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Venous thromboembolism (VTE) is a rare and heterozygous disease in children. Management of VTE in children
is complicated by age-related differences in epidemiology, recurrent VTE and bleeding risk, hemostatic proteins
and pharmacokinetics of anticoagulants. Recently, the choice of anticoagulation has expanded to oral factor Ila
and Xa inhibitors, which have been authorized for children for treatment of acute VTE and extended secondary
prevention. These drugs have several properties that make them extremely suitable for use in children, including
oral administration, antithrombin independence, less interactions with food and drugs and no need for moni-

toring. Unfortunately, the phase 3 studies had many exclusion criteria, and only a few term neonates and infants
were included in these studies. Additional real-world data is needed to make evidence-based recommendations in
these age and patient groups, as well.

1. Introduction

The management of venous thromboembolism (VTE) in pediatric
patients is challenging. Pediatric VTE is uncommon (1 in 100.000),
although its incidence is rising, mostly in hospitalized neonates and
children with complex underlying diseases [1-3]. In addition, pediatric
VTE is not only a rare, but also a heterogeneous disease regarding pa-
tient age, comorbidities, risk factors and anatomical locations, with each
type of VTE having its unique pathophysiology, and short- and long-
term consequences. Consequently, large clinical management trials are
lacking in both neonates and children with VTE. Many recommenda-
tions for treatment of pediatric VTE are still extrapolated from adult
studies despite several age-dependent differences, including differences
in epidemiology of VTE, in pharmacokinetics and pharmacodynamics of
anticoagulant drugs, in bleeding risk, and in hemostatic proteins, which
vary over time from neonatal age to adulthood [4,5].

Anticoagulation is the standard-of-care for acute symptomatic pe-
diatric VTE. The aims of anticoagulation are to prevent mortality and
reduce the risk of extension, embolization, recurrent thrombosis and
post thrombotic sequelae. Until recently, anticoagulation in pediatric
VTE patients mainly consisted of unfractionated heparin (UFH), low-
molecular-weight heparin (LMWH), and vitamin K antagonists (VKA)
[6]. All these agents have drawbacks [7]. Both UFH and LMWH need to
be administered parenterally. The anticoagulant function of heparins is

accomplished by potentiating the inhibitory effects of endogenous
antithrombin on several coagulation factors. Unfortunately, anti-
thrombin levels may be very low in neonates and in critically ill chil-
dren, causing heparin resistance. Heparin monitoring is challenging as
measurement of anti-Xa levels and activated partial thromboplastin time
(aPTT) require intravenous access, which can be very problematic for
children. VKAs can be administered orally, but they show many in-
teractions with food and drugs, and require frequent international
normalized ratio (INR) monitoring. Furthermore, none of these antico-
agulants has been authorized for children, with the exception of dalte-
parin in the United Stated, based on a small pediatric study [8].
Consequently, age-appropriate dose strengths and formulations, such as
oral suspension or solutions, are not commercially available. Currently,
the use of oral factor Ila and Xa inhibitors in children is increasing as
dabigatran and rivaroxaban have shown to be as effective and safe as
standard-of-care (SOC) for treatment of acute pediatric VTE and
extended secondary prevention and are approved by regulatory au-
thorities [9,10]. They have a fast onset and exert their effect directly (not
via antithrombin), are administered orally, do not require monitoring,
and have fewer interactions with drugs and food. However, they may
not be ideal in every situation. In this review, we will give an overview
about the current management options for VTE in pediatric patients,
focusing on the use of dabigatran and rivaroxaban, reveal research gaps
and discuss practical aspects of the most frequently used anticoagulants.
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Fig. 1. Proposed management algorithm for neonatal catheter-related venous thrombosis. Abbreviations: r-tPA recombinant-tissue plasminogen activator, US ul-

trasonography, EC Echocardiography, VTE venous thromboembolism.

2. Management of venous thromboembolism in neonates

Neonatal venous thrombosis can roughly be divided into three
groups: 1. neonatal catheter-related venous thrombosis (CVTE), 2.
neonatal renal vein thrombosis (RVT) and 3. neonatal cerebral sinove-
nous thrombosis (CSVT). Studies evaluating the management of neo-
nates with VTE are limited. Various treatment options have been
recommended: 1. no antithrombotic therapy and monitoring, 2. anti-
coagulation (mainly UFH and LMWH), and 3. thrombolytic therapy
[6,11]. Thrombectomy is rarely reported as experience with microsur-
gery is limited. The role of factor Ila and Xa inhibitors still need to be
established in neonates, as will be discussed below. Before the start of
antithrombotic treatment in neonates, it is important to consider the
(bleeding) risks and benefits of all the above-mentioned options in each
patient.

