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Abstract: The incidence of venous thromboembolism (VTE) is increas-
ing in pediatric patients. Prompt recognition and evaluation of VTE in
young patients could prevent significant morbidity or mortality. In contrast
to VTE in adults, current treatment guidelines are largely based on expert
opinion as limited randomized controlled trial data exist about the appropri-
ate management in pediatric patients with traditional anticoagulants. How-
ever, recently approved direct-acting oral anticoagulants in adults are also
being investigated in pediatric VTE and these data could inform future
evidence-based treatment principles. Thus, healthcare providers must be
well informed about the management of pediatric VTE and the data from
these trials to date. This continuing medical education article will provide
a summary of management of pediatric VTE with particular emphasis on
emerging direct-acting oral anticoagulants.
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TARGET AUDIENCE
This CME activity is intended for health care providers who

care for children with thromboembolic disease, including pediat-
ric and general emergency medicine physicians, nurses, nurse
practitioners, and pharmacists.

LEARNING OBJECTIVES
After completion of this article, the reader should be better

able to:

1. Describe the epidemiology, risk factors, and pathogenesis of
venous thromboembolism in children

2. Diagnose and evaluate pediatric patients with venous
thromboembolism

3. Explain the mechanisms of action, limitations, and indications
for traditional and upcoming anticoagulant regimens

OVERVIEW
Venous thromboembolism (VTE) is an increasingly recog-

nized entity in pediatric patients. Recent epidemiologic studies es-
timate an incidence of 0.07 to 1 in 10,000 per year and a
prevalence of 5.3 to 9.7 per 10,000 admissions in hospitalized
children.1–3 Moreover, the incidence in hospitalized patients has
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been increasing dramatically over time with a bimodal peak
wherein thromboembolism occurs most commonly in neonates
and adolescents.4

Management of thromboembolism in children requires a sys-
tematic approach to identify risk factors and comorbidities, which
may then guide therapeutic options including thrombolysis (with
systemic or catheter-based approaches) and anticoagulation.
Thrombolysis is generally reserved for life or limb-threatening
thrombosis. Therefore, the majority of pediatric patients are either
managed with anticoagulation or with observation and close mon-
itoring in patients considered at high risk for adverse outcomes
with drug therapy. Younger patients are generally anticoagulated
with intravenous unfractionated (UFH) or subcutaneously admin-
istered lowmolecular weight heparin (LMWH) while oral vitamin
K antagonists (VKA) are reserved for older patients who are able
to swallow tablets. However, new direct-acting oral anticoagulants
(DOACs) targeting activated factor X (FXa) or thrombin, which
are approved in adults5–10 and have promising initial results in pe-
diatric trials, could provide a new avenue for pharmacologic ther-
apy going forward. Here, we briefly review the pathogenesis and
risk factors for pediatric VTE and discuss both the established
and upcoming anticoagulation options.
PATHOGENESIS AND RISK FACTORS
Rudolf Virchow proposed the triad of stasis, inflammation

and hypercoagulability as responsible for the development of ve-
nous thrombosis. Altered blood flow is thought to contribute to
thrombosis by mediating fibrinolytic resistance of a thrombus.11

Endothelial injury caused by inflammatory cytokines leads to a local-
ized procoagulant state via (1) depletion of surface thrombomodulin;
(2) increase in tissue factor expression; (3) increase in cell-surface ad-
hesion molecules; and (4) release of von Willebrand factor from en-
dothelial cells, which then binds platelets.12–14 Thrombus formation
at these sites can be triggered by either the extrinsic (factor XIIa) or
intrinsic (tissue factor/factor VIIa) pathways (Fig. 1) as both have
been implicated in animal models. Further, excess of prothrombotic
factors (eg, the prothrombin c.97G>A mutation15 or the activated
protein-C resistant factor V Leiden variant16,17) or deficiencies of
antihrombotic factors18 (eg, protein C, protein S, and antithrom-
bin) can propagate pathologic thrombosis.

