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The incidence of venous thromboembolism (VTE) in the pediatric population is increasing. Technological advances in
medicine and imaging techniques, improved awareness of the disease, and longer survival of life-threatening or
chronic medical conditions all contribute to the increase in VTE rates. There is a paucity of data on management of VTE
based on properly designed clinical trials, but there is significant advancement in the last 2 decades. This review
summarizes the progress made in pediatric thrombosis, including epidemiological changes, advances in anticoagulant
agents, and outcomes of VTE.

Introduction
Children with venous thromboembolism (VTE) are increasingly
diagnosed due in part to increasing survival rates of children with
previously fatal diseases. Central venous lines (CVLs) are more
commonplace especially in critically ill children, as well as im-
proved imaging modalities which allow for a more accurate
diagnosis, all contribute to an increase in the rate of thrombotic
events. Unfractionated heparin (UFH), low-molecular-weight hepa-
rin (LMWH), and warfarin are in widespread use in the pediatric
population. However, proper clinical trials addressing the issue of
optimal dosing, therapeutic range, efficacy, and duration are lack-
ing. Other anticoagulation agents, such as direct thrombin inhibitors
(DTIs) and the anti-FXa inhibitor fondaparinux, have not been
properly assessed for safety or efficacy in children.

The true frequency of adverse outcomes, particularly VTE-related
mortality, recurrent VTE, and the development of postthrombotic
syndrome (PTS) remain poorly understood. Future studies must aim
to define a risk-stratified approach to antithrombotic therapy in
children to ultimately improve long-term outcomes. This review
summarizes the progress of anticoagulation therapy in the pediatric
population in the last 2 decades, including epidemiological changes,
advances in anticoagulant agents, and our understanding of out-
comes for VTE.

Incidence of VTE in children
Almost 20 years ago, Andrew et al1 published a comprehensive
report on pediatric VTE based on a Canadian registry of children
with venous thrombotic complications. The incidence of deep vein
thrombosis (DVT) and pulmonary embolism (PE) was estimated to
be 5.3 per 10 000 hospital admissions or 0.07 per 10 000 children.1

According to the Dutch registry, the annual incidence of VTE was
estimated to be 0.14 per 10 000 children.2 Other national registries
have reported similar incidences.3,4 The Canadian neonatal registry
reported an incidence of arterial and venous thromboembolism of
24 per 10 000 admissions to the neonatal intensive care unit.5 In
Germany, a neonatal survey estimated an incidence of symptomatic
venous and arterial thromboembolism of 0.51 per 10 000 births.6

Subsequent single center reports (in Alabama) reported an incidence

of thrombosis of 21.9 per 10 000 admissions (2006-2008).7 Using
the Kids’ Inpatient Database (KID) 2006, Setty et al reported that
VTE was identified in 18.8 per 10 000 discharges.8 The Pediatric
Health Information System (PHIS) estimates the VTE incidence as
58.0 per 10 000 discharges.9 The KID8 and PHIS9 databases report
that the majority of VTEs were associated with cardiovascular
disease, which is in contrast to the earlier Canadian data1 showing
that cancer was the most commonly associated condition in
childhood VTE. Therefore, the data suggest a 3- to 10-fold increase
in the frequency of VTE diagnosis in hospitalized children over the
past 15 years.

These data are supported by studies that have specifically reported
changing rates of VTE with time, for example, from 34-58 cases per
10 000 admissions from 2001-20079 or from 0.3-28.8 per 10 000
admissions from 1992-2005.10 Other studies have also reported increas-
ing trends.11 Most studies report a bimodal peak distribution in which
infants less than 1 year of age and adolescents are at the greatest risk for
development of VTE, with overall equal sex distribution between male
and female subjects, although this may not be true when considering
specific age groups such as neonates or adolescents.

Associated conditions
Both adult and pediatric patients who have 2 or more inherited
thrombophilia traits have been shown to be at an increased risk of
VTE.12,13 The prevalence of thrombophilic defects in children with
VTE varies widely, from 10%-78%.1,14 Differences in patient
cohorts, definition of thrombosis, types of investigations, and study
size most likely contribute to the wide variations in the prevalence
of VTE. A meta-analysis of observational studies published from
1970-2007 on the impact of thrombophilia traits on VTE develop-
ment or recurrence in children reported that all investigated traits
showed a significant association with first-ever VTE.12 However,
many of the included studies had methodological flaws, so the
relative contribution of prothrombotic defects to a child’s suscepti-
bility to VTE remains to be elucidated.