2.1. Neonatal catheter-related venous thromboembolism

CVTE is by far the largest group of neonatal VTE: >90 % of neonatal
VTE is associated with central venous catheters [12]. The reported in-
cidences of neonatal CVTE varied between 2.4 and 38 per 1000 ad-
missions on the neonatal intensive care unit [13-15]. Presenting
symptoms included unexplained thrombocytopenia, ongoing sepsis,
swollen limb, and occlusion of the catheter [15]. Mortality and
morbidity data are scarce. Mortality varied between 0.9 and 3.7 %
[16,17]. Recurrent VTESs occurred in about 2 to 3 % in infants <3 months
[18]. In about 16 % of neonates, mild post thrombotic syndrome (PTS)
occurred with increased extremity circumference and the development
of collateral veins [19].

In CVTE, the most recent American Society of Hematology (ASH)
guideline recommends removal of the catheter if it is no longer required
or dysfunctional, and suggests no removal, if the catheter is still required
and functional [6]. Recent studies showed that the catheter can be
removed without prior anticoagulation [15,20].

In 2014, Park et al. proposed an algorithm for diagnosis and man-
agement of CVTE in neonates based on their systematic review of pub-
lished studies, which included case series and single case reports [21].
The treatment choice in this algorithm was especially based on the
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presence or absence of symptoms, thrombus propagation and the pres-
ence of limb or organ compromise. A wait-and-see policy was advised
for asymptomatic VTE, anticoagulation (UFH or LMWH) for thrombus
propagation and symptomatic VTE, and thrombolysis for major VTE
with limb or organ compromise.

Recently, the results of the “NEOnatal Central-venous Line Obser-
vational study on Thrombosis (NEOCLOT): evaluation of a national
guideline on management of neonatal CVT” were published [15]. This
was a prospective multicenter observational study investigating the
outcomes of implementation of the consensus based NEOCLOT guideline
in the Netherlands. In the NEOCLOT guideline right atrium CVTE was
distinguished from venous CVTE. Treatment choice depended on the
obstruction of venous CVTE, the size of right atrium CVTE and the
presence of high-risk VTE features. A wait-and see policy was advised for
non-obstructive venous CVTE, and right atrium VTE obstructing less
than half of the atrium. Anticoagulation (preferably LMWH) was advised
in obstructive venous CVTE and right atrium VTE obstructing half or
more of the right atrium. Thrombolysis with recombinant- tissue plas-
minogen activator (r-tPA) was advised for specifically defined high-risk
VTE. The maximum duration of antithrombotic therapy was 3 months.
However, if at an earlier stage ultrasonography showed that thrombosis
had resolved, antithrombotic therapy could be stopped.

The NEOCLOT study included 115 infants <6 months old with CVTE
(62 % male, 79 % preterm). The study showed a low rate of mortality (n
=1, 0.9 %) and recurrent VTE (n = 2, 1.7 %). Major bleeding occurred in
9 infants (7.8 %): 2 of 7 (29 %) infants on r-tPA and 7 of 63 (11 %)
infants on LMWH. Five of 7 LMWH bleedings were complications of
subcutaneous catheter use for administration. Seven of 9 infants with
high-risk thrombi started on LMWH instead of thrombolysis as advised
by the guideline because of increased bleeding risk as judged by the
treating physicians. In 5 of them (71 %), the thrombi became smaller on
LMWH and lost their high-risk features. In 2 infants, treatment was
changed to thrombolysis after extension of thrombosis on LMWH, with
good results. So, the safety of the NEOCLOT protocol can probably be
improved by using LMWH with high initial doses as potential first choice
treatment option for high-risk right atrium thrombosis and by frequent
inspection or avoidance of subcutaneous catheters for LMWH adminis-
tration (Fig. 1). In addition, radiologic follow-up in all infants with wait-
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Table 1
Decision making in anticoagulant treatment of pediatric venous thromboembolism.
STEP 1
Considerations e Age group e Renal function e Vascular access
o Bleeding risk e Liver function e Underlying conditions
e Recurrence risk e Diet e Co-medication
o Developmental hemostasis e Prick fear o Adherence
STEP 2 Anticoagulant Route of Indication Disadvantages
administration
Initial Low-molecular-weight Subcutaneous All children Subcutaneous injections
therapy heparin Monitoring
Renal excretion
Antithrombin dependent
Unfractionated heparin Intravenous In high-risk patients due to short half-life, available antidote, Intravenous administration
nonrenal clearance Monitoring
Antithrombin dependent
Risk of heparin-induced
thrombocytopenia
STEP 3
Maintenance Low molecular weight Subcutaneous  (Preterm) neonates, young infants Subcutaneous injections
therapy heparin Children without enteral feeding Monitoring
Children with frequent interruptions, such as lumbar punctures in leukemia Renal excretion
Antithrombin dependent
Vitamin K antagonist Oral Children with enteral feeding Frequent INR monitoring
Preferable not in neonates and young infants Frequent food and drug
Children who cannot use direct factor Ila or Xa inhibitor interaction
No commercial liquid
formulation
Bridging needed
Risk of osteoporosis with
prolonged use
Factor IIa inhibitor Oral Children at least GA 37 weeks, weight > 3rd percentile WHO standards, Some drug interaction
(dabigatran) minimum age 3 m (as soon as able to swallow soft foods) Renal excretion
Children with enteral feeding
Not in children with GFR < 50 mL/min per 1.73 m? or requiring dialysis
Not in children with persistent elevated liver enzymes
Not in antiphospholipid syndrome
Not in patients with mechanical heart valves
Factor Xa inhibitor Oral Children at least GA 37 weeks and body weight >2600 g. Some drug interaction

