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Direct oral anticoagulants (DOACs) are widely used to treat venous thromboembolism (VTE) in adults. Little attention is given to
pediatric VTE (PVTE). The objective of this study is to study the efficacy and safety of DOACs in published PVTE randomized control
trials (RCTs). PubMed, Embase, China National Knowledge Infrastructure, the Cochrane Library, SinoMed, and ClinicalTrials.gov were
searched until 2021, to identify RCTs that enrolled patients with VTE <18 years of age who received DOACs versus standard
anticoagulation. Outcomes were evaluated using the Mantel–Haenszel method of random-effects model. Our study evaluated
seven RCTs that included 1139 cases of PVTE, which had a low risk of publication and assessment bias. Compared with standard
anticoagulation, patients receiving DOACs presented a lower rate of recurrent VTE (relative risk [RR], 0.42 [confidence interval {CI},
0.20 to 0.89]), similar mortality rate (RR, 0.50 [CI, 0.07 to 3.57]), major bleeding (RR, 0.46 [CI, 0.14 to 1.57]), and higher clinically
relevant nonmajor bleeding (RR, 2.71 [CI, 1.05 to 7.02]) with low heterogeneity. Limiting to subgroups, dabigatran and rivaroxaban
yielded similar findings, except for a higher incidence of nonmajor bleeding during rivaroxaban use. DOACs could be an alternative
to standard anticoagulation in PVTE. Dabigatran and rivaroxaban have similar effects.
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IMPACT:

● In venous thromboembolism (VTE), direct oral anticoagulants (DOACs) are widely used as a substitution for standard
anticoagulation in most situations for adults; however, little attention is paid to the pediatric population.

● For pediatric VTE, previous meta-analyses have emphasized the epidemiology, risk factors, and the use of traditional
anticoagulants, and seldom reported the use of novel oral anticoagulants.

● This is the first meta-analysis of randomized controlled trials that focuses on the efficacy outcomes and safety endpoints of
DOACs compared with standard anticoagulation in pediatric VTE.

INTRODUCTION
With advances in diagnostic procedures and treatment in modern
medicine, the prevalence of venous thromboembolism (VTE) in
the pediatric population has been accelerating sharply. A 70%
annual rise in the number of patients with VTE per 10,000 children
in America has been reported.1–3 Pediatric VTE (PVTE) is becoming
a concerning situation; therefore, there is an extremely urgent
need for a reasonable and normative anticoagulation strategy.
Monitoring anticoagulant therapy to achieve outcomes within

the target range is the standard treatment in childhood VTE.
However, parenteral administration of medications and frequent
blood tests in children is often a cumbersome process.4,5

Treatment using vitamin K antagonists, an approach for long-
term standard anticoagulation (SAC), has several shortcomings:
the absorption of these compounds is easily affected by food,
medications, and dosage adjustments, and is associated with poor
compliance.6 All these factors lead to the implementation of SAC
for PVTE extremely difficult, especially for those requiring
prolonged anticoagulation. Thus, identifying a substitute for SAC

for children who can be administered orally and without a regular
blood test appears to be particularly valuable.
Direct oral anticoagulants (DOACs), including rivaroxaban,

edoxaban, apixaban, and dabigatran, do not require routine
monitoring during treatment and are widely used to manage
conditions, such as lower extremity venous thrombosis, pulmon-
ary embolism, visceral venous thrombosis, thrombotic sequelae,
and after vena cava filter implantation and as secondary
prevention.7 Furthermore, the United States (US) Food and Drug
Administration, the European Medicines Agency, and Health
Canada have approved edoxaban, apixaban, dabigatran, and
rivaroxaban as alternative drugs for VTE to reduce the risk of
recurrence or cancer-related VTE in adults;8 however, none of
them had recommended guidelines specifically for children until
now. Children are inherently vulnerable to thromboembolic
events that are difficult to monitor, and have a greater risk of
experiencing adverse events resulting in unpredictable out-
comes.9 These factors led physicians to consciously choose a safe
and effective anticoagulant drug to treat children with VTE. Could
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DOACs be used as a substitute for SAC in treating VTE in pediatric
patients?
Currently, clinical practice indications for anticoagulation in

