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Background: The American Society of Hematology (ASH) guidelines on treatment of pediatric venous
thromboembolism (VTE) were published in 2018. In the last 6 years, there has been a 10-fold increase
in the number of children involved in VTE treatment trials.

Objective: The ASH Committee on Quality and Guidelines agreed to update the pediatric guidelines in
conjunction with the International Society on Thrombosis and Haemostasis (ISTH). These ASH/ISTH
evidence-based guidelines are intended to support patients, clinicians, and other health care pro-
fessionals in the management of pediatric patients with VTE.

Methods: ASH/ISTH formed a multidisciplinary guideline panel to minimize potential bias from conflicts
of interest. An unconflicted patient representative was not identified. The University of Kansas Health
System supported the guideline development process, updating or performing systematic evidence
reviews up to 2024. The panel focused specifically on the 2018 questions for which there was the
greatest amount of interim data. The panel used the GRADE (Grades of Recommendation,
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Assessment, Development, and Evaluation) approach, including GRADE Evidence-to-Decision frame-
works, to assess evidence and make recommendations, which were subject to public comment.

Results: The panel agreed on 20 recommendations and also provided implementation guidance on the
optimal use of anticoagulants in pediatric patients. Key recommendations of these guidelines include
the role of DOACs in the treatment of a variety of pediatric VTEs.

Conclusions: Further research is required. Key priorities are understanding the natural history of
clinically unsuspected thrombosis across a range of patient subpopulations and obtaining real-world
data on the use of DOAC:s in children.

Summary of recommendations

These guidelines are based on updated’ and original systematic
reviews 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 (GIN)."® The panel used
the Grades of Recommendation, Assessment, Development, and
Evaluation (GRADE) approach*'® to assess the certainty in the
evidence and formulate recommendations.

The incidence of venous thromboembolism (VTE) in children at a
population level is very low, reported to be 0.07 to 0.14 per 10 000
children."" "3 However, in hospitalized children, the rate is 100- to
1000-times increased, up to at least 106 per 10 000 admis-
sions.'*'® Thus, despite some exceptions, VTE should be
considered a disease of sick children. The most common age
groups for VTE are neonates and adolescents, and this reflects the
pattern of associated underlying diseases and interventions. The
most common precipitating factor is the presence of central
venous access devices (CVADs), which are related to 80% to 85%
of pediatric VTE."®'” Although rare, spontaneous thrombosis in
previously healthy children can often present the most challenging
treatment dilemmas. The natural history of many types of VTE in
children remains unclear. There are major differences between
adults and children in the epidemiology and pathophysiology of
thrombosis, the physiology of the coagulation system, and the
subsequent impact on the pharmacology of antithrombotic agents.

The questions addressed in these guidelines were judged to be those
for which there were new data available to update the questions
addressed in 2018. In addition, the panel added new questions
regarding the use of direct oral anticoagulants (DOACs) compared
with standard-of-care (SOC) anticoagulants for VTE treatment. The
inclusion of questions in this guideline revision did not automatically
mean that recommendations were expected to change from 2018 but
that there were sufficient new data to warrant a renewed consider-
ation of the question. The recommendations within the guidelines
address questions predominantly of whether to treat or not to treat,
and which type of treatment is optimal for a given clinical situation.
The guidelines are predominantly concerned with the treatment of
acute thrombosis. On occasions, thrombosis at diagnosis is believed
to be chronic due to the review of previous scans or timing of likely
precipitant factors (such as central venous access). The decision to
treat or not treat in these situations, requires individual consideration
of the risk-to-benefit ratio and is beyond the scope of these guidelines.
In addition, specific information is given about the use of various
anticoagulants in pediatric patients for the treatment of VTE. Apixaban
and edoxaban were not considered in these guidelines because

2588 MONAGLE et al

phase 3 clinical trial data regarding use of these drugs for the treat-
ment of VTE in children are yet to be published. Subsequent guide-
lines related to prophylaxis for VTE in pediatric patients will include all
drugs for which there are pediatric data, and further specific guidance
as to the use of drugs in the prophylaxis setting may be provided with
those guidelines. Of note, in 2018, there were recommendations
about the management of homozygous protein C deficiency. These
recommendations were not considered in this effort' in light of the
recent International Society on Thrombosis and Haemostasis (ISTH)
comprehensive guidance on this topic.'®'®

Throughout these recommendations, the panel, at times, considers
neonates (age, birth to day 28), infants (age, day 29 to 1 year),
children (age, 1-11 years), and adolescents (age, 12-18 years)
separately. At times, the terms pediatric patients (encompassing all
age groups) or neonates and pediatric patients (separating neo-
nates from all other age groups) are used.

