
Journal Pre-proof

Direct Oral Anticoagulants: Overcoming the Challenges of Managing Venous
Thromboembolism in Children

Christoph Male, MD, Paul Monagle, MD, Manuela Albisetti, MD, Leonardo R.
Brandão, MD, Guy Young, MD

PII: S0022-3476(21)00900-8

DOI: https://doi.org/10.1016/j.jpeds.2021.09.025

Reference: YMPD 12573

To appear in: The Journal of Pediatrics

Received Date: 10 March 2021

Revised Date: 15 September 2021

Accepted Date: 16 September 2021

Please cite this article as: Male C, Monagle P, Albisetti M, Brandão LR, Young G, Direct Oral
Anticoagulants: Overcoming the Challenges of Managing Venous Thromboembolism in Children, The
Journal of Pediatrics (2021), doi: https://doi.org/10.1016/j.jpeds.2021.09.025.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2021 Published by Elsevier Inc.



 1 

Direct Oral Anticoagulants: Overcoming the Challenges of 

Managing Venous Thromboembolism in Children 

Christoph Male, MD1, Paul Monagle, MD2,3, Manuela Albisetti, MD4, Leonardo R. Brandão, 

MD5,6, Guy Young, MD7  

 

1Department of Pediatrics, Medical University of Vienna, Vienna, Austria; 2Royal Children’s 

Hospital, Murdoch Children’s Research Institute, University of Melbourne, Melbourne, 

Australia; 3Australia and Kids Cancer Centre, Sydney Children’s Hospital, Sydney, Australia; 

4University Children’s Hospital of Zurich, Zurich, Switzerland; 5The Hospital for Sick Children, 

University of Toronto, Toronto, Canada; 6Dalla Lana School of Public Health, University of 

Toronto, Toronto, Canada; 7Children’s Hospital Los Angeles, University of Southern 

California, Keck School of Medicine, Los Angeles, CA, United States 

 

Contact information for corresponding author: 

Name: Christoph Male 

Address: Department of Pediatrics, Medical University of Vienna, Waehringer Guertel 18-20, 

1090 Vienna, Austria 

Phone no: +43 (0)1 40400-32320 

E-mail: christoph.male@meduniwien.ac.at 

Key words: anticoagulants; pediatrics; risk factors; thrombosis 

Medical writing support was provided by Geraint Owens, PhD, of Chameleon 

Communications International, with funding from Bayer AG. C.M. has received personal fees 

from Bayer AG, Boehringer Ingelheim, Bristol Myers Squibb, Janssen, and Pfizer, and fees 

paid to his institution from Bayer, Boehringer Ingelheim, Bristol Myers Squibb, and Pfizer. 

G.Y. has received honoraria and consulting payments from Bayer and Daiichi Sankyo. M.A. 

is a member of a pediatric expert working group for Boehringer Ingelheim and participated in 

Jo
urn

al 
Pre-

pro
of



 2 

advisory board activities of Daiichi Sankyo. L.B. has received consulting payments from 

Boehringer Ingelheim. P.M. declares no conflicts of interest.  

Jo
urn

al 
Pre-

pro
of



 3 

Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary 

embolism (PE), is relatively common among adults, with estimated incidence rates ranging 

from about 10 to 1200 per 100 000 adults aged ≥30 years.1 VTE in children is less common 

than in adults, with estimated incidence rates ranging from 0.7 to 4.9 per 100 000 children.2-5 

However, it can have serious consequences, such as death, recurrence of thrombosis, loss 

of vessel patency required for future intravascular cannulation or organ transplantation, 

chronic pulmonary hypertension, or post-thrombotic syndrome.2,6-8 Despite its relative rarity, 

the incidence of pediatric VTE has increased in recent years.5,9,10 This increase is considered 

to be due to a number of factors, including the increased use of central venous catheters 

(CVCs), improvements in survival rates for children with chronic or critical conditions, and 

more frequent VTE diagnoses through improved pediatrician awareness and imaging 

techniques.11,12  

 

Most cases of VTE in children are secondary to one or more clinical risk factors, whereas a 

large proportion of VTEs in adults have no identifiable risk factor.13 There is considerable 

overlap in the risk factors for VTE in both adults and children, although the levels of risk 

associated with these factors are far lower in children. For example, the reported incidence of 

VTE in pediatric trauma patients ranges from 0.2% to 1.1%.14 In comparison, rates of ~60% 

have been reported in adult trauma patients (without prophylaxis).15 VTE in children is 

triggered by several risk factors acting in combination (Figure 1).2,3,16-36 As in adults, age is a 

risk factor for pediatric VTE. However, in children the risk is bimodal, with infants and 

adolescents most commonly affected.3,16,17 In children, CVCs represent the greatest single 

risk factor for developing VTE, with rates of CVC-associated VTE of up to 60% in children 

and 94% in neonates.3,16,37-39 In these patients, vessel injury from CVC insertion, obstructed 

blood flow, and presence of a foreign surface are factors contributing to thrombosis. There is 

controversy in the literature about the effect of catheter type or insertion site on VTE risk. 