pediatric patients with VTE are largely extrapolated from data
obtained from trials in adults.6,10 The anatomic distribution,
pathophysiology of thrombosis, and level of hemostatic proteins
in children are significantly different from those in adults.9 Little
attention is given to the possibility of whether DOACs can be
suitable for PVTE. Practically, hematologists in hemophilia treat-
ment centers have already treated PVTE with DOACs, although
there are no official guidelines recommended in the US.11,12 In
addition, DOACs used to treat PVTE have been documented in
some published articles, conferences, and even ongoing trials
(e.g., NCT02369653, NCT02464969, NCT02303431). In recent years,
randomized controlled trials (RCTs) on DOACs vs. SAC in children
with VTE are emerging. The Einstein Junior (NCT02234843) study
compared oral rivaroxaban to SAC in PVTE based on a large RCT
and demonstrated that the rivaroxaban group had a similar
recurrence of VTE and bleeding risk compared with SAC. Another
trial (the Diversity trial, NCT01895777) that evaluated dabigatran in
pediatric patients found no distinct differences in the major
outcomes between the use of dabigatran and SAC. The data from
these clinical trials provide a strong foundation for the practice of
using DOACs to treat PVTE or as secondary prophylaxis and
indicate its potential for use in a clinical setting.13–15 The aim of
our meta-analysis was to investigate the efficacy and safety of
DOACs versus SAC in children with VTE. The protocol is available at
PROSPERO (CRD42021286154).

METHODS
Search strategy
PubMed, Embase, China National Knowledge Infrastructure, the
Cochrane Library, and SinoMed were searched for RCTs that
enrolled subjects younger than 18 years of age with VTE, wherein
the efficacy of DOACs versus SAC was compared (until October 18,
2021). ClinicalTrials.gov was also searched to identify complete
RCTs that had results. SAC therapy includes the use of heparin,
low-molecular-weight heparin (LMWH), unfractionated heparin
(UFH), fondaparinux, and enoxaparin/vitamin K antagonists for a
certain period. The search strategy is depicted in the Supplemen-
tary text File. Only RCTs that enrolled participants with VTE aged
18 years or younger, and that compared DOACs versus SAC
therapy in these participants were included. Duplicate studies,
meta-analyses, reviews, letters, and commentaries were not
considered. Moreover, single-arm studies, phase 2 studies, studies
with inconsistent outcomes, and clinical trials that did not report
complete results were excluded from this analysis. All references
were downloaded for further analysis.

Eligibility criteria
Eligibility criteria for this study were laid down by two of the authors
(J.C. and G.S.B.) and amended by the co-authors. Two blinded
authors (J.C. and G.S.B.) independently selected studies and
abstracted data based on the inclusion and exclusion criteria.
Discrepancies were resolved via a discussion by J.C., G.S.B., and F.W.,
and finally decided by X.Q. The eligibility criteria were as follows: (1)
patients younger than 18 years of age who were receiving
treatment for VTE; (2) RCTs; and (3) studies that recorded efficacy
outcomes or safety endpoints of the comparison of DOACs and SAC.
Studies without detailed data or those in which the outcome

indicators were inconsistent were excluded.
The efficacy outcomes comprised recurrent VTE and VTE-related

mortality. The safety endpoints included major bleeding and
clinically relevant nonmajor bleeding (CRNMB). The time of follow-
up was also abstracted from the original studies. The definitions of
VTE, VTE-related mortality, major bleeding, and CRNMB were
identified based on the references.16,17

Risk of bias assessment
Bias among studies including selection bias, performance bias,
detection bias, attrition bias, reporting bias, and other bias was
assessed using the Cochrane Risk Assessment Form.18 Modified
Jadad assessment was used for evaluation of the quality of
methodology,19 scoring different degrees of randomization,
concealment of allocation, double blinding, and withdrawals and
dropouts. Lastly, the total score was calculated, which could help
with the identification and assessment of methodology quality
(low or high).

