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Background: Venous thromboembolism (VTE) is a significant cause of morbidity in children, partic-
ularly among hospitalized patients and those with chronic medical conditions. There is a lack of
consensus on anticoagulant prophylaxis strategies.

Objective: These evidence-based guidelines from the American Society of Hematology (ASH) and
the International Society on Thrombosis and Haemostasis (ISTH) are intended to support patients
and health care professionals in decisions about anticoagulant prophylaxis for pediatric VTE
prevention.

Methods: ASH formed a multidisciplinary guideline panel that included 1 patient representative. The
University of Kansas Health System supported the guideline development process, including sys-
tematic evidence reviews up to April 2025. Clinical questions and outcomes were prioritized according
to their importance for clinicians and patients. The panel used the GRADE (Grading of Recommen-
dations Assessment, Development, and Evaluation) approach to assess certainty in the evidence and
make recommendations.
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Results: The panel agreed on 12 recommendations. For pediatric patients with solid cancer, who
have experienced trauma, or who are critically ill, the panel issued conditional recommendations
suggesting no anticoagulant prophylaxis. For pediatric patients with antiphospholipid antibody syn-
drome, or those on long-term total parenteral nutrition, the panel issued conditional recommendations
suggesting the use of anticoagulant prophylaxis. Other pediatric subgroups addressed included
patients with acute lymphoblastic leukemia or lymphoma, surgical and hospitalized patients, and
those with a central venous access device.

Conclusions: High-quality data on anticoagulant prophylaxis for pediatric VTE prevention are scarce.
Key research priorities include the development and validation of subgroups-specific VTE risk
assessment models, and evaluation of the safety and efficacy of risk-stratified anticoagulant
prophylaxis strategies across different pediatric subgroups.

Summary of recommendations

These guidelines are based on an original systematic review of
evidence conducted under the direction of The University of
Kansas Health System. The panel followed best practice for
guideline development recommended by the Institute of Medicine
and the Guidelines International Network.'® The panel used the
Grading of Recommendation, Assessment, Development and
Evaluation (GRADE) approach to assess the certainty in the evi-
dence and formulate recommendations.*'°

Over the last few decades, venous thromboembolism (VTE) has
increasingly been recognized as a significant complication in
pediatric patients, particularly among hospitalized children and
those with chronic medical conditions. Recent epidemiological
data have shown a dramatic increase in the incidence of hospital-
acquired VTE in children, which is now the second most common
cause of preventable harm in this population.’” In addition to the
risk of mortality, estimated to be between 1.5% and 2.2%,'> VTE
can result in significant short-term and long-term complications
including the development of recurrent VTE, pulmonary embolism
(PE), anticoagulant-associated bleeding, and the postthrombotic
syndrome.'® The high physical and psychological burden associ-
ated with pediatric VTE underscores the need for the imple-
mentation of risk-stratified interventions aimed at preventing this
complication in children.'*

Although the American Society of Hematology (ASH) 2018
guidelines for VTE prophylaxis advocate for some method of routine
thromboprophylaxis in all hospitalized adults, the use of anticoagu-
lant prophylaxis for VTE prevention in children may not be as uni-
versally applicable as it is for the adult population.’'® Incidence
rates of pediatric VTE are lower than for adults, suggesting that the
same level of prophylaxis may not be necessary or effective.'’
Furthermore, age-related differences in the hemostatic system
influence the pathophysiology of pediatric VTE and the safety pro-
files of anticoagulant agents, leading to differences in thrombosis
and bleeding risk profiles between age groups and pediatric sub-
groups.'® These factors limit the extrapolation of adult anticoagulant
prophylaxis data to children, and highlight the need for risk stratified,
and in some cases subgroup-specific (eg, patients with cancer,
patients with critical illness) approaches for the prevention of
pediatric VTE.

In response to this critical unmet need, there has been a growing
interest in the development of risk assessment models aimed at
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the early identification of children at increased risk of VTE and who
may benefit from anticoagulant prophylaxis.'”'® However, these
efforts have been hindered by a variety of factors unique to
the development of VTE in children including the heterogeneity of
the pediatric population; the complexity of VTE risk profiles, which
often include multiple acquired, environmental and genetic risk
factors; and the paucity of high-quality clinical data on the safety
and efficacy of anticoagulant prophylaxis in pediatrics. These
challenges have led to significant variability in clinical practice.'®
This variability emphasizes the need for evidence-based guidelines
regarding appropriate anticoagulant prophylactic practices for
pediatric VTE prevention.

The questions addressed in these guidelines were judged by the
panel to be the most relevant to clinical practice. The panel
recognized the importance of prophylaxis for pediatric patients
experiencing cardiac events but decided this was beyond the
scope of these guidelines. A dedicated guideline effort for antith-
rombotic management in pediatric patients with cardiac conditions
and those who have undergone cardiac surgery is necessary. The
recommendations within the guidelines address questions pre-
dominantly of whether to provide anticoagulant (pharmacological)
prophylaxis or not to provide anticoagulant (pharmacological)
prophylaxis for a given clinical situation. The guidelines do not
address the use of mechanical thromboprophylaxis, including
intermittent pneumatic compression devices. Most evidence sup-
porting mechanical thromboprophylaxis for VTE prevention comes
from adult trials focused on surgical and trauma populations.?®
Limited data on its application in pediatric patients indicate that
mechanical thromboprophylaxis may often be insufficient as a
preventive strategy for children at high risk of VTE.”*?® Addition-
ally, its use is constrained by size and weight specifications of the
devices, and therefore it cannot be universally applied to all chil-
dren, particularly smaller patients. The panel defined primary VTE
prevention as being prophylaxis in patients without previous VTE,
and secondary VTE prevention as being prophylaxis in patients
with previous VTE who have now completed their treatment
period. The guidelines are predominantly focused on primary VTE
prevention; however, on occasion, the evidence used to inform a
recommendation did not differentiate between primary or sec-
ondary VTE prevention, thus the evidence may include patients
receiving secondary VTE prophylaxis. In general, if the panel rec-
ommends primary prophylaxis for a specific patient population,
then secondary prophylaxis would also be warranted for the same
group, even if not explicitly stated in the recommendations. Apart
from patients with antiphospholipid antibody syndrome (APS),
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these guidelines did not specifically address secondary prophy-
laxis. In scenarios in which primary prophylaxis is not recom-
mended, that does not preclude that secondary prophylaxis would
be appropriate in a similar patient population, and clinicians need
to consider each individual patient’s clinical situation. An a priori
decision was made that antiplatelet therapy (eg, aspirin, clopi-
dogrel) was out of scope for these recommendations.

For most recommendations, there was insufficient evidence for
definitive risk stratification of the pediatric subgroups addressed in
these guidelines. The risk factors for VTE and bleeding identified for
each recommendation are those explicitly discussed in the evidence
that informed the guidelines. Although the panel acknowledges the
existence of other known VTE risk factors, such as sickle cell dis-
ease and nephrotic syndrome, these were not included unless
specifically addressed in the supporting evidence for each recom-
mendation. The panel delineated high- and low-risk scenarios based
solely on the risk factors explicitly listed in the literature supporting
the specific PICO (population/problem, intervention, comparison,
and outcome) question, ensuring that the recommendations are
grounded in the available evidence.

Interpretation of strong and conditional
recommendations

The strength of a recommendation is expressed as either strong
(“the guideline panel recommends...”), or conditional (“the
guideline panel suggests...”), and should be interpreted as
described in Figure 1.

Interpretation of good practice statements

As described by the GRADE guidance group, good practice
statements endorse interventions or practices that the panel agreed
have unequivocal net benefit yet may not be widely recognized or
used.” Good practice statements in these guidelines are not based
on a systematic review of available evidence. Nevertheless, they
may be interpreted as strong recommendations.

Recommendations

Pediatric patients with cancer

RECOMMENDATION 1. In pediatric patients with leukemia/lympho-
blastic lymphoma, the ASH/International Society on Thrombosis

“Recommends..."

Interpretation of
Strong Recommendations

proportion would not.

Clinicians Most individuals should follow the

aids are not likely to be needed to help
individual patients make decisions consistent
with their values and preferences.

Policymakers

The recommendation can be adopted as policy
in most situations. Adherence to this
recommendation according to the guideline
could be used as a quality criterion or
performance indicator.

REEEEN I The recommendation is supported by credible
research or other convincing judgments that
make additional research unlikely to alter the
recommendation. On occasion, a strong
recommendation is based on low or very low
certainty in the evidence. In such instances,
further research may provide important
information that alters the recommendations.

Recommendation Strength

“Recommends against...”

Most individuals in this situation would want the
recommended course of action, and only a small

recommended course of action. Formal decision

“Suggests..." “Suggests against..."

Interpretation of
Conditional Recommendations

Most individuals in this situation would want the
suggested course of action, but many would not. Decision
aids may be useful in helping patients to make decisions
consistent with their individual risks, values, and
preferences.

Different choices will be appropriate for individual
patients; clinicians must help each patient arrive at a
management decision consistent with the patient’s values
and preferences. Decision aids may be useful in helping
individuals to make decisions consistent with their
individual risks, values, and preferences.

Policymaking will require substantial debate and
involvement of various stakeholders. Performance
measures should assess if decision making is appropriate.

The recommendation is likely to be strengthened (for
future updates or adaptation) by additional research. An
evaluation of the conditions and criteria (and the related
judgments, research evidence, and additional
considerations) that determined the conditional (rather
than strong) recommendation will help identify possible
research gaps.

Figure 1. Interpretation of strong and conditional recommendations.
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and Haemostasis (ISTH) guideline panel suggests either anticoag-
ulant prophylaxis or no anticoagulant prophylaxis, based on the
individual assessment for risk of thrombosis and bleeding and the
patient's values and preferences (conditional recommendation
based on low certainty in the evidence about effects & D OO).

Remarks:

e The evidence suggests a benefit of reduced thrombosis with
anticoagulant  prophylaxis; however, prophylactic anti-
coagulation did not offer benefits for all subgroups of pediatric
patients with leukemia/lymphoblastic lymphoma based on their
differing risks. Subgroups that may benefit from anticoagulant
prophylaxis include those aged >10 years or those with
obesity, T-cell immunophenotype, high-risk acute lymphoblastic
leukemia (ALL), or personal or family history of thrombosis.
Factors that may increase the risk of bleeding with anticoagu-
lant prophylaxis include younger age, previous bleeding, severe
thrombocytopenia, and renal dysfunction.

e The available evidence implicates asparaginase as an important
prothrombotic agent. If initiated, the panel suggests anticoag-
ulant prophylaxis be given during asparaginase-containing
cycles only and discontinued after the prothrombotic effects
of asparaginase are anticipated to have resolved.

e Anticoagulant prophylaxis should be paused periprocedurally
(eg, lumbar punctures) and dose modified or held during
periods of moderate to severe thrombocytopenia to reduce the
risk of bleeding.

RECOMMENDATION 2. In pediatric patients with leukemia/lympho-
blastic lymphoma, the ASH/ISTH guideline panel suggests no
antithrombin supplementation rather than antithrombin supple-
mentation (conditional recommendation based on very low cer-
tainty in the evidence about effects ©@OCOO).

Remarks:

¢ The evidence suggests a clinically significant benefit of anti-
thrombin supplementation to prevent VTE with a small to
negligible bleeding risk. However, the event-free survival (EFS)
was reduced in patients receiving antithrombin supplementa-
tion compared with patients receiving unfractionated heparin
(UFH) or low-molecular-weight heparin (LMWH).

¢ The panel placed a high value on preventing cancer recurrence
and therefore suggested no antithrombin supplementation.

¢ The panel acknowledged that there is important uncertainty
regarding the association between antithrombin and reduced
EFS.

RECOMMENDATION 3. In pediatric patients with solid tumors,
including Hodgkin lymphoma, the ASH/ISTH guideline panel
suggests no anticoagulant prophylaxis rather than anticoagulant
prophylaxis (conditional recommendation based on very low cer-
tainty in the evidence about effects @ O0OO).

Remarks:

e The panel noted that a significant proportion of reported
thrombotic events were present at diagnosis and therefore not
preventable with prophylactic anticoagulation.
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e The panel considered that there are subgroups in whom the
benefit-to-risk profile may be in favor of prophylactic anti-
coagulation, and might include pediatric patients meeting >1 of
the following criteria: adolescent patients with cancer, oral
contraceptive pill (OCP) use, vessel compression or invasion by
tumor, major cancer surgery, central venous access device
(CVAD) use, reduced mobility, known thrombophilia, and/or
past history of thromboembolic disease, and without a signifi-
cant risk of bleeding.

TPN prophylaxis

RECOMMENDATION 4. In infants, children, and adolescents
considered for total parenteral nutrition (TPN) for >60 days (ie,
intestinal failure on home TPN), the ASH/ISTH guideline panel
suggests using anticoagulant prophylaxis rather than no antico-
agulant prophylaxis (conditional recommendation based on very
low certainty in the evidence about effects ©@OOO).

Remarks:

¢ This recommendation excludes neonates and patients requiring
short-term (<60 days) TPN support.

¢ Based on the 2 comparative studies, primary pharmacological
prophylaxis seemed to reduce the risk of developing catheter-
related VTE.

¢ The anticoagulant prophylaxis administered included daily
LMWH and vitamin K antagonists (VKAs).

e Patients receiving primary and secondary anticoagulant pro-
phylaxis could not be separated in the included studies and
thus the evidence includes pediatric patients receiving sec-
ondary prophylaxis.

CVAD

RECOMMENDATION 5. In pediatric patients with a short-term
(<7 days) CVAD, the ASH/ISTH guideline panel suggests no
anticoagulant prophylaxis rather than anticoagulant prophylaxis
(conditional recommendation based on very low certainty in the
evidence about effects @OQ0).

Remarks:

e The current evidence does not support the universal use of
prophylactic anticoagulation for all pediatric patients with a short-
term (<7 days) CVAD. However, the panel acknowledges that
there may be subgroups of patients at high-risk of VTE and low
risk of bleeding, in whom anticoagulant prophylaxis may be of
benefit. This high-risk VTE subgroup includes children aged >1
year with a short-term CVAD who are critically ill, on invasive
mechanical ventilation (IMV), and who have a low risk of
bleeding; as well as patients expected to have prolonged
immobility and/or hospitalization, those with autoimmune/inflam-
matory conditions, and those with active serious infections.

RECOMMENDATION 6. In children and adolescents who require
medium-/long-term (>8 days) CVAD in the absence of cancer or
TPN, the ASH/ISTH guideline panel suggests no anticoagulant
prophylaxis rather than anticoagulant prophylaxis (conditional

recommendation based on very low certainty in the evidence about
effects @OO0O).
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Remarks:

e This recommendation pertains to the use of primary anticoag-
ulant prophylaxis.

e The panel acknowledged that there may be pediatric patients
who may benefit from prophylaxis. A thorough assessment of
individual risks and careful consideration of benefits and harms
when considering prophylactic anticoagulation is appropriate.

Antiphospholipid antibodies

RECOMMENDATION 7. In pediatric patients with APS, the ASH/
ISTH guideline panel suggests using secondary anticoagulant
prophylaxis rather than no secondary anticoagulant prophylaxis

(conditional recommendation based on low certainty in the evi-
dence about effects @ DOO).

Remarks:

e An a priori decision was made to exclude pediatric patients
receiving only antiplatelet therapy from this evidence profile
(EP).

¢ The included evidence showed moderate benefit of secondary
anticoagulation prophylaxis (with or without antiplatelet therapy)
in reducing recurrent thromboembolism.

RECOMMENDATION 8. In pediatric patients with persistently posi-
tive antiphospholipid antibodies (APLA) without a history of
thrombosis, the ASH/ISTH guideline panel suggests no primary
anticoagulant prophylaxis rather than primary anticoagulant pro-
phylaxis (conditional recommendation based on very low certainty
in the evidence about effects ©@OOO).

Remarks:

e An a priori decision was made to exclude pediatric patients
receiving antiplatelet therapy, and therefore the panel cannot
comment on the benefits and risk of using antiplatelet agents in
this cohort.

e The panel acknowledges that evolving definitions of APS may
influence clinical decision-making and emphasizes that indi-
vidual patient characteristics, such as the presence of an
underlying autoimmune disorder, double or triple antibody
positivity, the strength of antibody titers, and microvascular
manifestations, should be considered when evaluating the need
for primary anticoagulant prophylaxis.

Patients who have experienced trauma

RECOMMENDATION 9. In pediatric patients who have experienced
trauma, the ASH/ISTH guideline panel suggests no anticoagulant
prophylaxis rather than anticoagulant prophylaxis (conditional

recommendation based on very low certainty in the evidence about
effects ®OOO).

Remarks:

® The evidence does not support the universal use of anticoag-
ulant prophylaxis in pediatric trauma patients who compose a
heterogenous population in whom the overall prevalence of VTE
is low.
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¢ There are, however, subgroups in the included studies (patients
deemed at “high risk”) that had higher reported rates of VTE
who may benefit from prophylactic anticoagulation. These
specific high-risk criteria included presence of shock, age of
>12 years (or younger ages with multiple risk factors), immo-
bility, intubation, and presence of a CVAD.

Although the risk for bleeding from anticoagulant prophylaxis in
pediatric trauma patients is overall low, it was noted to be higher in
patients receiving prophylactic anticoagulation in 1 study.

Hospitalized patients

RECOMMENDATION 10. In hospitalized pediatric patients, the ASH/
ISTH guideline panel suggests no anticoagulant prophylaxis rather
than anticoagulant prophylaxis (conditional recommendation
based on low certainty in the evidence about effects @G OO).