(rivaroxaban)

Children with enteral feeding

Renal excretion

Not in children with GFR < 30 mL/min per 1.73 m?

Not in infants <1 year with serum creatinine >97.5th percentile
Not in children with persistent elevated liver enzymes

Not in antiphospholipid syndrome

Not in patients with mechanical heart valves

Abbreviations: GA gestational age, GFR Glomerular filtration rate, WHO World Health Organization, INR International Normalized Ratio, m months.

and-see policy is indicated to detect extension of thrombosis, specifically
in infants with symptomatic CVTE.

2.2. Neonatal renal vein thrombosis

Renal vein thrombosis (RVT) is the most frequent non-catheter
related VTE in neonates. Its incidence was estimated to be 2.2 to 2.6
per 100.000 live births [22]. The diagnosis is usually made within the
first three days after birth [23,24]. The classical triad of presenting
symptoms includes palpable flank mass, hematuria, and thrombocyto-
penia [23]. Associated risk factors are asphyxia, prematurity, dehydra-
tion, sepsis, maternal pre-eclampsia and diabetes mellitus [24-26].
Neonatal RVT seems to occur more frequently in males than females, is
most often unilateral, with a left predominance. The mortality rate is
low, but long-term kidney dysfunction is observed in about 70 % of the
patients [23,24].

There is no consensus on the management of neonatal RVT. A reg-
istry showed that treatment varied greatly among centers [24]. It is not
clear whether renal outcomes improve as result of anticoagulation or
thrombolytic therapy. Nevertheless, the ASH guideline suggests using
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anticoagulation in neonates with unilateral RVT and thrombolysis fol-
lowed by anticoagulation in neonates with bilateral RVT [6]. Neonates
with RVT must be followed carefully for renal complications such as
hypertension, atrophy, and chronic renal insufficiency. A prospective
multicenter observational study with a standardized protocol might be
helpful to identify the best treatment strategy for neonates with RVT.

2.3. Neonatal cerebral sinovenous thrombosis

The incidence of neonatal CSVT varied from 1 to 12 per 100.000
neonates in the Dutch registry to 47 per 100.000 neonates in the Ca-
nadian registry [27,28]. It occurs more often in males. Neonatal CSVT is
a multifactorial disease and risk factors include pre-eclampsia, maternal
diabetes, complicated delivery, perinatal asphyxia, sepsis, meningitis
and dehydration. About 50 % of neonates with CSVT present within 48 h
after birth with seizures or apneas, hypotonia, irritability or poor
feeding. Another 25 % presents during the first week. About half of the
patients develop some kind of impairment, especially in the presence of
parenchymal infarctions [29,30].

Management strategies are based on case-series and expert
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consensus. One cohort study of 68 neonates showed that neonatal CSVT
may progress without anticoagulation (10/40 neonates, 25 %)
compared with 1 of 28 neonates (3 %) on anticoagulation [31]. Anti-
coagulation seems to be safe, even in neonates with CSVT and thalamic
bleeding [29,32]. Therefore, the ASH guideline recommends using
anticoagulation in children with CSVT without bleeding and suggests
using anticoagulation in children CSVT with intracerebral bleeding [6].

3. Management of venous thromboembolism in children

In children >1 month of age, VTE most frequently occurs in ado-
lescents, with >150 VTE cases per 10,000 admissions in 2019 [2]. More
than 90 % of children have one or more underlying clinical conditions
with central venous catheters being the most common risk factor, ac-
counting for about 50 % of VTE in children. Other risk factors include
congenital heart disease, infection, oral contraception, surgery, malig-
nancy, and immobility [33,34]. Thrombosis locations vary accordingly:
in children until 12 years of age, VTE is most often located in the ce-
rebral sinus, as result of asparaginase therapy for treatment of acute
lymphoblastic leukemia, or mastoiditis. In adolescents, VTE is particu-
larly located in the lower and upper extremities, and lung. In contrast to
adults, spontaneous VTE is rare and occurs in about 2 to 9 % of pediatric
patients, especially in adolescents [33]. Symptoms depend on the loca-
tion of VTE. Each type of thrombosis, such as CVTE, or estrogen-related
pulmonary embolism, or mastoiditis induced CSVT has its own acute
and long-term sequelae. In general, mortality directly due to VTE is
about 2 % in registry data [1,3]. Recurrent VTE occurs in 6 to 11 % of the
patients [35-37]. The frequency of post thrombotic syndrome (PTS)
varies between 10 and 70 % with a mean frequency of 26 % (95 % CI:
23-28 %) [38].