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 has the following interpretation:

Strong recommendation

e For patients: most individuals in this situation would want the
recommended course of action, and only a small proportion
would not.

¢ For clinicians: most individuals should follow the recommended
course of action. Formal decision aids are not likely to be
needed to help individual patients make decisions consistent
with their values and preferences.

e For 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.

® For researchers: 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.

Conditional recommendation

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

¢ For clinicians: clinicians should recognize that different choices
will be appropriate for individual patients and that they must help
each patient arrive at a management decision consistent with
his or her values and preferences. Decision aids may be useful
in helping individuals to make decisions consistent with their
individual risks, values, and preferences.

¢ For policymakers: policymaking will require substantial debate
and involvement of various stakeholders. Performance measures
about the suggested course of action should focus on whether
an appropriate decision-making process is duly documented.

e For researchers: this recommendation is likely to be strength-
ened (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) recom-
mendation will help identify possible research gaps.

Recommendations

Recommendation 1. For pediatric patients with symptomatic
deep vein thrombosis (DVT) or pulmonary embolism (PE), the ASH/
ISTH guideline panel suggests using anticoagulation rather than no
anticoagulation (conditional recommendation based on very low
certainty in the evidence about effects ©000).

Remarks: Although there remains limited direct evidence in
pediatric patients, there is strong indirect evidence in adults that
symptomatic VTE requires treatment. However, based on recently
published observational studies in pediatric patients, there may be
specific clinical scenarios such as neonatal central venous
catheter—associated VTE or trauma-associated VTE in which anti-
coagulation may result in either no significant benefit or potentially
an increased risk of harm. Outside of these specific clinical sce-
narios, the panel agrees that in most pediatric patients with
symptomatic DVT and PE, anticoagulation is warranted. Therefore,
the panel made a conditional recommendation with low certainty in
the evidence.

Recommendation 2. For pediatric patients with clinically
unsuspected (previously termed asymptomatic) DVT or PE, the
ASH/ISTH guideline panel suggests either using anticoagulation or
no anticoagulation (conditional recommendation based on very low
certainty in the evidence about effects @0O00).

Remarks: The natural history of clinically unsuspected DVT or PE
in pediatric patients appears to carry a lower risk (compared with
symptomatic DVT or PE) of acute and long-term sequelae, espe-
cially in certain pediatric subpopulations. The recommendation is
based on studies that report outcomes for pediatric patients with
clinically unsuspected DVT or PE. Single institution, observational,
and retrospective studies in select subpopulations of pediatric
patients suggest that not using anticoagulation for clinically
unsuspected DVT or PE does not lead to severe outcomes. The
benefits or harms of anticoagulation or no anticoagulation vary for
different populations including neonates, pediatric patients who are
critically ill, patients with cardiac disease, or patients who have
experienced trauma. However, if clinically unsuspected DVT or PE
is detected, the decision to treat or not treat should be
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individualized. Research to better understand the natural history of
clinically unsuspected DVT or PE, benefits, and harms of treatment
in a variety of subgroups and clinical settings in pediatrics is a high
priority.

Recommendation 3. For select pediatric patients with provoked
VTE, the ASH/ISTH guideline panel suggests 6 weeks rather than
3 months of anticoagulation. Exclusions to this recommendation
include (1) PE, (2) recurrent VTE, (3) persistent occlusive thrombus at
6 weeks, (4) cancer-associated thrombosis, (5) patients with persis-
tent antiphospholipid antibodies (APAs) or major thrombophilia, and
(6) ongoing VTE risk factors (conditional recommendation based on
very low certainty in the evidence of effects @OOQ).