Idiopathic VTE in children is rare, and approximately 95% of VTEs
in children are usually associated with serious disease. It is
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debatable whether children presenting with secondary VTE, such as
CVL-related DVT, should be screened for congenital prothrombotic
disorders because the results do not generally affect the manage-
ment of the child. The use of oral contraceptives increases the risk of
VTE by 5-fold compared with nonusers (odds ratio � 5.0;
95% confidence interval, 4.2-5.8).15 Routine screening before the
initiation of oral contraceptives is not recommended.16 Screening
for congenital prothrombotic risk factors may be appropriate for
children with idiopathic VTE. To date, there is no clinical evidence
to support routine screening of asymptomatic children with a
positive family history of thrombophilic defect.17

Diagnosis and location of peripheral thrombotic
events
There is a high incidence of upper extremity thrombosis in children,
reflecting a strong association with CVL placement. Modalities used
to diagnose VTE in pediatric patients are ultrasound (US), venogra-
phy, computed tomography (CT), and magnetic resonance imaging
(MRI). US is often used because it is readily available, noninvasive,
inexpensive, portable, and sensitive to the lower extremities and
abdominal viscera, but has poor sensitivity for upper venous system
thrombosis.18 The PARKAA (Prophylactic Antithrombin Replace-
ment in Kids with ALL treated with Asparaginase) study recom-
mended combined venography and US be used in the diagnosis of
VTE in the upper venous system of children.19 Venography alone
was unable to detect jugular vein thrombosis and US was not
sensitive enough to detect intrathoracic VTE.

CT scan or MRI can be used for the diagnosis of DVT in the
subclavian, innominate, or superior vena cava. Magnetic resonance
venography (MRV) has been used in adults to diagnose thrombosis,
but data in children are lacking. MRV has a high rate of sensitivity
and specificity, is noninvasive, and there is no radiation exposure.
However, the technique may require sedation in the pediatric
population. US is recommended to evaluate VTE in the lower limb
venous system in children.17 MRV may be helpful in evaluating the
proximal extent of lower limb thrombosis.20

Diagnosis and distribution of PE
There are currently no studies to evaluate the sensitivity and
specificity of any diagnostic imaging tests to detect PE in children.
Data are extrapolated from adult studies, but isotope lung scanning
or CT pulmonary angiography could be considered as the initial
imaging modality used for suspected PE.17

Treatment
Randomized controlled trials on pediatric anticoagulation are lack-
ing, so physicians rely on consensus evidence-based guidelines.21

Generally, for the treatment of VTE, most patients receive 3 or
6 months of anticoagulant therapy. Over the last decade, treatment
patterns reveal a shift toward the use of LMWH. Other alternatives
to traditional anticoagulants are currently being explored for the
pediatric population. Patient age, coexisting medical conditions, and
compliance issues all factor into the choice of anticoagulants used in
children.

Heparin therapy
UFH. UFH has some advantages, primarily a short half-life and the
ability to be completely reversed with protamine if necessary.
However, difficulties of UFH use include the need for venous
access, frequent monitoring, and activated partial thromboplastin
time (aPTT) monitoring issues in the laboratory. The correlation

between aPTT and heparin effect as measured by anti-FXa
(r2 � 0.51) and protamine titration (r2 � 0.55) is relatively weak.22

aPTT was less predictive of anti-FXa effect in children less than
2 years of age.23 Therefore, it is suggested that both aPTT and
anti-FXa assays be used for the monitoring of UFH therapy in
neonates.24 Coagulation assay results are dependent upon the type of
reagent, commercial kits, and analyzers used in the laboratory.25

Ideally, each laboratory should set up its own pediatric reference
ranges for aPTT and anti-FXa assays. Adverse effects of UFH
therapy include bleeding, heparin-induced thrombocytopenia (HIT),
and heparin-induced osteopenia. HIT is a rare but severe complica-
tion of heparin therapy that has been reported in up to 2.3% of
children treated in intensive care units.26

LMWH. The 3 national registries from Canada, the Netherlands,
and the United Kingdom have shown a trend toward the use of
LMWH in the clinical management of children with DVT over the
last decade. The most commonly reported off-label LMWHs used in
the pediatric population are enoxaparin, dalteparin, nadroparin, and
tinzaparin, although most studies are case reports, small case series,
or observational studies.