Apart from the most common risk factors, CVC use and immobility, several other hospital-

related risk factors have been recognized in children (Figure 1), including surgery, trauma, 
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intensive care, mechanical ventilation, infection, cancer, renal disease, and 

thrombophilia.40,41 Medications such as corticosteroids and asparaginase, and oral 

contraceptives (in adolescent females),18 as well as obesity, have also been associated with 

an increased risk of VTE.19 

 

Several differences between children and adults likely contribute to their different risk for 

VTE.13 The hemostatic system changes throughout life, with particularly rapid developmental 

changes during childhood. For example, the levels of most natural anticoagulant proteins 

(such as antithrombin, protein S, and protein C) are much lower at birth than in adults and 

increase with age.42 Such differences may affect not only the risk and pathophysiology of 

VTE, but also the response of children to anticoagulants. Other factors include the age-

dependent pharmacokinetic (PK) properties of most anticoagulants and the frequency and 

type of concomitant illness, which differ by age. Factors that make the management of VTE 

in children more challenging include the requirement for general anesthesia or sedation 

during diagnostic studies, limited vascular access, dietary differences, and potential issues of 

adherence.13 Here, we assess the latest clinical developments for VTE management in the 

pediatric population with a focus on the newer anticoagulants. 

Treatment Options for Pediatric VTE 

Current Standard of Care 

Pediatric VTE is typically treated with the “classical” anticoagulants, unfractionated heparin 

(UFH), low-molecular-weight heparins (LMWHs), or vitamin K antagonists (VKAs).13 The 

targets of these anticoagulants can be seen in Figure 2.43-46 However, clinical trial data on 

appropriate dosing, safety, and efficacy of these anticoagulants in pediatric patients at risk of 

VTE are lacking, and physicians must rely on guidance largely extrapolated from adult 

studies.13,47 The challenges relating to anticoagulant use in children with VTE, such as daily 

injections (for LMWH), drug–drug interactions, or the need to dose-adjust to accommodate 
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dietary vitamin K content (for VKAs), are more complex than in adults.48 The PK and 

pharmacodynamic (PD) actions of current anticoagulants are age-dependent, and careful, 

regular monitoring is currently recommended to maintain target therapeutic levels.13,49 

Detailed guidelines were published by the American College of Chest Physicians13 and by 

the American Society of Hematology in 2018 (Appendix; available at www.jpeds.com).47 

 

UFH is often used for short-term management because of its short half-life. However, due to 

differences in the PK profile of UFH, infants have higher clearance rates than adults.13 

Moreover, UFH requires antithrombin as a co-factor for its anticoagulant effect, but 

endogenous circulating antithrombin levels are physiologically lower in infants and 

pathologically decreased in many acute illnesses.13,49 As a result, UFH is currently regularly 

monitored and doses carefully titrated to maintain a range of anti-factor Xa activity of 

0.35 U/mL to 0.7 U/mL or equivalent, although whether this is required for effective 

antithrombotic treatment remains unknown.13 UFH and LMWHs inhibit thrombin and factor 

Xa, but LMWHs have a stronger inhibitory effect on factor Xa than on thrombin,50,51 longer 

half-lives, and more predictable PK/PD properties. However, like UFH, LMWHs potentiate 

the activity of endogenous antithrombin.52 UFH and LMWH may be associated with heparin-

induced thrombocytopenia, although this is very rare in the pediatric setting.53 

 

Differences in dose requirements across age groups have been reported with LMWH.13 For 

neonates and children receiving LMWH once or twice daily, anti-factor Xa activity is currently 

regularly monitored to maintain specific target ranges (0.5–1.0 U/mL 4–6 hours post dose), 

although whether this is the optimal therapeutic range remains unknown.13 Clinical studies 

assessing the efficacy and safety of LMWHs in children have been reported.54-56 For 

example, the REVIVE study reported numerically lower risks of recurrent VTE and major 

bleeding after 3 months of LMWH treatment compared with UFH/VKA, although the results 

were not statistically significant and the study was underpowered owing to slower than 

expected enrollment.54  
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Other agents, such as the synthetic pentasaccharide factor Xa inhibitor fondaparinux, or 

direct thrombin inhibitors (eg, bivalirudin, argatroban) offer more predictable PD. Limited 

clinical data for fondaparinux use in pediatric patients have been published.57,58 The 

UNBLOCK trial showed that 50% of children with DVT had complete or partial thrombus 

resolution at 48 to 72 hours after initiation of bivalirudin, rising to 89% at 25 to 35 days.59 

Similar to heparins, these anticoagulants require parenteral administration; however, 

fondaparinux requires a once daily subcutaneous injection compared with the twice daily 

injection necessary with LMWH.60,61 Nevertheless, parenteral administration still remains a 

barrier to widespread use in children.  

 

VKAs are administered orally but have several disadvantages that limit their use in the acute 

setting, including a delayed onset of therapeutic effect and a prolonged time for this effect to 

diminish. They have a narrow therapeutic window and are associated with multiple drug and 

food interactions. Drug interactions are particularly problematic in severely ill children on 

complex multi-drug regimens.48,62 VKA dosing in children must be monitored regularly and 

adjusted to maintain the target international normalized ratio, although, once again, no 

studies have determined the optimal therapeutic range in children.13,63 In neonates, lower 

circulating levels of some coagulation factors, along with varying intake of vitamin K due to 

differing levels of vitamins in breast and formula milks, make the use of VKAs extremely 

challenging. In fact, VKA use in neonates is not recommended in some countries.13,42 There 

is considerable data confirming the concerns related to the safety and efficacy of VKA 

treatment in the pediatric population.64 Another limiting factor common to all anticoagulants 

currently used in children, whether oral or parenteral, is the lack of age-appropriate 

formulations (eg, prepackaged pediatric dosing volumes, or an oral liquid formulation).13,48 
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Direct Oral Anticoagulants Under Investigation in Pediatric Patients 