Remarks:

e Hospitalized pediatric patients encompass an extremely het-
erogeneous population with respect to age, underlying medical
conditions, and baseline risk of thrombosis.

e The panel acknowledged that there may be certain pediatric
patients that may benefit from anticoagulant prophylaxis (eg,
immobility, use of estrogen, infection, obesity, inflammation),
although additional studies are needed.

e Several subgroups (cancer, CVAD, surgery, and trauma) are
addressed in separate recommendations.

Patients with critical illness

RECOMMENDATION 11. In pediatric patients who are critically il
with or without a CVAD, the ASH/ISTH guideline panel suggests
no anticoagulant prophylaxis rather than anticoagulant prophylaxis
(conditional recommendation based on very low certainty in the
evidence about effects ©OCOO).

Remarks:

e The current evidence does not support the universal use of
prophylactic anticoagulation in critically ill children for which
there are insufficient data for formal stratification of the risks of
VTE and the risk of bleeding.

¢ However, the panel acknowledged that there may be subgroups
of children who are critically ill (children aged >1 year with an
untunneled CVAD and low risk of bleeding and children receiving
IMV), for whom the risk of VTE may outweigh the risk of bleeding,
who could potentially benefit from prophylactic anticoagulation.

Patients undergoing surgery

RECOMMENDATION 12. In children undergoing noncardiac surgery,
the ASH/ISTH guideline panel suggests no anticoagulant pro-
phylaxis rather than anticoagulant prophylaxis (conditional recom-
mendation based on very low certainty in the evidence about

effects @OOO).
Remarks:

e The panel did not assess VTE risk by specific type of surgical
procedure (eg, orthopedic, bariatric, laparoscopic, etc). Rather,
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the panel grouped available pediatric surgical data to assess
the risk for postoperative VTE and found a low incidence in this
heterogeneous group.

e Procedure-related and patient-related factors that increase the
risk for VTE include longer operative time, prolonged immobi-
lization, >7 days of CVA, obesity, congenital thrombophilia, and
the use of combined OCP.

Good practice statement 1. In pediatric patients at increased
risk for VTE, the decision regarding the use of anticoagulant pro-
phylaxis requires careful consideration of not just the patient’s
individual risk for thrombosis but, importantly, their risk of bleeding.
Using the principle of “first do no harm,” anticoagulant prophylaxis
should not be initiated in pediatric patients considered to be at
high risk of major or clinically relevant nonmajor bleeding
(CRNMB) even if the perceived risk of VTE is high. The benefit-to-
risk ratio for the use of anticoagulant prophylaxis for VTE preven-
tion in each patient should be reassessed regularly.

Good practice statement 2. In pediatric patients receiving
anticoagulant prophylaxis, decisions regarding the periprocedural
interruption of anticoagulation, including timing and duration,
should be made by carefully, balancing the individual patient’s risk
of bleeding and thrombosis complications, as well as the specific
risks associated with the procedure. Institutions are encouraged to
develop guidelines for the optimal management of periprocedural
anticoagulant prophylaxis, especially around lumbar puncture or
spinal anesthetic procedures for which the potential complications
of bleeding are significant.

Values and preferences. The panel emphasized the importance
of avoiding harm with the evaluated interventions, and considered
the outcomes of major bleeding, CRNMB, and mortality as critical
for decision-making. Overall, the panel placed a high value on the
outcomes of major bleeding, CRNMB, mortality, PE, and proximal
deep venous thrombosis (DVT).

Explanations and other considerations. Based on the
different clinical scenarios addressed, the panel used the terms
neonates (age, birth to day 28), infants (age, day 29 to 1 year),
children (age, 1-11 years), and adolescents (age, 12-18 years) to
differentiate between age groups in certain recommendations, and
the terms pediatric patients (encompassing all age groups) or
neonates and pediatric patients (separating neonates from all
other age groups) in other recommendations.

Throughout the guideline, the panel used the ISTH scientific and
standardization subcommittee on pediatric and neonatal throm-
bosis and hemostasis' recommended definitions for the outcomes
of major bleeding and CRNMB.?®

Introduction
Aims of these guidelines and specific objectives

The purpose of these guidelines is to provide evidence-based
recommendations on the prevention of VTE in pediatric patients
at risk of VTE. The primary goals of these guidelines are to review
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and critically appraise published evidence and implement
evidence-based recommendations that will assist clinicians in
deciding which pediatric patients at risk of VTE require anticoag-
ulant prophylaxis for VTE prevention. Through improved provider
and patient education of the available evidence and evidence-
based recommendations, these guidelines aim to provide clinical
decision support for shared decision-making that will lead to a
decrease in practice variation surrounding the use of anticoagulant
prophylaxis for the prevention of pediatric VTE and will foster the
implementation of appropriate anticoagulant prophylaxis strategies
in children at risk of VTE. These guidelines relate to the prevention
of VTE and do not relate to administration of anticoagulation for
other purposes, for example, to promote CVAD patency.

The target audience includes patients, hematologists, general
practitioners, internists, other clinicians, and decision-makers.
Policy makers interested in these guidelines include those
involved in developing local, national, or international plans, with
the goal to improve the care of pediatric patients. This document
may also serve as the basis for adaptation by local, regional, or
national guideline panels.

Description of the health problem

The incidence of pediatric VTE has shown a dramatic increase in
the last few decades, particularly among hospitalized children in
whom it has emerged as the second leading cause of preventable
harm."’ VTE in children is associated with significant acute and
chronic complications, including the development of pain, recur-
rent VTE, compartment syndrome, chronic thromboembolic pul-
monary hypertension, and organ-specific damage (eg, renal
atrophy, portal hypertension), among others. Despite the growing
awareness and increased physical, psychosocial, and economic
burdens, there remains a paucity of high-quality data to guide the
use of anticoagulant prophylaxis for VTE prevention in children,
leading to significantly variability in practice.’®

The pathophysiology of pediatric VTE is complex, with different
pediatric subgroups (eg, patients with cancer, patients with a
CVAD, critically ill patients) exhibiting distinct thrombosis and
bleeding risk profiles. The intricate balance of varying VTE and
bleeding risks across the heterogenous pediatric population
underscores the critical need for a risk-stratified and subgroup-
specific approach to the development of anticoagulant prophy-
laxis recommendations for VTE prevention in children. However,
for many subgroups, such risk stratification is currently not
possible, and this aspect is a high priority area for future research.

Methods

The panel developed and graded the recommendations and
assessed the certainty in the supporting evidence following the
GRADE approach.”'° The overall guideline development process,
including funding of the work, panel formation, management of
conflicts of interest, internal and external review, and organizational
approval, was guided by ASH and ISTH policies and procedures
derived from the Guidelines International Network McMaster
guideline development checklist (http://cebgrade.mcmaster.ca/
guideoheck.h’tml),26 and was intended to meet recommendations
for trustworthy guidelines by the Institute of Medicine and the
Guidelines International Network.'
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Organization, panel composition, planning, and
coordination

The work of this panel was coordinated by ASH, ISTH, and The
University of Kansas Health System (funded by ASH and ISTH
under a partner agreement). Project oversight was provided by the
ASH guideline oversight subcommittee, which reported to the
ASH committee on quality, and the ISTH guidelines and guidance
committee, which reported to the ISTH council. ASH vetted and
appointed individuals to the guideline panel. The University of
Kansas Health System vetted and retained researchers to conduct
systematic reviews of evidence and coordinate the guideline
development process, including the use of the GRADE approach.
The membership of the panel and the systematic review team is
described in supplemental Methods 1.

The panel included 22 adult and pediatric hematologists, a pedi-
atric cardiologist, a pediatric critical care expert, a pharmacist, a
pediatric hematology and cardiology nurse, and a biostatistician,
all of whom had clinical and research expertise on the guideline
topic. The panel also included 3 methodologists (M.A., HK., and
J.K.) and 1 patient representative (a young adult with history of VTE
as a child [G.K]). The panel was led by 2 senior cochairs, one a
content expert (P.M.) and the other an expert in evidence appraisal
and guideline development methodology (R.A.M.); and a “cochair
in training” with expertise in the guideline topic (M.B.).

In addition to synthesizing evidence systematically, The University
of Kansas Health System supported the guideline development
process, including determining methods, preparing meeting
materials, and facilitating panel discussions. The panel's work was
done using web-based tools (www.surveymonkey.com and www.
gradepro.org) and online meetings.

Guideline funding and management of conflicts of
interest

Development of these guidelines was jointly funded by ASH, a
nonprofit medical specialty society that represents hematologists;
and ISTH, a nonprofit international medical specialty society
committed to the understanding and treatment of all conditions
related to thrombosis and hemostasis. Direct funding by for-profit
companies was not received for the development of these guide-
lines. Most members of the guideline panel were members of ASH
and/or ISTH. ASH/ISTH staff supported panel appointments and
coordinated meetings but had no role in choosing the guideline
questions or determining the recommendations.

Through The University of Kansas Health System, some
researchers who contributed to the systematic evidence reviews
received salary or grant support. Other researchers participated to
fulfill requirements of an academic degree or program.

Conflicts of interest of all participants were managed according to
ASH policies based on recommendations of the Institute of
Medicine and the Guidelines International Network.? Participants
disclosed all financial and nonfinancial interests relevant to the
guideline topic. ASH staff and the ASH guideline oversight sub-
committee reviewed the disclosures and composed the guideline
panel to include a diversity of expertise and perspectives and avoid
most of the panel having the same or similar conflicts. Greatest
attention was given to direct financial conflicts with for-profit
companies that could be directly affected by the guidelines.
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Most of the guideline panel, including the cochairs, had no such
conflicts. None of The University of Kansas Health System
researchers who contributed to the systematic evidence reviews
or who supported the guideline development process had any
such conflicts.

Supplemental Methods 2 provides the complete disclosure-of-
interest forms of all panel members. In part A of the forms, indi-
viduals disclosed direct financial interests for 2 years before
appointment; in part B, indirect financial interests; and in part C,
not mainly financial interests. Part D describes new interests dis-
closed by individuals after appointment. Part E summarizes ASH
decisions about which interests were judged to be conflicts and
how they were managed, including through recusal.

Supplemental Methods 3 provides the complete disclosure-of-
interest forms of researchers who contributed to these guidelines.

Formulating specific clinical questions and
determining outcomes of interest

The panel used the GRADEpro guideline development tool (www.
gradepro.org)®” and SurveyMonkey (surveymonkey.com) to
brainstorm and then prioritized the questions described in Table 1.

The panel selected outcomes of interest for each question a priori,
following the approach described in detail elsewhere.”® In brief,
the panel first brainstormed all possible outcomes before rating
their relative importance for decision-making following the GRADE
approach.?® Although acknowledging considerable variation in the
impact on patient outcomes, the panel considered the outcomes
listed in Table 1 as critical for clinical decision-making across
respective questions listed in Table 1.

Evidence review and development of
recommendations

For each guideline question, The University of Kansas Health
System prepared a GRADE evidence-to-decision (EtD) frame-
work, using the GRADEpro guideline development tool (www.
gradepro.org).*®'° The EtD table summarized the results of sys-
tematic reviews of the literature that were performed for this
guideline. The EtD table addressed effects of interventions,
resource use (cost-effectiveness), values and preferences (relative
importance of outcomes), equity, acceptability, and feasibility. The
panel reviewed draft EtD tables before, during, or after the
guideline panel meeting and made suggestions for corrections and
identified missing evidence. To ensure that recent studies were not
missed, the original searches performed on 4 June 2024 (pre-
sented in supplement Table 1) were updated on 31 January 2025
and 1 April 2025, and panel members were asked to suggest any
studies that may have fulfilled the inclusion criteria for the individual
questions and been considered missed. The studies informing
these guidelines included randomized control trials and non-
randomized studies of intervention.

Under the direction of The University of Kansas Health System,
researchers followed the general methods outlined in the
Cochrane Handbook for Systematic Reviews of Interventions
(handbook.cochrane.org) for conducting updated or new system-
atic reviews of intervention effects. When existing reviews were
used, judgments of the original authors about risk of bias were
either randomly checked for accuracy and accepted or conducted
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Table 1. PICO questions, subgroups, and outcomes of interest

PICO question

Subgroups

Outcomes

For pediatric patients with leukemia/lymphoblastic
lymphoma, should anticoagulant prophylaxis vs no
anticoagulant prophylaxis be used?

In pediatric patients with leukemia/lymphoblastic
lymphoma, should antithrombin supplementation
vs no antithrombin supplementation be used?

In pediatric patients with solid tumors, including
Hodgkin lymphoma, should anticoagulant
prophylaxis vs no anticoagulant prophylaxis be
used?

In infants, children and adolescents considered for
TPN for >60 d (ie, intestinal failure on home TPN),
should anticoagulant prophylaxis vs no
anticoagulant prophylaxis be used?

In pediatric patients with a short-term (<7 d) CVAD,
should anticoagulant prophylaxis vs no
anticoagulant prophylaxis be used?

In children and adolescents who require medium-/
long-term (>8 d) CVAD in the absence of cancer
or TPN, should anticoagulant prophylaxis vs no
anticoagulant prophylaxis be used?

In pediatric patients with APS, should secondary
anticoagulant (with/without antiplatelet)
prophylaxis vs no secondary anticoagulant
prophylaxis be used?

In pediatric patients with persistent APLA and
without history of thrombosis, should primary
anticoagulant prophylaxis vs no primary
anticoagulant prophylaxis be used?

In pediatric patients who have experienced trauma,
should anticoagulant prophylaxis vs no
anticoagulant prophylaxis be used?

In hospitalized pediatric patients, should
anticoagulant prophylaxis vs no anticoagulant
prophylaxis be used?

In pediatric patients who are critically ill with or
without a CVAD, should primary anticoagulant
prophylaxis over no prophylaxis be used?

In pediatric patients undergoing noncardiac surgery,
should anticoagulant prophylaxis vs no
anticoagulant prophylaxis be used?

Age groups: children, adolescents

Mediastinal mass

CVAD

Induction vs consolidation/intensification/
maintenance

Hospitalized vs outpatient

Obesity

Known congenital thrombophilia or family history of
VTE

Age groups: children, adolescents

Vascular invasion

Renal/caval tumors

CNS tumors

Mass lesion (with or without vessel compression)
CVAD

Tumor thrombus

Hospitalized vs outpatient

Age groups: neonates, children, adolescents
Hospitalized vs outpatient

Age groups: neonates, children, adolescents

Age groups: children, adolescents
Primary (idiopathic) vs secondary (autoimmune
disease associated)

Age groups: children, adolescents

Primary (idiopathic) vs secondary (autoimmune
disease associated)

Single vs double vs triple positivity

Age groups: children, adolescents
Traumatic brain injury

Lower extremity or pelvic trauma
Spinal cord, TBI

VTE risk subgroups: high vs low risk

Age groups: neonates, children, adolescents
Inflammatory bowel disease

Inflammatory conditions

Thrombophilia

Nephrotic syndrome

Hormonal therapy

Obesity

Sickle cell disease

Immobilization

Age groups: neonates, children, adolescents
Mechanical ventilation

Noninvasive ventilation

CVAD

Vasoactive pressor support

Immobilization

Severity of illness

Age groups: neonates, children, adolescents
Lower limb/pelvic orthopedic

Spinal surgery

Neurosurgery

Thoracoabdominal/pelvic

Plastic surgery

Obesity

Known congenital thrombophilia or family history of VTE
Immobilization

CVAD-related VTE
Non-CVAD-related VTE
Symptomatic VTE
Asymptomatic VTE

PE

CSVT

Major bleeding/ CRNMB
All-cause mortality

EFS

CVAD-related VTE
Non-CVAD-related VTE
Symptomatic VTE
Asymptomatic VTE
Major bleeding/ CRNMB
All-cause mortality

CVAD-related VTE
Non-CVAD-related VTE
Symptomatic VTE
Asymptomatic VTE
Major bleeding/CRNMB
Mortality

CVAD-related symptomatic VTE
CVAD-related asymptomatic VTE
Unspecified bleeding

Major bleeding/CRNMB
All-cause mortality

VTE-related mortality

CVAD-related symptomatic VTE
CVAD-related asymptomatic VTE
VTE-related mortality

Non—-CVAD-related VTE

CVAD-related VTE

Symptomatic VTE

Asymptomatic VTE

Arterial ischemic stroke

Myocardial infarction/arterial thrombosis
Major bleeding/CRNMB

VTE

Symptomatic VTE

DVT

PE

Major bleeding/CRNMB
All-cause mortality

VTE

Symptomatic VTE
Asymptomatic VTE
Major bleeding
All-cause mortality

CVAD-related VTE
Non-CVAD-related VTE
Symptomatic VTE
Asymptomatic VTE
Major bleeding/ CRNMB
Mortality

VTE

Symptomatic VTE
CVAD-related VTE

DVT

PE

Unspecified bleeding
Major bleeding/CRNMB

CNS, central nervous system; CSVT, cerebral sinus venous thrombosis; TBI, traumatic brain injury.
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de novo if they were not available or not reproducible. For new
reviews, risk of bias was assessed at the health outcome level
using the Cochrane Collaboration’s risk of bias tool for randomized
trials or nonrandomized studies. In addition to conducting sys-
tematic reviews of intervention effects, the researchers searched
for evidence related to baseline risks, values, preferences, and
costs, and summarized findings within the EtD frameworks.*>'°
Subsequently, the certainty in the body of evidence (also known as
quality of the evidence or confidence in the estimated effects) was
assessed for each effect estimate of the outcomes of interest
following the GRADE approach based on the following domains:
risk of bias, precision, consistency and magnitude of the estimates
of effects, directness of the evidence, risk of publication bias,
presence of large effects, dose-response relationship, and an
assessment of the effect of residual, opposing confounding. The
certainty was categorized into 4 levels ranging from very low to
high.®® Within this report, these categories are represented by the
symbols, as shown in Figure 2.