Overall, management of symptomatic VTE usually consists of anti-
coagulation unless the child is bleeding or has an increased risk of
bleeding. The initial treatment of VTE comprises UFH or LMWH.
Thrombolysis can be given in situations when fast clot resolution is
needed, such as high-risk pulmonary embolism [39]. LMWH is the
preferred initial anticoagulant agent, because it is administered subcu-
taneously, which allows outpatient management, and requires less
monitoring. UFH is mainly given in critically ill patients due to its short
half-life. Nowadays, maintenance therapy includes LMWH, rivaroxaban,
dabigatran and VKA. The choice depends on many factors including
indication, age, VTE recurrence risk, bleeding risk, renal and liver
function, diet, co-medication, prick fear, and adherence (Table 1). The
duration of treatment depends on the presence and persistence of an
underlying risk factor, and the risks of recurrent VTE and bleeding. Until
recently, most children with provoked VTE were treated with 3 months
of anticoagulation, or longer if the causative risk factor was ongoing [6].
Shorter periods of anticoagulation might be appropriate in some patient
groups. This was investigated in the multicenter evaluation of the
duration of therapy for thrombosis in children (Kids-DOTT trial) [40]. In
this study, 417 patients younger than 21 years of age with provoked VTE
were randomized to 6 weeks (n = 207) or 12 weeks (n = 210) of anti-
coagulation, if they had no severe anticoagulant deficiencies, no
persistent antiphospholipid antibodies and resolved or non-occlusive
thrombi upon repeat imaging at 6 weeks after diagnosis. The primary
efficacy outcome (symptomatic recurrent VTE within 1 year) occurred
in 1 patient (0.65 %) in the 6-week group and in 2 patients (1.40 %) in
the 3-month group. The primary safety outcome (clinically relevant
bleeding events within 1 year) occurred in 1 patient (0.65 %) in the 6-
week group and in 1 patient (0.70 %) in the 3-month group, demon-
strating non-inferiority. For children with unprovoked thrombosis, the
optimal duration of anticoagulant therapy is unknown. The ASH
guideline suggests using anticoagulation for >6 months to 12 months,
considering patient values and preferences [6].
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4. Dabigatran and rivaroxaban pediatric phase 3 trials
4.1. Dabigatran

The efficacy and safety of dabigatran was studied in a phase 2b/3
trial (DIVERSITY) comparing dabigatran versus SOC in 2:1 ratio in 267
children aged 0 to <18 years of age with acute VTE [9] (Table 4). The
study period was 3 months. The used formulations in this study included
oral suspension for infants <12 months, oral pellets for children aged 3
months to <12 years and the adult capsules for children aged 8 to <18
years. The pediatric dabigatran dose regimens are age- and weight-based
and extrapolated from the adult therapeutic dosage of 150 mg twice
daily. Extrapolations were based on the Hayton formula, as dabigatran is
predominantly renally excreted [41]. The primary composite efficacy
endpoint of the DIVERSITY study included complete thrombus resolu-
tion, freedom from recurrent VTE, and freedom from VTE-related death.
It was met by 38 of 90 (42 %) patients receiving SOC and 81 of 177 (46
%) receiving dabigatran, showing non-inferiority of dabigatran to SOC.
The frequencies of any bleeding and major bleeding were similar in both
arms (any bleeding: SOC 24 % vs dabigatran 22 %; major bleeding: SOC
2 % vs dabigatran 2 %).

In a single-arm phase 3 safety study, the outcomes of dabigatran
treatment were assessed in 203 children who had an unresolved clinical
risk factor requiring extended anticoagulation after anticoagulant
treatment for 3 months [42]. The median exposure was 36.3 weeks.
Overall, 2 children (1 %) developed recurrent VTE, and 3 (1.5 %) and 2
(1 %) children experienced major and clinically nonmajor bleeding
complications, respectively.

4.2. Rivaroxaban

The Einstein-junior phase 3 study compared the efficacy and safety of
rivaroxaban with SOC in a 2:1 ratio in 500 children aged 0 to <18 years
of age with acute VTE [10] (Table 4). The study period was 1 month for
children <2 years of age with CVTE and 3 months in the other children.
Patients with extended anticoagulation could be treated with rivarox-
aban for up to 12 months. Pharmaceutical formulations consisted of an
oral solution for the young patients and film-coated tablets for children
>12 kg. The pediatric rivaroxaban dose was a body weight-adjusted
dose, corresponding to the adult 20 mg therapeutic dose. The primary
efficacy outcome symptomatic recurrent VTE occurred in 4 of 335 (1 %)
patients on rivaroxaban and in 5 of 165 (3 %) patients on SOC (hazard
ratio [HR], 0.4; 95 % confidence interval [CI], 0.1-1.4). The principal
safety outcome, major or clinically relevant nonmajor bleeding,
occurred in 10 (3 %) of 329 children on rivaroxaban (all non-major) and
in 3 of 162 (2 %) children (2 major and 1 non-major) on SOC (HR 1.58,
95 % CI 0.51-6.27). Complete resolution was more frequently observed
on repeat imaging in the rivaroxaban group (38 %) than in the SOC
group (26 %; odds ratio 1.70; 95 % CI 1.1-2.6).