Remarks: This recommendation is based mainly on the Kids-
DOTT randomized clinical trial (RCT) that evaluated the duration
of anticoagulation therapy in pediatric patients with provoked VTE.
Importantly, the criteria for inclusion and randomization were
stringent, and many pediatric patients with provoked VTE were
excluded. The recommendation reflects the population that was
studied and cannot be extrapolated to all patients with provoked
VTE. For patients with provoked VTE not meeting these low-risk
criteria, the panel suggests the use of anticoagulation therapy for
3 months, and for those with persistent provoking VTE risk factors,
longer duration of anticoagulation may be considered.

Recommendation 4. For pediatric patients with unprovoked DVT
or PE, the ASH/ISTH guideline panel suggests using anti-
coagulation for 6 to 12 months rather than indefinite anti-
coagulation (conditional recommendation based on very low
certainty in the evidence of effects ®O0QQ).

Remarks: Unprovoked VTE is rare in pediatrics. Although studies
suggest that rates of recurrent VTE in children and adolescents
with age of >1 year with unprovoked VTE are relatively high (21%-
36% at 3.5 years follow up), there are no pediatric studies evalu-
ating duration of therapy in this cohort.?>2" Although extrapolation
of adult data might favor prolonged treatment in terms of VTE
recurrence, in the absence of pediatric data, the panel felt that the
impact of indefinite anticoagulation on bleeding risk and quality of
life (QOL) would more negatively affect pediatric patients
compared with adults. Patient values and preferences should be
considered when making this decision.

Recommendation 5. For pediatric patients with cerebral sinus
venous thrombosis (CSVT) with and without hemorrhage sec-
ondary to venous congestion, the ASH/ISTH guideline panel sug-
gests using anticoagulation rather than no anticoagulation
(conditional recommendation based on very low certainty in the
evidence based on pediatric data @0O0Q).

Remarks: Observational studies suggest lower mortality and
improved neurologic outcomes in patients with CSVT treated
with anticoagulation. However, the panel recognized different
populations of patients with CSVT (eg, neonates, and those with
infection-associated CSVT, who have experienced trauma, have
had surgery, and have cancer) may have different risks for
bleeding and neurologic outcomes that should be considered in
the decision to use anticoagulation. Evidence of venous
congestion secondary to thrombus obstruction with or without
hemorrhage should be managed with anticoagulation. The panel
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notes that when anticoagulation is prescribed, it is important that
appropriate therapy for additional associated conditions (eg,
surgical interventions for infection-associated CSVT) be used.

Recommendation 6. For pediatric patients with CSVT, the ASH/
ISTH guideline panel suggests using anticoagulation alone rather
than thrombolysis followed by anticoagulation (conditional recom-
mendation based on very low certainty in the evidence about
effects ®OOQ).

Remarks: The evidence is sparse for the balance of benefits and
harms of thrombolysis compared with anticoagulation in pediatric
patients with CSVT. Based on the experience of the panel mem-
bers, the panel suggests use of anticoagulation rather than
thrombolysis for children with CSVT who have no evidence of
ischemia. However, thrombolysis may be considered when there is
neurologic deterioration despite anticoagulation and, in such or
similar instances, reperfusion therapies may be considered
depending on local resources or experiences.

Recommendation 7a. For neonates and pediatric patients with
right atrial thrombosis (RAT), the ASH/ISTH guideline panel sug-
gests anticoagulation rather than no anticoagulation for patients
with high-risk features and low perceived risk of bleeding (condi-
tional recommendation based on very low certainty in the evidence
about effects @OO0).

Remarks: Insufficient data are available for formal risk stratification
of RAT and bleeding from anticoagulation. Based on available
literature and experience of panel members, high-risk features of
RAT to consider include large size, shape (snake-shaped or
pedunculated), mobility, location (eg, involvement of tricuspid valve
or restricting blood flow), presence of intracardiac right-to-left
shunt, presence of a central venous catheter, or associated with
symptoms (arrhythmias, hemodynamic compromise, etc). The
decision to start anticoagulation should be individualized based on
the risk of thrombotic complications and the perceived risk of
bleeding from anticoagulation.