Statistical analysis
The Mantel–Haenszel method of random-effects model was used
to analyze groups. Outcomes were calculated using relative risks
(RRs) and 95% confidence intervals (95% CIs). Heterogeneity was
identified by adopting the I2 parameter, wherein low I2 was
defined as <25%, moderate as I2 < 50%, and high as I2 > 50%.20

When I2 value was >50%, the random-effects model was used; if
not, the fixed-effects model was used. Funnel plots and forest
plots were used to evaluate publication bias by measuring the
total primary and safety outcomes and subgroups. Sensitivity
analyses were conducted to evaluate the contribution of each
study. RevMan version 5.2 was used for the meta-analysis.

RESULTS
Our initial search identified 137 potentially relevant publications
from databases and 5 RCTs after searching the Cochrane database
and ClinicalTrials.gov. Titles and abstracts were screened, and
duplicate and irrelevant references, letters, reviews, studies with
inconsistent outcomes, those without results, and single-arm trials
were excluded. Lastly, seven studies (five articles and two
completed clinical trials) were selected. Among them, five studies
compared rivaroxaban with SAC, and two studies compared
dabigatran with SAC (Fig. 1). The seven studies included a total of
1139 patients with VTE (769 treated with DOACs and 370 treated
with SAC) from multicenter and multicountry multicenter, except
Dabigatran trial (Aziz Eghbali et al., 2020) only from Iran. The
primary outcomes (recurrent VTE and mortality) and safety
endpoint outcomes (major bleeding and CRNMB) were collected
in these groups. The brief overall characteristics of the seven RCTs
were recorded and are presented in Table 1. The seven studies
included in this meta-analysis were completed or published
during the years 2018–2021.

Treatment dosage in studies
Initially, patients in the groups were treated for several days with
UFH, LMWH, or enoxaparin, followed by dabigatran or rivarox-
aban. The dose of dabigatran was determined after being
adjusted for age and weight according to the protocol by
Hayton.21–23 In the included studies, patients in the rivaroxaban
groups were given a body weight-adjusted dose of 20 mg, either
1, 2, or 3 times a day in the form of capsules, pellets, or oral
solution, which was determined based on age or weight. The SAC
groups continued treatment with LMWHs, UFH, fondaparinux, or
switched to vitamin K antagonists, at the dosages based on the
investigators’ judgment and standard clinical practices (Table 1).

Risk of bias
Cochrane risk of bias assessment and modified Jadad quality
evaluation were used for all RCTs. All trials were open-label and
randomized. A blinded, independent organization was employed
to collect data to assure outcomes. Thus, the assessment had a
low risk of selection bias. Performance bias was a high risk for all
RCTs, as treatment behaviors could not be blinded to all
participants, especially physicians. The remaining evaluation bias
in the Cochrane risk was low and did not show any variation
(Supplementary Fig. 1). The modified Jadad quality evaluation
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indicated that the meta-analyses of RCTs were of high quality in
terms of their methodology (Supplementary Table 1). For
comparisons involving seven studies, visual inspection revealed
the Begg funnel plots for studies of primary efficacies and
principal safety outcomes to be symmetrical (Supplementary
Figs. 2 and 3). Forest plots used to analyze these events revealed
no significant publication bias (Supplementary Figs. 4 and 5).