4.3. Dabigatran and rivaroxaban in specific age and patient groups with
venous thromboembolism

Thus, in the pediatric programs for dabigatran and rivaroxaban,
pediatric formulations and age-appropriate dosing regimens have been
developed, and efficacy and safety have been evaluated in phase 3 trials,
leading to authorization of both drugs for treatment of acute VTE and
extended secondary prophylaxis in children. However, the phase 3
studies had many exclusion criteria, and it appeared to be difficult to
include neonates and young infants in these studies. Further real-life
studies and registries, such as the Throm-PED registry of the Interna-
tional Pediatric Thrombosis Network (IPTN), will be helpful in deter-
mining efficacy and safety of these new anticoagulants in specific
pediatric age and patient groups, some of which are discussed below
[43].
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4.4. Neonates and infants

Until now, LMWH is still the first choice for initial and prolonged
anticoagulation in neonatal VTE. However, oral factor Xa or Ila in-
hibitors might be compelling alternatives for prolonged anticoagulation.
In the DIVERSITY and Einstein-Junior studies, 89 infants <2 years of age
were included: 35 infants in the DIVERSITY study (dabigatran n = 22;
SOC n = 13), and 54 infants in the Einstein-Junior study (rivaroxaban n
=37;S0Cn=17) [9,10]. Preterm neonates, however, were excluded in
both studies. Inclusion in the Einstein-Junior study for children younger
than 0.5 years required a gestational age at birth of at least 37 weeks, a
body weight above 2600 g, and oral feeding for at least 10 days. For
inclusion in the DIVERSITY study, infants <2 years were required to
have a gestational age >37 weeks and a body weight higher than the
third percentile (according to the World Health Organization child
growth standards). Thus, the results of the DIVERSITY study and
Einstein-junior study are not applicable to preterm neonates.

In the DIVERSITY study, the percentage of infants <2 years of age
with CVTE or CSVT was not separately reported. Seven of 13 (54 %)
infants randomly assigned to standard of care and 13 of 22 (59 %) in-
fants randomly assigned to dabigatran, met the composite efficacy
endpoint of complete thrombus resolution and freedom from recurrent
venous thromboembolism and venous thromboembolism-related death.
None of the infants in both groups died or had recurrent VTE. One infant
in the dabigatran group had major bleeding, an epistaxis requiring red
blood cell transfusion. In the Einstein-Jr trial, 37 of 54 (69 %) infants <2
years of age had CVTE, and 9 (17 %) had CSVT. None of the infants in
both arms died or had symptomatic recurrent VTE. Major bleeding
occurred in in 1 of the 17 (6 %) infants in SOC arm (intracranial
bleeding) and none of the 37 (0 %) infants in the rivaroxaban arm.
Repeat imaging showed complete resolution in 5 (29 %) infants on SOC
and in 16 (43 %) infants on rivaroxaban.

Thus, rivaroxaban and dabigatran have only been studied in 59 term
infants <2 years of age. More real-life data from prospective cohort
studies and registries is needed. The safety of both drugs in this age
group will be further studied in two prospective observational post
marketing  studies (dabigatran: NCT05536791; rivaroxaban:
NCT05900388).

4.5. Pediatric patients with catheter-related venous thromboembolism

Three predefined sub-analyses of the Einstein-junior study were
published: sub-analyses of children with CVTE, CSVT, and cancer-
associated VTE [44-46]. Although a central venous catheter is the
most important risk factor for VTE in children, only 126 (25 %) of 500
patients enrolled in the Einstein-junior study had CVTE, symptomatic in
76 children and asymptomatic in 50 children [10]. In the sub-analysis of
these 126 children with CVTE (n = 90 rivaroxaban, n = 36 SOC), no
recurrent VTE or major bleeding occurred in either treatment group
[44]. Three children in the rivaroxaban group had clinically relevant
nonmajor bleeding. None of the children died. Complete or incomplete
recanalization was present in 92 % of the symptomatic and 86 % of the
asymptomatic CVTE. Unfortunately, because of the low sample size of
this sub-study, statistical comparisons could not be made.

