 5: MIS-C and thromboprophylaxis consideration

Previously healthy 13-year-old African American male presented to the emergency department

with fever. abdominal pain, tachycardia, and lower extremity rash. PCR testing for SARS-

CoV-2 was negative while antibody testing was positive. Patient was admitted to the hospital 

with a diagnosis of MIS-C. Soon after admission, he developed shock requiring transfer to the 

PICU for vasopressor support and mechanical ventilation for respiratory failure. Initial 
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platelet count was 565,000/mm3, D-dimer was 10 times the ULN and echocardiography 

showed slightly depressed left ventricular function and normally sized coronary arteries. 

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 children79,80 Several published cohorts

of children diagnosed with MIS-C report elevated rates of VTE. In a multicenter study of 

children who were admitted to a pediatric ICU in the United States, 8% with MIS-C developed 

VTE, with the majority being 13 years or older7.  In addition to MIS-C, this patient had multiple 

VTE risk factors, including post-pubertal age, ventilatory support and inflammation.  The patient

also had elevated D-dimer levels, which is a feature of CAC and is seen in the majority of 

patients with MIS-C5. 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 guidelines22 . 

What is the role of anti-platelet therapy for thromboprophylaxis in MIS-C?

MIS-C is thought to be the result of a dysregulated host immune response81. It has been 

compared with Kawasaki disease because of reports of coronary artery dilation and prominence 

of cardiogenic shock with MIS-C82. While differences in age, laboratory parameters and 

inflammatory response suggest that the 2 are different entities, the management of MIS-C has 

been patterned after that of Kawasaki disease81,83. In particular, aspirin is commonly used as 
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thromboprophylaxis in children with Kawasaki disease due to platelet activation, 

thrombocytosis, altered flow dynamics in abnormal coronary arteries and endothelial damage84. 

Similarly, the American College of Rheumatology recommends the use of low dose aspirin for 

all children with MIS-C. Aspirin is continued until the platelet count has normalized and 

coronary arteries have been demonstrated to be normal ≥4 weeks after the diagnosis of MIS-C85. 

Thromboprophylaxis with LMWH is recommended for patients with cardiac ejection fractions 

less than 35% or with significant 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/d) with thromboprophylaxis in children with MIS-C, however, in the absence of other 

bleeding risks, is not a contraindication22.  Given the diagnosis of MIS-C, low dose aspirin was 

prescribed in addition to LMWH. 

III. Summary 

Thrombosis is major cause of morbidity with COVID-19 and is associated with CAC. The 

paucity of data about VTE risk in children with COVID-19 poses clinical challenge about 

considering thromboprophylaxis. 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 intensity and duration of thromboprophylaxis. The 

pharmacological thromboprophylaxis in children with COVID-19 is generally limited to those 

with moderate to severe disease and thus usually limited for hospitalized patients. Each patient 

will need an individualized approach in the context of his/her clinical course, but improved 
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management and understanding of this disease will need to be informed by results of ongoing 

clinical studies in this population.  
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Table 1: Key management issues in evaluation and management of COVID-19 associated thrombosis risk in pediatric population

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 
(Reference: A minimal common outcome measure set for COVID-19 clinical research. Lancet Infect Dis. 2020;20(8):e192-e197)
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