Direct oral anticoagulants (DOACs) selectively inhibit specific coagulation factors without the 

need for a co-factor; they include the factor Xa inhibitors apixaban, edoxaban, and 

rivaroxaban, and the direct thrombin inhibitor dabigatran (Figure 2). DOACs have been 

approved for the prevention of stroke and systemic embolism in atrial fibrillation and 

rivaroxaban has a labeled indication for the prevention of atherothrombotic events in 

coronary artery disease and symptomatic peripheral artery disease in adults. Additionally, 

following the approval of DOACs for the treatment of VTE and prevention of recurrence in 

adults,65-68 DOACs have been investigated for their potential use in children. DOACs may be 

advantageous over the classic anticoagulants (UFH, LMWH, and VKA) due to their oral 

administration route, predictable PK, no dependence on antithrombin, fewer drug and food 

interactions, wider therapeutic window, and, potentially, reduced need for monitoring in 

children. These characteristics make DOACs favorable in the outpatient setting and for 

extended use. Rivaroxaban and dabigatran have been granted approval for the treatment of 

VTE and prevention of recurrent VTE in children in the European Union and UK, with 

rivaroxaban also approved for use in children in Canada.65,66,69 In the US, oral pellets of 

dabigatran have been approved for the treatment of VTE and prevention of recurrent VTE in 

children aged ≥3 months to <12 years, whereas dabigatran capsules are now approved for 

use in children aged ≥8 years.70 Regulatory agency-mandated Pediatric Investigation Plans 

for apixaban and edoxaban are ongoing.48,71 Given their potential advantages over traditional 

therapies in this setting, several trials of the DOACs for VTE management in pediatric 

patients have been completed or are currently underway (Table I and Table II). The key trials 

(and their findings, where available) are briefly summarized hereafter. 
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Rivaroxaban 

EINSTEIN Junior 

For rivaroxaban, in vitro studies were initially carried out to assess its anticoagulant effect in 

plasma from children of different ages including neonates.72,73 These studies were followed 

by the development of a physiologically based pharmacokinetic model to inform the 

rivaroxaban dosing regimen in pediatric clinical studies (0–18 years).74 The subsequent 

phase I EINSTEIN–Junior (EINSTEIN–Jr) trial was a multicenter study to assess the PK, PD, 

and safety profile of a single body weight–adjusted dose of rivaroxaban (equivalent to adult 

dosing of 10 mg or 20 mg) in 59 children aged 6 months to 18 years who had completed a 

treatment course for VTE.75,76 The study reported predictable PK/PD profiles across all age 

groups and confirmed the applicability of the physiologically based pharmacokinetic model. 

No bleeding episodes were reported.75 

 

A series of three phase II EINSTEIN–Jr studies across different age groups evaluated the 

safety, efficacy, and PK/PD of body weight-adjusted rivaroxaban in 93 children with VTE, 

given as a once daily tablet (aged 6–17 years), twice daily (aged 6 months to 11 years) and 

thrice daily oral suspension (aged <6 months) for 30 days (or 7 days in those aged 

<6 months).77 No major bleeding events or symptomatic recurrent venous thromboembolic 

events occurred. Of the 75 patients with repeat imaging, improved or resolved thrombotic 

burden was observed in 89%. The targeted therapeutic exposures with rivaroxaban once 

daily were confirmed in children weighing ≥30 kg and twice daily in those weighing ≥20 kg to 

<30 kg. Patients weighing <20 kg (and particularly <12 kg) had low or subtherapeutic 

exposures to rivaroxaban. Based on these findings, rivaroxaban dose regimens were 

increased for these patients in the phase III trial (Appendix).77 

 

The phase III EINSTEIN–Jr study was an open-label randomized controlled trial of 

rivaroxaban versus standard anticoagulation (UFH, LMWH or fondaparinux, or switch to VKA 
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therapy) in 500 children aged 0–17 years with confirmed acute VTE.78-80 Following 5–9 days 

of parenteral anticoagulation, patients were randomized in a 2:1 ratio to receive rivaroxaban 

or comparator treatment for 3, 6, 9, or 12 months. Children aged <2 years with CVC-related 

VTE were treated for 1 month, with a maximum duration of 3 months.78 Approximately 25% 

of index VTE events were catheter related, which were most frequent in the youngest age 

group (0–23 months);81 23% were cerebral vein or sinus thromboses, which were most 

common in children aged 2–11 years and were commonly secondary to ear and mastoid 

infections;79,82 and 51% had other, non-catheter-related venous thromboembolic events, 

which were most common in adolescents.79 VTE recurred in 4/335 (1.2%) patients receiving 

rivaroxaban and in 5/165 (3.0%) patients on standard anticoagulation (hazard ratio 0.40, 

95% confidence interval 0.11–1.41).79 On repeat imaging, complete resolution of the index 

thrombosis occurred significantly more often in the rivaroxaban group than in the standard 

anticoagulation group. Bleeding events were classified as major, defined as overt bleeding 

associated with a fall in hemoglobin of ≥2 g/dL, leading to a transfusion, contributing to death 

or occurring in a critical site; or clinically relevant non-major, defined as overt bleeding not 

meeting the criteria for major bleeding, but associated with medical intervention or 

unscheduled contact with a physician, temporary cessation of study treatment, discomfort, or 

impairment of daily activity. Patients treated with rivaroxaban experienced 10 (3.0%) clinically 

relevant non-major bleeding events, including 4 (1.2%) incidences of gastrointestinal (GI) 

bleeding, with no major bleeding events. Patients treated with standard anticoagulation had 2 

(1.2%) major bleeding events and 1 (0.6%) clinically relevant non-major bleeding event that 

did not occur in the GI tract.79 Outcome rates and relative efficacy and safety of rivaroxaban 

versus standard anticoagulants in children were consistent with those observed in adult 

patients from previous rivaroxaban studies.80 Assessment of PK parameters from the phase 

III study confirmed that plasma levels of rivaroxaban were equivalent to those seen with the 

20 mg once daily dose in adults.80 No clustering was observed for any of the PK parameters 

with respect to efficacy, bleeding, or adverse event outcomes, and the results were similar 

for the tablet and suspension formulation.80 The use of rivaroxaban is further supported in a 
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number of clinical settings, including children with cerebral vein thrombosis and central 

venous catheter-related VTE, based on subanalyses of the pivotal phase III trial. 