The REVIVE (Registry of Endovascular Implantation of Valves in
Europe) study is the only randomized controlled trial assessing the
safety and efficacy of anticoagulant use in children with VTE.27

Although the study was terminated early and underpowered, the
data showed that LMWH was as effective as UFH/oral anticoagu-
lants in children with first episode of VTE. Other observational
studies have shown that the majority of neonates and children
treated with LMWH have a positive clinical response to treatment
with low risk of major bleeding. Bleeding risk for children on
LMWH range from 0%-10.8%.27,28 PROTEKT (Prophylaxis of
Thromboembolism in Kids Trial), a multicenter, randomized trial of
LMWH for the prevention of CVL-related thrombosis in children,
reported no significant difference in the incidence of CVL-related
thrombosis between the treatment and control groups.29 This study
was terminated early due to slow recruitment, and therefore the
study was underpowered. Routine anticoagulation prophylaxis is
not recommended for children with CVL.21

For neonates, the recommended starting dose of LMWH is 1.5 mg/kg,
but a recent study suggested a higher starting dose of 1.7 mg/kg
every 12 hours for term neonates and 2.0 mg/kg every 12 hours for
preterm neonates in the absence of considerable bleeding risk.30

Another retrospective chart review evaluating enoxaparin dosing
requirements in infants and children showed that a higher starting
dose of enoxaparin (1.7 mg/kg) compared with the starting standard
dose (1.5 mg/kg) may result in a faster attainment of therapeutic
anti-FXa levels, with significantly fewer venipunctures and dose
adjustments and no increase in adverse outcomes.31 This study
suggested that younger children required a higher weight-based
dose of enoxaparin (� 3 months: 1.83 mg/kg [SD � 0.31];
3-12 months: 1.48 mg/kg [SD � 0.36]; 1-5 years: 1.23 mg/kg
[SD � 0.21]; and 6-18 years: 1.13 mg/kg [SD � 0.16]) to reach
therapeutic anti-FXa levels.31

Thrombolytic therapy
There have been reports of successful use of tissue plasminogen
activator (tPA) in children, but there is still debate on dosing.32 The
use of thrombolytic therapy is usually reserved for children with
extensive thrombosis (eg, massive PE) because there is a significant
risk of bleeding: up to 50% of treated children.33 The role of
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monitoring is uncertain, although some studies suggest that fibrino-
gen levels should be maintained above 100 mg/dL and platelet
counts above 100 000 � 109/L.34,35 Optimal duration of therapy is
uncertain, although the risk of bleeding is said to increase with
increasing duration of treatment.35 Other studies have reported that
the use of tPA reduces the risk of PTS in children with high-risk
lower limb DVT.36

Oral anticoagulant therapy
Vitamin K antagonists may be more practical for older children, but
the optimal intensity of therapy in childhood VTE management has
not been fully elucidated. The target international normalized ratio
of 2.5 (range, 2-3) is still based on adult data and is generally
accepted as appropriate for the pediatric population with VTE.17

Warfarin international normalized ratio monitoring can be per-
formed in the outpatient or home setting with formal training on the
whole blood capillary monitoring system, thus negating the need for
repeated venous access. The bleeding risk in children on warfarin is
estimated at 0.5%.37 Long-term warfarin therapy in children may be
associated with the development of osteoporosis.38

Other therapy
DTIs. Lepirudin, bivalirudin, and argatroban are 3 DTIs that have
been used in children. However, lepirudin appears to cause more
bleeding.39 There are prospective studies on bivalirudin and argatro-
ban. DTIs may be more advantageous because they bind directly to
thrombin to form inactive complexes and are therefore not depen-
dent on plasma antithrombin levels. DTIs bind both circulating and
bound thrombin, have more predictable pharmacokinetics than
heparin, and do not cause HIT. There are no available antidotes for
DTIs and they must be used in a hospital setting because they are
administered by continuous infusion (except for dabigatran, an oral
DTI that is currently in clinical trials in children [www.Clinical
Trials.gov identifier NCT01083732]).

A prospective study on the use of bivalirudin in neonates40 and a
retrospective study in children41 showed early clot resolution with
low bleeding risk. A phase 1 trial, UNBLOCK (Utilization of
Bivalirudin On Clots in Kids; www.ClinicalTrials.gov identifier
NCT00812370), investigating the effect of bivalirudin on clot
dissolution in children (6 months to 18 years) is ongoing.

Argatroban is used mainly in children with suspected HIT, espe-
cially in patients dependent on anticoagulation (eg, during extracor-
poreal circulation) or in need of a cardiac assist device.42,43

Argatroban is the only anticoagulant with dosing guidelines for
pediatric patients included in the prescribing information in the
United States (http://www.argatroban.com).