Although congenital thrombophilias may underlie the devel-
opment of spontaneous VTE in children, the vast majority of chil-
dren with VTE have underlying comorbidities leading to an
acquired prothrombotic state (Table 1). These risk factors include
central venous catheters, cardiac disease, malignancy, infections,
certain drugs, hematologic disorders, and conditions that result
in prolonged immobility, protein loss, or inflammation. The single
most important risk factor in pediatric VTE is the presence of a
central venous catheter. Catheter-associated thrombi represent
~85% of VTEs in neonates and over half of the VTEs in older
children.19,20 In neonates, perinatal and maternal factors should
also be considered including maternal diabetes, hypertension, or
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FIGURE 1. Mechanism of action of anticoagulants. Coagulation is initiated via the extrinsic pathway via tissue factor (TF) mediated activation
of factor VII to generate activated factor X (FXa) and a small thrombin (IIa) burst. This thrombin feeds back to propagate the intrinsic
pathway where activated factors IX and VIII assemble into the Xase complex to generate more FXa which then pairs with factor Va in the
prothrombinase complex to generate thrombin from prothrombin (II). Thrombin then generates fibrin which is subsequently cross-linked
by factor XIII. The heparins potentiate the action of antithrombin, the natural inhibitor for FXa and thrombin whereby the vitamin K
antagonists decrease generation of functional factors II, VII, IX and X. New oral anticoagulants directly inhibit FXa (rivaroxaban, edoxaban,
apixaban) or thrombin (dabigatran).
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antiphospholipid syndrome and perinatal asphyxia, sepsis, polycy-
themia or heart disease, respectively.
PRESENTATION AND DIAGNOSIS
The symptoms of a deep venous thrombus depend on the lo-

cation but generally include swelling, pain, and discoloration for
extremity thromboses. Patients may also have superior vena cava
syndrome or chylothoraces in the upper extremities, whereas in
the lower extremities, they may present with abdominal or ingui-
nal pain or abdominal swelling. Patients with pulmonary
TABLE 1. Risk Factors for Pediatric Venous Thromboembolism

Thrombophilia Type Stasis

Congenital/Inherited Paget-Schroetter
May-Thurner

Prima

Acquired Hyperleukocytosis
Hyperviscosity
Polycythemia vera
Essential thrombocythemia

Hemoglobinopathies
Sickle cell disease
Thalassemia

Surgery/trauma
Neurologic diseases
Cardiac diseases
Congenital heart disease
Heart failure

Seco
Canc
Hem

Sic
Th

Infec
Auto
Vascu
Inflam
Card

Sh
EC

ECMO indicates extracorporeal membrane oxygenation.
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embolism may present with chest pain, cough, hemoptysis, dys-
pnea, or in severe cases in shock. Pediatric patients with
neurovascular events, such as stroke or sinus venous thrombosis,
may present with focal neurologic deficits, seizures, headache, or
vomiting. Imaging modalities used for diagnosis include compres-
sion Doppler ultrasonography for extremity thrombi, CTwith con-
trast for pulmonary emboli, sinus venous thrombosis, and
abdominopelvic thrombi, and MRI with venography for intracranial
clots. Echocardiography is the imaging modality of choice for
suspected intracardiac clots. In contrast to adults, the Wells score
has not been shown to be predictive in children21 and D-dimers
Inflammation Hypercoagulability

ry APS Factor V Leiden
Prothrombin mutations
Protein C deficiency
Protein S deficiency
Antithrombin deficiency

ndary APS
er
oglobinopathies
kle cell disease
alassemia
tions
immune disorders
litis
matory bowel disease

iac diseases
unt/stent/valve
MO

Drugs
Asparaginase
Steroids
Hormonal therapy

Paroxysmal nocturnal hemoglobinuria
Nephrotic syndrome
Protein-losing enteropathies
Cardiac diseases
Shunt/stent/valve
Chylothorax

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.

http://www.pec-online.com


Pediatric Emergency Care • Volume 37, Number 5, May 2021 Pediatric Venous Thromboembolism
have not been evaluated in prospective studies.22,23 Thus, clinical
suspicion integrating patient's symptoms and risk factors should
drive the decision to obtain diagnostic imaging. The decision to
pursue thrombophilia testing should be individualized to the
patient's presentation and risk factors. Baseline laboratory analyses
should include a complete blood count, renal and hepatic function,
and coagulation studies including a prothrombin time (PT), acti-
vated partial thromboplastin time (aPTT), fibrinogen and D-dimer
as these will help identify any potential etiologies as well as guide
anticoagulation management.
MANAGEMENT
There are limited primary trial data in pediatrics about the