Rivaroxaban was shown to be efficacious and associated with complete or partial 

recanalization of the index thrombosis in the majority of patients without new intracerebral 

hemorrhage or major bleeding events.81,82 Given the similarities in the clinical course of VTE 

and relative treatment effects, the results of the EINSTEIN–Jr studies can be interpreted in 

the context of evidence from adults, overall providing sufficient evidence to inform pediatric 

use of rivaroxaban. 

 

UNIVERSE 

UNIVERSE is a completed phase III trial investigating the PK/PD of body weight-adjusted 

rivaroxaban in 112 children (aged 2–8 years) with single ventricle physiology who have 

completed the Fontan procedure <4 months prior to enrollment.83,84 The trial assessed the 

safety and efficacy of rivaroxaban (twice daily) compared with aspirin (once daily) for 

thrombosis. The results of UNIVERSE have not yet been published. 

 

Dabigatran  

An in vitro study assessed the anticoagulant effect of dabigatran in plasma from healthy 

children of different ages.85 Subsequently, a series of open-label phase IIa studies in children 

with VTE were conducted. One multiple-dose phase IIa study investigated the safety and 

PK/PD of body weight-adjusted dabigatran twice daily for 3 days in 9 adolescents (aged 

12 to <18 years) with VTE.86 All patients received an initial oral dose of 80% of the adult dose 

of dabigatran 150 mg/70 kg twice daily, adjusted for body weight. If there were no safety 

concerns, doses were increased to 100% of the adult dose, adjusted for body weight to 

provide a maximum dose of 150 mg twice daily. No deaths, bleeding events, or drug-related 

serious adverse events were reported. Plasma concentrations of dabigatran matched those 

predicted with adult PK modeling well, and coagulation tests showed a similar PK/PD 
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relationship compared with adults. Two further phase IIa safety and PK/PD studies of 

dabigatran (single-dose, oral liquid formulation, adjusted for body weight) were conducted in 

18 children (aged 1 to <12 years)87 and 8 infants88 with VTE. As with the adolescent study, 

the PK/PD relationships for dabigatran in both populations were consistent with those seen in 

adult patients with VTE, and no deaths, bleeding events, or drug-related serious adverse 

events were reported. 

 

DIVERSITY 

The DIVERSITY trial was a phase IIb/III open-label study of the safety and efficacy of 

dabigatran versus standard of care (LMWH or VKA) in 267 pediatric patients (0 to <18 years) 

with VTE (Table I and Table II).89 Following parenteral anticoagulation for 5–21 days, 

patients were randomized in a 2:1 ratio to receive dabigatran (capsules, pellets, or oral liquid 

formulation, depending on the patient’s age) twice daily or standard of care for 3 months. The 

actual mean duration of parenteral anticoagulation prior to start of study medication was 15 

days. Bleeding events were classified as major, defined as overt bleeding associated with a 

fall in hemoglobin of ≥2 g/dL in a 24-hour period, contributing to death, occurring in a critical 

site (retroperitoneal, pulmonary, intracranial, or involving the central nervous system) or 

requiring surgical intervention in an operating suite; or clinically relevant non-major bleeding, 

defined as overt bleeding requiring the administration of a blood product that is not directly 

attributed to the patient’s underlying medical condition or bleeding requiring medical or 

surgical intervention outside an operating suite. Patients were also stratified by age group 

(12 to <18 years; 2 to <12 years; 0 to <2 years). The PK/PD relationship for dabigatran was 

reported to be similar to that of adults and the trial indicated that dabigatran was comparable 

with standard of care for both the individual and combined efficacy endpoints (VTE 

recurrence, VTE-related death, and thrombus resolution) and for bleeding events. Notably, 

there were no incidences of GI bleeding in patients receiving standard of care, whereas GI 

bleeding occurred in 9 (5.1%) patients receiving dabigatran, one of which was a severe 
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bleeding event and the majority were mild to moderate events. Severe adverse events of GI 

disorders occurred in 2 (2.2%) patients receiving standard of care and 5 (2.8%) patients 

treated with dabigatran.89  

 

A further single-arm phase III study assessed the safety of age- and weight-adjusted doses 

of dabigatran for VTE prevention in children with a confirmed diagnosis of VTE treated with 

standard of care for ≥3 months or who had completed study treatment in the DIVERSITY trial 

and had an unresolved clinical risk factor requiring extended anticoagulation.90-92 Of the 

patients in this study, 44.8% had inherited thrombophilia, including 21.2% with antithrombin 

or protein S/C deficiency and 10% with antiphospholipid syndrome. The median duration of 

dabigatran exposure was 36.3 weeks. A total of 1.0% of patients experienced VTE 

recurrence, 1.2% presented with newly diagnosed post-thrombotic syndrome, and no 

on‑treatment mortality was reported.92 Bleeding events were observed in 20.7% of patients, 

with only 1.5% and 1.0% of patients experienced major and clinically relevant non-major 

bleeding events, respectively. Additionally, a PK/PD relationship comparable with that 

observed in adults was observed.92 However, treatment was discontinued prematurely in 

