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Direct oral anticoagulants (DOACs) provide an attractive alternative for the management
and prevention of thrombosis in pediatric patients. With multiple ongoing and published
pediatric trials and recent regulatory approval of dabigatran and rivaroxaban, the
landscape of pediatric anticoagulation is rapidly changing. However, as pediatricians
gain experience with these drugs, it is important to be mindful of pediatric-specific
considerations that may limit the use of DOACs in certain children and adolescents.
While there is increasing adult data and experience, there is a paucity of real-world
evidence to guide the use of these drugs in children who would not have met clinical trial
inclusion criteria. In this mini review, we summarize pediatric specific data, areas for future
research, and practical considerations for the use of DOACs in children and adolescents.
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INTRODUCTION

The rate of venous thromboembolism (VTE) in children continues to increase, mostly in
hospitalized children with complex medical problems (1). Until recently, anticoagulation has been
limited to unfractionated heparin (UFH), low molecular weight heparin (LMWH), and vitamin
K antagonists (VKA), which all have drawbacks—including the need for intravenous access,
subcutaneous injections, and/or frequent monitoring (2). Direct oral anticoagulants (DOACs)
which inhibit factor Xa or thrombin do not require monitoring and have become preferred over
VKA for treatment of VTE in adults (2). The use of DOACs in children is increasing as pediatric
clinical trial data emerge and regulatory approvals are submitted or completed (3-11). In addition
to treatment of pediatric VTE, DOACs are also being investigated for prevention of thrombosis in
children with congenital heart disease and cancer (6-9).

As of January 2022, the DOACs with the most published pediatric data are rivaroxaban and
dabigatran, and both have recent approval for treatment of pediatric VTE by the European
Medicines Agency (EMA) and US Food and Drug Administration (FDA). The EINSTEIN-Junior
trial compared the direct Xa inhibitor rivaroxaban to standard of care (SOC) after 5-9 days of
a parenteral anticoagulant in 500 patients (birth to 18 years) with VTE. Rates of recurrent VTE
and bleeding in children were similarly low in both groups (5). The DIVERSITY trial compared
the direct thrombin inhibitor dabigatran to SOC after 5-21 days of a parenteral anticoagulant in
328 patients (birth to 18 years) with VTE (4). This study showed dabigatran to be non-inferior to
SOC for the primary composite endpoint of thrombus resolution, freedom from recurrent VTE,
and freedom from VTE-related death without increase in bleeding events (4). There are ongoing
pediatric clinical trials to evaluate apixaban and edoxaban, additional direct Xa inhibitors that are
FDA approved in adults (10, 11).
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While available trial data are encouraging and offer new
options for many children with VTE, there remain many
unanswered questions (Table 1). In this mini review, we discuss
how recent data support the use of DOAC:s in specific pediatric
populations (Table 2), and highlight situations where DOACs
may not be the best option and/or more data is necessary. When
relevant, we include informative adult studies. This is a rapidly
evolving field with several ongoing clinical trials, and as new data
emerge, these reccommendations will need to be updated.

TREATMENT OF VTE
Acute VTE

Most children who develop VTE have complex chronic
conditions, multiple risk factors, and are hospitalized.
Advantages of DOACs, including no monitoring and oral
administration, are potential disadvantages in hospitalized
children whose clinical status may change quickly, necessitating
unplanned procedures or discontinuation of oral intake. The
DOAC trials required that children with acute VTE receive a
parenteral anticoagulant (UFH or LMWH) for at least 5 days
prior to initiating the DOAC (4, 5). This is different from adult
regimens, where DOACs (apixaban and rivaroxaban) can be
used as initial treatment for acute VTE at a higher dose intensity
for 1-3 weeks (12-14). Initial DOAC therapy for pediatric VTE
may be desired in some situations, such as clinically stable, older
adolescents with low likelihood of antiphospholipid antibody
syndrome (APS), and can be considered (off label) in patients >
50 kg, based on adult regimens. Whether initial DOAC therapy
is safe and effective for acute VTE in clinically stable younger
children, and if higher intensity is needed, remains unknown.

TABLE 1 | Priorities for additional research regarding use of DOACs in children.

Treatment of VTE: additional prospective data (safety and efficacy) on infants
and younger children

Pharmacokinetic and pharmacodynamics of DOAC reversal agents in children

Role of DOAC monitoring in specific populations for adherence, safety, or
reversal

Use of DOAGs for children with arterial thrombosis (catheter related and stroke)

Menorrhagia in adolescents with DOACs

Periprocedural protocols
Adherence to DOACs vs SOC

TABLE 2 | Considerations for initiating DOACs for treatment of pediatric VTE.