Recommendation 7b. For neonates and pediatric patients with
RAT and the absence of high-risk features or with unacceptable
perceived risk of bleeding, the ASH/ISTH guideline panel suggests
no anticoagulation over anticoagulation (conditional recommen-
dation based on very low certainty in the evidence about effects

S000).

Remarks: Studies in patients without high-risk features treated
with anticoagulation do not demonstrate clinical benefits compared
with patients not treated with anticoagulation. The studies are not
randomized, are small, and are subject to significant bias. Study
participants treated with anticoagulation had an increased risk of
bleeding.

Recommendation 8. For neonates and pediatric patients
with RAT requiring antithrombotic treatment, the ASH/ISTH
guideline panel suggests using anticoagulation alone over
thrombolysis followed by anticoagulation (conditional recom-
mendation based on very low certainty in the evidence of
effects ®000).
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Remarks: In most cases, anticoagulation alone is adequate.
However, there are individual cases in which the hemodynamic
status, size, and mobility of the thrombus might dictate more
aggressive therapy. The choice to use thrombolysis will depend on
feasibility or the intervention and patient and family acceptability of
the anticipated risks and benefits of thrombolysis.

Recommendation 9. For neonates with renal vein thrombosis
(RVT), the ASH/ISTH guideline panel suggests using anti-
coagulation rather than no anticoagulation (conditional recom-
mendation based on very low certainty in the evidence about
effects @O00).

Remarks: The panel considers the intervention to have a potential
beneficial effect if the long-term outcomes of avoiding hyperten-
sion, chronic kidney disease, and renal failure are considered.
Anticoagulation is likely more important with bilateral renal vein
involvement compared with unilateral involvement with or without
extension to the inferior vena cava (IVC). Severity of disease,
gestational age, presence of intraventricular hemorrhage, underly-
ing comorbidities, and degree of thrombocytopenia may affect
bleeding risk with treatment.

Recommendation 10a. For neonates with non-life-threatening
RVT, the ASH/ISTH guideline panel recommends anticoagulation
alone vs thrombolysis followed by anticoagulation (strong recom-
mendation based on very low certainty in the evidence of effects

SO00).

Remarks: Available evidence is derived from observational studies
in which patients treated with thrombolysis were critically ill, and
because the studies did not adjust for this bias, causation is difficult
to ascertain. The panel placed a high value on avoiding the
potential bleeding risks of thrombolysis, especially in neonates, and
therefore, made this recommendation for cases with low mortality
risk (ie, unilateral RVT or unilateral RVT with IVC extension). The
panel made a strong recommendation, considering high-quality
evidence for harm and high costs, despite very low quality evi-
dence for benefit.

Recommendation 10b. For neonates with life-threatening RVT,
the ASH/ISTH guideline panel suggests using thrombolysis fol-
lowed by anticoagulation, rather than anticoagulation alone (con-
ditional recommendation based on very low certainty in the
evidence about effects @OQQ).

Remarks: When RVT is life threatening (ie, bilateral thrombosis),
the panel considered that the beneficial effects of thrombolysis
may outweigh the undesirable consequences of the intervention.
Gestational age, presence of intraventricular hemorrhage, under-
lying comorbidities, and degree of thrombocytopenia may affect
bleeding risk with thrombolysis.

Recommendation 11a. For neonates and children with occlu-
sive portal vein thrombosis (PVT) and for children with non-
occlusive PVT, post-liver transplant PVT, or unprovoked
PVT, the ASH/ISTH guideline panel suggests using anti-
coagulation rather than no anticoagulation (conditional recom-
mendation based on very low certainty in the evidence of
effects ®@000).
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Recommendation 11b. For neonates with nonocclusive PVT,
and for children who have already developed portal hypertension
(PHTN) secondary to PVT, the ASH/ISTH guideline panel suggests
no anticoagulation rather than using anticoagulation (conditional
recommendation based on very low certainty in the evidence of
effects ®OO0).