12.3% of children due to failure to reach target dabigatran concentrations, raising concern 

over whether dabigatran can be given unmonitored for VTE prevention in children.92 

Trial Populations 

Children with active or high risk of bleeding and hepatic disease were excluded from the 

completed trials.79,83,89 In addition, children with a platelet count below 50×109 cells/L or 

severe renal impairment were excluded from the EINSTEIN–Jr trials and the UNIVERSE 

trial. The EINSTEIN–Jr trials further excluded children with a life expectancy of <3 months or 

children aged <6 months born >3 weeks premature, whereas the UNIVERSE trial did not 

enroll children with evidence of thrombosis, history of GI disease, or surgery associated with 

impaired absorption.79,83 Moreover, children were excluded from the DIVERSITY trial if they 

had an estimated glomerular filtration rate (eGFR) <50 mL/min/1.73 m2, active infective 
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endocarditis, heart valve prosthesis requiring anticoagulation, or were aged 0–2 years and 

were born >3 weeks premature or with a bodyweight lower than the World Health 

Organization child growth standard third percentile.89 As such, any conclusions derived from 

these studies cannot be extrapolated to the patients excluded from each trial. Similar 

exclusion criteria have been implemented in ongoing trials.93-100 

Ongoing Studies with Other DOACs 

The phase III open-label randomized controlled PREVAPIX-ALL study is also underway.93,94 

This study compares thromboprophylaxis with apixaban versus no anticoagulation in about 

500 pediatric patients with acute lymphoblastic leukemia or T-cell/B-cell lymphoblastic 

lymphoma who are undergoing standard induction chemotherapy with asparaginase and who 

have a central venous access device. The study will be powered for efficacy, with a primary 

efficacy outcome defined as the composite of non-fatal symptomatic or asymptomatic DVT, 

PE, cerebral vein or sinus thromboses, and VTE-related death. The primary safety outcome 

will be major bleeding as per the International Society on Thrombosis and Haemostasis 

definition.101 The PREVAPIX-ALL study is expected to be completed in 2021.93 

 

The phase II SAXOPHONE study is a multinational, randomized clinical trial of apixaban in 

approximately 200 children and infants with congenital or acquired heart disease who require 

chronic prophylactic anticoagulation for various indications. The study is intended to provide 

preliminary data on safety and PK, as well as quality of life with prophylactic use of apixaban 

versus standard of care anticoagulants (LMWH/VKA) for 12 months in the pediatric 

cardiology population.95,96 A study powered for efficacy is not considered feasible in this 

population because the clinical event rate of symptomatic thrombosis is low. The study is 

expected to be completed in 2021.95 

 

An ongoing randomized, open-label, active controlled phase IV study is assessing the safety 

and efficacy of body weight-adjusted apixaban versus standard of care for the treatment of 
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acute VTE in approximately 250 children.97 The study has an expected primary completion 

date of April 2023.97 

 

Several studies of edoxaban are also ongoing. An open-label, multicenter phase I study is 

assessing the PK/PD of two edoxaban doses in approximately 60 pediatric patients requiring 

anticoagulant therapy; this study is integrated within the phase III study described below and 

is due to complete in 2021.98,102 The phase III Hokusai study is an open-label, randomized, 

multicenter trial in 274 pediatric patients with confirmed VTE, comparing the efficacy, safety, 

and PK/PD of edoxaban with LMWH, VKA, or synthetic pentasaccharide Xa inhibitors. This is 

due to be completed in 2021.99 A further ongoing phase III study is assessing the safety and 

effectiveness of edoxaban versus LMWH and/or VKA in approximately 150 pediatric patients 

with cardiac diseases at risk of thromboembolic complications. This study is expected to be 

completed in December 2021.100 

Conclusions 

Despite several differences between pediatric and adult VTE in terms of etiology, 

pathophysiology, and management requirements, current guidance for children is primarily 

derived from evidence in adult studies. There are inherent limitations to the currently used 

anticoagulants in children, as well as other challenges with VTE management in pediatric 

patients. Therefore, there is an unmet need for well-studied, safe, and effective anticoagulant 

therapies for children, with age-appropriate formulations that allow accurate and reliable 

administration and support medication adherence. 

 

Based on initial clinical trial results, DOAC use for VTE management in the pediatric setting 

appears to be well tolerated, with body weight-adjusted dosing regimens in children 

achieving similar drug exposures to standard adult doses, resulting in favorable clinical 

efficacy and safety, comparable with those observed in adults. Several DOAC studies in 

children are ongoing and further results are needed to confirm these initial promising 
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findings. Rivaroxaban and dabigatran with age-appropriate formulations have been licensed 

for the treatment of VTE and the prevention of recurrent VTE in children in the European 

Union and UK, with rivaroxaban and dabigatran also being approved for use in children in 

Canada and the US, respectively. Apixaban and edoxaban are expected to receive 

regulatory approval for children in the next few years.  

 

The initial clinical trial results are promising; however, there are some considerations to be 

noted. All DOACs are renally excreted to differing degrees, ranging from 25% with apixaban 

to 80% with dabigatran.48 Therefore, treatment of children or adolescents with an eGFR <50 

mL/min/1.73 m2 is contraindicated with dabigatran and not recommended with 

rivaroxaban.65,66,69 For children aged ≥1 year or adolescents with eGFR 50–80 mL/min/1.73 

m2, no dose adjustment of rivaroxaban is required.66,69 For children aged <1 year, renal 

function should be determined using serum creatinine, with rivaroxaban not recommended in 

children aged <1 year with serum creatinine results exceeding the 97.5th percentile. For 

patients with an eGFR ≥50 mL/min/1.73 m2, dose adjustments of dabigatran according to the 

weight and age of the child may be required.65  

 

DOACs will not replace traditional anticoagulant options in children who require parenteral 

anticoagulants in the intensive care setting, primary prophylaxis for mechanical heart valves, 

or treatment of lupus anticoagulant/antiphospholipid antibody-related VTE. In each of these 

situations, DOACs have been unsuccessful in the adult trials reported to date,103-106 and there 

is no justification for using them in children in such circumstances.  