Stable patient (unlikely to need an urgent procedure)

Tolerating good oral intake or on full nasogastric feeds

Adequate renal and hepatic function

Unlikely to have antiphospholipid antibody syndrome

>5 days of parenteral anticoagulation

No drug interactions (consult pharmacy)

Gestational age > 37 weeks and weight > 2.6 kg

Availability of appropriate drug formulation

Age

The bimodal age peaks of VTE in children < 1 year of
age and adolescents have been long recognized (1, 15, 16).
Children < 1 year are underrepresented in the DOAC pediatric
investigational programs due to inclusion/exclusion criteria and
the challenges of enrolling young children on interventional
trials. Trials restricted enrollment to neonates with gestational
age > 37 weeks and/or body weight of at least 2.6 kg (4, 5). Oral
formulations appropriate for infants are not available and limit
their current use outside of clinical trials. Additional data on
infants from prospective observational studies will be important
to confirm the results observed in the small cohorts included in
the clinical trials.

Central Venous Catheter Related

Thrombosis (CVC-VTE)

While the majority (80-90%) of pediatric VTE is related to
a central venous catheter (CVC), patients with CVC-VTE
represent a minority (15-27%) in pediatric DOAC trials (4, 5, 17).
This may be because children who develop CVC-VTE are often
acutely ill and may not be good candidates for a DOAC. However,
sub analysis of 126 children with CVC-VTE in the EINSTEIN-
Jr trial (90 rivaroxaban, 36 SOC) identified no recurrent VTE or
major bleeding in either study arm, suggesting that DOACs are
safe and effective for patients who met inclusion criteria (18).

Cerebral Venous Thrombosis (CVT)

CVT is often associated with risk factors such as cancer, head
and neck infections, thrombophilia, and hormonal contraception
(19, 20). Although use of anticoagulants in CVT must be
balanced with the risk of intracranial hemorrhage, therapeutic
anticoagulation is generally recommended in patients without
hemorrhage (2). In a sub analysis of 114 children with CVT in
the EINSTEIN-]r trial (73 rivaroxaban, 41 SOC), symptomatic
recurrent VTE at 3 months was rare (none in the rivaroxaban
group, 1 in SOC group) (21). There were no major bleeding
events in either cohort; clinically relevant non-major bleeding
(CRNM) was observed in 5/73 (6.8%) of the rivaroxaban
recipients compared to 1/41 in the SOC group (21). All patients
were treated with LMWH or UFH for 5-9 days prior to
randomization (21).

Malignancy

Children with cancer have multiple risk factors for VTE,
including the cancer itself, CVCs, and prothrombotic
medications including asparaginase and steroids (22).
Anticoagulation can be challenging in oncology patients
as they are frequently thrombocytopenic, require repeated
procedures, have variable oral intake, and require medications
that cause drug-drug interactions. The published pediatric
DOAC trials did include children with cancer although excluded
those with thrombocytopenia (platelet count <50-80 x 10°/L)
or considered to be at a high risk of bleeding (4, 5). EINSTEIN-]r
included 40 patients with active cancer in the rivaroxaban arm
and 16 patients in the SOC arm (5). DIVERSITY included 1
patient with active or previous cancer in the SOC arm and 18
in the dabigatran arm (4). These patients were not analyzed
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separately, yet overall rates of recurrent VTE and bleeding were
low in both trials.

Meta-analysis of several large clinical trials comparing DOACs
to LMWH in adults with cancer has concluded that DOACs are
an effective treatment option for adults with cancer but should
be used with caution in patients at high risk of bleeding (23).
2021 ASH guidelines suggest DOACs over LMWH for adults
with cancer (24). Use of DOACs in children with cancer and
VTE is reasonable, although there is limited data on management
around procedures and thrombocytopenia, and drug interactions
may be more frequent in this population.

Cardiac Disease

Children with congenital and acquired heart disease often have
unique risk factors for thrombosis including abnormal vascular
flow, surgery, venous and arterial catheters, coagulation factor
imbalances, and intracardiac devices. EINSTEIN-Jr included 35
children with cardiac disease in the rivaroxaban arm and 14
patients in the SOC arm (5). In the DIVERSITY study, 21 patients
with congenital heart disease and VTE were included in the
dabigatran arm and 27 patients in the SOC arm (4).

Obesity

Current International Society of Thrombosis and Hemostasis
guidelines for adults with VTE who are >120kg or BMI > 40
kg/m? suggest that standard doses of rivaroxaban or apixaban
are appropriate options regardless of high BMI and weight
but suggest the other DOACs continue to be avoided in this
population due to the lack of data (25). Although patients >
120kg were not included in the pediatric clinical trials, it is
reasonable to extrapolate adult data to patients < 18 years of
age who are >120kg and are otherwise acceptable candidates
for DOACs.