Remarks: For recommendations 11a and 11b: neonates and
pediatric patients who did not receive anticoagulation warrant
follow-up monitoring, because extension of thrombus or organ
dysfunction may require reconsideration of treatment options. Evi-
dence from the available observational studies describes (com-
plete or partial PVT resolution in patients who did receive
anticoagulation, as well as those who did not receive anti-
coagulation, and therefore, does not allow for assessment of the
degree of benefit from anticoagulation. However, the panel placed
value on avoiding the potential increased risk of long-term com-
plications associated with persistent occlusive thrombus, and
therefore, favored treatment in this setting. The panel also recog-
nized the potential increased risk of bleeding in pediatric patients
with PHTN and development of esophageal varices, and therefore,
did not recommend anticoagulation in that setting.

Recommendation 12a. For pediatric patients with superficial
vein thrombosis (SVT) secondary to IV cannulation in the upper
limb, the ASH/ISTH guideline panel suggests no anticoagulation
rather than using anticoagulation. (conditional recommendation
based on very low certainty in the evidence about effects @OQ0).

Recommendation 12b. For pediatric patients with SVT in the
upper limb, which is not cannula related, or in the lower limbs
associated with cancer or varicose veins, the ASH/ISTH guideline
panel suggests anticoagulation rather than no anticoagulation
(conditional recommendation based on very low certainty in the
evidence about effects @O0Q).

Remarks: There were no direct and only limited indirect data upon
which to base this recommendation. The panel members experi-
ence suggested that, in most instances (eg, peripheral IV [PIV]- or
CVAD-related events in the upper extremity), no anticoagulation
may be required. However, anticoagulation could be considered in
select patients with symptomatic SVT (eg, non-PIV-/PICC
(peripherally inserted central catheter)-related, cancer, varicose
vein, and lower limb events) or scenarios (eg, PIV/long-term PICC
and/or symptom progression). The panel notes that when anti-
coagulation is prescribed, there is uncertainty about the optimal
intensity (eg, prophylactic vs full dose) and duration of therapy.

Recommendation 13. For pediatric patients with proximal DVT,
the ASH/ISTH guideline panel suggests using anticoagulation
alone rather than thrombolysis followed by anticoagulation (con-
ditional recommendation based on very low certainty in the evi-
dence about effects @O00).

Remarks: The panel considered characteristics such as the extent
and clinical impact of VTE, as important in determining the risk to
benefit ratio of thrombolysis. In most cases, the risks seem higher
than the potential benefit; however, there may be individuals for
whom the opposite is true. In this clinical scenario, extrapolation
from adult data was difficult. There are insufficient data to address
the risk to benefit ratio of local thrombolysis via interventional
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radiology compared with systemic thrombolysis, and the panel
noted that the centers with access to pediatric interventional
radiology were often stronger advocates of thrombolysis.

Recommendation 14. For pediatric patients with PE and echo-
cardiographic or biochemical evidence of right ventricular
dysfunction but without hemodynamic compromise, the ASH/ISTH
guideline panel suggests using anticoagulation alone rather than
thrombolysis followed by anticoagulation (conditional recommen-
dation based on very low certainty in the evidence about effects
SO00).

Remarks: The panel considered submassive PE to represent
pediatric patients with PE who do not have hemodynamic
compromise (ie, systemic hypotension or other signs of shock) but
who do have echocardiographic (eg, right ventricular dilation or
intraventricular septal bowing into the left ventricle, etc) or
biochemical (eg, elevated troponin or brain natriuretic peptide, etc)
evidence of right ventricular dysfunction.?> There were minimal
pediatric data, and recent international adult guideline panels have
recommended anticoagulation alone rather than thrombolysis fol-
lowed by anticoagulation in this situation (based on low certainty in
the evidence of effects).”®?* These same adult guidelines, how-
ever, have suggested that thrombolysis may be reasonable to
consider for younger patients with submassive PE at low risk of
bleeding and those who have evidence of both echocardiographic
and biochemical evidence of right ventricular dysfunction, which
may be extrapolated to select pediatric patients. Patients with
submassive PE should be monitored closely for the development of
hemodynamic compromise.?>?® The panel concluded that the risks
of thrombolysis outweighed the benefits in most cases, hence the
conditional recommendation for anticoagulation alone.