 

DOAC levels are not monitored in adults, and although rivaroxaban levels were not 

monitored during the EINSTEIN–Jr trials, dabigatran levels were monitored in children in the 

DIVERSITY trial to determine that an appropriate dose level had been reached.79,89 

According to the license, monitoring of rivaroxaban or dabigatran is not required in children 

matching the population studied.65,66 Specific reversal agents are available for rivaroxaban, 
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apixaban, and dabigatran; however, study data are currently unavailable in pediatric patients 

and thus these agents are not recommended for use in children. The reversal agent for 

dabigatran, idarucizumab, has been used successfully in a case report of an adolescent with 

an overdose.107 Off-label use of these agents in emergencies remains a decision of the 

treating physician; alternatively, activated charcoal or unspecific hemostatic agents, such as 

plasma, may be considered.  

 

When interpreting the results from these trials, the populations enrolled should be 

considered. Very sick children were excluded from the trials, and younger age groups, 

particularly infants, were under-represented. Only 10.8% and 13.1% of participants were 

aged <2 years old in the EINSTEIN–Jr and DIVERSITY trials, respectively, with 5% of 

children being aged <6 months in EINSTEIN–Jr (personal communication from the authors of 

the EINSTEIN–Jr trial, Male et al). Furthermore, 13.8% of participants were aged 2–5 years 

in the EINSTEIN–Jr trial. Studies of DOAC use in children with conditions such as short 

bowel syndrome, nephrotic syndrome, cancer, and prematurity are also lacking. Studies in 

such patient groups are critical to better serve the whole spectrum of children with VTE. 

Despite the relatively low numbers of younger age groups, there is a greater quantity of data 

on DOACs in children from randomized controlled trials than there is for LMWH.12,79,87-90 

Further investigation is required in these populations to increase understanding of optimal 

VTE management with DOACs. Furthermore, current trials in pediatric patients focus on the 

prevention and treatment of VTE with DOACs, thus research on the prevention and 

treatment of arterial thrombosis in children is required. Trials investigating the efficacy of 

apixaban, edoxaban and rivaroxaban for the prevention of cardiac or arterial 

thromboembolism are ongoing.84,95,100  

 

Once all four DOACs are approved for use in children, real-world data on their use for VTE 

management will be instrumental in determining safety and effectiveness in larger pediatric 

patient populations not restricted by the exclusion criteria of clinical trials. Long-term follow-

Jo
urn

al 
Pre-

pro
of



 17 

up will be critical to ensure that there are no growth- and development-related effects of 

these drugs in children that would not be observed in adults. Nevertheless, based on the 

data available to date, DOACs can be expected to be used widely in children. 
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DOAC, direct oral anticoagulant 

DVT, deep vein thrombosis 

eGFR, estimated glomerular filtration rate 
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GI, gastrointestinal 

LMWH, low-molecular-weight heparin 

PD, pharmacodynamics 

PE, pulmonary embolism 
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UFH, unfractionated heparin 
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Figure legends 1 

Figure 1. Reported risk factors for VTE in children. 2 

*Such as chronic inflammatory disease (type 1 diabetes mellitus, inflammatory bowel 3 

disease, systemic lupus erythematosus, juvenile rheumatoid arthritis, cystic fibrosis), 4 

malignancy, cardiac disease, renal disease, gastrointestinal disease, sickle cell disease. 5 

CVC, central venous catheter; ICU, intensive care unit; VTE, venous thromboembolism.  6 

 7 

Figure 2. Anticoagulant drug targets 8 

*Requires ≥5 days of parenteral anticoagulant administration before initial use (pediatric 9 

patients only). †Requires ≥5 days of parenteral anticoagulant administration before initial 10 

use.  11 

Continuous lines denote activation. Dashed lines denote inhibition. Grey text denotes 12 

parenteral administration. 13 

 14 

 15 
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Appendix e-component 
 
 
 
 

Appendix 
 

Supplementary Table I. Summary of American Society of Hematology 2018 guidance for the treatment of pediatric VTE1 
 

Condition and/or 

treatment 

Recommendation* (level) 

Anticoagulation† in 

symptomatic and 

asymptomatic DVT or PE 

 Use anticoagulation rather than no anticoagulation in symptomatic patients (strong/recommended) 

 Use either anticoagulation or no anticoagulation in asymptomatic patients (individualize decision if VTE detected) 

(conditional/suggested) 

Thrombolysis, 

thrombectomy, and IVC 

filters 

 Use anticoagulation alone (no thrombolysis) in patients with DVT or submassive PE (conditional/suggested) 

 Use thrombolysis followed by anticoagulation in patients with PE with hemodynamic compromise 

(conditional/suggested) 

 Use anticoagulation alone (no thrombectomy or IVC filter) in patients with symptomatic DVT or PE 

(conditional/suggested) 

Antithrombin replacement 

therapy 

 Use anticoagulation alone (no antithrombin replacement therapy) in patients with DVT/CSVT/PE 

(conditional/suggested) 