Recurrent VTE (RVTE)
Data from the NCT02309411 and NCT01684423 trials were
excluded as RVTE data were not reported. This may have been
mainly due to the limited 30- or 60-day follow-up. The remaining
five studies reported RVTE as an outcome (11 events occurred in
686 patients during treatment with DOACs and 15 events
occurred in 344 children during treatment with SAC). The pooled
data showed that the use of DOACs could reduce the risk of RVTE
(RR, 0.42 [95% CI, 0.20 to 0.89]; I2= 0%) (Fig. 2). Analyses of the
subgroup of rivaroxaban showed that there were no differences in
reducing RVTE compared with SAC (RR, 0.35 [95% CI, 0.11 to 1.18];
I2= 0%). Similar results were obtained in the analysis of the
dabigatran subgroup (RR, 0.45 [95% CI, 0.18 to 1.21]; I2= 0%). The
risk-difference model in these five trials indicated similar results
(absolute risk difference, –0.03 [95% CI, –0.05 to –0.00]).

VTE-related mortality
The data of VTE-related mortality were available for six studies (the
event of death was not recorded in NCT01684423). Compared
with that in children who received SAC, the VTE-related mortality
in those who received DOACs was not significantly different (RR,
0.50 [95% CI, 0.07 to 3.57]; I2= 0%) (Fig. 3). Analysis of mortality
data in subgroups revealed that there were no significant
differences between receiving DOACs and SAC in the rivaroxaban
group (RR, 1.48 [95% CI, 0.06 to 36.19]) or the dabigatran group
(RR, 0.17 [95% CI, 0.01 to 4.14]; I2 was not applicable because of
only one child who received SAC died, 2021, dabigatran). Risk-
difference analysis was performed and the results were in
agreement with the RR (risk difference, 0.00 [95% CI, –0.01 to
0.01]).

Major bleeding
Seven studies reported information on major bleeding (4 in 769
patients receiving DOACs and 6 in 370 controls). The pooled risk of

major bleeding in PVTE treated with DOACs was not statically
significantly different from that treated with SAC (RR, 0.46 [95% CI,
0.14 to 1.57]; I2= 0%) (Fig. 4). When the results of major bleeding
in subgroups were analyzed, the findings were found to be similar
(rivaroxaban, RR, 0.13 [95% CI, 0.02 to 1.21]; I2= 0%; dabigatran,
RR, 0.8 [95% CI, 0.18 to 3.52]; I2= 0%) and was the same as risk
difference (risk difference, –0.01 [95% CI, –0.02 to 0.01]; I2= 0%).

CRNMB
With the exception of NCT02309411 studies did not provide
details on CRNMB, only the presence of anemia was mentioned, if
at all. Among the RCTs, six studies reported information on
CRNMB (25 events in 729 patients receiving DOACs and 4 in 364
comparators). The risk of CRNMB in patients receiving DOACs and
comparators was higher in the DOACs group than those in the
SAC group (RR, 2.71 [95% CI, 1.05 to 7.02]; I2= 0%) (Fig. 5). When
the analysis was limited to rivaroxaban, minor higher risk of
CRNMB was identified in children receiving rivaroxaban compared
with the comparators (RR, 4.61 [95% CI, 1.27 to 16.72]; I2= 0%).
However, when only the outcome of dabigatran was assessed,
there was no evidence of an increased risk of CRNMB between
patients receiving dabigatran and those receiving SAC (RR, 0.74
[95% CI: 0.15 to 3.73]; I2= 0%). The risk difference model in the six
trials indicated no significant differences (risk difference, 0.02 [95%
CI, 0.01 to 0.04]).

DISCUSSION
The objectives of this meta-analysis were to investigate the
efficacy outcomes and safety endpoints of DOACs. The pooled
evidence demonstrated that DOACs were slightly superior to SAC
as a whole and exhibited improved efficacy in preventing RVTE,
while enabling easier access to treat CRNMB in the population of
children with VTE. Dabigatran was found to be noninferior to SAC;
however, patients in the rivaroxaban group showed a significantly
higher incidence of CRNMB events in our study. These findings
were consistent with a previous network meta-analysis of patients
with atrial fibrillation that compared rivaroxaban with dabigatran
or warfarin in adults.24