recommended therapy for VTE. However, consensus expert
guidelines for the management of pediatric VTE are available
from the American College of Chest Physicians24 and more re-
cently the American Society of Hematology.25 The goals of ther-
apy are to limit extension and/or embolization of the thrombus,
prevent recurrence, and decrease the risk of postthrombotic syn-
drome. The decision to treat a thrombus should be carefully
weighed against the risk of hemorrhage for each patient. Consen-
sus guidelines suggest treatment of all symptomatic VTE in chil-
dren with either heparins or vitamin K antagonists unless
thrombolysis is indicated by the presence of hemodynamic com-
promise or limb-threatening thrombi. If bleeding risk is low, dura-
tion of therapy should be 3 months or less in patients with
provoked VTE and 6 to 12 months for unprovoked VTE. Al-
though adult data suggest benefit in treatment of asymptomatic
VTE, the differences in epidemiology and pathophysiology be-
tween these 2 populations limits the applicability of these data to
asymptomatic pediatric VTE. Thus, the American Society of He-
matology guidelines leave treatment of asymptomatic VTE to pa-
tient and provider discretion. The anticoagulants exert their effects
at different points in the coagulation cascade (Fig. 1). Each of
these agents has its own risks, benefits, and data to support their
use as reviewed below and summarized in Table 2.
TABLE 2. Anticoagulant options for the management of pediatric V

Agent VTE Treatment Dose Half-Life (h) Metaboli

UFH 75 u/kg bolus then
18–28 U/kg/hr

0.5 Hepatic

Enoxaparin Infants: 1.2–1.8 mg/kg BID
Children: 1 mg/kg BID

4.5–7 Renal

Warfarin 0.2 mg/kg loading dose 40 Hepatic

Dabigatran >32 kg and >12 y:
1.71 mg/kg26

14–17 Renal

Rivaroxaban <12 kg – nomogram27

12–30 kg: 5 mg BID
30–50 kg: 15 mg QD >
50 kg: 20 mg QD

5–13 Renal and h

Edoxaban Not available 10–14 Hepatic and
Apixaban Varies by trial 9–14 Hepatic and

BID indicates twice daily; QD, daily.
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Conventional Anticoagulants

Heparins
The heparins (UFH or LMWH) exert their inhibition on FXa

and thrombin via potentiation of antithrombin to block the gener-
ation of cross-linked fibrin from fibrinogen (Fig. 1). The choice of
which version to use depends on the clinical situation and bleed-
ing risk of the patient. Unfractionated heparin is generally the
drug of choice in a critically ill patient with high risk of hem-
orrhage or for short-term prophylaxis (eg, surgery) because of
its reversibility and short half-life. It is infused via continuous
intravenous infusion or can be used subcutaneously. Unfrac-
tionated heparin has disappointing pharmacokinetic predict-
ability because of both poor correlation between dose and
measures of effect (aPTT or anti-Xa level) and patient aspects
including systemic inflammation and/or the properties intrinsic
to developmental hemostasis that can limit efficacy at the same
dose in patients of different ages.28–31 The anticoagulant effect
is monitored and dose adjustments made to fall within a desired
range (aPTT 2–3 fold increased from baseline or anti-Xa of
0.3–0.7 IU/mL). Thus, UFH generally requires more dose ad-
justments than other anticoagulants; nevertheless, weight-based
dosing of UFH has been clinically effective with a decent safety
profile in pediatric VTE.28,31

Although intravenous use32–34 has been reported, LMWH is
generally administered subcutaneously and, despite its lack of ap-
proval by the Food and Drug Administration (FDA) in pediatric
patients, has a decades-long history of use in pediatric VTE.
Massicotte et al35 initially found the need for age and weight-based
dosing to target adult anti-Xa levels and this was confirmed in
subsequent studies to establish the current guidelines of higher
dosing for neonates (1.5–1.8 mg/kg) than older children (1 mg/
kg). In contrast to adult populations, doses are typically adjusted
to maintain the anti-Xa level within a goal range (typically
0.5–1 IU/mL). However, as with UFH, there are limited data
supporting a rigorous relationship between anti-Xa level and
efficacy36–38 and differences in assay reagents may alter dosing
requirements in the same patient.39 Enoxaparin is primarily me-
tabolized by the kidneys and the use in patients with renal
TE

sm Monitoring Reversal Agent(s) Enzymatic Interactions

aPTT
Anti-Xa
Anti-IIa
ACT

Protamine

Anti-Xa Protamine (partial)