Interested readers may find more explanation about the GRADE
approach to assessing and rating certainty in a body of evidence in
other publications.®®

During online communication and a series of 28 conference calls
the panel developed clinical recommendations based on the evi-
dence summarized in the EtD tables. For each recommendation,
the panel took a population perspective and came to consensus
on the following: the certainty in the evidence, the balance of
benefits and harms of the compared management options, and the
assumptions about the values and preferences associated with the
decision. The panel also explicitly took into account the extent of
resource use associated with alternative management options. The
panel agreed on the recommendations (including direction and
strength), remarks, and qualifications by consensus or, in rare
instances, by anonymous voting (an 80% majority was required for
consensus), based on the balance of all desirable and undesirable
consequences. The final guidelines, including recommendations,
were reviewed and approved by all members of the panel. Due to
the sparsity of evidence for the recommendations addressing
children with antiphospholipid syndrome and persistent APLA, the

panel used an expert evidence approach by systematically gath-
ering clinical experience through an anonymous electronic survey
created specifically for these PICO questions.”® The survey was
distributed via a link emailed to panel members.

Document review

Draft recommendations were reviewed by all members of the
panel, revised, and then made available online from 13 May 2025,
through 12 June 2025, for external review by stakeholders
including allied organizations, other medical professionals,
patients, and the public. Twelve individuals or organizations sub-
mitted comments. The document was revised to address pertinent
comments, but no changes were made to recommendations. On
29 October 2025 the ASH guideline oversight subcommittee and
the ASH committee on quality approved that the defined guideline
development process was followed, and on 12 November 2025
the officers of the ASH executive committee approved submission
of the guidelines for publication under the imprimatur of ASH. On
10 December 2025 the ISTH guidelines and guidance committee
and ISTH council approved the submission of the guidelines for
publication. The guidelines were then subjected to peer review by
Blood Advances.

How to use these guidelines

ASH/ISTH guidelines are primarily intended to help clinicians
make decisions about diagnostic and treatment alternatives. Other
purposes are to inform policy, education, and advocacy, and to
state future research needs. They may also be used by patients.
These guidelines are not intended to serve, or be construed as, a
standard of care (SoC). Clinicians must make decisions on the
basis of the clinical presentation of each individual patient, ideally
through a shared process that considers the patient’s values and
preferences with respect to the anticipated outcomes of the
chosen option. Decisions may be constrained by the realities of a
specific clinical setting and local resources, including, but not
limited to, institutional policies, time limitations, or availability of
treatments. These guidelines may not include all appropriate
methods of care for the clinical scenarios described. As science
advances and new evidence becomes available, recommendations

Figure 2. Symbols used to designate certainty in the

evidence within these guidelines.
L
@)
H OO
HOOO,

Evidence Certainty

High Certainty

We are very confident that the true effect lies close to that of the estimate
of the effect.

Moderate Certainty

We are moderately confident in the effect estimate: the true effect is likely
to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low Certainty

Our confidence in the effect estimate is limited: the true effect may be
substantially different from the estimate of the effect.

Very Low Certainty

We have very little confidence in the effect estimate: the true effect is likely
to be substantially different from the estimate of effect.
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may become outdated. Following these guidelines cannot guar-
antee successful outcomes. ASH/ISTH does not warrant or
guarantee any products described in these guidelines.

Statements about the underlying values and preferences as well as
qualifying remarks accompanying each recommendation are its
integral parts and serve to facilitate more accurate interpretation.
They should never be omitted when quoting or translating rec-
ommendations from these guidelines. The use of these guidelines
is also facilitated by the links to the EtD frameworks and interactive
summary-of-findings tables in each section.

Recommendations
Pediatric patients with cancer

For pediatric patients with leukemia/lymphoblastic lymphoma,
should anticoagulant prophylaxis vs no anticoagulant prophylaxis
be used?

Recommendation 1

In pediatric patients with leukemia/lymphoblastic lymphoma,
the ASH/ISTH guideline panel suggests either anticoagulant
prophylaxis or no anticoagulant prophylaxis, based on the
individual assessment for risk of thrombosis and bleeding and
patients’ values and preferences (conditional recommenda-
tion based on low certainty in the evidence about effects
SDO0).

Remarks:

e The evidence suggested a benefit of reduced thrombosis
with anticoagulant prophylaxis; however, prophylactic
anticoagulation did not offer benefits for all subgroups of
pediatric patients with leukemia/lymphoblastic lymphoma
based on their differing risks. Subgroups that may benefit
from anticoagulant prophylaxis include those aged >10
years or with obesity, T-cell immunophenotype, high-risk
ALL, or personal or family history of thrombosis. Factors
that may increase the risk of bleeding with anticoagulant
prophylaxis include younger age, previous bleeding, severe
thrombocytopenia, and renal dysfunction.

e The available evidence implicates asparaginase as an
important prothrombotic agent. If initiated, the panel sug-
gests anticoagulant prophylaxis be given during
asparaginase-containing cycles only and discontinued
after the prothrombotic effects of asparaginase are antic-
ipated to have resolved.

* Anticoagulant prophylaxis should be paused peri-
procedurally (eg, lumbar punctures) and dose modified or
held during periods of moderate to severe thrombocyto-
penia to reduce the risk of bleeding.

Summary of the evidence. We found 2 randomized controlled
trials (RCTs)*%*" and 3 nonrandomized studies®>>* that evaluated
anticoagulant prophylaxis; all studies included children and ado-
lescents with ALL. The 2 RCTs reported the effect of anticoagulant
prophylaxis with enoxaparin or apixaban on the development of
VTE (all events®®®" and separated between symptomatic®*®" and
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clinically unsuspected VTEs®') and bleeding (divided between
major and CRNMB).?%®" Overall survival (0S)®' and EFS®° were
evaluated in 1 study each. Among nonrandomized studies, 3
reported the effect of anticoagulant prophylaxis on the develop-
ment of VTE (all events®>°® and symptomatic VTE alone®?). Only 1
of these studies described the risk of bleeding.®*

Benefits. Among RCTs, anticoagulant prophylaxis appeared to
reduce the risk for all VTE, but the estimate was imprecise, and the
confidence interval (Cl) did not exclude that there was no effect
(relative risk [RR], 0.73; 95% Cl, 0.44-1.24, with low certainty in
the evidence due to risk of bias and imprecision). Anticoagulant
prophylaxis reduced the risk of developing symptomatic VTE (RR,
0.48; 95% ClI, 0.26-0.87, with moderate certainty in the evidence
due to serious risk of bias). Nonrandomized studies found similar
results for both symptomatic and asymptomatic events (all VTEs:
RR, 0.16; 95% CI, 0.02-1.22; symptomatic VTEs: RR, 0.17;
95% CI, 0.03-1.11). No difference in OS was found between
those receiving anticoagulant prophylaxis and their respective
control groups (RR, 0.25; 95% Cl, 0.03-22.22, low certainty in the
evidence due to risk of bias and imprecision).

Harms and burden. Regarding anticoagulant prophylaxis, 2
RCTs reported bleeding®*®' with a median risk of 1% of major
bleeding in the control groups. The risk of bleeding was not
different among those receiving anticoagulant prophylaxis or SoC
(major bleeding: RR, 0.66; 95% CI, 0.16-2.76; CRNMB risk dif-
ference: 0.02; 95% CI, 0.00-0.03). There was very low certainty in
the estimate of the risk of adverse effects due to serious risk of
bias and imprecision. Given the available evidence and in accor-
dance with the risk of bleeding reported in other pediatric sub-
groups, the panel considered the risk of adverse effects of
anticoagulant prophylaxis most likely to be small.

Other EtD criteria and considerations. Panel members felt
that there was likely important variability in how patients, families,
and practitioners valued the critical outcomes of VTE prevention
and avoidance of bleeding. The weight placed on these values
should be incorporated in the decision to use anticoagulant pro-
phylaxis, because the balance of benefits and harms will vary
based on the individual patient’s thrombotic and bleeding risk. In
addition, the potential impact of anticoagulant prophylaxis on leu-
kemia treatment, relapse, and survival would be important priorities
for all stakeholders.

Overall, the panel judged the balance of effect after anticoagulant
prophylaxis to favor neither the intervention nor the comparison. The
certainty in the evidence was very low to support the benefit of
anticoagulant prophylaxis with its known small, although undesirable
risks of bleeding. The panel assessed the patient population to be
too heterogenous with regard to both VTE and bleeding risk to make
a general recommendation for or against anticoagulant prophylaxis.
The decision to implement anticoagulant prophylaxis should be
individualized taking into account the balance of these risks. Insuffi-
cient data are available for formal stratification of thrombosis and
bleeding risk to guide the use of anticoagulant prophylaxis in pedi-
atric patients with leukemia and lymphoblastic lymphoma. However,
based on the published literature from randomized and non-
randomized studies, several patient subgroups, including those with
obesity, aged >10 years, T-cell immunophenotype, high- or very
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high-risk ALL, previous thrombosis, or a family history of thrombosis
appear to benefit from anticoagulant prophylaxis. This is likely due to
these patients having an increased baseline risk for thrombosis and,
as such, have more to gain from the use of anticoagulant prophylaxis.

Common factors that increase the risk of thrombosis in patients
with hematological malignancies include asparaginase therapy and
the presence of a CVAD. If initiated, anticoagulant prophylaxis
should be given exclusively during asparaginase-containing cycles
of chemotherapy, which are typically induction and consolidation
phases of treatment. The evaluated studies used differing dura-
tions of anticoagulant prophylaxis around asparaginase exposures
so a clear duration of prophylaxis after final asparaginase dose
could not be elucidated. However, in the panel's opinion, antico-
agulant prophylaxis should be continued until the prothrombotic
effects of asparaginase are anticipated to have resolved as per
institutional norms, with consideration of the various long-acting
formulations of asparaginase available. In the trial of apixaban vs
no anticoagulation for the prevention of VTE in children with newly
diagnosed ALL or lymphoma (PREVAPIX-ALL)®>" and the
THROMBOTECT trial,®° anticoagulant prophylaxis was received
between days 2 to 4 and day 29 of induction chemotherapy
(before first exposure to asparaginase) and between days 8 and
33 of induction chemotherapy, respectively.

Moreover, anticoagulant prophylaxis should be paused peri-
procedurally (eg, lumbar punctures) and during periods of mod-
erate to severe thrombocytopenia to reduce the risk of bleeding.
Although specific platelet thresholds have not been prospectively
evaluated, in the PREVAPIX-ALL trial,”" apixaban was held for
platelet counts of <20 x 10%L. For lumbar punctures, apixaban
was interrupted at least 24 hours before the procedure and
resumed no sooner than 18 to 24 hours after. In the event of a
traumatic lumbar puncture, apixaban was held for at least 48 hours
after the procedure. In the THROMBOTECT trial,*° enoxaparin
was postponed until at least 4 hours after the procedure on days
with lumbar puncture or other invasive procedures. In the case of
thrombocytopenia with platelet counts of <30 x 10%/L, platelet
transfusion was required, or enoxaparin was withheld.

The EP and EtD framework are available online for recommendation 1.

Conclusions and research needs for this recommendation
The panel identified the following additional research questions
and priorities:

1. Need for an evidence-based risk stratification rubric for
thrombotic and bleeding risk in children with leukemia/
lymphoblastic lymphoma.

2. Determination of the variability of efficacy and safety of anti-
coagulant prophylaxis (including specific anticoagulant and
dose) in various chemotherapy protocol backbones and phases
of treatment.

3. Generation of data on the long-term effects of pharmacological
thromboprophylaxis including impact on EFS and OS in chil-
dren with leukemia/lymphoblastic lymphoma.

4. Determination of the optimal duration of anticoagulant pro-
phylaxis after completion of treatment with asparaginase.
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5. Determination of the risk-to-benefit profile of prophylaxis for
CVAD-associated thrombosis in later phases of leukemia/
lymphoblastic lymphoma treatment.

In pediatric patients with leukemia/lymphoblastic lymphoma,
should antithrombin supplementation vs no antithrombin supple-
mentation be used?

Recommendation 2

In pediatric patients with leukemia/lymphoblastic lymphoma,
the ASH/ISTH guideline panel suggests no antithrombin
supplementation rather than antithrombin supplementation
(conditional recommendation based on very low certainty in
the evidence about effects ©OOO).

Remarks:

e The evidence suggests a clinically significant benefit of
antithrombin supplementation to prevent VTE with a small
to negligible bleeding risk. However, the EFS was reduced
in patients receiving antithrombin supplementation
compared with patients receiving UFH or LMWH.

e The panel placed a high value on preventing cancer recur-
rence, therefore suggested no antithrombin supplementation.

e The panel acknowledged that there is important uncer-
tainty regarding the association between antithrombin and
reduced EFS.

Summary of the evidence. Two RCTs evaluated the effect of
antithrombin supplementation on VTE development (all events®*3°
and symptomatic VTEs alone®®) in children with leukemia/
lymphoblastic lymphoma,®*®> whereas the risk of bleeding after
antithrombin supplementation was reported in 2 RCTs®%*° and 1
nonrandomized study.®®

Benefits. Antithrombin supplementation reduced the risk of all
VTEs (RR, 0.41; 95% ClI, 0.24-0.71) and symptomatic VTEs (RR,
0.23; 95% ClI, 0.10-0.56), although the certainty in the evidence
was low due to risk of bias and imprecision.

Harms and burden. The risk of bleeding appeared to be similar
in patients with and without antithrombin supplementation. In
pooled data from 2 RCTs,***° the risk of major bleeding was 0.8%
in patients receiving antithrombin supplementation and 0.9% in
patients receiving SoC (RR, 0.81; 95% CI, 0.21-3.12), and the
risk of CRNMB was 0% in both groups. A nonrandomized study
also reported a bleeding risk of 0% in patients with and without
antithrombin supplementation.

However, Greiner et al®® reported a reduced EFS at 5 years in
children receiving antithrombin supplementation vs children
receiving anticoagulant prophylaxis or SoC with low-dose UFH
(antithrombin supplementation: 65 events per 320 patients,
80.9% * 2.2% vs SoC, 45 events per 312 patients, 85.9% =
2.0%). Although this difference could be attributed to chance
alone and is not explained by a clear causative mechanism,
the panel noted that reduced survival after antithrombin

ASH/ISTH 2026 PEDIATRIC VTE PROPHYLAXIS GUIDELINES 4313


https://guidelines.ash.gradepro.org/profile/3%2DD5Wnq_njo

supplementation was described in other pediatric populations,
warranting caution. For example, increased inpatient mortality was
described in children with congenital heart disease receiving
antithrombin while on extracorporeal membrane oxygenation, albeit
in a nonrandomized study with a potentially increased likelihood of
antithrombin administration in patients with more severe clinical
conditions.®” Overall, the risk of undesirable effects with anti-
thrombin supplementation was considered moderate.

Other EtD criteria and considerations. The panel noted a
clinically significant benefit of antithrombin supplementation to
prevent VTE and symptomatic VTE, and the risk of bleeding
appeared small after antithrombin supplementation. However, the
panel put a higher value on preventing cancer recurrence. Thus,
considering the possible reduced EFS in children receiving anti-
thrombin supplementation, the panel considered the balance of
effects probably favored avoiding the use of antithrombin supple-
mentation in children with leukemia/lymphoblastic lymphoma. The
certainty in the evidence was very low due to serious imprecision,
indirectness, and risk of bias in the included studies. Additional
considerations for the recommendation related to accessibility to
antithrombin as an intervention globally, uncertainty in the timing
and duration of antithrombin replacement, and optimal target levels
to achieve the desired outcomes. The EP and EtD framework are
available online for recommendation 2.

Conclusions and research needs for this recommendation
The panel identified the following additional research questions
and priorities:

1. Generation of data on the long-term effects of antithrombin
replacement, including impact on EFS and OS in children with
leukemia/lymphoblastic lymphoma.

2. Examination of the effects of antithrombin on immune regulation
and inflammation related to leukemia/lymphoblastic lymphoma.

In pediatric patients with solid tumors, including Hodgkin lym-
phoma, should anticoagulant prophylaxis vs no anticoagulant
prophylaxis be used?

Recommendation 3

In pediatric patients with solid tumors, including Hodgkin
lymphoma, the ASH/ISTH guideline panel suggests no anti-
coagulant prophylaxis rather than anticoagulant prophylaxis
(conditional recommendation based on very low certainty in
the evidence about effects ©@OOO).