There has been a steady increase in the number of children with
VTE. The management of children with this condition is
challenging. On one hand, the incidence of venous thrombosis

137 of records identified
through database searching

115 of records after
duplicate removed

16 of studies included in
qualitative synthesis

5 of pubilcations and 2 addionally
randomized clinical trials included in
quantitative synthesis (meta-analysis)

not RCT or outcomes
discordance (n = 9)

exclusion of letter,reviews or
irrelated references (n = 88)

5 of additional clinical trials records
identified through other sources

Fig. 1 Flowchart showing results of the literature search and the study selection process. A total of 135 records were removed and
7 studies including 5 articles and 2 random clinical trials were finally enrolled in this meta-analysis.
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in the pediatric population is increasing every year mainly due to
improvements and advances in interventional therapy. For
example, the placement of a central venous catheter or a
peripherally inserted central catheter can be lifesaving in many
critically ill children, but can also lead to catheter-related
thrombosis.25,26 Without a doubt, advances in modern medical
science have helped decrease mortality, improve the rescue rate
of critically ill children, and have been effective in preventing
severe infections in children and treating hematological tumors
that are often associated with venous thrombosis.27,28 Failure in
the timely identification and effective treatment of VTE in children
may lead to pulmonary embolism, post-thrombotic syndrome,
several adverse effects, and serious life-threatening
conditions.29,30 On the other hand, the effective and safe use of
anticoagulant drugs to treat PVTE is also another crucial matter to
address. Presently, there are no specialized versions of the vena
cava filter or the mechanical thrombus-removal device for
children, the main strategy to treat venous thrombosis in children
is by using anticoagulant drugs.31 In the real world, the classical
treatment of PVTE is by using SAC as recommended in the
guidelines, but its implementation is met with challenges due to
difficulties in patient surveillance.9 Physicians have been trying to
identify new, safe and effective anticoagulants for PVTE. In the
adult population, experts have paid more attention to oral
anticoagulants, several related meta-analyses have identified the
safety and efficacy of this intervention in adults with VTE receiving
DOACs, including the elderly. The results show that compared
with vitamin K antagonists, DOACs are capable of reducing the risk
for RVTE and VTE-related mortality with no differences in major
bleeding and CRNMB.32–34 DOACs have been widely used to treat
adult VTE owing to their prominent advantages. However, could it
be also a prospective class of anticoagulants for PVTE? Unlike
adults, pediatric patients are more fragile and susceptible to
various drugs used to treat hemostasis and coagulation disorders,
the drug pharmacology and pharmacokinetics also differ in the
pediatric population.10,23 The current dosing and management
recommendations for children largely follow those recommended
for adults. On account of no authority-approved PVTE oral
anticoagulants, clinicians are actively trying to identify strategies
and clinical trials of DOACs in PVTE.
In the case of PVTE, previously published meta-analyses have

always emphasized the epidemiology, risk factors, second
prevention, and the use of traditional anticoagulants, while
seldom considering the use of novel oral anticoagulants.32,35–38

Only a few studies have reported the latest measures for treating
venous thrombosis in children using interventions such as
DOACs, which, are difficult to implement pediatric ethical
considerations and the shortcomings of pediatric medications.6

Of late, more attention is being paid to DOACs for the treatment
of PVTE. A single-arm prospective cohort trial among 3-month-
old to 18-year-old patients suggests that children benefit from
secondary VTE prevention by using dabigatran compared with
SAC.39 The phase II trials of the four DOACs have been
completed, and single-arm studies have also shown to be safe
and efficacious in children.40–45 In this study, seven included
RCTs served as a high-quality assessment tool to ensure the
reliability of DOACs for PVTE, and the results indicated negligible
heterogeneities. Noticeably, our analyses of both groups and
subgroups comparing DOACs with SAC indicated encouraging
outcomes, especially for dabigatran, which appeared to be
prioritized for children with VTE who need long-term antic-
oagulation. It comes to a latest published review in Lancet Child
Adolescent Health, which points out that DOACs could serve as a
substitute for children and may be safer.46 Another systematic
review conducted by Branstetter also indicated that the use of
novel oral anticoagulants in PVTE was a safe and effective
method, although only two clinical trials have focused on it.47