Recommendation 15. For pediatric patients with PE and
hemodynamic compromise the ASH/ISTH guideline panel sug-
gests using thrombolysis followed by anticoagulation rather than
anticoagulation alone (conditional recommendation based on very
low certainty in the evidence about effects @OQ0).

Remarks: The panel considered massive PE to represent pediatric
patients with PE who do have hemodynamic compromise that may
be life threatening, with limited time to respond to standard anti-
coagulation, and therefore, conditionally recommended thrombol-
ysis followed by anticoagulation, based predominantly on
extrapolation from recent adult guidelines and 3 small pediatric
studies that suggested a trend toward decreased mortality with
thrombolysis.?*2”

Recommendation 16. For pediatric patients with symptomatic
CVAD-related thrombosis who no longer require venous access or
whose CVAD is nonfunctioning, the ASH/ISTH guideline panel
suggests either immediate removal or delayed removal of the
CVAD (conditional recommendation based on low certainty in the
evidence about effects @HOO).

Remarks: Recent observational studies provided data that >48
hours of anticoagulation before CVAD removal vs immediate CVAD
removal are comparable in terms of potential risk of emboli leading
to PE or paradoxical stroke. The panel recognized that some clin-
ical scenarios, such as children with a large thrombotic burden or
those with right-to-left cardiac shunts, may benefit from a few days

ASH GUIDELINES ON TREATING PEDIATRIC VTE 2591

520z AInf gz uo 3senb Aq jpd-ulew-gzeG1L0-720Z-APE ™ BPOO|4/8959/€2/.85¢/0 |/6/4Ppd-8|o1e/S90uBAPEPOO|q/BI0°suoneoligndyse//:dpy woly papeojumog



of anticoagulation before CVAD removal to decrease the risk of
embolism.

Recommendation 17. For pediatric patients with VTE, the ASH/
ISTH guideline panel suggests using DOACs (rivaroxaban/dabi-
gatran) over SOC anticoagulants (low molecular weight heparin
[LMWH], unfractionated heparin [UFH], vitamin K antagonists
[VKASs], and fondaparinux; conditional recommendation based on
low certainty in the evidence about effects @OQQ).

Remarks: The panel concluded that there was a small benefit of
DOACs over SOGC, in relation to reduced thrombus recurrence rate
and increased rate of thrombus resolution. The undesirable effects
of DOACs vs SOC were felt to be small, with a reduction in major
bleeding albeit with an increase in clinically relevant non major
bleeding (CRNMB). The panel acknowledged the limitations of
these data when evaluating the outcomes of mortality, recurrence,
postthrombotic syndrome (PTS), and major/CRNMB due to the
small number of events reported. Given the natural history of PTS
and thrombus recurrence, evaluation at 3 to 6 months was
considered to be too soon to provide accurate representation of
these outcomes. The monitoring of drug level and dose adjustment
of dabigatran during the DIVERSITY trial raised concern about the
potential effect on efficacy and safety of routine use according to
current approvals, which do not require such monitoring. Although
data on QOL, cost-effectiveness, and acceptability of an oral agent
that does not require monitoring were lacking, the panel felt that
these were important factors when making this recommendation.

Recommendation 18. For pediatric patients with VTE the ASH/
ISTH guideline panel suggests using rivaroxaban over SOC anti-
coagulants (LMWH, UFH, VKA, and fondaparinux; conditional
recommendation based on very low certainty in the evidence about
effects ®OOQ).

Remarks: The panel concluded that there was a small benefit of
rivaroxaban over SOGC, in relation to reduced thrombus recurrence
and improved thrombus resolution. The undesirable effects of
rivaroxaban vs SOC were felt to be small, with a reduction in major
bleeding countered by an increase in CRNMB. These data were
limited by the small number of important outcomes that were
reported, that is mortality, recurrence, PTS, and major bleeding/
CRNMB. The panel noted that some individuals were excluded
from the EINSTEIN-Junior trial, including those aged <6 months
with low birth weight and those with severe liver or renal impair-
ment. The panel also noted reports of heavier menstrual bleeding
while on rivaroxaban and felt that this was an important consider-
ation when choosing an anticoagulant.