Remarks:

e The panel noted that a significant proportion of reported
thrombotic events were present at diagnosis and therefore
not preventable with prophylactic anticoagulation.

e The panel considered that there are subgroups in whom
the benefit-to-risk profile may be in favor of prophylactic
anticoagulation, and might include pediatric patients
meeting >1 of the following criteria: adolescent patients
with cancer, OCP use, vessel compression or invasion by
tumor, major cancer surgery, CVAD use, reduced mobility,
known thrombophilia, and/or past history of thromboem-
bolic disease, and without a significant risk of bleeding.
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Summary of the evidence. The panel considered the data from
4 nonrandomized comparative studies, each reported the inci-
dence of VTE in pediatric patients with solid tumors and compared
anticoagulant prophylaxis with LMWH with no anticoagulant pro-
phylaxis.>®*" All studies reported the overall incidence of VTE.
Symptomatic VTE was reported by 2 studies,®®*° asymptomatic
VTE by 1 study,®® and CVAD-related VTE by 1 study.’® All
thrombotic events were confirmed by imaging studies. Three
studies commented on bleeding.®®3%+"

An RCT reported by Ruud et al*® was considered by the panel but
a decision was made not to include these data in the analysis for
this recommendation because the study outcomes were not
reported by cancer subtype so the outcomes occurring in those
with a solid tumor could not be quantified.

Benefits. Based on the pooled data from the 4 nonrandomized
comparative studies,®®*" VTE occurred in 68 of 883 (7.7%)
individuals. This included 8 of 127 (6.3%) receiving anticoagulant
prophylaxis vs 60 of 756 (7.9%) not receiving prophylaxis, with a
risk difference of 0.03 (95% CI, —0.03 to 0.09). Symptomatic
VTE®®29 occurred in 1 of 90 (1.1%) receiving anticoagulant pro-
phylaxis vs 3 of 228 (1.3%) not receiving prophylaxis, with a risk
difference of 0.01 (95% ClI, —0.08 to 0.05). Asymptomatic VTE®°
occurred in 1 of 5 (20.0%) receiving anticoagulant prophylaxis vs
7 of 158 (4.4%) not receiving prophylaxis, with a risk difference of
0.16 (95% CI, —0.20 to 0.51). CVAD-related VTE®® occurred in 1
of 85 (1.2%) receiving anticoagulant prophylaxis vs 0 of 70 (0.0%)
not receiving prophylaxis, with a risk difference of 0.01
(95% CI, —0.02 to 0.05).

Abate et al®*® analyzed incidence and risk factors for CVAD-related
complications in 155 pediatric patients aged O to 17 years with
bone sarcoma (osteosarcoma or Ewing sarcoma) in a non-
randomized comparative prospective study. CVAD was an inserted
Broviac (n = 153) or Port-A-Cath (n = 2) and anticoagulant pro-
phylaxis was with enoxaparin. Of 85 patients receiving anticoagulant
prophylaxis, 1 (1.2%) developed a CVAD-related symptomatic DVT
vs 0 of 70 (0%) not receiving anticoagulant prophylaxis.

Schénning et al®*® compared the incidence of VTE in those
treated with anticoagulant prophylaxis vs no anticoagulant pro-
phylaxis in a retrospective cohort study in 163 pediatric patients
aged O to 18 years with Hodgkin lymphoma. Overall, 160 had a
CVAD (Port-A-Cath, 134; external line, 26). Anticoagulant pro-
phylaxis was physician-led using LMWH. Symptomatic VTE
occurred in 1.8%, including 0 of 50 (0%) receiving anticoagulant
prophylaxis vs 1 of 5 (20%) not receiving prophylaxis. Asymp-
tomatic VTE occurred in 4.9%, including 3 of 158 (1.9%)
patients receiving anticoagulant prophylaxis vs 7 of 158 (4.4%)
not receiving prophylaxis.

Sarangi et al*® compared the incidence of VTE in those treated
with anticoagulant prophylaxis vs no anticoagulant prophylaxis in a
nonrandomized retrospective cohort study of 76 individuals aged
0 to 21 years with a malignant mediastinal mass between the years
of 2000 and 2017. Anticoagulant prophylaxis was physician-led
using enoxaparin. VTE occurred in 13 of 76 (17.2%), including 4
of 19 (21%) patients receiving anticoagulant prophylaxis vs 9 of
57 (15.7%) not receiving prophylaxis. Mediastinal compression—
related VTE was also reported, occurring in 1 of 19 (5.2%)
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patients receiving anticoagulant prophylaxis vs 6 of 57 (10.5%)
not receiving prophylaxis.

Giertz et al*" compared the incidence of VTE in a retrospective
cohort of 489 children (aged <18 years) diagnosed with Hodgkin
lymphoma between 2005 and 2019. LMWH prophylaxis was
administered to 18 of 489 (3.7%) patients with a perceived higher
risk. VTE occurred in 42 of 489 (8.6%), including 2 of 18 (11.1%)
patients who received anticoagulant prophylaxis vs 40 of 471
(8.4%) who did not receive prophylaxis.

There was no significant difference in the incidence of VTE
between those receiving anticoagulant prophylaxis and those not
receiving prophylaxis in any of these studies or on analysis of the
pooled data. A major limitation of these data is the nonrandomized
study design resulting in a serious risk of bias in terms of patient
selection for anticoagulant prophylaxis. The low event rate results
in serious imprecision and a low certainty in the effects of anti-
coagulant prophylaxis.

Harms and burden. Abate et al®® reported no bleeding in 85
pediatric patients who received anticoagulant prophylaxis with
LMWH for a median duration of 177 days (range, 4-478).
Schénning et al®*® reported no bleeding in 5 pediatric patients who
received prophylaxis with LMWH. Sarangi et al*® did not comment
on bleeding complications in their study. Giertz et al*" reported no
bleeding in 18 patients who received LMWH prophylaxis.

These data support the safety of anticoagulant prophylaxis in
pediatric patients with solid tumors, although the total number
treated was low. There were also no data reported on the impact
of LMWH prophylaxis on quality of life (QoL).

Other EtD criteria and considerations. The panel did not
identify any specific issues affecting feasibility or acceptability of
administering anticoagulant prophylaxis in pediatric patients with
solid tumors. The resources required were considered to be
moderate. EPs and EtD frameworks are available online for
recommendation 3.

Conclusions and research needs for this recommenda-
tion. There are no RCTs for this recommendation. The recom-
mendation was based on pooled analysis of 4 nonrandomized
comparative studies. The rate of VTE was significant (6.6%),
although many events were present at diagnosis and therefore not
preventable by anticoagulant prophylaxis. Event rates in this cohort
were lower than those reported in adults with similar malignant
conditions. The evidence presented does not support the efficacy
of anticoagulant prophylaxis as a means of reducing thrombotic
risk in this clinical setting, with the desirable effects of anticoag-
ulant prophylaxis being judged by the panel as ftrivial. There is
some evidence to support the safety of anticoagulant prophylaxis;
however, not all studies reported on the occurrence of bleeding,
and bleeding is a recognized complication of solid tumors and their
surgical and/or medical treatment. Burden of treatment was not
reported in any study; however, the panel considered it likely to be
significant, particularly given the use of injectable drugs and the
potential for a prolonged period of anticoagulant prophylaxis to be
required due to ongoing thrombotic risk factors such as CVAD,
surgery, chemotherapy, and residual malignant disease. The panel
judged the undesirable effects to be small but not trivial. The panel
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therefore suggest no anticoagulant prophylaxis in pediatric
patients with solid tumors, including Hodgkin lymphoma. This is a
conditional recommendation based on very low certainty in the
evidence of effects, due to the low rate of VTE and serious con-
cerns about risk of bias because physician-led decisions were
made about the need for anticoagulant prophylaxis.

The panel, however, recognizes the potential for serious conse-
quences of VTE when it occurs in this clinical setting. There are
likely to be subgroups in whom the risk of a thrombotic event may
outweigh the bleeding risk and the potential adverse impact on
QoL of receiving anticoagulant prophylaxis and in whom prophy-
laxis could be considered. Physicians should therefore assess the
thrombotic risk of individual pediatric patients with solid tumors
and consider this alongside the risk of bleeding. Important
thrombotic risk factors to be considered include (1) tumor-related
factors such as vessel compression (eg mediastinal mass) or
invasion by tumor, and locally advanced or metastatic disease; (2)
treatment-related factors such as major cancer surgery, pelvic/
abdominal/lower limb cancer surgery, or CVAD use; and/or (3)
patient-related factors such as adolescence, OCP use, known
thrombophilia, past history of thromboembolic disease, obesity, or
reduced mobility. Bleeding risk can be influenced by tumor site,
recent surgery, and thrombocytopenia/coagulopathy.

The panel identified the following research priorities as being most
important to address going forward:

1. Studies to better risk stratify pediatric patients with solid tissue
cancers enabling subsequent trials comparing anticoagulant
prophylaxis vs no prophylaxis for high-risk patients. Such studies
should consider the safety/undesirable effects (bleeding, QolL,
cost) and efficacy of different anticoagulant regimens.

2. More specific reporting by trials including separating data on
CVAD-related and non—-CVAD-related VTE, and identifying VTE
secondary to vessel compression in pediatric patients with
solid tumors.

TPN prophylaxis

In infants, children and adolescents considered for TPN for
>60 days (ie, intestinal failure on home TPN), should anticoagu-
lant prophylaxis vs no anticoagulant prophylaxis be used?

Recommendation 4

In infants, children, and adolescents considered for TPN for
>60 days (ie, intestinal failure on home TPN), the ASH/ISTH
guideline panel suggests using anticoagulant prophylaxis
rather than no anticoagulant prophylaxis (conditional recom-
mendation based on very low certainty in the evidence about

effects @OO0).
Remarks:

e This recommendation excludes neonates and patients
requiring short-term (<60 days) TPN support.

e Based on the 2 comparative studies, primary pharmaco-
logical prophylaxis seemed to reduce the risk of devel-
oping catheter-related VTE.

e The anticoagulant prophylaxis administered included daily
LMWH and VKAs.

ASH/ISTH 2026 PEDIATRIC VTE PROPHYLAXIS GUIDELINES 4315


https://guidelines.ash.gradepro.org/profile/0m_4fQ12r8s

e Patients receiving primary and secondary anticoagulant
prophylaxis could not be separated in the included studies
and thus the evidence includes pediatric patients receiving
secondary prophylaxis.

Summary of the evidence. We found 2 nonrandomized
comparative studies and 2 noncomparative studies that addressed
this question. All studies included children receiving long-term
TPN administered at home (TPN duration ranged from 2 months
to 11 years). The anticoagulant prophylaxis administered included
daily LMWH and VKAs.

The comparative studies*®** reported the effect of anticoagulant

prophylaxis on the development of CVAD-related VTE among
147 children. Both studies compared the use of anticoagulant
prophylaxis with no prophylaxis and included patients receiving
either primary or secondary VTE prophylaxis. The low certainty in
the evidence to inform this recommendation is, in part, due to the
inclusion of children receiving secondary anticoagulant prophy-
laxis in both comparative studies. Three children transitioned from
no anticoagulant prophylaxis to anticoagulant prophylaxis
because of recurrent thrombosis in the study by Vegting et al**
and 47% of patients in the anticoagulant prophylaxis group of the
study by Demirok et al*® were receiving secondary prophylaxis.
The rate of previous thrombosis in children who did not receive
anticoagulant prophylaxis in the study by Demirok et al was
unknown.

Outcomes for patients receiving primary or secondary prophylaxis
were not reported separately and, thus, there is very low certainty
in the evidence informing this recommendation. One non-
comparative cross-sectional study reported the incidence of VTE
in a cohort of 12 children on long-term home TPN who did not
receive prophylaxis.*> A second noncomparative retrospective
study*® assessed the incidence of CVAD-related VTE among 55
children on home TPN, all of whom received primary anticoagulant
prophylaxis.

The anticoagulant prophylaxis administered to patients in 3
studies*®>**“® included once daily LMWH for 108 (83%) and
VKAs for 22 (17%) patients. Across the 3 studies, the target anti—
factor Xa peak level for LMWH prophylaxis was 0.1-0.4 IU/mL, and
the target international normalized ratio range for children on VKAs
was 2.0 to 8.0.%%444

Benefits. Based on the 2 comparative studies, primary antico-
agulant prophylaxis seemed to reduce the risk of developing
CVAD-related VTE (RR, 0.83; 95% CI, 0.23-2.98). In the
comparative study by Demirok et al,*® propensity score stratifica-
tion was used to balance the effects of covariates that were
significantly different between the anticoagulant prophylaxis and
nonprophylaxis groups. The risk of CVAD-related VTE seemed to
be reduced in children receiving primary anticoagulant prophylaxis
(odds ratio [OR], 0.64; 95% Cl, 0.12-3.40); however, the wide ClI
indicates the result should be interpreted with caution.*®> CVAD-
related VTE was identified in 1 child (6%) in the anticoagulant
prophylaxis group and in 9 (33%) children in the nonprophylaxis
group in the comparative study by Vegting et al**
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In the noncomparative study by Nagelkerke et al,*® the rate of

CVAD-related VTE in a cohort of children with intestinal failure on
home TPN who received anticoagulant prophylaxis was 8 of 55
(14.5%; 0.2 per 1000 catheter days).46 Screening ultrasounds
were performed every 12 to 24 months or if there was clinical
suspicion of thrombosis. The median age at start of TPN was
8.4 months, and the median duration of TPN at the end of the
study was 31 months.

In the noncomparative study by Andrew et al*® of 12 children on

home TPN who did not receive anticoagulant prophylaxis, the
median age at the time of the study was 5 years. Of 12 children, 8
(66.7%) were identified to have VTE via screening venography.*®
The median number of catheters per child was 3.5 (range, 2-8),
suggesting this small cohort had been receiving TPN for several
years at the time of imaging.

Based on the reduced rate of CVAD-related VTE observed in
patients receiving anticoagulant prophylaxis in the comparative
studies, the beneficial effects from the included studies were
considered moderate. Overall, the certainty in these estimated
effects is very low owing to a serious risk of bias, serious indi-
rectness, and very serious imprecision. The inclusion of patients
receiving secondary prophylaxis, potential selection bias, the small
number of events, and the limited number of patients in the studies
contribute to imprecise estimates and reduce the overall certainty
in the evidence.

Harms and burden. Two studies collected data on adverse
effects.***® No bleeding events occurred in the Vegting et al**
study, although there were 5 deaths reportedly due to their
underlying disease. Nagelkerke et al** reported 16 bleeding
events in 10 patients receiving primary anticoagulant prophylaxis
with LMWH. Major bleeding was noted in 2 of 55 (3.6%) patients;
CRNMB was reported in 5 of 55 (9.1%), and nonspecified
bleeding was reported in 10 of 55 (18.2%). Nagelkerke et al*®
reported mortality; 1 patient died during follow-up, but the cause of
death was not specified. There were no incidences of major or
CRNMB in the nonprophylaxis groups in either study. Conse-
quently, the risk of adverse effects was not estimable.

There is low certainty in the estimate of the risk of adverse effects
due to a very serious risk of bias and serious imprecision. How-
ever, given the available evidence, the panel considered the
undesirable effects from the included studies to be small.

Other EtD criteria and considerations. The panel did not
identify any specific issues affecting feasibility or acceptability of
administering LMWH or VKA prophylaxis in pediatric patients
receiving TPN. The resources required were considered to be
moderate. This decision was based on the costs associated with
the requirement for long-term or lifelong anticoagulant prophylaxis
for children receiving TPN. EPs and EtD frameworks are available
online for recommendation 4.

Conclusions and research needs for this recommenda-
tion. Given the need for lifelong vascular access for most of these
children, and the life-threatening consequences of loss of vascular
access, the panel placed a high value on potential benefits of
anticoagulant prophylaxis. The recommendation for primary anti-
coagulant prophylaxis cannot be extrapolated to children receiving
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time-limited TPN; but pertains specifically to infants and children
with intestinal failure on home TPN for the foreseeable future. The
patients in these studies were generally infants and older children
on home TPN, with median ages from 4 months up to 6.9 years,
and, so, the panel did not include neonates in this
recommendation.

Children requiring long-term TPN for intestinal failure often require
repeated catheter replacement due to catheter occlusion,
catheter-related bloodstream infection (CRBSI), or catheter
dislodgement.*” The influence of the number of catheters per
patient, CRBSI, and of TPN duration on the risk of VTE has not
been fully considered.*” The role of prophylactic anticoagulation in
reducing the risk of CRBSI is not addressed via this guideline.

Based on the body of available evidence, anticoagulant prophy-
laxis likely reduces the risk of developing CVAD-related VTE, and
the consequences of CVAD-related VTE in this specific popula-
tion are eventually life threatening. There is very low certainty that
there is an effect of anticoagulant prophylaxis on other outcomes.
Long-term use of anticoagulation is associated with reduced
bone mineral density in other populations.*®*° For this cohort,
reduced bone density is a likely sequela because they require
lifelong central access and anticoagulant prophylaxis.** This is in
addition to the risk of developing metabolic bone disease asso-
ciated with long-term TPN, their underlying disease, and
malabsorption.®’

The panel identified the following research priorities:

1. Studies of anticoagulant prophylaxis for neonates receiving
long-term TPN.

2. Studies determining the acceptability of various anticoagulant
options including direct oral anticoagulants (DOACs) for long-
term use and their impact on QolL.

3. Ideally, studies should present the incidence of CVAD-related
VTE per catheter days to account for variations in the number
of catheters per patient and the duration of TPN.

CVAD

In pediatric patients with a short-term (<7 days) CVAD, should
anticoagulant prophylaxis vs no anticoagulant prophylaxis be
used?