 Use antithrombin replacement therapy with anticoagulation in patients with DVT/CSVT/PE who have failed to respond 

to anticoagulation and in whom antithrombin levels are low for their age (conditional/suggested) 

CVAD-related thrombosis  Do not remove a functioning CVAD in patients with symptomatic CVAD-related thrombosis who still need venous 

access (conditional/suggested) 
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 Remove a non-functioning or unneeded CVAD in patients with symptomatic CVAD-related thrombosis 

(strong/recommended) 

 Delay CVAD removal until after starting anticoagulation (days) in patients with non-functioning CVAD or with 

symptomatic central venous line-related thrombosis who no longer require venous access (conditional/suggested) 

 Remove or do not remove a functioning CVAD in patients with symptomatic CVAD-related thrombosis with worsening 

signs or symptoms, despite anticoagulation and who still need venous access (line access vs risk of infection and 

further thrombus progression) (conditional/suggested) 

LMWHs vs VKAs  Use either in patients with symptomatic DVT or PE (dependent on patient values and preferences, health service 

resources, infrastructure and support, underlying condition, comorbidities, other medications) (conditional/suggested) 

Provoked DVT or PE  Use anticoagulation for ≤3 months rather than >3 months (consider longer for those with persistence of causative risk 

factor) (conditional/suggested) 

Unprovoked DVT or PE  Use anticoagulation for 6 to 12 months rather than >612 months (consider patient values and preferences) 

(conditional/suggested) 

CVAD-related superficial 

vein thrombosis 

 Use either anticoagulation or no anticoagulation (anticoagulation not appropriate for most patients, but seems 

appropriate for those with a functioning CVAD line and who still need venous access, and for patients whose 

symptoms progress) (conditional/suggested) 

Right atrial thrombosis  Use anticoagulation alone; no thrombolysis or surgical thrombectomy (although some may require more aggressive 

therapy – thrombectomy vs thrombolysis is dependent on patient/family choice and feasibility of interventions) 

(conditional/suggested) 
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Renal vein thrombosis  Use anticoagulation alone (no thrombolysis) in neonates with non-life-threatening RVT (strong/recommended) 

 Use thrombolysis followed by anticoagulation in neonates with life-threatening RVT (conditional/suggested) 

Portal vein thrombosis  Use anticoagulation in patients with PVT with occlusive thrombus, post-liver transplant, and idiopathic PVT 

(conditional/suggested) 

 Do not use anticoagulation in patients with PVT with non-occlusive thrombus or portal hypertension 

(conditional/suggested) 

CSVT  Use anticoagulation in patients without hemorrhage (strong/recommended) 

 Use anticoagulation in patients with hemorrhage (conditional/suggested) 

 Do not use thrombolysis followed by anticoagulation (use anticoagulation alone) (conditional/suggested) 

Congenital purpura 

fulminans due to 

homozygous protein 

C deficiency 

 Use protein C replacement rather than anticoagulation (conditional/suggested) 

 Use anticoagulation plus protein C replacement for an acute episode (conditional/suggested) 

 Use either liver transplantation, or no liver transplantation with anticoagulation or protein C replacement (discuss 

potential care pathways early before sustained progressive organ damage) (conditional/suggested) 

CSVT, cerebral vein or sinus thrombosis; CVAD, central venous access device; DOAC, direct oral anticoagulant; DVT, deep vein thrombosis; 

IVC, inferior vena cava; LMWH, low-molecular-weight heparin; PE, pulmonary embolism; PVT, portal vein thrombosis; RVT, renal vein 

thrombosis; UFH, unfractionated heparin; VKA, vitamin K antagonist; VTE, venous thromboembolism. 

*This guidance is not intended to be construed as standard of care and is also only intended as an overview. Please refer to the original 

publication1,2 for more details. †“Anticoagulation” throughout refers to UFH, LMWH, fondaparinux, or VKA. DOACs were out of scope at the time 

of these recommendations. 
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Supplementary Table II. Body weight-adjusted rivaroxaban regimens in a 20 mg 

equivalent dose3 

 

Body weight range 

(min−max, kg) 

Dosing regimen Total daily dose 

2.6 to <3 0.8 mg tid 2.4 mg 

3 to <4 0.9 mg tid 2.7 mg 

4 to <5 1.4 mg tid 4.2 mg 

5 to <7 1.6 mg tid 4.8 mg 

7 to <8 1.8 mg tid 5.4 mg 

8 to <9 2.4 mg tid 7.2 mg 

9 to <10 2.8 mg tid 8.4 mg 

10 to <12 3.0 mg tid 9 mg 

12 to <30 5 mg bid 10 mg 

30 to <50 15 mg od 15 mg 

≥50 20 mg od 20 mg 

bid, twice daily; od, once daily; tid, thrice daily. 
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Table I. An overview of approved indications and indications targeted by clinical trials of direct oral anticoagulants in pediatric 

patients109 

Drug name VTE prevention Cardiac/arterial TE prevention VTE treatment and secondary 

prevention 

Rivaroxaban ─ Post Fontan procedure85 Treatment of VTE and prevention 

of VTE reccurrence (oral 

suspension approved in European 

Union, UK and Canada in term 

neonates, infants and toddlers, 

children and adolescents aged <18 

years after ≥5 days of initial 

parenteral anticoagulation 

treatment. Film-coated tablet 

approved in European Union, UK 

and Canada in children and 

adolescents aged <18 years and 

weighing from 30–50 kg* after ≥5 

days of initial parenteral 

anticoagulation therapy)68,71,77-81,110 
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Dabigatran ─ ─ Treatment of VTE and prevention 

of recurrent VTE (hard capsule 

approved in European Union and 

UK from birth to <18 years and in 

children aged ≥8 years in the US. 