INR Vitamin K
FFP
PCC

CYP3A4, vitamin K

DTT Idarucizumab P-glycoprotein, PPIs

epatic Anti-Xa Andexanet alfa CYP3A4 and
P-glycoprotein

renal Anti-Xa Andexanet alfa P-glycoprotein
renal Anti-Xa Andexanet alfa CYP3A4 and

P-glycoprotein
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dysfunction can be complicated by drug accumulation.Measuring
trough anti-Xa levels can help with the monitoring of enoxaparin
accumulation. Enoxaparin should generally be avoided in patients
with a glomerular filtration rate less than 30 mL/min.

Bleeding represents the primary safety concern with both
UFH and LMWH. The short half-life and ability to use protamine
for reversal of UFH effect has made it more desirable in high-risk
situations, whereas the stability and subcutaneous administration
of LMWHmakes it more desirable for the duration of therapy typ-
ical for acute VTE. Lowmolecular weight heparin can be reversed
partially by protamine administration with the dose of protamine
dependent on anti-Xa level and time of last LMWH exposure.
Heparin-induced thrombocytopenia is more common with UFH
than LMWH but, in general, is far less common in pediatric pa-
tients than adults.40–42 The most common adverse events with
subcutaneous LMWH are bruising or hematoma at the site of in-
jection. There are a few case reports of osteopeniawith subcutane-
ous heparin use in pregnant women whereas long-term use of
LMWH has clearly been associated with osteopenia.

Vitamin K Antagonists
Warfarin is the primary vitamin K antagonist used in chil-

dren. It works by preventing the action of vitamin K epoxide re-
ductase, which is critical to gamma carboxylation of factors II,
VII, IX, and X and the anticoagulant proteins C and S. The
uncarboxylated forms cannot bind to phospholipid membranes
or calcium to function in coagulation. Warfarin initiation is typi-
cally accomplished with a heparin bridge as depletion of anticoag-
ulant proteins occurs before depletion of clotting factors rendering
a procoagulant state initially. Anticoagulation is generally achieved
approximately 5 to 7 days into therapy after factors II, IX, and X are
depleted (FVII depletion occurs earlier owing to its short half-life).
At therapeutic dosing, warfarin prolongs the PTwhich is reported
after normalization with an international reference (international
normalized ratio [INR]). Warfarin is typically initiated with a load-
ing dose of 0.2 mg/kg with subsequent doses based on INR levels.
As warfarin is absorbed in the stomach and metabolized by the
liver, this dosage may change based upon a patient's nutritional
status (which affects vitamin K intake) and other medications. Ge-
notypic variations that affect warfarin metabolism or inter-current
viral illnesses that affect absorption may affect INR values. Pa-
tients require regular monitoring of INR given the narrow thera-
peutic window to prevent recurrent thrombosis and bleeding.
Because of the number of variables that can lead to potentiation
or reduction of the anticoagulant effect, there can be poor control
of warfarin levels. In addition, it carries a teratogenic risk and may
adversely affect bone health with long-term use. In cases of supra-
therapeutic INR with bleeding, warfarin can be reversed quickly
with vitamin K, fresh frozen plasma (FFP), or prothrombin com-
plex concentrate (PCC) infusion.

DOACs
Several novel anticoagulants targeting either thrombin

(bivalirudin, argatroban, dabigatran) or FXa (rivaroxaban, apixaban,
edoxaban, and fondaparinux) have been approved for stroke pre-
vention in the setting of nonvalvar atrial fibrillation and treatment
or prevention of VTE in adults. Here, we will focus the discussion
on the oral formulations of these drugs. In pooled analysis of the
adult studies, the DOACs showed lower rates of major bleeding
compared with warfarin with similar efficacy,43,44 however, there
is a slightly increased signal of gastrointestinal bleeding.45 In pe-
diatrics, argatroban is the only currently approved direct anticoag-
ulant for use in patients with known or suspected heparin-induced
thrombocytopenia. Several pediatric clinical trials are either
276 www.pec-online.com
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ongoing or have been completed and presumably DOACswill be-
come available for use in pediatric patients in the near future.
Thus, knowledge of these drugs in terms of dosing, pharmacoki-
netics, monitoring, side effects, and reversibility will be of critical
importance to emergency care personnel who often make initial
contact with these patients.