Recommendation 5

In pediatric patients with a short-term (<7 days) CVAD, the
ASH/ISTH guideline panel suggests no anticoagulant pro-
phylaxis rather than anticoagulant prophylaxis (conditional
recommendation based on very low certainty in the evidence

about effects @OO0).
Remarks:

® The current evidence does not support the universal use of
prophylactic anticoagulation for all pediatric patients with a
short-term (<7 days) CVAD. However, the panel
acknowledges that there may be subgroups of patients at
high risk of VTE and low risk of bleeding, for whom anti-
coagulant prophylaxis may be of benefit. This high-risk VTE
subgroup includes children aged >1 year with a short-term
CVAD who are critically ill, on IMV, and have a low risk of
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bleeding; as well as patients expected to have prolonged
immobility and/or hospitalization, those with autoimmune/
inflammatory conditions, and those with active serious
infections.

Summary of the evidence. The review team identified 1 multi-
center RCT (n = 51) that compared LMWH with SoC (no phar-
macological prophylaxis) for the prevention of CVAD-related VTE
in children with a short-term CVAD (Catheter-Related Early
Thromboprophylaxis with Enoxaparin [CRETE] Trial).>? This trial
enrolled children admitted to the pediatric intensive care unit (ICU)
<24 hours after insertion of an untunneled CVAD and performed
screening Doppler ultrasounds within 24 hours of study termina-
tion. LMWH was started within 24 hours from CVAD insertion,
given every 12 hours, and titrated to achieve an anti—factor Xa level
of 0.2 to 0.5 [U/mL. Of note, the trial had very stringent inclusion
and exclusion criteria and, as a result, only a very small subset of
patients assessed for eligibility were enrolled (51/2058 [2.5%)])
raising concerns about the generalizability of its findings. Impor-
tantly, patients with coagulopathy, those with active or <60 days
from a clinically relevant bleed, and those <7 days after trauma or
surgery were excluded from the study. Furthermore, the study was
terminated prematurely before reaching full enroliment due to an
incorrect estimation of the risk of CVAD-related VTE in the pre-
approved analysis plan that affected the validity of the study's
design and outcomes.

The review team also identified 4 nonrandomized observational
studies that compared rates of CVAD-related VTE in pediatric
patients with and without anticoagulant prophylaxis.’®°® These
studies included pediatric patients with a short-term CVAD who
were admitted to the pediatric ICU or surgical inpatient unit at their
respective institutions. Anticoagulant agents used in these studies
included UFH, LMWH, and VKAs. Additionally, we included data
derived from the subgroup of children with a short-term CVAD
enrolled in the PROTEKT (Prophylaxis for Thromboembolism in
Critical Care) trial, a multicenter RCT assessing the efficacy and
safety of LMWH prophylaxis vs SoC (no prophylaxis) for the pre-
vention of CVAD-related VTE.®’

Benefits. The beneficial effects of anticoagulant prophylaxis in the
included studies were considered small. There seemed to be a
small reduction in the rates of VTE in patients who received anti-
coagulant prophylaxis compared with those without prophylaxis,
but this reduction was not observed consistently across all studies
and VTE types. In the CRETE trial,°” pediatric patients receiving
anticoagulant prophylaxis had lower rates of CVAD-related DVT
(7/23 [30.4%] vs 13/24 [54.2%]), and symptomatic CVAD-
related VTE (1/27 [3.7%] vs 7/24 [29.2%]) compared with
those receiving SoC (no prophylaxis; RR, 0.13; 95% Cl, 0.2-0.96).
However, when considering this evidence, the panel noted the
very small proportion of patients screened for eligibility that were
enrolled in the trial (2.5%), raising concerns regarding the gener-
alizability of its findings, the overall small number of patients
assessed in each arm of the trial (prophylaxis arm, n = 27; SoC
arm, n = 24), and the early termination of the study. In the non-
randomized studies, reductions in the rates of VTE in the
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anticoagulant prophylaxis arm were inconsistent across studies.
Although the combined rate of CVAD-related VTE was lower in
children who received anticoagulant prophylaxis compared with
those without (30/189 [20.6%] vs 35/98 [35.7%]; RR, 0.66;
95% Cl, 0.37-1.19)°%°5°7; rates of symptomatic CVAD-related
VTE and rates of all DVT were higher in patients with anticoagu-
lant prophylaxis than those without (symptomatic CVAD-related
VTE [2/25 (8%) vs 1/20 (5%); RR, 1.6; 95% Cl, 0.16-16.4]; all
DVT [8.9% vs 5.3%; RR, 1.75; 95% Cl, 0.58-5.26]°°°") and rates
of asymptomatic CVAD-related VTE did not differ substantially
between patients with and without anticoagulant prophylaxis (1/25
[49%] vs 2/20 [109%)], respectively; RR, 0.4; 95% Cl, 0.04-4.1).%”

The overall difference in number of events between groups (anti-
coagulant prophylaxis vs no prophylaxis) was considered small. In
the RCT, the risk of bias was judged to be very serious and due to
the overall low number of events, imprecision ranged from serious
to very serious. For the nonrandomized studies, the risk of bias was
assessed as serious, and imprecision as very serious. Overall, the
certainty in these estimated effects was judged to be very low.

Harms and burden. The undesirable effects of anticoagulant
prophylaxis in the included studies were considered small.
Compared with those not receiving prophylaxis, patients who
received anticoagulant prophylaxis had a slight increase in the rates
of bleeding. In the CRETE trial, there was 1 CRNMB in the antico-
agulant prophylaxis arm, and O events in the SoC arm.’” In the
nonrandomized studies, the rate of clinically relevant bleeding was
slightly higher among patients with critical illness at high risk of
bleeding without anticoagulant prophylaxis than those with prophy-
laxis (30/77 [39%]) vs 1/3 [33.3%]; RR, 1.43; 95% CI, 0.18-11.43);
however, major bleeding and CRNMB occurred in 8 of 118 (6.8%)
and 1 of 118 (0.8%) patients receiving anticoagulant prophylaxis,
respectively, and in none of the patients without prophylaxis
(0/27).°*°% Unspecified bleeding was reported in 1 of 31 (3.2%) of
patients with anticoagulant prophylaxis and in none of those without
prophylaxis (0/167). In the CRETE study, all-cause mortality was
18.5% with anticoagulant prophylaxis vs 8.3% with SoC, (RR, 2.2;
95% Cl, 0.47-10.42). Similarly, in the nonrandomized data, all-cause
mortality was slightly higher in patients with anticoagulant prophylaxis
than those without (4.8% vs 3.3%), whereas no VTE-related mortality
events were reported in any of the groups.54’57

Overall, the difference in the number of events between groups
was considered small. There was very serious risk of bias and
serious imprecision in the RCT, and serious risk of bias and very
serious imprecision in the nonrandomized studies. The overall
certainty in the estimated effects was judged to be very low. In
considering the potential burdens associated with anticoagulant
prophylaxis, although the intervention (anticoagulant prophylaxis)
was considered to be probably acceptable, the panel took into
consideration that oral medications are rarely used for prophylactic
anticoagulation in hospitalized patients, particularly those with
short-term CVADs who tend to be critically ill, thus the need
for a parenteral medication was a consideration in this
recommendation.

Other EtD criteria and considerations. The panel did not
identify any specific issues affecting feasibility or acceptability of
administering LMWH in pediatric patients with short-term CVAD.
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The resources required were considered to be moderate. EPs and
EtD frameworks are available online for recommendation 5.

Conclusions and research needs for this recommenda-
tion. The panel concluded that the current available evidence
does not support a net benefit from using universal primary anti-
coagulant prophylaxis in pediatric patients with a short-term
(<7 days) CVAD. Overall, the slightly higher rates of bleeding
and all-cause mortality reported in patients with anticoagulant
prophylaxis compared with those without, in the setting of small
and inconsistent reductions in the rates of CVAD-related VTE in
those receiving anticoagulant prophylaxis, influenced the decision
to suggest against prophylactic anticoagulation in pediatric
patients with a short-term CVAD. Although the balance of effects
was judged to probably favor the comparison (no anticoagulant
prophylaxis), it must be noted that the included data had significant
bias and imprecision.

However, the panel acknowledges that there may be subgroups of
pediatric patients with short-term CVADs who have a high-risk of
VTE and low risk of bleeding, and who may benefit from antico-
agulant prophylaxis. This high-risk VTE subgroup includes patients
with a short-term CVAD who are critically ill, on IMV, expected to
have prolonged immobility and/or hospitalization, those with
autoimmune/inflammatory conditions, and those with active
serious infections. The only RCT informing this recommendation
excluded children at high risk of bleeding, defined as patients with
coagulopathy, those with active or <60 days from a clinically
relevant bleed, and those <7 days after trauma or surgery.®” Thus,
the panel recommends careful consideration of the patient’s indi-
vidual risks for VTE and bleeding because there may be patients
for whom the benefit of prophylactic anticoagulation outweighs its
risks.

The panel identified the following research priorities:

1. Prospective multicenter cohort studies investigating the base-
line risk of bleeding in select patients with a short-term CVAD
and high risk of VTE to inform the design of risk-stratified
anticoagulant prophylaxis trials.

2. Multicenter risk-stratified trials investigating the safety and
efficacy of anticoagulant prophylaxis for short-term CVAD-
related VTE in select pediatric patients identified to be at high
risk of VTE. Such trials may consider the use of DOAC:s.

In children and adolescents who require medium-/long-term
(>8 days) CVAD in the absence of cancer or TPN, should anti-
coagulant prophylaxis vs no anticoagulant prophylaxis be used?

Recommendation 6

In children and adolescents who require medium-/long-term
(>8 days) CVAD in the absence of cancer or TPN, the ASH/
ISTH guideline panel suggests no anticoagulant prophylaxis
rather than anticoagulant prophylaxis (conditional recom-
mendation based on very low certainty in the evidence about
effects DOOO).

Remarks:

e This recommendation pertains to the use of primary anti-
coagulant prophylaxis.
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e The panel acknowledged that there may be pediatric
patients who may benefit from prophylaxis. A thorough
assessment of individual risks and careful consideration of
benefits and harms when considering prophylactic anti-
coagulation is appropriate.

Summary of the evidence. There was a single RCT that
addressed this question, which reported the effect of primary
anticoagulant prophylaxis on the development of asymptomatic
CVAD-related VTE, symptomatic CVAD-related VTE, and VTE-
related mortality among 186 children.°” The panel reviewed the
data from a subgroup of 31 patients who did not have cancer or
TPN use.®” Patients were randomly assigned to receive twice daily
reviparin sodium as anticoagulant prophylaxis or SoC. The primary
efficacy outcome was a CVAD-related VTE detected by venogram
at day 30 or at the time of CVAD removal, a confirmed symp-
tomatic VTE within 30 days of CVAD placement, or death due to
VTE during the study period. Anticoagulant prophylaxis did not
prevent VTE events.

Benefits. Based on the single RCT, anticoagulant prophylaxis did
not reduce the risk of developing CVAD-related VTE. There were
asymptomatic CVAD-related VTEs in 3 of 12 (25.0%) patients in
the anticoagulant prophylaxis group compared with 3 of 19
(15.8%) in the SoC group (RR, 1.568; 95% ClI, 0.38-6.60). There
were no reported symptomatic CVAD-related VTE or VTE-related
deaths. The certainty in the evidence was judged to be very low
due to the risk of bias and imprecision.

Based on the trivial difference in the number of events between the
anticoagulant prophylaxis and the nonprophylaxis groups, there
was no beneficial effect from the included study.

Harms and burden. There was 1 major bleeding event (1/94
[1.19%]) in the nonprophylaxis group and none in the anticoagulant
prophylaxis group in the overall study. There was no significant
difference in the rate of minor bleeding between the non-
prophylaxis group and the anticoagulant prophylaxis group
(P=.24). Undesirable effects were judged to be trivial because of
the low number of events in both the anticoagulant prophylaxis and
nonprophylaxis groups, as well as the trivial difference in number of
events in the included study. There was low certainty in the risk of
adverse events due to serious bias and very serious imprecision.

Other EtD criteria and considerations. The panel identified
that there may be differences in the acceptability and feasibility of
administering a LMWH vs an oral anticoagulant in pediatric
patients with medium- and long-term CVAD. The resources
required were moderate. EPs and EtD frameworks are available
online for recommendation 6.

Conclusions and research needs for this recommendation.
Conclusions are based on a subgroup analysis from a single RCT,
which provided evidence on the benefits and risk of anticoagulant
prophylaxis in children with medium- and long-term CVAD in the
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absence of cancer or TPN use. The evidence showed no benefit of
anticoagulant prophylaxis. The panel discussed that the use of
anticoagulant prophylaxis may increase the risk of bleeding; a 1.3%
major bleeding rate has been reported with prophylactic or full-dose
anticoagulation for secondary prophylaxis for CVAD-related VTE.?®
Based on their clinical expertise, the panel discussed that patients
may have different perspectives even in the same situation, trying to
balance the undesirable effect of increased bleeding with anti-
coagulation and the beneficial effect of preventing a VTE. Therefore,
there was possibly important uncertainty or variability in how
patients value the outcomes.

Given the low number of VTE events in both the anticoagulant
prophylaxis and no prophylaxis arms, the trivial difference in num-
ber of VTE events, trivial undesirable effects, low certainty in the
evidence, and the variability in how patients value the outcomes,
the balance of effects would not favor either anticoagulant pro-
phylaxis or no prophylaxis. Therefore, a conditional recommenda-
tion was made to suggest no anticoagulant thromboprophylaxis.

The panel would like to highlight that although neonates were
included in the study population, the mean age of included
patients was 6 years. Given the even smaller evidence of benefit or
harm of anticoagulant prophylaxis and potential different benefit-to-
risk ratio, this recommendation may not be appropriate for
extrapolation to neonates.

The following research priorities were identified by the panel:

1. Studies exploring risk stratification based on patient, treatment,
and catheter-related risk factors for CVAD-related VTE.

2. Subsequent studies exploring the safety and efficacy of different
anticoagulant agents (LMWH, VKAs, DOACs) for primary pro-
phylaxis for children who require medium- and long-term CVAD in
the absence of cancer or TPN use; such studies should include
assessment of treatment acceptability and impact on QoL.

3. Specific studies of anticoagulant prophylaxis in neonates with
CVADs.

APLA

In pediatric patients with APS, should secondary anticoagulant
(with/without antiplatelet) prophylaxis vs no secondary anticoag-
ulant prophylaxis be used?

Recommendation 7

In pediatric patients with APS, the ASH/ISTH guideline panel
suggests using secondary anticoagulant prophylaxis rather
than no secondary anticoagulant prophylaxis (conditional
recommendation based on low certainty in the evidence
about effects @ DOO).

Remarks:

® An a priori decision was made to exclude pediatric patients
receiving only antiplatelet therapy from this EP.

e The included evidence showed moderate benefit of sec-
ondary anticoagulation prophylaxis (with/without anti-
platelet therapy) in reducing recurrent thromboembolism.
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Summary of the evidence. The panel reviewed data from 2
single-center observational studies,’®°° a cross-sectional inter-
national database study,®' and a subgroup analysis of the phase
2b/3 DIVERSITY trial.°”> These studies estimated the rate of
recurrent thrombosis in pediatric patients with primary and sec-
ondary APS who received anticoagulation (with/without anti-
platelet therapy) vs those who did not receive anticoagulation.
Anticoagulant agents in these studies included UFH, LMWH,
VKAs, fondaparinux, and DOACs. Patients who only received
antiplatelet agents (eg, aspirin and clopidogrel) were excluded
from the EP. The panel additionally considered a single-center,
retrospective study by Avila et al,°® but was unable to include
these data in the analysis for this recommendation given that
details on anticoagulation were not available for the entire cohort.

Only a subgroup analysis of the phase 2b/3 DIVERSITY trial
reported bleeding in children with APS who were treated with
dabigatran. To address this gap, we used an expert evidence
approach by systematically gathering clinical experience through a
survey sent to panel members.” This survey estimated the number
of patients with APS managed by each expert, as well as the
bleeding rates associated with anticoagulation use.

Benefits. Based on the pooled data from the 4 studies, recurrent
thrombosis was reported in 33 of 155 (21.3%) children with APS.
This included 23 of 131 (17.6%) children receiving anti-
coagulation (with/without antiplatelet therapy), vs 10 of 24
(41.7%) children not receiving anticoagulation for a RR of 0.41
(95% Cl, 0.23-0.76). There were 246 fewer recurrent thrombotic
events (95% ClI, 321 fewer to 100 fewer) per 1000 patients
receiving anticoagulation (with/without antiplatelet therapy), than
those who did not receive anticoagulation.

Rao et al reported 17 pediatric patients with APS in a single-
center, retrospective study, with a median follow-up of 4.3 years
(range, 0.8-16.9). Anticoagulant agents used included LMWH and
VKAs. Recurrent thrombotic events were reported in 5 of 12
(41.6%) patients on therapeutic anticoagulation (with/without
antiplatelet therapy), compared with 4 of 4 (100%) patients not on
anticoagulation.®®

Ma et al described 67 thrombotic events in 43 pediatric patients
with APS in a single-center, retrospective study. Anticoagulant
agents used included UFH, LMWH, VKAs, and rivaroxaban.
Recurrent thrombotic events were reported in 1 of 31 (3.2%)
patients receiving anticoagulation (with/without antiplatelet ther-
apy), vs 4 of 10 (40%) patients who did not receive
anticoagulation.®®

In an international, multicenter, cross-sectional study, Avcin et al®’

reported clinical outcomes in 121 pediatric patients with APS. The
mean duration of follow-up was 6.1 years (range, 0.7-24.7). A total
of 88 patients received anticoagulation (with/without antiplatelet
therapy), although details on anticoagulant agents used were not
provided in the study. Recurrent thrombosis was reported in 17 of
88 (19%) patients receiving anticoagulation (with/without anti-
platelet therapy) vs 2 of 10 (20%) patients not receiving
anticoagulation.®’

Brandéo et al reported 3 patients with APS enrolled in the phase
2b/3 DIVERSITY trial, who were rolled over to a single-arm, phase
3, secondary VTE prevention study with dabigatran. Recurrent
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thrombosis was reported in 1 patient, a month after stopping
anticoagulation.®?