4.6. Pediatric patients with cerebral sinovenous thrombosis

In the Einstein-junior sub-analysis of children with CSVT, 114 chil-
dren were included, 73 in the rivaroxaban group and 41 in the SOC
group [45]. Recurrent VTE occurred in none of the rivaroxaban re-
cipients and 1 (2.4 %) of the SOC recipients. Bleeding complications
developed in 5 (6.8 %) patients on rivaroxaban (all nonmajor and
noncerebral bleedings) and in 1 (2.5 %) patient on SOC (major subdural
bleeding). In the DIVERSITY trial, 26 children with CSVT were included,
6 on SOC and 20 on dabigatran. Frequency of recurrent VTE and
bleeding complications in these patients were not separately reported
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Table 2
Anticoagulants in neonates.
Medication Dosing Monitoring
LMWH Preterm neonates: 2.0 mg/kg/ Exclude ICH by US
Enoxaparin 12 hsc Check anti-FXa level 4 h after
[51] Term neonates: 1.7 mg/kg/12h  dose
sc Target anti-FXa level: 0.5-1.0
U/mL
Check platelets regularly
UFH [54,64] Loading dose: none, unless risk Exclude ICH by US
or evidence of thrombus Check aPTT and anti-Xa level
progression (25-100 U/kg in 10 6 h after loading dose (if
min iv) needed) and every change in
Start maintenance: 28 U/kg/hiv  therapy; otherwise check
daily
Target aPTT range, which
corresponds to heparin level
by anti-Xa of 0.3-0.7 U/mL
Check platelets regularly
Rivaroxaban 2.6-2.9 kg: 0.8 mg/8 h orally Not needed
[59] 3-3.9 kg: 0.9 mg/8 h orally

4-4.9 kg: 1.4 mg/8 h orally
5-6.9 kg: 1.6 mg/8 h orally

Abbreviations: LMWH low-molecular weight heparin, UFH unfractionated
heparin, ICH intracranial hemorrhage, US ultrasonography, aPTT activated
partial thromboplastin time, iv intravenously, sc subcutaneously, hr hour, min
minutes.

[9].

4.7. Pediatric patients with cancer

A total of 56 children (11 %) in the Einstein-junior study had cancer
(hematologic 64 %; solid tumor 36 %), 40 in the rivaroxaban group and
16 in the SOC group [46]. Symptomatic recurrent VTE and major
bleeding occurred in none of the children, whereas one clinically rele-
vant nonmajor bleeding occurred in a child with rivaroxaban. In 26
(46.4 %) children, the anticoagulant treatment was interrupted 70 times
(mean individual duration of interruption: 5.8 days). Anticoagulation
was restarted after all treatment interruptions in therapeutic doses.
Recurrent VTE, progression of existing thrombus, or clinically relevant
bleeding did not occur. In the DIVERSITY trial, 19 patients had cancer
associated thrombosis, 1 in the SOC group and 18 in the dabigatran
group [9]. Outcomes in these 19 patients were not reported separately.
In both studies children with cancer and an increased risk of bleeding,
including thrombocytopenia <50 x 10°/L in the Einstein-junior study,
were excluded.

4.8. Other patient groups

Children with severe renal dysfunction were excluded from DI-
VERSITY and Einstein-junior studies. Exclusion criteria included esti-
mated glomerular filtration rate <50 mL/min per 1.73 m? using the
Schwartz formula, or requirement for dialysis in DIVERSITY, and an
estimated glomerular filtration rate <30 mL/min/1.73 m2 and children
younger than 1 year with serum creatinine results above 97.5th
percentile in Einstein-junior [9,10]. Children with abnormal liver
function were also excluded. Exclusion criteria included persistent
alanine aminotransferase (ALT) or aspartate transaminase or alkaline
phosphatase >3x upper limit of normal (ULN) in the DIVERSITY study
and ALT >5x ULN or total bilirubin >2x ULN with direct bilirubin >20
% of the total bilirubin in Einstein-junior study [9,10].

A few children with antiphospholipid syndrome (APS) were included
in the DIVERSITY and Einstein-junior studies, 9 in the SOC arm and 12 in
the dabigatran or rivaroxaban arm. Neither number and type of positive
antiphospholipid antibodies nor separate outcomes of patients with APS
were reported [9,10]. Based on current adult recommendations, dabi-
gatran and rivaroxaban are not advised in children with APS.
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Table 3
Anticoagulants in older children.
Medication Dosing Monitoring
LMWH 1 mg/kg/12 h sc Check anti-Xa level 4 h after dose
Enoxaparin Target anti-Xa level: 0.5-1.0 U/mL
[65] Check platelets regularly
UFH [54] Loading: 75 U/kg in 10 Check aPTT or anti-Xa level 6 h after
min iv loading dose and every change in
Start maintenance: 20 therapy; target aPTT: 60-85 s,
U/kg/h iv corresponding to heparin level by
anti-Xa of 0.3-0.7 U/mL
Check platelets regularly
VKA [62,63] Warfarin: 0.2 mg/kg Check INR

orally Lower loading dose in patients with
Phenprocoumon/ liver disease and Fontan circulation
acenocoumarol:

>5 years: 0.15 mg/kg

orally once daily

1-5 years: 0.10 mg/kg
orally once daily

>5 years: 0.05 mg/kg

orally once daily

Dose based on age and
weight”

Dabigatran [58] Not needed
Rivaroxaban
[59] 4-49kg: 1.4mg/8h
orally

5-6.9 kg: 1.6 mg/8 h
orally

7-7.9kg: 1.8 mg/8 h
orally

8-8.9kg: 2.4 mg/8h
orally

9-9.9 kg: 2.8 mg/8 h
orally

10-11.9 kg: 3mg/8h
orally

12-29.9 kg: 5mg/12h
orally

30-49.9 kg: 15 mg once
daily

>50 kg: 20 mg once
daily

Abbreviations: LMWH low-molecular weight heparin, UFH unfractionated
heparin, aPTT activated partial thromboplastin time, iv intravenously, sc sub-
cutaneously, INR international normalized ratio.

@ See product information [58]; minimum starting age is 3 months (as soon as
able to start swallow soft foods).

In all female adolescents with VTE, heavy menstrual bleeding (HMB)
might be an important complication of anticoagulation [47]. Therefore,
they should always be asked about past and present menstrual history to
initiate adequate treatment if needed. In adult studies, a higher risk of
HMB was found in women on rivaroxaban compared to warfarin [48].
Women with dabigatran may have a lower risk on HMB compared to
warfarin [49]. The Einstein-junior study reported HMB in 23 (7 %) pa-
tients of the rivaroxaban arm and in 5 (3 %) of the SOC arm. HMB was
not separately reported in the DIVERSITY study.

5. Practical aspects of anticoagulation in pediatric patients
5.1. Low-molecular-weight heparin

Neonates require higher dosages of LMWH to achieve therapeutic
range than older children, with preterm neonates requiring the highest
dosages, as result of low antithrombin levels and faster clearance (Ta-
bles 2 and 3) [50]. Enoxaparin is the most used and studied LMWH. A
starting dose of 2 mg/kg twice daily in preterm, and 1.7 mg/kg twice
daily in term neonates is suggested [51]. The therapeutic anti-Xa target
range of 0.5-1.0 U/mL, 4 h after LMWH dose, is extrapolated from adult
guidelines. Anti-Xa levels may change frequently due to weight changes,
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comorbidities and concomitant medications. At the moment, it is rec-
ommended to monitor anti-Xa levels weekly while neonates are in the
hospital, and monthly after discharge [18]. Obtaining blood for anti-Xa
levels is challenging in neonates. Studies did not show an association
between achievement of the therapeutic target range and thrombosis
resolution or bleeding complications [52,53]. So weight based, un-
monitored LMWH therapy might accomplish the same outcomes as
monitored LMWH therapy. This will be studied in the FiXET study
(NCT02486666). The pain of (twice) daily subcutaneous injections can
be diminished by topical anesthetics, such as lidocaine cream. The use of
subcutaneous catheters should be avoided due to the risk of major
bleeding [52].

5.2. Unfractionated heparin

UFH is especially used in critically ill patients due to its short half-
life, available antidote (protamine sulfate) and nonrenal clearance.
UFH is usually started with a loading dose of 75 U/kg over 10 min [54]
(Tables 2 and 3). In neonates, a loading dose of UFH is not advised as the
recurrence risk is very low in neonates, and the bleeding risk might be
high [55]. After a loading dose of about 100 IU/kg, aPTT appeared to be
>999 s in 3 of the 4 neonates for 30 min after the dose. Even after 102
min, the mean aPTT was still 312 4+ 227 s in all 4 neonates [56]. A
loading dose can be useful when there is an important risk or evidence of
thrombus progression. Andrew et al. recommended a higher mainte-
nance dose (28 U/kg/h) in neonates than in older children (20 U/kg/h)
due to increased clearance, larger volumes of distribution and low
antithrombin levels [54]. Monitoring of UFH may be difficult, especially
in neonates. Commonly used tests include the anti-Xa assay and aPTT.
The therapeutic anti-Xa level is extrapolated from that in adults, and is
between 0.35 and 0.7 U/mL, which corresponds with a heparin con-
centration of 0.2-0.4 U/mL by protamine titration. In neonates, the anti-
Xa level of 0.35-0.7 U/mL is associated with a higher baseline APTT and
a larger variation of aPTT values (78-200 s) than in older children and
adults [57]. Suggested approaches for UFH monitoring and adjustment
in neonates are available in the publication of Bhatt et al. [55].