Important considerations before prescribing these medica-
tions when they become available for pediatric use include: (1)
dose reductions for moderate to severe renal disease; (2) lack of
data regarding safety in patients with platelet counts <50,000/
μL; (3) inability to use these agents in patients with hepatic disease
and coagulopathy; (4) limited clinical data to guide use of these
drugs in patient with a body mass index greater than 40 or weight
greater than 120 kg46; and (5) evidence to suggest increased risk of
recurrent thrombosis when used in patients with antiphospholipid
syndrome.47 Furthermore, several drugs can interact with medica-
tions that are inducers and/or inhibitors of the cytochrome p450
or p-glycoprotein enzymes and careful review of patient medica-
tions should be completed when considering prescribing a DOAC.

Direct Thrombin Inhibitors
The only available oral direct thrombin inhibitor is dabigatran.

In adults, dabigatran was the first DOAC approved by the FDA and
is currently licensed for both the treatment of VTE and the preven-
tion of VTE in the setting of orthopedic surgery or atrial fibrillation.
In adults, it is initiated after a period of 5 to 7 days of heparin ther-
apy. Dabigatran binds free and fibrin-bound thrombin with a high
affinity preventing fibrinogen from being converted to fibrin (Fig. 1).
In adult studies, dabigatran showed similar efficacy with a slightly
lower bleeding risk than warfarin.9,10 Phase 1 and 2 studies of
dabigatran in children have been completed and demonstrated a
linear relationship between plasma concentration of dabigatran
and dilute thrombin time (DTT).26,48,49 Dabigatran was given
via weight adjusted doses in these studies to attain the pharmaco-
kinetic profiles seen in adult patients and accounting for better re-
nal function in children as compared with adults. As these studies
were done with single doses of drug, efficacy evaluation is not yet
possible. However, as in adults, adolescents given dabigatran
twice daily as part of a phase II study did experience mild gastro-
intestinal complaints.26 These complaints may be mitigated with
proton pump inhibitors (PPIs) but concurrent use of PPIs with
dabigatranmay lower drug concentration. Current pediatric phase 3 tri-
als are evaluating dabigatran versus standard of care for VTE treatment
(NCT01895777) and secondary VTE prevention (NCT02197416)
but results are not yet available.

FXa Inhibitors
The oral FXa inhibitors include edoxaban, apixaban, and

rivaroxaban. All are under investigation via pediatric investigation
plans with phase 3 trials ongoing for edoxaban (NCT02798471
and NCT 03395639) and apixaban (NCT01707394) and recently
published for rivaroxaban.50 These drugs work by binding to the
factor X active site to prevent its activation and participation in
the prothrombinase complex (Fig. 1). The major differences are
in bioavailability, pharmacokinetics, and clearance. The adult dos-
ing for edoxaban is once daily from the outset compared with
rivaroxaban (15 mg twice daily for 21 days followed by 20 mg
daily) and apixaban (10 mg twice daily for 7 days followed by
5 mg twice daily). Similar to dabigatran, pediatric investigations
of the FXa inhibitors are using weight-based dosing that accounts
for renal function and bioavailability of suspension forms com-
pared with tablets. Edoxaban trials are evaluating pharmacokinet-
ics (NCT02303431) and efficacy compared with standard of care
for DVT and VTE (NCT02798471, NCT03395639) in the
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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pediatric population. Apixaban seems to have a safer bleeding
profile in adult studies and is being studied extensively at all
phases of clinical trials for pharmacokinetics (phase 1
NCT01707394), safety (phase 2 in heart disease NCT02981472
and for secondary VTE prophylaxis NCT04041843), and efficacy
(NCT02464969, also being studied in pediatric cancer via
NCT02464969). Dosing nomograms for these studies are based
on the earlier phase trials of single-dose administrations.