Renal Impairment

Each of the DOACs requires some degree of renal excretion
which is highly variable across drugs. Dabigatran is the most
reliant on renal excretion and apixaban is the least (renal
excretion by drug: apixaban 27%, rivaroxaban 36%, dabigatran
80%, and edoxaban 50%) (26). Patients with renal dysfunction
may have decreased clearance and increased risk of bleeding
complications. The DIVERSITY and EINSTEIN-Jr studies
excluded children with severe renal dysfunction. Patients with
estimated glomerular filtration rate (eGFR) < 50 mL/min/1.73
m? (Schwartz formula) or on dialysis were excluded from
DIVERSITY while children with eGFR <30 mL/min/1.73 m? and
children <1 year old with serum creatinine > 97.5th percentile
were excluded from EINSTEIN-Jr (4, 5).

Use of DOACs in adults with various degrees of renal
insufficiency and renal failure continues to evolve as more data
are available (27). Dose reductions and recommendations based
on renal clearance for adults are provided in the package insert
for each drug.

Liver Disease
Children with abnormal liver function studies were also excluded
from the DOAC trials. In EINSTEIN-Jr, exclusion criteria

included ALT > 5x upper limit of normal (ULN) or bilirubin
> 2x ULN; in DIVERSITY, those with ALT, AST or alkaline
phosphatase >3x ULN were excluded (4, 5). In general, DOACs
are not recommended for adults with moderate or severe hepatic
impairment due to associated coagulation abnormalities and
should also be avoided in children who would have been excluded
based on above criteria until further data is available.

Antiphospholipid Antibody Syndrome

Adult data show inferiority of factor Xa inhibitors compared
to VKA in patients with APS, particularly those with triple
positive antiphospholipid antibodies (APA) (28-30). The ASH
2020 guidelines for management of VTE in adults exclude APS
in their suggestion for DOACs over VKAs (31). Currently, the
FDA labels for all DOACs exclude patients with triple positive
APA. Most of the data leading to these recommendations is from
studies evaluating rivaroxaban compared to VKAs, although one
meta-analysis did include 144 patients treated with dabigatran
(30). The DIVERSITY trial included 11 children with APA, 7
in the SOC arm and 4 in the dabigatran arm (4). Detailed
information about these patients or their APA titers was not
provided. Given the current literature, we would not recommend
using DOAC:s in children with APS. Whether or not to test
children with VTE for APA prior to use of a DOAC depends on
the clinical scenario, recognizing that DOACs often cause a false
positive dilute Russel Viper Venom Time (32).

Abnormal Uterine Bleeding (AUB)

Emerging data evaluating menstrual bleeding in adults indicates
increased rates of AUB in women on rivaroxaban compared to
VKAs and apixaban (33, 34). EINSTEIN-]r reported menorrhagia
in 7% of the rivaroxaban arm and 3% of SOC arm, none of
which met criteria for major or CRNM bleeding (5). AUB was
not separately described in the DIVERSITY study (4). These data
are limited by variable definitions of AUB and denominators
that may include all participants instead of only menstruating
participants. This area deserves further investigation, particularly
in female adolescents with VTE.

PREVENTION OF THROMBOSIS

Evidenced based guidelines for prevention of thrombosis
in children are lacking. Nonetheless, underlying conditions
including cancer and congenital heart disease are associated with
a substantial risk of thrombosis. There are several DOAC trials
investigating thromboprophylaxis in these populations, but the
trials are underpowered to demonstrate efficacy.

Cardiac Disease

The UNIVERSE study was a randomized trial comparing
rivaroxaban to aspirin for thromboprophylaxis in 112 children
aged 2-8 years, within 4 months after a Fontan procedure
(6). Rivaroxaban dosing in this study was targeted to achieve
equivalent to 10mg daily dosing in adults (6). The rate of
thrombotic events was 3% (2/76) of the rivaroxaban group and
9% (3/34) in the aspirin group, with low rates of bleeding in
both groups (6). Based on these data, rivaroxaban received FDA
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approval for thromboprophylaxis in children >2 years old with
Fontan physiology.

ENNOBLE-ATE is a randomized trial to evaluate the safety of
edoxaban compared to LMWH or VKA for thromboprophylaxis
in children with cardiac diseases at risk for thromboembolism
including patients with Fontan physiology, Kawasaki disease,
heart failure, or other cardiac indication for thromboprophylaxis
(7). The SAXOPHONE trial is a randomized trial comparing
apixaban to LMWH or VKA to prevent thrombosis in
children and infants with congenital and acquired heart disease
(8). ENNOBLE-ATE and SAXOPHONE target therapeutic
dose intensity DOACs which differs from UNIVERSE, which
targeted prophylactic intensity rivaroxaban (6-8). These studies
will inform thromboprophylaxis strategies in children with
cardiac disease.