Recommendation 19. For pediatric patients with VTE, the ASH/
ISTH guideline panel suggests using dabigatran over SOC anti-
coagulants (LMWH, UFH, VKA, and fondaparinux; conditional
recommendation based on very low certainty in the evidence about
effects ®O00).

Remarks: The panel concluded that there was a small benefit of
dabigatran over SOC, in relation to reduced thrombus recurrence
and improved thrombus resolution. The undesirable effects were
felt to be trivial, with major bleeding reported in fewer patients
treated with dabigatran and an equivalent frequency of CRNMB.
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The panel noted that some individuals were excluded from the
DIVERSITY trial, including those aged <2 years with low body
weight, and those with severe liver or renal impairment. The
monitoring and dose adjustment of dabigatran during the DIVER-
SITY trial raised concern about the potential effect on efficacy and
safety of routine use according to current approvals, which do not
require such monitoring. The panel also noted reports of gastro-
intestinal side effects while on dabigatran and felt that this was an
important consideration when choosing an anticoagulant.

Recommendation 20. For pediatric patients with VTE, the ASH/
ISTH guideline panel suggests using either rivaroxaban or dabi-
gatran, although there may be individual populations or jurisdic-
tional availability that would lead clinicians to choose 1 agent over
the other (conditional recommendation based on very low certainty
in the evidence about effects @OO0).

Remarks: The panel undertook an exercise to review the
evidence-to-decisions (EtDs) for rivaroxaban vs SOC and dabiga-
tran vs SOC to examine if 1 of these agents (given the available
data) would be a preferred agent to use in treatment of pediatric
VTE. To accomplish this, the panel first assigned weights to the
summary of judgments. Balance of effects, certainty in the evi-
dence, and acceptability and feasibility of implementation were
given the highest weighting, with resources required given mod-
erate weighting, and cost-effectiveness and equity given the lowest
weighting.

Good practice statements

The panel agreed that a pediatric hematologist or a pediatrician in
consultation with a hematologist will be best suited to implement
these recommendations given the complexity of the care involved
in children with VTE.

For pediatric patients who are at high risk of bleeding (eg, CSVT
and associated hemorrhage secondary to venous congestion,
immediately after or anticipated invasive procedures), consider the
use of a short half-life agent such as UFH rather than LMWH or
DOAGC:s if anticoagulation is required, to decrease the risk of
worsening hemorrhage or bleeds.

Values and preferences. This updated guideline used a formal
exercise to determine the utility and disutility of the patient impor-
tant outcomes from the previous iteration by surveying the panel
members as performing a systematic review on disutility from the
adult population. Based on this exercise, overall, these recom-
mendations placed a higher value on PE, proximal DVT, and major
bleeding, and placed a relatively lower value on CRNMB and distal
DVT.

Introduction
Aims of these guidelines and specific objectives

The purpose of these guidelines is to provide evidence-based
recommendations on the treatment of VTE in pediatric patients.
The primary goals of these guidelines are to review, critically
appraise, and implement evidence-based recommendations that
will assist clinicians in deciding which pediatric patients with VTE
require antithrombotic treatment and which agent/agents to use.
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Furthermore, the implementation guidance section aims to assist
clinicians in optimizing the use of anticoagulants in pediatric
patients. 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 result in best care of pediatric patients
with VTE.

The target audience includes patients, hematologists, general
practitioners, pediatricians, other clinicians, and decision-makers.
Policymakers 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 article may also
serve as the basis for adaptation by local, regional, or national
guideline panels.

Description of the health problem

Pediatric VTE is considered a major clinical problem because of the
potential for associated mortality and significant complications
including PE, cerebrovascular events, as well as PTS.?®?° VTE
occurs when >1 components of the Virchow triad are activated:
stasis of blood flow, injury to the endothelial lining, or hypercoag-
ulability of blood components. Virchow triad remains the most
useful pathophysiological construct for thinking about thrombo-
embolism in children.®°

Since the publication of the 2018 ASH pediatric VTE treatment
guidelines, there has been a dramatic increase in available infor-
mation, knowledge, and expertise in relation to the appropriate
diagnosis, prevention, and clinical management of VTE in pediatric
patients. However, there remain many unknowns and large data
registries, and ongoing studies will hopefully continue to improve
our knowledge.