The phase 3 trial for rivaroxaban was recently published and
showed noninferiority to warfarin or LMWH in patients aged 0 to
18 years.50 In this study, pediatric patients with newly diagnosed
VTE were randomized 2:1 adjusting for site of thrombosis and
presence of thrombophilia risk factors to weight-adjusted
rivaroxaban tablets or suspension versus standard of care after
5 to 9 days of heparin or fondaparinux therapy. The primary ef-
ficacy outcome was symptomatic recurrent VTE and secondary
outcome was resolution of thrombus as documented by repeat
imaging when feasible; safety was assessed as major and nonma-
jor bleeding. The dosing for this study was based upon pharma-
cokinetic data from the phase 227 trial and is summarized in
Table 2. A total of 500 patients were included in the study and
results showed that rivaroxaban had a similar low incidence of
recurrent thrombosis (hazard ratio [HR], 0.40 with 95% confi-
dence interval [CI], 0.11–1.41) and risk of bleeding (HR, 1.58;
95% CI, 0.51–6.27) compared with standard of care. Two clear
differences exist between this study and its adult counterparts:
first, there was a period of initial heparin therapy in these patients
and second, there was not a requirement for a higher dose of
rivaroxaban for the initial 3 weeks. Of note, there were 37 and
47 patients treated with rivaroxaban in the 0 to 23 months and 2
to 5 years age groups, respectively, providing limited data in this
subset of patients. Further, in addition to the exclusion criteria
listed above for all DOACs, children younger than 6 months were
excluded from the rivaroxaban study if they were born before
37 weeks gestation, weighed less than 2.6 kg, or had not been
fed orally for at least 10 days. Thus, care must be used in extending
the results of this study to the excluded population. Rivaroxaban is
also currently under investigation for thromboprophylaxis in com-
parison to aspirin in children who have undergone a Fontan proce-
dure (NCT02846532).

Emergency Department Considerations
Clinicians should be aware of the effects of DOAC on clini-

cal monitoring parameters both in routine and emergency situa-
tions. Both the PT and aPTT may be prolonged in the setting of
these new anticoagulants and the degree depends on the reagents
used to conduct the assay and the drug (eg, rivaroxaban prolongs
the PTmore than edoxaban or apixaban).51 In the setting of bleed-
ing, specific factor assays, including fibrinogen, may also be af-
fected by the presence of DOACs. Testing for thrombophilias,
such as antithrombin deficiency, protein C/S deficiencies, acti-
vated protein C resistance, dilute Russell viper venom test, and
factor assays, should thus occur either before starting these agents
or at the trough concentration of these drugs.

Drug Level Monitoring
Although no routine monitoring of these drugs is recom-

mended, situations may arise where knowing the drug level is nec-
essary. In these scenarios, drug-specific tests with fairly rapid
turnaround times have been developed but are not widely avail-
able. The direct thrombin inhibitors can be measured via the
DTTassay calibrated to dabigatran concentrations.52 The FXa in-
hibitors can be measured via chromogenic anti-Xa assays cali-
brated to the drug of interest but may be inaccurate in the setting
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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of concurrent heparin exposure.53 As these assays are not rou-
tinely available, conventional coagulation tests may be used as
surrogates to assess for DOAC presence. A normal thrombin time
excludes dabigatran presence and a heparin-calibrated anti-Xa
chromogenic assay can be used to rule out presence of clinically
relevant FXa inhibitors, although it is a less sensitive assay.
Drug Reversal and Management of Bleeding
Although the DOACs have a lower risk of bleeding in adult

studies compared with heparin or VKA therapy, there is still a risk
of major bleeding in these patients. Further, although routine sur-
geries can be performed by holding the drug for 1 to 3 days, pa-
tients may need urgent interventions that require quick reversal
of drug effect. Dabigatran may be partially removed by dialysis
and activated charcoal reduces the absorption of the FXa inhibi-
tors if administered within 2 hours of ingestion. Plasma drug cut-
off thresholds for use of reversal agents have not been established
in prospective studies as of yet although extrapolation of bleeding
risk from adult phase 2/3 studies have been published for
edoxaban54 and dabigatran55 and guidance from the FDA is avail-
able for apixaban56 and rivaroxaban.57 The International Society
on Thrombosis and Hemostasis (ISTH) recommends considering
reversal in patients with serious bleeding and drug levels greater
than 50 ng/mL or greater than 30 ng/mL in those needing invasive
procedures.58 To this end, more specific reversal agents for
dabigatran (idarucizumab) and the FXa inhibitors (andexanet alfa)
have been developed.