Oncology

Current  guidelines do  not recommend  routine
thromboprophylaxis for children with cancer, although some
hospitalized children and adolescents with multiple VTE risk
factors may be started on prophylaxis. The PREVAPIX-ALL trial
is a recently completed randomized trial designed to evaluate
the efficacy and safety of apixaban for thromboprophylaxis
in children with acute lymphoblastic leukemia or T or B cell
lymphoblastic lymphoma and a CVC receiving asparaginase
therapy (9). Apixaban, at equivalent dose intensity used for
adult VTE prophylaxis (2.5mg twice daily) was compared to
no anticoagulation (9). Patients at high risk for bleeding were
excluded, including those requiring multiple lumbar punctures
(LPs), known bleeding disorder or coagulopathy, uncontrolled
hypertension, hyperleukocytosis, or major surgery within 7 days
of enrollment (9). Patients were required to have a platelet count
>20,000/ul within 24 h of starting treatment and apixaban was
held when the platelet count was <20,000/uL (9). The anticipated
result of this study, which includes 512 children, will inform
future thromboprophylaxis strategies for children with leukemia
and a CVC.

Acute Ischemic Stroke (AIS)

DOAG:s are routinely used and approved to prevent AIS in adults
with atrial fibrillation. There have not been any pediatric studies
investigating the role of DOACs for primary or secondary AIS
prevention. The etiology of AIS in children is multifactorial,
however up to 45% have intracranial arteriopathy which is
associated with a high risk of recurrent stroke (35). While
both antiplatelet therapy and anticoagulants are used to prevent
recurrent stroke in children, it is not always clear which
approach is best and therapy is individualized by pediatric stroke
experts (35).

ROUTE OF ADMINISTRATION AND
FORMULATION

New oral formulations (e.g., suspension, pellets, or sprinkles)
of each DOAC had to be developed and investigated. Although
anticipated soon, none of these formulations are currently
available. While rivaroxaban and apixaban tablets can be crushed

and mixed with applesauce immediately prior to use or with
water and administered via nasogastric tube, dabigatran capsules
cannot be crushed and must be swallowed whole (36).

MEDICATION INTERACTIONS

Medication interactions occur far less frequently with DOACs
than VKA. The most common interactions are mediated by
medications that induce or inhibit cytochrome P450 enzyme
or permeability glycoprotein (37). CYP3A4 is important for
the metabolism of apixaban and rivaroxaban but not the other
DOACs (37). Drugs that may affect these pathways and are
commonly used in children include rifampin, carbamazepine,
phenytoin,  phenobarbital, clarithromycin, amiodarone,
fluconazole, and cyclosporine (37). It is good practice to
consult with a pharmacist about potential drug interactions prior
to prescribing a DOAC.

BLEEDING/REVERSAL/PROCEDURES

Bleeding remains the most serious complication of
anticoagulants. Rates of major bleeding in the DOAC clinical
trials have been low: 2% in the dabigatran trial and none in
the rivaroxaban trial (4, 5). While reassuring, it is important to
have a plan for addressing major bleeding in children receiving
DOACs. Targeted reversal agents for DOACs are available for
use in adults, but have not been studied in children. In patients
with non-life-threatening bleeding, supportive care (holding
anticoagulant and transfusions) is often sufficient.

Dabigatran is 35% protein bound so can be partially cleared
by dialysis or hemofiltration (38). Idarucizumab is a humanized
monoclonal antibody fragment that binds to dabigatran and
its metabolites with higher affinity than the binding affinity of
dabigatran to thrombin, neutralizing the anticoagulant effect
immediately after administration (39). Idarucizumab is FDA
approved for reversal of dabigatran in adults with life threatening
bleeding or for emergent procedures. Published pediatric data
is limited to a case report of a 15-year-old, 67 kg female who
received idarucizumab without adverse effects after a dabigatran
overdose (40).

Factor Xa inhibitors are protein bound and cannot be cleared
by dialysis (41). Andexanet alfa works as an inactive recombinant
human factor Xa to compete with active factor Xa binding
to apixaban and rivaroxaban and is approved for reversal in
adults on rivaroxaban or apixaban with life threatening bleeding
(42). Published pediatric data is limited to a case report of a
4-year-old, 20kg female who received andexanet alfa due to
an intracranial hemorrhage while taking rivaroxaban without
adverse effects (43).