Moreover, these trials have not provided statistical data analysis.Ta
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It is worth mentioning that this is the first meta-analysis of RCTs
that focuses on the efficacy outcomes and safety endpoints of
DOACs in PVTE with RCTs involved.
Our meta-analysis has several potential clinical implications.

First, seven RCTs were enrolled in this study that included 1139
participants from worldwide involved. Compared with previous
studies, as a condition that does not have a high-incidence
disease, several patients across multiple geographical regions
were investigated from the viewpoint of treating PVTE, thereby
making the results more reliable. In addition, previous studies on

PVTE have mainly focused on the treatment using traditional
anticoagulation. This study is the first meta-analysis to compare
the safety and efficacy of DOACs with SAC by using novel oral
anticoagulants in children with VTE. Similar to the meta-analysis
of studies that focus on treatment of VTE in adults,48 our study
also confirmed that novel oral anticoagulants are noninferior to
traditional anticoagulants for PVTE, except for an increase in
CRNMB. Our study provides more options for physicians to
make clinical decisions when treating PVTE. For example,
dabigatran can be a better choice for children requiring long-

Favours [DOACs]

Study or Subgroup
DOACs

Events Total Total Weight
Risk Ratio

M-H, Random, 95% Cl
Risk Ratio

M-H, Random, 95% ClEvents
SAC

2.1.1 Rivaroxaban

Christoph Male 2019
Katharina Thom 2020

Philip Connor 2020

Total events
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term anticoagulation. The findings from our study will motivate
clinicians to design and conduct larger clinical studies to
generate more evidence.
Our meta-analysis still has some limitations. Firstly, due to

practical and ethical difficulties in conducting clinical trials on
children, we could only collect information from seven RCTs. The
small list of included studies was consistent with clinical
heterogeneity and introduced limitations to the pooled results,
and the outcomes may differ in larger studies. Thus, the findings

from our study should be further verified based on more RCTs.
Secondly, incomplete primary outcomes, the lack of detailed
individual data, and ambiguous descriptions may have potentially
biased the results and affected the pooled estimates. Two
completed clinical trials did not present RVTE events and details
of CRNMB. Moreover, important adverse events such as pulmon-
ary embolism and post-thrombotic syndrome were missed or not
systematically revealed in the included studies, which led to
limitations in the analysis. Therefore, further studies are needed to
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explore these crucial outcomes. Thirdly, the follow-up period was
not consistent and ranged anywhere from 30 to 91 days. Varying
follow-up duration may contribute to the heterogeneity observed
in the RVTE. This could be an important reason why a 30-day study
duration is insufficient for evaluating the recurrence of VTE in two
of the clinical trials. In addition, only a few available studies could
be incorporated, and the safety and efficiency of all DOACs could
not be assessed due to a lack of trials on apixaban and edoxaban.
Future trials that directly compare the efficacy of the four DOACs
might support the robustness of our findings.

CONCLUSIONS
RCTs were included in this meta-analysis to prove the efficacy
outcomes and safety endpoints of DOACs. Despite the limitations
of our study, our findings indicated that compared with SAC, the
pediatric population with VTE who received DOACs had a lower
rate of RVTE, a similar rate of VTE-related mortality and major
bleeding, and a higher incidence of CRNMB. Thus, opting for
DOACs for a selected population of children could be a viable
alternative. This analysis also revealed that dabigatran and
rivaroxaban were noninferior to SAC except that rivaroxaban
had a higher incidence of CRNMB events. Other DOACs should be
evaluated in larger trials to confirm their benefits and harms and
to further verify our results.
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