In summary, anticoagulation was associated with a significant
reduction in the risk of recurrent thrombosis when analyzing the
pooled data. A major limitation of these data is the nonrandomized
study design, resulting in a serious risk of bias. Additionally, the
small sample size results in serious imprecision and a low certainty
in the evidence for the benefits of anticoagulation.

Harms and burden. Only Brandao et al reported bleeding as an
outcome in 3 patients with APS enrolled in the phase 2b/3
DIVERSITY trial, who were rolled over to a single-arm, phase 3,
secondary VTE prevention study with dabigatran. No bleeding
events were reported. In response to the expert survey, 13
responses were received, providing data on 157 pediatric patients
with APS who had been treated with secondary anticoagulant
(with/without antiplatelet) prophylaxis. The panel reported major
bleeding events in 2 (1.27%) patients and CRNMB events in 12
(7.6%) patients. Overall, there was very low certainty in the esti-
mate of the risk of adverse effects due to a critical risk of recall and
perception bias.

Other EtD criteria and considerations. The panel did not
think there were feasibility or acceptability considerations that
would impair the implementation of this recommendation. The
resources required were considered to be moderate. EPs and EtD
frameworks are available online for recommendation 7.

Conclusions and research needs for this recommendation.
There are no pediatric RCTs to provide evidence on the benefits of
anticoagulation for secondary VTE prophylaxis in children with APS.
The recommendation was based on data from 4 nonrandomized
studies. The rate of recurrent thrombosis in children with APS was
21.3%, and anticoagulation was associated with a significant
reduction in the risk of recurrent events. The desirable effects of
anticoagulation were consequently deemed to be moderate in this
cohort. These studies did not provide data on the rate of bleeding in
children receiving anticoagulation, but through a subgroup analysis
of the DIVERSITY trial and panel survey, the undesirable effects of
anticoagulation were deemed to be frivial. The panel therefore
suggests using anticoagulation in pediatric patients with APS. This
is a conditional recommendation based on very low certainty in the
evidence of effects due to risk of bias, including recall and
perception bias with the survey, and serious imprecision.

Based on current evidence, DOACs are not recommended in adult
patients with APS, specifically triple-positive APS, and a history of
arterial thrombosis. Although similar data are not available for
pediatric patients, based on extrapolation of adult data, LMWH
and VKAs are typically the anticoagulants of choice in these
patients. The panel acknowledges that the burden of treatment in
this cohort is likely to be significant, given the use of injectable
drugs (LMWH), food and drug interactions (VKAs), need for lab-
oratory monitoring (LMWH and VKAs), and the extended period of
anticoagulation required in children with APS. Lastly, the panel
was unable to make any recommendations on dose intensity for
secondary prophylaxis in APS because there are no published
data to guide such recommendation. The decision on dose
intensity (low dose vs full dose) for secondary VTE prophylaxis
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needs to be made on a case-by-case basis based on the
perceived individual patient's risk for recurrent VTE and bleeding,
the patient’s lifestyle, and the patient’'s and family's preferences
and values.

Of note, the panel made an a priori decision to exclude patients
treated solely with antiplatelet therapy from the systematic review
and EPs. Therefore, the panel did not make a recommendation on
the benefit-to-risk ratio of using antiplatelet agents alone in this
cohort.

The following research priorities were identified by the panel:

1. Prospective cohort studies to investigate the natural history of
APS in children, specifically the risk of recurrent thrombosis in
children with single- vs double- and triple-positive APS.

2. Diagnostic criteria for APS need to be prospectively validated
in children.

3. Studies investigating the safety and efficacy of different types
of anticoagulant agents (LMWH, VKAs, and DOACs) in chil-
dren with low-risk APS.

4. Studies to determine the magnitude of undesirable effects of
anticoagulation in children with APS, including bleeding and
reduced QoL.

In pediatric patients with persistent APLA and without history of
thrombosis, should primary anticoagulant prophylaxis vs no pri-
mary anticoagulant prophylaxis be used?

Recommendation 8

In pediatric patients with persistently positive APLA without a
history of thrombosis, the ASH/ISTH guideline panel sug-
gests no primary anticoagulant prophylaxis rather than primary
anticoagulant  prophylaxis (conditional recommendation
based on very low certainty in the evidence about effects
DO00).

Remarks:

e An a priori decision was made to exclude pediatric patients
receiving antiplatelet therapy, and therefore the panel
cannot comment on the benefits and risk of using anti-
platelet agents in this cohort.

e The panel acknowledges that evolving definitions of APS
may influence clinical decision-making and emphasizes
that individual patient characteristics, such as the pres-
ence of an underlying autoimmune disorder, double or tri-
ple antibody positivity, the strength of antibody titers, and
microvascular manifestations, should be considered when
evaluating the need for primary anticoagulant prophylaxis.

Summary of the evidence. Through a systematic review, no
studies were identified that specifically addressed the question of
anticoagulant prophylaxis vs no anticoagulant prophylaxis in pedi-
atric patients with persistently positive APLA and no history of
thromboembolism. Evidence from a single open-label RCT
comparing low-dose aspirin with low-dose aspirin plus low-
intensity warfarin in adult patients with positive APLA®* was

€ blood advances 23 June 2026 - voLumE 10, NUMBER 12

considered. Although this trial reported no differences in the inci-
dence of VTE between the groups, it found a higher rate of
bleeding events in patients receiving anticoagulation prophylaxis.
However, this study did not include the pediatric population in
question. To address this gap, the panel adopted an expert evi-
dence approach, systematically gathering clinical experience
through a survey distributed to panel members. The survey
included targeted questions to estimate the number of patients
managed by each expert and the rates of thrombosis and bleeding
in these patients. In total, 16 responses were received, providing
data on 88 pediatric patients. Among these, 5 of 88 (6%) received
primary anticoagulant prophylaxis for persistently positive APLA
without thrombosis, whereas 83 of 88 (94%) did not. The survey
did not include questions regarding the use of short-term pro-
phylaxis at times of increased VTE risk (ie, hospitalization). The
panel acknowledged that, although this approach offered valuable
insights in the absence of published studies, it was inherently
limited by potential recall and perception bias.

Benefits. The expert survey evaluated the use of primary antico-
agulant prophylaxis vs no anticoagulant prophylaxis in pediatric
patients with persistently positive APLA and no history of throm-
bosis. Based on panel member responses, symptomatic VTE
events were reported in 1 of 5 (20%) patients in the anticoagulant
prophylaxis group and in 2 of 83 (2%) in the no—anticoagulant
prophylaxis group. The certainty in the estimated effects is very
low owing to recall and perception bias.

Harms and burden. According to panel member responses to
the expert survey, no major bleeding events were reported in either
group: O of 5 patients in the anticoagulant prophylaxis group and
0 of 83 patients in the nonanticoagulant group. CRNMB occurred
in 1 of 5 patients (20%) in the anticoagulant prophylaxis group,
compared with O of 83 patients in the nonanticoagulant group.
Overall, there was very low certainty in the estimate of the risk of
adverse effects due to a critical risk of recall and perception bias.

Other EtD criteria and considerations. The panel acknow!-
edged that there was probably no important uncertainty or vari-
ability in the acceptability of anticoagulant prophylaxis for pediatric
patients with persistently positive APLA. This was primarily
because anticoagulation options for patients with APLA are often
limited to LMWH or VKAs, which have high burdens of use and
may be unacceptable to patients. However, the panel also noted
that the acceptability could vary depending on factors such as the
duration of anticoagulation, the perceived risk of thrombosis, or
whether the concern was arterial vs venous thrombosis. EPs and
EtD frameworks are available online for recommendation 8.

Conclusions and research needs for this recommendation.
Because the overall guideline scope is focused on the management
of anticoagulant prophylaxis in pediatric patients, the panel made a
deliberate decision to exclude patients treated solely with anti-
platelet therapy from the systematic review and EPs. Therefore, the
panel did not make a recommendation on the benefit-to-risk ratio of
using antiplatelet agents in this cohort.

The panel used an expert survey to gather clinical experience as the
best available means to provide evidence in the absence of studies.
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Although acknowledging the numerous limitations of this approach,
the panel also noted that most patients included in the survey did
not receive anticoagulant prophylaxis, suggesting that most experts
do not routinely prescribe anticoagulation for pediatric patients with
persistence of APLA in the absence of thrombotic history.

The group evaluated the balance between the desirable and
undesirable effects of primary anticoagulant prophylaxis in pedi-
atric patients with persistently positive APLA and concluded that it
favored no anticoagulation. Although the panel made a conditional
recommendation for no primary anticoagulant prophylaxis for
persistently positive APLA, panel members emphasized the
importance of considering individual patient circumstances in
which anticoagulation might be appropriate. Such situations could
include patients with underlying autoimmune conditions, double-
or triple-positive APLA, or additional thrombophilic risk factors.
Furthermore, the expert survey did not include questions specif-
ically addressing the need for anticoagulant prophylaxis during
high-risk VTE periods such as hospitalization, prolonged immo-
bility, serious active infection, or presence of a CVAD. Panel
members emphasized that the decision to start anticoagulation
should be individualized based on balancing the risk of thrombotic
complications with the underlying bleeding risk.

The research priority identified was:

1. Prospective studies to evaluate risk stratification strategies and
the prognostic impact of primary anticoagulant prophylaxis in
pediatric patients with persistently positive APLA and no history
of thrombosis at baseline and during periods of high VTE risk.

Patients who have experienced trauma

In pediatric patients who have experienced trauma, should anti-
coagulant prophylaxis vs no anticoagulant prophylaxis be used?

Recommendation 9

In pediatric patients who have experienced trauma, the ASH/
ISTH guideline panel suggests no anticoagulant prophylaxis
rather than anticoagulant prophylaxis (conditional recom-
mendation based on very low certainty in the evidence about
effects @OO0).

Remarks:

e The evidence does not support the universal use of anti-
coagulant prophylaxis in pediatric patients who have
experienced trauma, who compose a heterogenous pop-
ulation among whom the overall prevalence of VTE is low.

e There are, however, subgroups in the included studies
(patients deemed at high risk) that had higher reported rates
of VTE who may benefit from prophylactic anticoagulation.
These specific high-risk criteria included presence of shock,
age of >12 years (or younger ages with multiple risk fac-
tors), immobility, intubation, and presence of a CVAD.

e Although the risk for bleeding from anticoagulant prophy-
laxis in pediatric patients who have experienced trauma is
overall low, it was noted to be higher in patients receiving
prophylactic anticoagulation in 1 study.
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Summary of the evidence. Ten studies evaluating the rate of
VTE in patients who have experienced trauma receiving antico-
agulant prophylaxis (n = 11 541) vs those receiving no anticoag-
ulant prophylaxis (n = 171 308) were included in the EP.°°7*
Anticoagulant agents used for prophylaxis included UFH, LMWH,
and rivaroxaban. The pooled absolute risk difference was 0.01
(95% CI, 0-0.03), with >20 events per 1000 in the patients
receiving anticoagulant prophylaxis. Pooled studies suggest an
increased all-cause mortality (2% vs 19%; risk difference of 0.01)
and higher rate of symptomatic (1.9% vs 0.1%; risk difference of
0.02) and asymptomatic (1.8% vs 0.1%; risk difference of 0.03)
VTE in patients receiving anticoagulant prophylaxis. Because
these were observational studies and subject to selection bias, the
higher rates of VTE in the anticoagulant prophylaxis arm may
indicate confounding by indication, that is, patients with perceived
higher baseline VTE risk received anticoagulant prophylaxis. Two
studies attempted to adjust for the heterogeneity in VTE risk of the
population (see “Other EtD criteria and considerations,” here-
after).®®°® However, the studies reported inconsistent results, with
1 study (adjusting for age) suggesting lower risk of VTE (OR, 0.7;
959% Cl, 0.22-2.16)°° and the other (matching cohorts for risk)
showing higher risk of VTE with anticoagulant prophylaxis (RR,
2.3; 95% Cl, 1.66-3.18).°°

Although a systematic search for studies on prevalence of VTE in
pediatric patients who have experienced trauma was not per-
formed, the overall prevalence of VTE in the included studies was
low (n = 254 947; median, 0.3% [range, 0.05%-3%)]). The overall
low VTE incidence in these studies suggests that the potential
absolute VTE risk reduction with anticoagulant prophylaxis is small
to trivial.

A subgroup of patients labeled as “high-risk” was reported in 4
studies.®®®%7""* VTE occurred in 128 of 995 (12.9%) high-risk”
patients with a median rate of 17% (range, 5.5%-24%). Each
study had different definitions of high risk, but there were similar-
ities among them. Landisch et al defined high risk as age of >13
years or age of <13 years with >4 risk factors for VTE (with risk
factors including presence of CVAD, predicted immobility of
>b5 days, operative pelvic fracture, known thrombophilia, and
current malignancy). Based on this definition, 20 of 99 (10%) high-
risk patients developed VTE.®° Leeper et al reported development
of VTE in 78 of 315 patients at very high risk and high risk. The
study defined patients at very high risk as those identified at 36
hours after injury who either are aged >13 years with 1 risk factor
(intubated with CVAD, nonambulatory pelvic or lower extremity
fracture, obesity, use of inotropes, or use of exogenous estrogen)
or patients aged <13 years with a personal or family history of DVT
or known thrombophilia in addition to one of the defined risk fac-
tors. These patients at very high risk were stated to meet criteria
for anticoagulant prophylaxis. Patients at high-risk were defined as
those who did not meet the prophylaxis criteria at 36 hours but had
ongoing risk factors on posttrauma day 5.”" Tobias et al had 5 of
21 (23.8%) high-risk patients develop VTE.®® The study used a
published risk model”® that uses 10 clinical variables (including
presence of CVAD, pelvic fracture, intubation, age, and ICU
admission) and weighted scores to predict overall risk of VTE.
Patients identified with a score of >523 (predicted risk of VTE of
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1%) were designated to be at high risk. Finally, Witte et al defined
high-risk patients as those unable to ambulate within 48 hours
from their injury and either aged >8 years with 1 additional risk
factor or aged <8 years with >2 additional risk factors. Additional
risk factors included obesity, central venous line, ICU stay antici-
pated of >48 hours, spinal cord injury, current use of estrogen,
personal or family history of VTE, and vascular injury. The rate of
VTE in this high-risk group was 5.5% (n = 25/460) with similar
rates among those who did and did not receive anticoagulant
prophylaxis (5.6% vs 5.3%, respectively). Furthermore, the study
noted that in those with anticoagulant prophylaxis initiated within
24 hours of the injury, the rate of VTE (1.6%) was lower than if
anticoagulant prophylaxis was initiated >24 hours after the injury
(6.9%). The group receiving anticoagulant prophylaxis within 24
hours of injury had shorter ICU lengths of stays and shorter time on
mechanical ventilation than those with anticoagulant prophylaxis
initiation >24 hours after the injury.”* This suggests that the
populations in these groups were likely different, implying that the
data may have been affected by confounding by indication.

The panel noted that all studies were unable to fully account for
confounding by indication, which likely account for the poor out-
comes observed in patients receiving anticoagulant prophylaxis.
The panel does acknowledge that there are subgroups of pediatric
trauma patients at very high risk of developing VTE but concludes
that the benefit of anticoagulant prophylaxis is uncertain.

Benefits. There was no reduction in VTE in patients who received
anticoagulant prophylaxis, with higher rates of VTE in the antico-
agulant prophylaxis groups, as described earlier; therefore, the
beneficial effects from the included studies were considered trivial.
The risk of bias in these studies was serious to very serious, and
certainty in these estimated effects was low to very low.

Harms and burden. The undesirable effects from the included
studies were considered small. Mahajerin et al reported increased
risk of bleeding in patients receiving anticoagulant prophylaxis
(n=61/11 165) compared with those not receiving anticoagulant
prophylaxis (n =309/169 767; 0.5% vs 0.2%, respectively; RR for
bleeding, 3.00 [95% CI, 2.28-3.95]).°° There was serious risk of
bias and certainty in this estimated effect was moderate. In
considering potential burdens, although the intervention was
considered probably acceptable, the panel did note that oral
medications are rarely used for anticoagulant prophylaxis in trauma
patients and thus the need for an injectable medication was
considered.

Other EtD criteria and considerations. The panel did not
think there were feasibility or acceptability considerations that
would impair the implementation of this recommendation. The
resources required were considered to be moderate. EPs and EtD
frameworks are available online for recommendation 9.

Conclusions and research needs for this recommendation.
Overall, the rate of VTE in hospitalized children who have experi-
enced trauma was low. The panel determined that the evidence did
not support a net benefit from using universal anticoagulant pro-
phylaxis in unselected hospitalized children after trauma. The panel
did note that patients who have experienced trauma designated as
being at high risk based on institutional protocols had higher rates
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of VTE and required consideration for anticoagulant prophylaxis.
Furthermore, there are clinical differences when comparing patients
admitted in the ICU with those who have been deemed at high risk
at their institution compared with the general trauma population.
Therefore, the panel recommends that clinicians consider the indi-
vidual patient's risks for development of VTE because there may be
patients for whom the potential benefit of anticoagulant prophylaxis
may outweigh the risks.