In addition to the lack of safety and efficacy data in pediatrics,
the use of these reversal agents is limited by cost and availability,
even in adult hospitals. Pediatric hospitals may not have access to
these medications or may need to work with an adult hospital
to send the medication, which is not ideal for life-threatening
bleeding. Prothrombin complex concentrates have been used in
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the setting of hemorrhage with oral factor Xa inhibitors but are
not approved for this indication in adults or pediatrics (44).
Management of DOACs around procedures has not been
studied in children. In the Perioperative Anticoagulation Use for
Surgery Evaluation (PAUSE) study, rates of major bleeding in
adults with atrial fibrillation receiving apixaban, dabigatran, or
rivaroxaban were low using a standardized protocol (45). In this
protocol, DOACs were held for 1 day for “low- bleeding risk”
procedures and 2 days for “high-bleeding risk” procedures (45).
In the PREVAPIX-ALL study, apixaban was held for 24 h prior to
LPs and at least 18-24 h after the procedure and pharmacokinetic
and pharmacodynamic data were collected (9). While this may
provide some evidence to guide periprocedural management, this
study used prophylactic dose intensity, so these data are not
generalizable to children receiving therapeutic dosing.

DISCUSSION

New evidence to support DOACs for treatment and prevention
of thrombosis in children is changing the therapeutic landscape.
DOAC: offer great advantages over standard anticoagulants for
many, but not all, children with thrombosis. Whether these

REFERENCES

1. O’Brien SH, Stanek JR, Witmer CM, Raffini L. The continued rise of
venous thromboembolism across US children’s hospitals. Pediatrics. (2022)
149:€2021054649. doi: 10.1542/peds.2021-054649

2. Monagle P, Cuello CA, Augustine C, Bonduel M, Brandao LR, Capman T, et al.
American Society of Hematology 2018 Guidelines for management of venous
thromboembolism: treatment of pediatric venous thromboembolism. Blood
Adyv. (2018) 2:3292-316. doi: 10.1182/bloodadvances.2018024786

3. Davila J, Cheng D, Raffini L, Thornburg CD, Corrales-Medina FF.
Characterizing the use of anticoagulants in children using the American
Thrombosis and Hemostasis Network Dataset (ATHNdataset). Thromb Res.
(2021) 197:84-7. doi: 10.1016/j.thromres.2020.10.029

4. Halton J, Branddo LR, Luciani M, Bomgaars L, Chalmers E, Mitchell
LG, et al. Dabigatran etexilate for the treatment of acute venous
thromboembolism in children (DIVERSITY): a randomised, controlled,
open-label, phase 2b/3, non-inferiority trial. Lancet Haematol. (2021) 8:e22—
e33. doi: 10.2139/ssrn.3624247

5. Male C, Lensing AWA, Palumbo JS, Kumar R, Nurmeev I, Hege

K, et al. Rivaroxaban compared with standard anticoagulants for
the treatment of acute venous thromboembolism in children: a
randomised, controlled, phase 3 trial. Lancet Haematol. (2020)

7:¢18-€27. doi: 10.1016/52352-3026(19)30219-4

6. McCrindle BW, Michelson AD, Van Bergen AH, Suzana Horowitz E, Pablo
Sandoval ], Justino H, et al. Thromboprophylaxis for children post-fontan
procedure: insights from the UNIVERSE study. ] Am Heart Assoc. (2021)
10:€021765. doi: 10.1161/JAHA.120.021765

7. Bhatt MD, Portman MA, Berger E Jacobs JP, Newburger J, Duggal
A, et al. ENNOBLE-ATE trial: an open-label, randomised, multi-
centre, observational study of edoxaban for children with cardiac
diseases at risk of thromboembolism. Cardiol Young. —(2021)
31:1213-9. doi: 10.1017/S1047951121002523

8. Payne RM, Burns KM, Glatz AC, Li D, Li X, Monagle P, et al. A multi-
national trial of a direct oral anticoagulant in childrenwith cardiac disease:
design and rationale of the SAXOPHONE study. Am Heart J. (2019)
217:52. doi: 10.1016/j.ahj.2019.08.002

9. O’Brien SH, Li D, Mitchell LG, Hess T, Zee P, Yee DL, et al. PREVAPIX-ALL:
apixaban compared to standard of care for prevention of venous thrombosis

advantages will translate to improved adherence and outcomes
is unknown. While current phase III clinical trial data support
safety and efficacy for treatment of acute pediatric VTE, there
remain many unanswered questions around use of DOACs in
lieu of standard anticoagulants for children who would not
have met trial inclusion criteria. It is currently not possible to
make evidence-based recommendations for use in children who
would not have met inclusion criteria. There are several ongoing
trials (mentioned above) that will provide additional data in the
upcoming years, but additional prospective cohort studies will be
necessary to fill in the many gaps (Table 1).

AUTHOR CONTRIBUTIONS

HW and LR contributed to the writing and review of the
manuscript and approved the final submission. All authors
contributed to the article and approved the submitted version.

FUNDING

HW was supported by National Institutes of Health, National
Heart, Lung, and Blood Institute grant T32 HL007971.

in paediatric Acute Lymphoblastic Leukaemia (ALL)-rationale and design.
Thromb Haemost. (2019) 119:844-53. doi: 10.1055/s-0039-1679938

10. ClinicalTrials.gov. Apixaban for the Acute Treatment of Venous
Thromboembolism in Children NCT02464969. Available online at: https://
clinicaltrials.gov/ct2/show/NCT02464969 (accessed December 11, 2021).