Oral pellets are approved in the US 

in children aged ≥3 months to <12 

years) 
67,72,90-93,111,112  

Apixaban  ALL/lymphoblastic lymphoma 

and central venous catheter95,113 

VTE prevention in various cardiac 

diseases97,98 

Treatment of VTE and prevention 

of recurrent VTE 114 

Edoxaban ─ Various cardiac diseases115 Treatment of VTE and prevention 

of recurrent VTE116 

*European Union and UK Label. >50 kg for Canadian label.  

ALL, acute lymphoblastic leukemia; TE thromboembolism; VTE, venous thromboembolism 

Adapted from Newall F, et al. J Thromb Haemost 2018;16:196–208. Jo
urn

al 
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Table II. Clinical trials of direct oral anticoagulants for VTE treatment and prevention in pediatric patients 

Drug name Study name 

(NCT number; 

ClinicalTrials.gov) 

Phase Study setting/ 

indication 

Comparator(s) Age range 

(no. of 

patients) 

Status 

Rivaroxaban EINSTEIN-Jr 

(NCT01145859)77,78 

I PK, PD, and 

safety post-VTE 

treatment 

None 0.5 to 18 

years 

(N = 59) 

Completed 

 EINSTEIN-Jr (NCT02564718)79 II VTE treatment 

and secondary 

prevention 

None <6 months 

(N = 10) 

Completed 

 EINSTEIN-Jr (NCT02309411)79 II VTE treatment 

and secondary 

prevention 

None 6 months 

to 5 years 

(N = 40) 

Completed 

 EINSTEIN-Jr (NCT01684423)79 II VTE treatment 

and secondary 

None 6 to 17 

years  

Completed 
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prevention (N = 43) 

 EINSTEIN-Jr 

(NCT02234843)80,81,83,84,110 

III VTE treatment 

and secondary 

prevention 

UFH, LMWH, 

fondaparinux, or 

VKA 

0 to 17 

years 

(N = 500) 

Completed 

 UNIVERSE 

(NCT02846532)85,86 

III PK and PD, 

safety 

Aspirin 2 to 8 

years 

(N = 112) 

Completed 

Dabigatran 

etexilate 

NCT0084441588 IIa PK, PD, safety 

and VTE 

prevention  

None 12 to 17 

years 

(N = 9) 

Completed 

 NCT0108373289 IIa PK, PD, safety 

and VTE 

prevention 

None 1 to 11 

years 

(N = 18) 

Completed 

 NCT0222326090 IIa PK, PD and 

safety post-VTE 

None <1 year 

(N = 8) 

Completed 
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treatment 

 DIVERSITY 

(NCT01895777)91,111 

IIb/III VTE treatment 

and secondary 

prevention 

LMWH or VKA <18 years  

(N ~260) 

Completed  

 NCT0219741692,94 III VTE secondary 

prevention 

None <18 years 

(N ~200) 

 Completed  

Apixaban SAXOPHONE 

(NCT02981472)97,98 

II Safety, PK and 

QoL (VTE 

prevention in 

congenital and 

acquired heart 

disease) 

LMWH or VKA Up to 17 

years 

(N ~200) 

Ongoing 

 PREVAPIX-ALL 

(NCT02369653)95,96 

III VTE prevention 

(ALL/ 

lymphoblastic 

None 1 to 17 

years 

(N = 500) 

Ongoing 
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lymphoma and 

central venous 

catheter) 

 NCT02464969114 IV VTE treatment 

and secondary 

prevention 

UFH, LMWH 

and/or VKA 

3 months 

to 17 years  

(N = 250) 

Ongoing 

Edoxaban NCT02303431116 I PK and PD None Up to 18 

years 

(N = 60) 

Ongoing 

 Hokusai 

(NCT02798471)116 

III VTE treatment 

and secondary 

prevention 

LMWH, VKA or 

SPXai 

Up to 17 

years 

(N = 274) 

Ongoing 

 NCT03395639102 III VTE prevention 

(heart disease) 

LMWH and/or 

VKA 

Up to 17 

years 

(N = 150) 

Ongoing 
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ALL, acute lymphoblastic leukemia; LMWH, low-molecular-weight heparin; PD, pharmacodynamics; PK, pharmacokinetics, QoL, quality of life; 

SPXai, synthetic pentasaccharide Factor Xa inhibitor; UFH, unfractionated heparin; VKA, vitamin K antagonist; VTE, venous thromboembolism 
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Acquired
• CVCs2,3,16-18,20-26

• Surgery23,26-28

• Trauma/ICU admission17,18,21,23,28,29

• Length of hospital stay18,21,24,30

• Mechanical ventilation17,21,30

• Immobility18

• Infection3,18,24,30

• Acquired thrombophilia22,31

• Acquired chronic diseases*,23,25,33 

• Medications31

• Hormonal therapy18,32

• Obesity19

Genetic/developmental
• Age (neonates and 

adolescents)2,3,16,17,23,26,28,29

• Inherited thrombophilia22,34

• Anatomical thrombophilia35,36

• Inherited chronic diseases*,23-25,33 



 

Tissue
factor 

Vitamin K antagonists 

Factor Xa antagonists
Fondaparinux
Rivaroxaban*
Apixaban
Edoxaban†

Low-molecular-weight heparin

VIIa

IXa
VIIIa

Xa

Va

IIa
(Thrombin) 

Fibrin

Unfractionated heparin

Thrombin antagonists
Bivalirudin
Argatroban
Dabigatran†