The panel identified the following additional research priorities:

1. Characterization of the prevalence of VTE according to pedi-
atric trauma severity.

2. Collaborations to standardize VTE risk assessment models and
timing and intensity of anticoagulation used in research studies
on hospitalized children after trauma.

3. Subsequently, multicenter prospective studies to evaluate the
safety and efficacy of anticoagulant prophylaxis in patients at
high risk using prospectively validated risk scores.

Hospitalized patients

In hospitalized pediatric patients, should anticoagulant prophylaxis
vs no anticoagulant prophylaxis be used?

Recommendation 10

In hospitalized pediatric patients, the ASH/ISTH guideline
panel suggests no anticoagulant prophylaxis rather than
anticoagulant  prophylaxis  (conditional recommendation
based on low certainty in the evidence about effects
SDOQO).

Remarks:

e Hospitalized pediatric patients encompass an extremely
heterogeneous population with respect to age, underlying
medical conditions, and baseline risk of thrombosis.

e The panel acknowledged that there may be certain pedi-
atric patients that may benefit from anticoagulant prophy-
laxis (eg, immobility, use of estrogen, infection, obesity, and
inflammation), although additional studies are needed.

¢ Several subgroups (cancer, CVAD, surgery, and trauma)
are addressed in separate recommendations.

Summary of the evidence. The review team identified a single
RCT (n = 186) that compared LMWH with SoC (no anticoagulant
prophylaxis) to prevent CVAD-related VTE in hospitalized pediatric
patients. In this trial the rate of VTE was 12% with anticoagulant
prophylaxis (3.3% symptomatic, 8.7% asymptomatic) vs 10%
without (3.2% symptomatic, 7.4% asymptomatic; RR, 1.12
[95% CI, 0.5-2.5]). There was 1 major bleed in the SoC arm. The
trial was closed prematurely due to slow accrual.®”

Additionally, the review team identified 4 nonrandomized obser-
vational studies that evaluated thromboprophylaxis in hospitalized
children.”®7? In the studies that reported VTE, the combined rate
of VTE in children who received anticoagulant prophylaxis was
6.5% (14/214) compared with 3.7% (68/1853), with a risk dif-
ference of 0.04 (95% Cl, —0.01 to 0.08). One study used a large
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database to evaluate rates of bleeding using International Classi-
fication of Disease codes in patients who received anticoagulant
prophylaxis.”® The combined rate of bleeding in the observational
studies was 5.6% (589/10 544) in patients with anticoagulation
and 4.7% without (2783/58 768).

Benefits. The beneficial effects from the included studies were
considered trivial. There was no reduction in VTE in patients who
received anticoagulant prophylaxis, although the risk of bias in the
randomized trial was serious and very serious in the non-
randomized studies. Overall, the certainty in these estimated
effects was judged to be low.

Harms and burden. The harmful effects from the included
studies were considered trivial. Rates of bleeding in patients who
received anticoagulant prophylaxis did not appear to be higher
than those who did not receive prophylaxis. However, these esti-
mates were judged to be low due to risk of bias and imprecision.

Other EtD criteria and considerations. Several subgroups at
high-risk of VTE are addressed separately in this article. In addition,
there may be select hospitalized patients, such as adolescents
with additional prothrombotic risk factors (eg, immobility, use of
estrogen, infection, obesity, inflammation) who may benefit from
anticoagulant prophylaxis. The ASH adult VTE prophylaxis guide-
lines in noncritically ill hospitalized medical patients suggest using
anticoagulation rather than no anticoagulation.

The required resources associated with the intervention (antico-
agulant prophylaxis) were judged to be moderate, although there
were no available studies addressing this. Additionally, the panel
did not identify equity, feasibility, or acceptability considerations
that would impair implementation of the intervention. EPs and EtD
frameworks are available online for recommendation 10.

Conclusions and research needs for this recommenda-
tion. Overall, there was very little evidence addressing this
question. Although the balance of effects did not clearly favor the
intervention or the comparison, and although in the included
studies there was no difference in bleeding, these data had sig-
nificant bias and imprecision. The known potential for increased
bleeding with anticoagulant prophylaxis influenced the decision to
suggest against anticoagulation. The panel determined that the
evidence did not support a net benefit from using anticoagulant
prophylaxis in unselected hospitalized children.

The panel identified the following additional research priorities:

1. Pediatric risk scores that allow stratification of hospitalized
children based on risk of VTE should be prospectively
validated.

2. Multicenter prospective studies should be conducted to eval-
uate the safety and efficacy of anticoagulant prophylaxis for
patients at high risk using these risk scores.

Critically ill patients

In pediatric patients who are critically ill with or without a CVAD,
should primary anticoagulant prophylaxis over no prophylaxis be
used?
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Recommendation 11

In pediatric patients who are critically ill with or without a
CVAD, the ASH/ISTH guideline panel suggests no antico-
agulant prophylaxis rather than anticoagulant prophylaxis
(conditional recommendation based on very low certainty in
the evidence about effects @OOQO).

Remarks:

e The current evidence does not support the universal use of
prophylactic anticoagulation in critically ill children for
which there are insufficient data for formal stratification of
the risks of VTE and the risk of bleeding.

e The panel, however, acknowledged that there may be
subgroups of critically ill children (children aged >1 year
with an untunneled CVAD and low risk of bleeding and
children receiving IMV), for whom the risk of VTE may
outweigh the risk of bleeding, who could potentially benefit
from prophylactic anticoagulation.

Summary of the evidence. The review team identified 6 studies
comparing the use of anticoagulant prophylaxis with no anticoag-
ulant prophylaxis in critically ill children, both with and without
CVADs. These included 1 RCT®? and 5 nonrandomized studies of
interventions (NRSI).>4°¢8%81 Al studies enrolled critically ill
pediatric patients, although the specific age ranges varied.

The RCT by Faustino et al°® and 2 prospective cohort studies by
Jones et al°* and Quinn et al®® evaluated a total of 273 children
with jugular or femoral untunneled CVADs. These studies
assessed the use of enoxaparin, UFH, or any anticoagulant as
primary prophylaxis for the prevention of CVAD-related VTE. A
mixed retrospective and prospective cohort study by Harney
et al®® also evaluated VTE outcomes in children with untunneled
CVADs. This study included 198 hospitalized patients aged
1 month to 21 years and compared those who received enoxaparin
or UFH prophylaxis with those who received no anticoagulant
prophylaxis. However, the study did not distinguish between chil-
dren admitted to the intensive care or surgical units, limiting its
applicability to the critically ill population. Despite this limitation, a
sensitivity analysis conducted by our panel found results consis-
tent with those from studies exclusively involving critically ill
children.

Sochet et al®' conducted a case-control study of 456 children

aged <21 years who received IMV. The study compared cases
with VTE vs controls without VTE matched by age group regarding
the use of anticoagulant prophylaxis defined as any anticoagulant
given at prophylactic doses. Lastly, Gupta et al®® conducted a
retrospective cohort study of 622 adolescents aged 12 to 17
years who received cardiopulmonary support. The aforementioned
study assessed the incidence of VTE in those who did and did not
receive anticoagulant prophylaxis.

Several of the included studies also involved patients receiving
mechanical VTE prophylaxis, either in combination with anticoag-
ulant agents or as the sole preventive measure, although this factor
was not accounted for in the panel’s analysis.
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Benefits. The RCT by Faustino et al°” reported a reduced risk of
developing a CVAD-related VTE (including both symptomatic and
asymptomatic) in critically ill children who received anticoagulant
prophylaxis (RR, 0.566; 95% Cl, 0.27-1.15). A greater reduction in
risk was observed when the analysis was limited to symptomatic
CVAD-related VTE (RR, 0.13; 95% CI, 0.02-0.96). However, the
certainty in these estimated effects is very low due to serious to
very serious imprecision owing to the small number of events and
enrolled patients. These limitations raised concerns regarding
generalizability and residual confounding. Importantly, only 2.5% of
all patients with a CVAD were ultimately randomized. Nearly 60%
were deemed ineligible due to a high risk of bleeding, which was
defined by factors such as active or recent clinically relevant
bleeding, recent surgery or major trauma, coagulopathy, or renal
failure. Additionally, 4 of 27 children randomized to receive enox-
aparin did not receive the intervention, further limiting the internal
validity of the trial. Among the NRSI, the study by Sochet et al
reported that anticoagulant prophylaxis was associated with
significantly lower odds of VTE in critically ill children requiring IMV
after adjusting for CVAD presence, duration of mechanical venti-
lation, and immobility (adjusted OR, 0.20; 95% Cl, 0.06-0.70).%"

Despite these individual findings, pooled analysis of the RCT and
NRSI did not demonstrate a lower risk of VTE (symptomatic and
asymptomatic combined) with anticoagulant prophylaxis (RR,
1.29; 95% Cl, 0.48-3.45). The panel rated the certainty in this
estimate as very low, citing serious imprecision related to high risk
of bias across studies, small event counts, and limited sample
sizes. These factors contributed to wide Cls, inconsistent point
estimates, and uncertainty regarding the true effect.

Harms and burden. Adverse events, including bleeding and
mortality, were reported in 4 of the included studies. In the RCT by
Faustino et al,®? the risk of clinically relevant bleeding, defined as
CRNMB or major bleeding, did not differ significantly between
patients receiving prophylactic enoxaparin and those who received
no anticoagulation (risk difference, 0.04; 95% CI, —0.06 to 1.14).
One patient in the enoxaparin group discontinued treatment due to
upper airway bleeding. The certainty in this evidence was rated
very low, primarily due to the exclusion of patients at high risk of
bleeding and a singular bleeding event.

Among the NRSI, Quinn et al,®® Jones et al,°* and Harney et al®®
evaluated bleeding outcomes in their cohorts. Both Quinn et al and
Jones et al reported a higher risk of clinically relevant bleeding
among patients receiving anticoagulant prophylaxis than those
who did not (RR, 1.81; 95% ClI, 0.43-7.56). Harney et al found no
meaningful difference in bleeding risk between patients who
received enoxaparin or UFH and those who did not, although
bleeding severity was not specified (risk difference, 0.03;
95% Cl, —0.04 to 0.11). All 3 studies were judged to have low
certainty in the evidence due to potential selection bias and
serious imprecision, resulting from the small number of bleeding
events (11 events in those who received anticoagulant prophylaxis
and 30 events in those who did not).

Mortality outcomes were reported in 2 studies, Faustino et al®> and

Jones et al.°>* In the RCT by Faustino et al, more deaths occurred
in the enoxaparin group compared with the control group (5 of 27
[18.5%] vs 2 of 24 [8.3%]), although none were attributed to
anticoagulation. Similarly, Jones et al®* observed a higher mortality
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risk in patients who received anticoagulant prophylaxis (RR, 1.43;
95% Cl, 0.18-11.43). However, the certainty in this evidence was
rated very low due to a high risk of selection bias and the very small
number of mortality events, leading to serious imprecision.

Based on the available data, the panel concluded that the risk of
adverse effects from anticoagulant prophylaxis in this population is
most likely small.

Other EtD criteria and considerations. The panel considered
the question of prescribing anticoagulant prophylaxis to prevent
VTE or CVAD-related VTE in critically ill children to be of high
importance. However, after evaluating the current body of evi-
dence, the panel concluded that the potential benefit, namely, a
reduced risk of VTE, was likely small, given the very low certainty in
the evidence among a highly heterogenous population. This
uncertainty includes a lack of clarity around the optimal type of
anticoagulant used and appropriate dosing regimen. Given the
potential for significant bleeding in critically ill children, anticoag-
ulant prophylaxis is likely to offer the most benefit in patients with a
high risk of VTE but with a low risk of bleeding.

The panel noted that the risk of bleeding associated with antico-
agulant prophylaxis was small. However, bleeding events were
infrequent across the included studies, limiting the precision and
certainty in the estimated risk. Furthermore, patients with an
elevated risk of bleeding were excluded from participation in the
RCT by Faustino et al,>> making it difficult to accurately determine
the absolute risk of bleeding with anticoagulant prophylaxis in
children who are critically ill.

The RCT by Faustino et al°? also highlighted challenges related to
the acceptability of anticoagulant prophylaxis. Among 27 patients
randomized to receive enoxaparin, treatment was refused by the
parents of 2 patients, and by the physician in an additional 2
patients. Furthermore, only a small number of screened patients
were enrolled, primarily due to risk of bleeding.

The required resources associated with the intervention (anticoag-
ulant prophylaxis) were judged to be moderate, although there were
no available studies addressing this. EPs and EtD frameworks are
available online for recommendation 11 (RCT data and NRSI data).

Conclusions and research needs for this recommendation.
The panel concluded that there is low certainty in the evidence
supporting a net benefit from the use of primary anticoagulant
prophylaxis to prevent VTE in critically ill children, with or without
CVADs. This recommendation is based on findings from a single
RCT and a pooled analysis of 5 NRSI. Although the RCT by
Faustino et al,* which enrolled critically ill children with a CVAD,
and the case-control study by Sochet et al,®' which included
receiving IMV, both reported reduced risk of VTE with anticoagulant
prophylaxis, the overall certainty in the evidence for efficacy remains
low due to study limitations, imprecision, and risk of bias.

Across the included studies, the overall prevalence of VTE in critically
ill children was substantially higher (median, 35% [range, 1.3%-54%])
than in the general pediatric population. However, this potential benefit
must be weighed against the risk of bleeding, which was also elevated
with anticoagulant prophylaxis (median, 3.7% [range, 0%-33%)]). Two
studies found a higher bleeding risk in children receiving anticoagulant
prophylaxis than those who did not,°*°® whereas 2 other studies
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found no difference.’*>° Overall, the panel rated the certainty in the
evidence for harm as low to very low, due to methodological limita-
tions, selection bias, and small event counts.

Ciritically ill children at high risk of VTE are often also at high risk of
bleeding, making it difficult to determine who might benefit from
prophylaxis. Consequently, the panel does not recommend uni-
versal use of anticoagulant prophylaxis in all children who are
critically ill. This position was a key factor in the panel's overall
recommendation. However, the panel acknowledged that certain
subgroups of children who are critically ill, particularly those at high
risk of VTE but at low risk of bleeding, might still benefit from
individualized consideration.

Overall, the critically ill pediatric population is highly heteroge-
neous, and there is insufficient evidence to formally stratify VTE
and bleeding risks. Therefore, the decision to initiate anticoagulant
prophylaxis should be individualized, based on a careful assess-
ment of each child's specific risk of VTE, risk of bleeding, and
potential for net clinical benefit.

The panel identified several key research priorities:

1. Studies to determine the absolute risks of VTE and bleeding
with prophylactic anticoagulation in critically ill children with
and without CVAD.

2. Studies to determine optimal timing for initiating prophylactic
anticoagulation in critically ill children, particularly for those who
were initially assessed to be at high risk of bleeding.

3. Studies to determine the optimal choice of prophylactic anti-
coagulation, including oral anticoagulants, to improve the
acceptability of prophylactic anticoagulation among patients,
families, and health care providers.

4. Studies to determine the efficacy of mechanical thrombopro-
phylaxis alone or in addition to prophylactic anticoagulation.

Patients undergoing surgery

In pediatric patients undergoing noncardiac surgery, should anti-
coagulant prophylaxis vs no anticoagulant prophylaxis be used?

Recommendation 12

In children undergoing noncardiac surgery, the ASH/ISTH
guideline panel suggests no anticoagulant prophylaxis rather than
anticoagulant prophylaxis (conditional recommendation based on
very low certainty in the evidence about effects ©@OCO).

Remarks:

e The panel did not assess VTE risk by specific type of
surgical procedure (eg, orthopedic, bariatric, laparoscopic,
etc). Rather, the panel grouped available pediatric surgical
data to assess the risk for postoperative VTE and found a
low incidence in this heterogeneous group.

e Procedure-related and patient-related factors that increase
the risk for VTE include longer operative time, prolonged
immobilization, >7 days of CVA, obesity, congenital
thrombophilia, and the use of combined OCP.
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Summary of the evidence. The review team identified 5
observational studies that addressed this question in pediatric
patients (1 prospective nonrandomized comparative study in chil-
dren with long-gap esophageal atresia,®> and 4 retrospective
comparative studies in children after splenectomy, orthopedic
surgeries, scoliosis surgery, and pelvic osteotomy®*®°). Antico-
agulant agents used for prophylaxis in these studies included UFH,
LMWH, VKAs, fondaparinux, and DOACs. All studies assessed
VTE, 1 study reported data on symptomatic VTE and CVAD-
related VTE,®? 1 study reported data on DVT,®° 2 studies
reported data on PE,®*®° 1 study reported data on major bleeding
and CRNMB,®? and 1 study reported data on bleeding (unspeci-
fied).®® The panel concluded that both the desirable and unde-
sirable effects of prophylactic anticoagulation were trivial for most
pediatric patients undergoing noncardiac surgery. Based on the
low-risk difference of 0.01 in these studies, anticoagulant pro-
phylaxis is likely not indicated. Therefore, the panel made a con-
ditional recommendation to use no anticoagulant prophylaxis over
anticoagulant prophylaxis for pediatric patients undergoing
noncardiac surgery, noting the very low certainty in the evidence
due to risk of bias concerns and imprecision.

Benefits. Combining 5 observational studies,??®° 6 of 572 (1.0%)
patients receiving anticoagulant prophylaxis had VTE compared
with 18 of 2075 (0.9%) patients who did not receive anticoagulant
prophylaxis (risk difference of 0.01; 95% Cl, —0.04 to 0.02).