11. ClinicalTrials.gov. Hokusai Study in Pediatric Patients With Confirmed
Venous Thromboembolism (VTE) NCT02798471. Available online at: https://
clinicaltrials.gov/ct2/show/NCT02798471 (accessed December 11, 2021).

12. EINSTEIN Investigators, Bauersachs R, Berkowitz SD, Brenner B,
Buller HR, Decousus H, et al. Oral rivaroxaban for symptomatic
venous thromboembolism. N Engl ] Med. (2010) 363:2499-
510. doi: 10.1056/NEJMo0a1007903

13. EINSTEIN-PE Investigators, Biiller HR, Prins MH, Lensin AWA,
Decousus H, Jacobson BE et al. Oral rivaroxaban for the treatment
of symptomatic pulmonary embolism. N Engl ] Med. (2012)
366:1287-97. doi: 10.1056/NEJMoal113572

14. Agnelli G, Buller HR, Cohen A, Curto M, Gallus AS, Johnson M, et al. Oral
apixaban for the treatment of acute venous thromboembolism. N Engl ] Med.
(2013) 369:799-808. doi: 10.1056/NEJMoal302507

15. Andrew M, David M, Adams M, Ali K, Anderson R, Barnard D,
et al. Venous thromboembolic complications (VTE) in children: first
analyses of the Canadian Registry of VTE. Blood. (1994) 83:1251-
7. doi: 10.1182/blood.V83.5.1251.1251

16. Stein PD, Kayali E Olson RE. Incidence of venous thromboembolism in
infants and children: data from the National Hospital Discharge Survey. J
Pediatr. (2004) 145:563-5. doi: 10.1016/j.jpeds.2004.06.021

17. Jaffray ], Mahajerin A, Young G, Goldenberg N, Ji L, Sposto R, et al. A
multi-institutional registry of pediatric hospital-acquired thrombosis cases:
the Children’s Hospital-Acquired Thrombosis (CHAT) project. Thromb Res.
(2018) 161:67-72. doi: 10.1016/j.thromres.2017.11.019

18. Thom K, Lensing AWA, Nurmeev I, Bajolle E Bonnet D, Kenet G, et al.
Safety and efficacy of anticoagulant therapy in pediatric catheter-related
venous thrombosis (EINSTEIN-Jr CVC-VTE). Blood Adv. (2020) 4:4632-
9. doi: 10.1182/bloodadvances.2020002637

19. Ichord R. Cerebral sinovenous thrombosis.
5:163. doi: 10.3389/fped.2017.00163

20. Ferro JM, Aguiar de Sousa D. Cerebral venous thrombosis: an update. Curr
Neurol Neurosci Rep. (2019) 19:74. doi: 10.1007/s11910-019-0988-x

Front  Pediatr. (2017)

Frontiers in Pediatrics | www.frontiersin.org

April 2022 | Volume 10 | Article 860369


https://doi.org/10.1542/peds.2021-054649
https://doi.org/10.1182/bloodadvances.2018024786
https://doi.org/10.1016/j.thromres.2020.10.029
https://doi.org/10.2139/ssrn.3624247
https://doi.org/10.1016/S2352-3026(19)30219-4
https://doi.org/10.1161/JAHA.120.021765
https://doi.org/10.1017/S1047951121002523
https://doi.org/10.1016/j.ahj.2019.08.002
https://doi.org/10.1055/s-0039-1679938
https://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT02464969
https://clinicaltrials.gov/ct2/show/NCT02464969
https://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT02798471
https://clinicaltrials.gov/ct2/show/NCT02798471
https://doi.org/10.1056/NEJMoa1007903
https://doi.org/10.1056/NEJMoa1113572
https://doi.org/10.1056/NEJMoa1302507
https://doi.org/10.1182/blood.V83.5.1251.1251
https://doi.org/10.1016/j.jpeds.2004.06.021
https://doi.org/10.1016/j.thromres.2017.11.019
https://doi.org/10.1182/bloodadvances.2020002637
https://doi.org/10.3389/fped.2017.00163
https://doi.org/10.1007/s11910-019-0988-x
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Whitworth and Raffini

DOACs in Children

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Connor P, van Kammen MS, Lensing AWA, Chalmers E, Kaillay
K, Hege K, et al. Safety and efficacy of rivaroxaban in pediatric
cerebral venous thrombosis (Einstein-Jr CVT). Blood Adv. (2020)
4:6250-8. doi: 10.1182/bloodadvances.2020003244