Idarucizumab is a humanized monoclonal antibody that
complexes with both thrombin-bound and free dabigatran to target
the complex for elimination by the kidneys. The drug is given as 2
infusions separated by 15 minutes and was studied in adult pa-
tients treated with dabigatran who presented with uncontrolled
bleeding (group A) or need for urgent procedures (group B).
Idarucizumab administration led to normalization of the DTT
within 4 hours, cessation of bleeding within ~2.5 hours in group
A, and normal surgical hemostasis in ~94% of patients in group
B.59 However, therewas an observed prolongation of clotting time
around 12 hours after drug administration and mortality rates of
~18% were noted with recurrent thrombosis found in ~5% of pa-
tients within 30 days of idarucizumab administration.

Andexanet alfa is a modified, inactive, recombinant FXa de-
signed to bind and sequester the Xa inhibitors to restore FXa activ-
ity.60 The drug is administered as a bolus followed by a 2-hour
infusion with the exact dosage determined based upon last FXa in-
hibitor administration. The ANNEXA-4 study61 was a single-arm
study designed to assess the safety and efficacy of andexanet in
adult patients presenting with major acute bleeding while taking
rivaroxaban, edoxaban, apixaban, or enoxaparin. Of the 352 pa-
tients enrolled, the vast majority were on apixaban (55%) followed
by rivaroxaban (36%), and bleeding sites were primarily intracra-
nial (64%) or gastrointestinal (26%). Andexanet alfa reduced me-
dian anti-FXa activity by ~92% for apixaban and rivaroxaban and
75% for enoxaparin by the end of the infusion. However, this ef-
fect waned to ~30% to 40% by the 4-hour mark. Hemostatic effi-
cacy at 12 hours postadministration was achieved in 82% of
patients but there was no relationship between reduction in
anti-Xa activity and hemostatic efficacy in the total patient popu-
lation, albeit some correlation was seen in the subset of patients
with intracranial hemorrhage. Ten percent of patients developed
a thrombotic event (myocardial infarction, stroke, DVT or PE) in
the 30-day follow-up period. A randomized clinical trial of
andexanet alfa is planned (NCT03661528) to address the limita-
tions of this study and better answer the question of clinical bene-
fit with andexanet use.
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The ISTH recommends using these agents in the setting of
life threatening bleeding, bleeding in enclosed spaces or critical
organs, persistent major bleeding despite local measures, or need
for urgent/emergent procedures with high risk of bleeding. Impor-
tantly, ISTH recommends against use of these agents for elective
or nonurgent surgeries, gastrointestinal bleeding that responds to
supportive measures, and high drug levels without bleeding. The
safety of these drugs in the pediatric population is unknown at this
time, although the phase 3 study of idarucizumab in pediatric pa-
tients has completed recruitment (NCT02815670). As these rever-
sal agents are quite expensive and are not prohemostatic per se,
management of serious bleeding may require adjunctive therapy
in the form of fresh frozen plasma, antifibrinolytics, PCCs, recom-
binant factor VIIa or factor VIII inhibitor bypassing agent.62–65

These agents have been tried for hemostasis in the setting of
DOAC use, but they are not FDA approved for this indication.
CONCLUSIONS
The incidence of VTE in pediatric patients and the complex-

ity of these cases is ever increasing. Anticoagulant management of
these patients with heparins or VKAs is cumbersome due to the
need for injections and/or frequent monitoring. Direct-acting oral
anticoagulants have properties that are more amenable in terms of
quality of life and treatment burden including oral administration
and lack of need for frequent monitoring. Further, the systematic
and rigorous investigation of these drugs for pediatric VTE treat-
ment and prevention is a distinct advantage over the traditional
agents. However, clinicians should be aware of the challenges of
DOACs in terms of interactions, monitoring, and excluded patient
populations. Further, although there is a case report66 of idarucizumab
use in an adolescent who suffered dabigatran overdose, safety and
efficacy data for the reversal agents are not yet available in the pe-
diatric population. Finally, although the prospect of DOACs is
promising, they are not yet licensed for pediatric use.
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