5.3. Dabigatran and rivaroxaban

Dosing recommendations for dabigatran are based on weight and age
and can be found in the product information [58]. Dosing recommen-
dations for rivaroxaban are shown in Tables 2 and 3 [59]. No dose
recommendations for dabigatran and rivaroxaban are available for
preterm neonates. Unfortunately, the oral solution of dabigatran for
infants <12 months is not commercially available. As the oral pellets
should be taken with soft foods, the minimum starting age of dabigatran
is 3 months, as soon as infants are able to swallow soft foods. Dabigatran
and rivaroxaban can be initiated after 5 days of parenteral anti-
coagulation in stable patients on enteral feeding, as in the phase 3 trials
children required initial parenteral anticoagulation (UFH, LMWH or
fondaparinux) to have time for informed consent and randomization
[9,10]. Before the start of rivaroxaban and dabigatran, and yearly
thereafter in case of prolonged anticoagulation, liver and renal functions
should be examined. It is not recommended to use rivaroxaban and
dabigatran in children with renal failure, hepatic impairment, APS and
mechanical heart valves, following the recommendations for adults and
the exclusion criteria in the pediatric phase 3 trials. For adolescents who
are >120 kg, it seems reasonable to follow adult recommendations [60].
Be aware of potential medication interactions, which may occur when
using medications that induce or inhibit cytochrome P450 enzyme
(rivaroxaban) or permeability glycoprotein (rivaroxaban and dabiga-
tran) [61]. In female patients with heavy menstrual bleeding while
receiving rivaroxaban, alternative anticoagulant agents might be
considered, including dabigatran, in addition to hormone therapies and
antifibrinolytics.
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Table 4
Summary of the Einstein junior and DIVERSITY phase 3 studies in children <18
years of age.

Einstein junior DIVERSITY

DOAC Rivaroxaban Dabigatran

etexilate

Comparator SOC (UFH, SOC (UFH,

LMWH, LMWH,
fondaparinux, fondaparinux,
VKA) VKA)

Duration prior parenteral anticoagulation ~ 5-9 days 5-21 days

Patients enrolled 500 267

Study treatment period 3 months (1 3 months

month for children
<2 years of age
with CVC-related
VTE)
Randomization (intervention:SOC) 2:1 2:1
Intervention ~ SOC Intervention ~ SOC

Primary efficacy outcome

Patients (n) 335 165 177 90

Symptomatic recurrent VTE (n, %) 4 (1) 5

3)

Complete thrombus resolution, 81 (46) 38
freedom from recurrent VTE and 42)
VTE-related death (n, %)

Principal safety outcome

Patients (n) 329 162 176 920

Major or CRNM bleeding (n, %) 10 (3)" 3

@°
Major bleeding (n, %) 4(2) 2(2
%)

Abbreviations: DOAC direct oral anticoagulant, SOC standard of care, LMWH
low-molecular weight heparin, UFH unfractionated heparin, VKA vitamin K
antagonist, CVC central venous catheter, VTE venous thromboembolism, CRNM
clinically relevant non-major bleeding.

@ All non-major bleedings.

> 2 major and 1 non-major bleedings.

5.4. Vitamin K antagonists

Although VKA can be orally administrated, they are not frequently
used in neonates and infants as results of its interactions with food and
many medications, and lack of a commercially available oral solution.
For the older children, monitoring of INR can be inconvenient. For all
types of VKAs initial and maintenance dosages are age dependent (Ta-
bles 2 and 3) [62,63]. VKA therapy can be initiated from day 2 after start
of heparin therapy in stable patients on enteral feeding. As result of the
narrow therapeutic index, frequent monitoring of the INR is required.
The target INR for treatment of VTE is extrapolated from adults and
between 2 and 3 for the majority of the cases. If INR is in the therapeutic
range for >24 h, heparin therapy can be stopped (Table 4).

6. Future perspectives and conclusions

Currently, the efficacy and safety of two other oral factor Xa in-
hibitors edoxaban and apixaban are evaluated in phase 3 studies in
children with acute VTE.(Edoxaban: NCT02798471; apixaban:
NCT02464969) In addition, pediatric investigational plans are being
developed with a new group of anticoagulants, the factor XI and XII
inhibitors, which might have a better benefit-risk balance for prevention
and/or treatment of VTE in the pediatric population. In the meantime,
dabigatran and rivaroxaban will be increasingly used in children with
acute VTE due to their advantages over standard anticoagulation and
promising phase 3 study results. However, many questions are still
unanswered in pediatric VTE management [6]. Focusing on factor Ila
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and Xa inhibitors, studies are needed to investigate 1. the efficacy and
safety of these drugs in children who were excluded from or not
frequently included in the studies, such as (premature) neonates, infants
and other specific patient groups with VTE, 2. the need for monitoring of
factor Ila and Xa inhibitors in specific situations or patient groups, 3. the
efficacy and safety of reversal agents, 4. the management around pro-
cedures, 5. the effect on menstrual bleeding in female adolescents, and
6. adherence. Real-world prospective cohort studies and registries will
be necessary to help answer these questions.
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