Ko RH, Thornburg CD. Venous thromboembolism in children with cancer
and blood disorders. Front Pediatr. (2017) 5:12. doi: 10.3389/fped.2017.00012
Mulder FI, Bosch FTM, Young AM, Marshall A, McBane RD, Zemla
TJ, et al. Direct oral anticoagulants for cancer-associated venous
thromboembolism: a systematic review and meta-analysis. Blood. (2020)
136:1433-41. doi: 10.1182/blood.2020005819

Lyman GH, Carrier M, Ay C, Di Nisio M, Hicks LK, Khorana AA, et al.
American Society of Hematology 2021 guidelines for management of venous
thromboembolism: prevention and treatment in patients with cancer. Blood
Adyv. (2021) 5:927-74. doi: 10.1182/bloodadvances.2020003442

Martin KA, Beyer-Westendorf J, Davidson BL, Huisman MV, Sandset PM,
Moll S. Use of direct oral anticoagulants in patients with obesity for treatment
and prevention of venous thromboembolism: updated communication from
the ISTH SSC Subcommittee on Control of Anticoagulation. | Thromb
Haemost. (2021) 19:1874-82. doi: 10.1111/jth.15358

Chan KE, Giugliano RP, Pate] MR, Abramson S, Jardine M, Zhao S, et al.
Nonvitamin K anticoagulant agents in patients with advanced chronic
kidney disease or on dialysis with AF. ] Am Coll Cardiol. (2016) 67:2888-
99. doi: 10.1016/j.jacc.2016.02.082

Ha JT, Neuen BL, Cheng LP, Jun M, Toyama T, Gallagher MP, et al. Benefits
and harms of oral anticoagulant therapy in chronic kidney disease. Ann Intern
Med. (2019) 171:181-9. doi: 10.7326/M19-0087

Pengo V, Denas G, Zoppellaro G, Jose SP, Hoxha A, Ruffatti A, et al.
Rivaroxaban vs warfarin in high-risk patients with antiphospholipid
syndrome. Blood. (2018) 132:1365-71. doi: 10.1182/blood-2018-04-
848333

Ordi-Ros J, Sdez-Comet L, Pérez-Conesa M, Vidal X, Riera-Mestre A, Castro-
Salomo A, et al. Rivaroxaban versus Vitamin K antagonist in antiphospholipid
syndrome a randomized noninferiority trial. Ann Intern Med. (2019) 171:685-
94. doi: 10.7326/M19-0291

Dufrost V, Risse ], Reshetnyak T, Satybaldyeva M, Du Y, Yan XX,
et al. Increased risk of thrombosis in antiphospholipid syndrome
patients treated with direct oral anticoagulants. Results from an
international patient-level data meta-analysis. Autoimmun Rev. (2018)
17:1011-21. doi: 10.1016/j.autrev.2018.04.009

Ortel TL, Neumann I, Ageno W, Beyth R, Clark NP, Cuker
A, et al. American Society of Hematology 2020 guidelines for
management of venous thromboembolism : treatment of deep
vein thrombosis and pulmonary embolism. Blood Adv. (2020)
4:4693-738. doi: 10.1182/bloodadvances.2020001830

Flieder T, Weiser M, Eller T, Dittrich M, von Bargen K, Alban
S, et al. Interference of DOACs in different DRVVT assays
for diagnosis of lupus anticoagulants. ~Thromb Res. (2018)
165:101-6. doi: 10.1016/j.thromres.2018.03.009

Godin R, Marcoux V, Tagalakis V. Abnormal uterine bleeding
in women receiving direct oral anticoagulants for the treatment
of venous thromboembolism. Vascul Pharmacol. (2017) 93-95:1-
5. doi: 10.1016/j.vph.2017.05.001

Jacobson-Kelly AE, Samuelson Bannow BT. Abnormal uterine bleeding in
users of rivaroxaban and apixaban. Hematol Am Soc Hematol Educ Progr.
(2020) 2020:538-41. doi: 10.1182/hematology.2020000166

Ferriero DM, Fullerton HJ, Bernard TJ, Billinghurst L, Daniels SR, Debaun
MR, et al. Management of stroke in neonates and children: a scientific
statement from the American Heart Association/American stroke association.
Stroke. (2019) 50:E51-E96. doi: 10.1161/STR.0000000000000183

36. Moore KT, Krook MA, Vaidyanathan S, Sarich TC, Damaraju CV, Fields
LE. Rivaroxaban crushed tablet suspension characteristics and relative
bioavailability in healthy adults when administered orally or via nasogastric
tube. Clin Pharmacol Drug Dev. (2014) 3:321-7. doi: 10.1002/cpdd.123

37. LiA,Li MK, Crowther M, Vazquez SR. Drug-drug interactions with direct oral
anticoagulants associated with adverse events in the real world: a systematic
review. Thromb Res. (2020) 194:240-5. doi: 10.1016/j.thromres.2020.
08.016