One observational study by Kelly et al of a very specific population,
evaluated anticoagulant prophylaxis in children with long-gap
esophageal atresia,®? 2 of 27 (7.4%) patients receiving antico-
agulant prophylaxis had symptomatic VTE compared with 13 of 40
(82.5%) of patients who did not receive anticoagulant prophylaxis
(RR, 0.23; 95% CI, 0.06-0.93). All symptomatic VTEs were
CVAD-related VTEs.

One observational study in children who underwent scoliosis surgery
reported data on DVT.%° No DVTs were reported; O of 49 (0.0%)
patients receiving anticoagulant prophylaxis had DVT compared with
0 of 24 (0.0%) patients who did not receive anticoagulant prophy-
laxis (risk difference of 0.00; 95% CI, —0.06 to 0.06).

No PE was observed in the 2 included observational studies of
children having varied orthopedic procedures and children with
scoliosis surgery.®*®° Of 91 patients receiving anticoagulant
prophylaxis, 0 (0.0%) had PE compared with 0 of 1323 (0.0%)
patients who did not receive anticoagulant prophylaxis (risk dif-
ference, 0.00; 95% CI, —0.03 to 0.03).

In the 5 included observational studies, overall outcomes may have
been affected by differing risk profiles for patients who received
anticoagulant prophylaxis compared with those who did not
receive anticoagulant prophylaxis. The certainty in the data was
low given the serious imprecision for all outcomes and the serious
to very serious risk of bias.

Harms and burden. No major bleeding, CRNMB, or bleeding
(unspecified) was reported. Two observational studies,®*®°
reported no major bleeding or CRNMB (0/27) or unspecified
bleeding (0/561) among patients receiving anticoagulant
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prophylaxis compared with 0 of 40 (major/CRNMB) and 0 of 1
(unspecified) among patients who did not receive anticoagulant
prophylaxis.

The certainty in the data was low to very low given the very serious
imprecision due to no events being observed, the small sample
size, and the serious risk of bias.

Other EtD criteria and considerations. The panel did not
think there were feasibility or acceptability considerations that
would impair the implementation of these recommendations
regarding noncardiac surgical anticoagulant prophylaxis. Patients
and providers may weigh the risks and benefits of anticoagulant
prophylaxis differently based on specific patient characteristics
and surgical settings. For those patients receiving anticoagulant
prophylaxis after noncardiac surgery, the resources required were
moderate with probable acceptability and feasibility. EPs and EtD
frameworks are available online for recommendation 12.

Conclusions and research needs for this recommenda-
tion. The panel reviewed comparative and noncomparative
studies on a diverse, nonexhaustive group of noncardiac surgical
procedures that likely confer different risks for VTE and bleeding.
The panel determined that there is very low certainty evidence for a
net health benefit from using anticoagulant prophylaxis in noncar-
diac surgery. Based on the body of available evidence, it is likely
that the risk of postoperative VTE is low in most children under-
going noncardiac surgery irrespective of procedure type, and thus
routine anticoagulant prophylaxis is not indicated. Yet, there are
pediatric surgical subgroups that may be at higher risk for VTE and
thus may benefit from anticoagulant prophylaxis. The panel rec-
ommends that providers consider individual risks for VTE based on
the combination of the surgical and individual patient risks. These
risks include duration of the procedure, use of muscle paralytic
agents, prolonged immobilization, presence of CVAD, post-
pubertal age, obesity, congenital thrombophilia, personal or family
history of VTE, and the use of combined OCP. Because of the low
certainty in the evidence and no published information about other
outcomes, the fact that we did not find evidence of an effect on
these outcomes does not imply that such an effect does not exist.

The panel identified the following additional research areas:

1. Development of a tool to risk stratify pediatric noncardiac sur-
gical scenarios for anticoagulant prophylaxis. Such studies
should consider surgery-specific risk factors for VTE such as
limb tourniquet or patient positioning, and other surgical risk
factors such as duration of the procedure, requirement of
muscle relaxation, and extent of immobility after surgery.

2. Subsequent studies in high-risk patients to determine the ideal
anticoagulant regimen: type of anticoagulant; dose intensity;
timing of initiation of prophylaxis (before or after the procedure);
and, if initiation is after the procedure, how many hours after
surgery is ideal.

Anticoagulant agents and regimens

The selection of an anticoagulant agent and regimen for VTE
prophylaxis in children is complex and must take into consideration
several factors including the patient's age, clinical status, comor-
bidities, bleeding risk profile, ability to tolerate oral intake, impact
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on QoL with the administration of parenteral agents and/or limi-
tations in age-appropriate activities, long-term off-target effects
from anticoagulant agents, and the patient/families’ preferences
and values. Given these complexities, the panel sought to provide
further guidance on the use of anticoagulant agents and regimens
for VTE prophylaxis in the pediatric population based on the reg-
imens reported in the studies informing these guidelines. However,
the panel was unable to do so due to significant heterogeneity in
regimens reported across studies, even within the same agent and
patient subgroup. Additionally, there was a considerable lack of
detailed information, particularly regarding monitoring strategies,
timing of initiation, and duration of anticoagulant prophylaxis.
Instead, a summary of the anticoagulant regimens reported in the
studies informing these guidelines is provided hereafter by type of
agent, and in Table 2 by patient subgroups.

LMWH

As expected, LMWH was the most commonly investigated agent
across nearly all of pediatric subgroups, with 36 of 50 (72%) studies
reporting LMWH use. Dosing exhibited substantial variability in unit
dosages and frequency. Reported regimens included doses from
0.5 mg/kg per dose twice daily to 1.5 mg/kg per day, as well as various
weight-tiered regimens and regimens with fixed dosing based on age
and weight thresholds. Peak anti—factor Xa levels were monitored in
12 of 36 (33%) studies with varied target ranges (ie, <0.4 U/L, 0.1-0.3
IU/mL, 0.1-0.4 IU/mL, 0.2-0.5 IU/mL, and 0.1-0.5 IU/mL).

UFH

The use of UFH was reported in 8 of 50 (16%) included studies.
This agent was more commonly used in the trauma, critically ill, and
short-term CVAD populations, likely due to its short half-life, which
makes it a better choice for patients who are at high risk of
bleeding or who may require urgent discontinuation or reversal of
the anticoagulant effect. UFH dosing, route of administration, and
monitoring was not provided in most of the studies. In the only
study providing information regarding dosing, the mean dose of
UFH was 10.4 IU/kg per hour (standard deviation, 3.8 1U/kg per
hour) among critically ill patients, whereas a different study, also in
the critically ill pediatric population, targeted an anti—factor Xa level
of 0.2 to 0.4 IU/mL.

VKAs

The use of VKAs was reported in 9 of 50 (18%) studies. Given
their oral administration, these agents were most commonly used
in pediatric subgroups who are likely to require long-term or
indefinite anticoagulant prophylaxis including the APS and home
TPN pediatric populations. The international normalized ratio target
range was 2 to 3 for studies reporting this information.

DOACs

Apixaban, rivaroxaban, and dabigatran were investigated in 6 of 50
(129%) studies including in the leukemia/lymphoblastic lymphoma,
APS, trauma, and surgery subgroups. Dosing regimens for these
agents were weight based in the studies reporting this information.

Notably, 4 of the included studies did not provide any detail on the
anticoagulant regimen used for prophylaxis. Given the observed
marked heterogeneity in anticoagulant regimens, and the consid-
erable amount of missing data, the panel was unable to provide
further guidance on specific anticoagulant agents and regimens
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Table 2. Summary of anticoagulant regimens reported in included studies by PICO question

Author (year) Agent Dose Route Monitoring Duration
PICO 1 ALL/lymphoma pediatric population
O'Brien et al®' (2024) Apixaban >35 kg, 2.5 mg bid; 25 to <35 kg, po  No 28 d
2 mg bid; 18 to <25 kg, 1.5 mg bid,;
10.5 to <18 kg, 1 mg bid; 6 to
<10.5 kg, 0.5 mg bid
Ruiz-Llobet et al®? (2024) LMWH NR NR NR During peg-ASP administration
Greiner et al®® (2019) LMWH 80-100 IU/kg qd SC  Target anti—factor Xa level of Day 8 to day 33 of induction
<0.4 U/L chemotherapy
Mitchell et al** (2010) LMWH 1 mg/kg per day NR NR During ALL induction
Elhasid et al®® (2001) LMWH Median, 0.84 mg/kg per day (range, SC NR From first dose ASP until 1 wk after
0.45-1.33) last dose of ASP
PICO 2 solid tumors or Hodgkin lymphoma pediatric population
Giertz et al*' (2025) LMWH NR NR NR NR
Sarangi et al*® (2021) LMWH 1.5 mg/kg qd SC No From diagnosis of mediastinal mass
until >50% reduction in size was
achieved
Median, 49 d
Schonning et al®® (2017) LMWH NR NR NR NR
Abate et al*® (2014) LMWH Body weight-based dosing NR NR Median, 117 d (range, 7-478)
PICO 3 TPN (>60 d) pediatric population
Nagelkerke et al*® (2022) LMWH <10 kg, 70 IU/kg per day; 10-20 kg, SC  Target anti—factor Xa level of Indefinite
40 IU/kg per day; 20-30 kg, 950 IU/ 0.1-0.3 IU/mL
d; 30-50 kg, 1900 IU/d; >50 kg,
2850 IU/d
VKA NR po INR2-3
Vegting et al** (2012) LMWH 80 IU/kg SC  Target anti-factor Xa level of Indefinite
0.1-0.3 IU/mL
VKA NR po INR2-3
Demirok et al*® (2025) LMWH <2 mo, 150 IU/kg perday; 2moto<2 SC  Target anti—factor Xa level of Indefinite
y, 120 units/kg per day; 2 to <12 y: 0.1-0.4 IU/mL
100 units/kg per day; 12-18 y, 85.5
units/kg per day
VKA NR po INR2-3
PICO 4 CVAD: short-term pediatric population
Faustino et al®? (2021) LMWH <2 mo, 0.75 mg/kg bid; >2 mo, SC  Target anti-factor Xa level of First dose <24 hours after CVAD
0.5 mg/kg bid 0.2-0.5 IU/mL placement until line removal or
earlier upon discharge from ICU,
radiologic diagnosis of CADVT,
start of therapeutic anticoagulation,
or 28 d after insertion of CVAD
Faustino et al® (2013) LMWH, UFH, and VKA NR NR NR NR
Jones et al®* (2019)* UFH Mean dose: 10.4 [U/kg per hour v NR Started within 12 hours of CVAD
(SD 3.8) insertion
Quinn et al®® (2024)* NR NR NR NR NR
Massicotte et al®” (2003)t LMWH (reviparin) <8 mo, 50 IU/kg bid; >3 mo,: 30 SC  No# NR
1U/kg bid
Harney et al°® (2010)* LMWH, UFH, VKA NR NR NR Day 1 to day 17 of admission (median,
day 3)
PICO 5 CVAD: medium- to long-term pediatric population (Massicotte et al)°”
PICO 6 APS pediatric population
Rao et al*®® (2017) LMWH, VKA NR NR  Yes Indefinite
Avcin et al®' (2008) NR NR NR NR NR
Brand3o et al®? (2022) Dabigatran Age- and weight-adjusted nomogram ~ Oral ~ Yes Up to 12 mo
Ma et al°® (2018) VKA, “others” NR NR INR 2-3 NR

ASP, asparaginase; bid, twice daily; CADVT, catheter-associated DVT; CrCl, creatinine clearance; INR, international normalized ratio; NA, not applicable; NR, not reported; peg-ASP,

pegylated asparaginase; po, by mouth; qd, once daily; SD, standard deviation; SC, subcutaneous.
*Also included in PICO 9.
tAlso included in PICO 5 and 8.
#Anti—factor Xa levels obtained but dose was not adjusted based on levels.
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Table 2 (continued)

Author (year) Agent Dose Route Monitoring Duration
PICO 7 trauma pediatric population
Landisch et al®® (2017) LMWH 0.5 mg/kg bid SC No Until discharge
Mahajerin et al®® (2022) LMWH, UFH NR NR NR NR
Hanson et al®” (2010) NR NR NR NR NR
Karahan et al®® (2023) LMWH 5-45 kg, 0.5 mg/kg bid; >45 kg, SC No At least 15 d
40 mg qd (50% reduced dose for
CrCl of <30 mL/min)
Tobias et al®® (2023) LMWH NR NR NR NR
Hanson et al”® (2012) LMWH 0.5 mg/kg bid SC No Until discharge
Leeper et al”' (2017) LMWH 1 mg/kg qd (maximum of 40 mg qd) SC No NR
Alturki et al”” (2019) LMWH NR NR  NR NR
Witte et al”* (2024) LMWH 0.5 mg/kg bid (maximum of 80 mgqd) NR  No NR
UFH, rivaroxaban NR NR NR
Bigelow et al”® (2018) NR NR NR NR NR
PICO 8 hospitalized pediatric population
Story et al’® (2021)* LMWH 1 mg/kg bid SC  Target anti—factor Xa level of During admission
0.1-0.3 IU/mL
Walker et al”” (2023)* LMWH, UFH Age and weight based NR NR NR
Levine et al’® (2022)* LMWH NR NR NR NR
Amos et al’® (2019)* LMWH NR NR NR NR
PICO 9 critically ill pediatric population
Gupta et al®® (2021) None NA NA NA NA
Sochet et al®' (2024) LMWH NR NR  Target anti—factor Xa level of NR
0.1-0.5 IU/mL
UFH NR NR  Target anti—factor Xa level of NR
0.2-0.4 IlU/mL
PICO 10 surgical pediatric population
MacNevin et al®* (2021)  LMWH, dalteparin, rivaroxaban NR NR  NR NR
Kelly et al®® (2016) LMWH Aged <2 mo, 0.75 mg/kg bid; aged SC  Target anti—factor Xa level of Median, 16 d (interquartile range,
>2 mo, 0.5 mg/kg bid 0.1-0.4 IlU/mL 12-21.5)
Allahabadi et al®® (2021) LMWH, UFH, VKA, apixaban, NR NR NR NR
fondaparinux
Zvizdic et al®® (2020) LMWH NR SC NR NR
Kochai et al®® (2019) LMWH NR NR NR NR

ASP, asparaginase; bid, twice daily; CADVT, catheter-associated DVT; CrCl, creatinine clearance; INR, international normalized ratio; NA, not applicable; NR, not reported; peg-ASP,
pegylated asparaginase; po, by mouth; qd, once daily; SD, standard deviation; SC, subcutaneous.

*Also included in PICO 9.
tAlso included in PICO 5 and 8.
#Anti—factor Xa levels obtained but dose was not adjusted based on levels.

for VTE prophylaxis in pediatric patients. The panel identified the
urgent need to investigate the safety and efficacy of different
anticoagulant agents, and to determine their optimal dosing,
timing, and duration for VTE prevention across different pediatric
subgroups. The panel also recognized the need for guidance and
standardization in the reporting of anticoagulant regimens within
pediatric studies to ensure that comprehensive and uniform
information is provided.

Limitations of these guidelines

The recommendations in these guidelines were limited in every
case by very low or low certainty in the evidence. For certain
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recommendations, there was scarce or no published direct or
relevant indirect evidence, and the panel was anonymously sur-
veyed to provide unpublished collective data to use for decision-
making. This process was performed in agreement with all panel
members and is explicitly identified for relevant recommendations.

Summary of conclusions and future

research recommendations

There is a lack of high-quality evidence to guide the use of anti-
coagulant prophylaxis for VTE prevention across diverse pediatric
subgroups. Overall, the heterogeneity of pediatric patients in terms
of VTE and bleeding risk profiles, even within specific subgroups,
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precludes the ability to make a universal recommendation for the use
or no use of anticoagulant prophylaxis for most pediatric populations
addressed in these guidelines. Instead, until more evidence
becomes available, the panel emphasizes that the decision to use
anticoagulant prophylaxis for VTE prevention in pediatric patients
should be individualized and based on a careful assessment of the
individual patient's thrombotic and bleeding risks, and the patient's
values and preferences. Although specific subgroups of pediatric
patients within the broader pediatric populations assessed in these
guidelines might benefit from anticoagulant prophylaxis, these sub-
groups of patients require better definitions and the investigation of
targeted anticoagulant strategies.

Throughout the guidelines, the panel emphasized the urgent need for
high-quality evidence, including evidence derived from adequately
powered RCTs investigating the safety and efficacy of anticoagulant
prophylaxis for VTE prevention across different pediatric subgroups.
Additionally, the panel identified the critical need for the develop-
ment, validation, and further refinement of risk assessment models
that can permit the early identification of those subgroups of pedi-
atric patients at high risk of VTE and low risk of bleeding who may
benefit from anticoagulant prophylaxis. Furthermore, future research
is needed to evaluate the safety and efficacy of different anticoag-
ulant agents, particularly DOACs, and to determine their optimal
dosing, timing, and duration across various clinical scenarios. Finally,
there is a need to better understand the impact of long-term anti-
coagulant prophylaxis on the QoL of pediatric patients.

Revision or adaptation of the guidelines
Plans for updating these guidelines

After publication of these guidelines, ASH and ISTH will maintain
them through surveillance for new evidence, ongoing review by
experts, and regular revisions.

Updating or adapting recommendations locally

Adaptation of these guidelines will be necessary in many circum-
stances. These adaptations should be based on the associated
EtD frameworks.®”
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