Other anticoagulants. Fondaparinux is a long-acting, synthetic,
antithrombin-dependent inhibitor of FXa. There is only one prospec-
tive study on fondaparinux in children,44 which showed an excellent
safety profile, with nearly all patients at therapeutic levels after the
initial dose; once-daily dosing kept patients at therapeutic levels.
This study did not assess efficacy. The disadvantage of fondapa-
rinux is that it cannot be reversed with protamine. There is an
ongoing prospective dose-finding and safety study on fondaparinux
in children (www.ClinicalTrials.gov identifier NCT00412464).

Rivaroxaban and dabigatran, both approved for clinical use in
adults, are in clinical development for the pediatric population. All
new anticoagulants need a pediatric investigation strategy. Many of

these anticoagulation agents are in the planning phase or have
started recruitment for studies in the pediatric population (eg,
apixaban, semuloparin sodium, edoxaban, and vorapaxar). Danap-
aroid sodium is most commonly used in children with HIT as an
alternative anticoagulation therapy for those who are intolerant of
heparin.45,46 A review of novel anticoagulants has been published
previously.47

Outcomes

Mortality
The Canadian registry reported a mortality rate of 2.2% directly
attributable to VTEs.48

Recurrent thromboembolic disease
Estimates of VTE recurrence in childhood vary from 4%-21.3%,
depending on duration of follow-up, and were highest for children
with idiopathic thrombosis.49 The recurrence risk did not decrease
with increased duration of anticoagulation.50 In neonates, VTE
recurrence is approximately 3%.12 Risk factors reported to be
predictive of VTE recurrence include intrinsic coagulation deficien-
cies,51 homozygous factor V Leiden,51 prothrombin gene muta-
tion,52 antiphospholipid Abs,53 multitrait thrombophilia,51 and el-
evated D-dimer and factor VIII at diagnosis and after standard-
duration anticoagulant therapy.54

PTS
PTS is a chronic complication of VTE and varies in severity. It
remains a concern for long-term morbidity in children who survive
decades after a thrombotic event. A meta-analysis reported an
overall rate of 26%,55 with individual studies varying between 10%
and 70%.48,49,54 Kids-DOTT (Prospective Multi-Center Evaluation
of the Duration of Therapy for Thrombosis in Children) is a
multicenter trial investigating the duration of anticoagulation in
children with no known risk factors for recurrence or poor
outcomes, which will also likely include PTS incidence rates as part
of their long-term outcome study.

There is an urgent need for a validated tool for assessing pediatric
PTS in both the upper and lower venous systems, especially with
regard to subjective (ie, symptoms) evaluations.56 The modified
Villalta scale56,57 and the Manco-Johnson instrument55 have been
used to evaluate pediatric PTS. Treatment of PTS is supportive in
nature, with the use of compression stockings, limb elevation and
avoidance of prolonged standing, and analgesics for pain control.

Discussion
The increase in incidence of VTE among children may be attribut-
able to increased awareness of the condition, medical and technologi-
cal advances, and longer survival of life-threatening or chronic
medical conditions. Identifying patients at risk for thrombosis is the
first step toward preventing VTE in children. Evidence-based
recommendations are lacking, so management decisions must be
made by carefully balancing the risk and benefit in each individual
case.

Alternative approaches to currently available anticoagulants are
needed, however, data obtained on new agents in adults cannot be
directly extrapolated for use in the pediatric population. There is
still a widespread tendency to use novel anticoagulants in the
pediatric population, in whom proper safety and efficacy data are
lacking. Controlled clinical studies need to be performed in children
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before any recommendations can be made. To facilitate compari-
sons across studies, an international concerted effort led to a
position paper published by the International Society on Thrombo-
sis and Haemostasis (ISTH) subcommittee outlining definitions and
safety outcomes for clinical trials in VTE in children.58

When the American College of Chest Physicians (ACCP) pediatric
guidelines were first published in 1995,59 there were less than 25
recommendations for anticoagulation therapy in children. The 2012
ACCP Chest guidelines21 have over 100 recommendations, but,
unfortunately, the majority are still at the grade 2C level of evidence
and are not uniformly used. A multicenter prospective study on
current treatment practices for VTE in pediatric intensive care units
revealed that there was incomplete compliance with ACCP guide-
lines for VTE prophylaxis.60 More uniform use of such guidelines
would at least allow better cohort and follow-up data to be gathered
and analyzed appropriately.

After 20 years, there is still an urgent need for clinical trials to
determine the optimal preventative and treatment strategies for
children affected with thrombotic complications.
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