38. Chai-Adisaksopha C, Hillis C, Lim W, Boonyawat K, Moffat K, Crowther
M. Hemodialysis for the treatment of dabigatran-associated bleeding: a
case report and systematic review. ] Thromb Haemost. (2015) 13:1790-
8. doi: 10.1111/jth.13117

39. Glund S, Stangier ], Schmohl M, Gansser D, Norris S, Van Ryn J, et al.
Safety, tolerability, and efficacy of idarucizumab for the reversal of the
anticoagulant effect of dabigatran in healthy male volunteers: a randomised,
placebo-controlled, double-blind phase 1 trial. Lancet. (2015) 386:680-
90. doi: 10.1016/S0140-6736(15)60732-2

40. Shapiro S, Bhatnagar N, Khan A, Beavis J, Keeling D. Idarucizumab
for dabigatran overdose in a child. Br ] Haematol. (2018) 180:457-
9. doi: 10.1111/bjh.14371

41. Chan N, Sobieraj-Teague M, Eikelboom JW. Direct oral
anticoagulants: evidence and unresolved issues. Lancet. (2020)
396:1767-76. doi: 10.1016/S0140-6736(20)32439-9

42. Connolly §J, Crowther M, Eikelboom JW, Gibson CM, Curnutte JT,
Lawrence JH, et al. Full study report of andexanet alfa for bleeding
associated with factor Xa inhibitors. N Engl ] Med. (2019) 380:1326-
35. doi: 10.1056/NEJMoal814051

43. Takasaki K, Hehir D, Raffini L, Samelson-Jones BJ, Shih E, Dain AS.
Andexanet alfa for reversal of rivaroxaban in a child with intracranial
hemorrhage. Pediatr Blood Cancer. (2021) €29484. doi: 10.1002/pbc.29484.
[Epub ahead of print].

44. Milioglou I, Farmakis I, Neudeker M, Hussain Z, Guha A, Giannakoulas
G, et al. Prothrombin complex concentrate in major bleeding associated
with DOACs; an updated systematic review and meta-analysis. ] Thromb
Thrombolysis. (2021) 52:1137-50. doi: 10.1007/s11239-021-02480-w

45. Douketis JD, Spyropoulos AC, Duncan J, Carrier M, Le Gal G, Tafur
AJ, et al. Perioperative management of patients with atrial fibrillation
receiving a direct oral anticoagulant. JAMA Intern Med. (2019) 179:1469-
78. doi: 10.1001/jamainternmed.2019.2431

Conflict of Interest: LR has received consulting fees from Boehringer Ingelheim.

The remaining author declares that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Whitworth and Raffini. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org

April 2022 | Volume 10 | Article 860369


https://doi.org/10.1182/bloodadvances.2020003244
https://doi.org/10.3389/fped.2017.00012
https://doi.org/10.1182/blood.2020005819
https://doi.org/10.1182/bloodadvances.2020003442
https://doi.org/10.1111/jth.15358
https://doi.org/10.1016/j.jacc.2016.02.082
https://doi.org/10.7326/M19-0087
https://doi.org/10.1182/blood-2018-04-848333
https://doi.org/10.7326/M19-0291
https://doi.org/10.1016/j.autrev.2018.04.009
https://doi.org/10.1182/bloodadvances.2020001830
https://doi.org/10.1016/j.thromres.2018.03.009
https://doi.org/10.1016/j.vph.2017.05.001
https://doi.org/10.1182/hematology.2020000166
https://doi.org/10.1161/STR.0000000000000183
https://doi.org/10.1002/cpdd.123
https://doi.org/10.1016/j.thromres.2020.08.016
https://doi.org/10.1111/jth.13117
https://doi.org/10.1016/S0140-6736(15)60732-2
https://doi.org/10.1111/bjh.14371
https://doi.org/10.1016/S0140-6736(20)32439-9
https://doi.org/10.1056/NEJMoa1814051
https://doi.org/10.1002/pbc.29484
https://doi.org/10.1007/s11239-021-02480-w
https://doi.org/10.1001/jamainternmed.2019.2431
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Practical Considerations for Use of Direct Oral Anticoagulants in Children
	Introduction
	Treatment of VTE
	Acute VTE
	Age
	Central Venous Catheter Related Thrombosis (CVC-VTE)
	Cerebral Venous Thrombosis (CVT)
	Malignancy
	Cardiac Disease
	Obesity
	Renal Impairment
	Liver Disease
	Antiphospholipid Antibody Syndrome
	Abnormal Uterine Bleeding (AUB)

	Prevention of Thrombosis
	Cardiac Disease
	Oncology
	Acute Ischemic Stroke (AIS)

	Route of Administration and Formulation
	Medication Interactions
	Bleeding/Reversal/Procedures
	Discussion
	Author Contributions
	Funding
	References