Methods

The guideline panel developed and graded the recommendations
and assessed the certainty of the supporting evidence following
the GRADE approach.”®”'%3! The overall guideline development
process, including funding of the work, panel formation, manage-
ment of conflicts of interest, internal and external review, and
organizational approval, was guided by ASH policies and proced-
ures derived from the GIN-McMaster guideline development
checklist hitp://cebgrade.mcmaster.ca/guidecheck.html®*? and was
intended to meet recommendations for trustworthy guidelines by
the Institute of Medicine and the GIN."®

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 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.
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The membership of the panels and the systematic review team are
described in supplement 1 of the supplemental Data.

The panel included both adult and pediatric hematologists, a
pediatric cardiologist, a pediatric critical care expert, a pharmacist,
a pediatric hematology and cardiology nurse, and a biostatistician,
who all had clinical and research expertise on the guideline topic.
One co-chair was a content expert; the other co-chair was an
expert in guideline development methodology.

In addition to synthesizing evidence systematically, the University of
Kansas Health System supported the guideline development pro-
cess, 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 in-person 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. Most members of the
guideline panel were members of ASH and ISTH. ASH staff sup-
ported panel appointments and coordinated meetings but had no
role in choosing the guideline questions or determining the
recommendations.

Members of the guideline panel received travel reimbursement for
attendance at in-person meetings. Through the University of Kan-
sas Health System, some researchers who contributed to the
systematic evidence reviews received salary or grant support.
Other researchers participated to fulfill requirements of an aca-
demic degree or program.

Conflicts of interest of all participants were managed according to
ASH policies based on recommendations of the Institute of Med-
icine®® and the GIN.®> Participants disclosed all financial and
nonfinancial interests relevant to the guideline topic. ASH staff and
the ASH guideline oversight subcommittee reviewed the disclo-
sures and composed the guideline panel to include a diversity of
expertise and perspectives in order to 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. Most of the guideline panel,
including the co-chairs, had no such conflicts. None of the Uni-
versity of Kansas Health System researchers who contributed to
the systematic evidence reviews or who supported the guideline
development process had any such conflicts.

Recusal was used to manage certain conflicts.>***® During delib-
erations about recommendations, any panel member with a current,
direct financial conflict in a commercial entity that marketed any
product that could be affected by a specific recommendation
participated in discussions about the evidence and clinical context
but was recused from making judgments or voting on individual
domains (eg, magnitude of desirable consequences) and the
direction and strength of the recommendation. The EtD framework
for each recommendation describes which individuals were recused
from making judgments about each recommendation.
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Supplement 2 provides the complete disclosure-of-interests forms
of all panel members. In part A of the supplement, individuals dis-
closed direct financial interests for 2 years before appointment; in
part B, indirect financial interests are covered; and in part C, other
interests that are not mainly financial are discussed. Part D
describes new interests disclosed 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.

Supplement 3 provides the complete disclosure of interest forms of
researchers who contributed to these guidelines.

Formulating specific clinical questions and
determining outcomes of interest

Given that this is an update of previous guidelines, the panel
commenced with the questions used in the 2018 pediatric VTE
guidelines and then used the GRADEpro guideline development
tool (www.gradepro.org)®” and Google form (docs.google.com/
forms) to brainstorm and then prioritize the questions described in
Table 1. The recommendations from the 2018 ASH guidelines for
treatment of pediatric VTE that were not addressed in the 2024
ASH/ISTH guideline on treatment of pediatric VTE are shown in
Table 2.

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 for the
respective questions.

Evidence review and development of
recommendations

For each guideline question, the University of Kansas Health Sys-
tem prepared a GRADE EtD framework, using the GRADEpro
guideline development tool (www.gradepro.org).*'® The EtD table
summarized the results of systematic reviews of the literature that
were updated or performed for this guideline. The EtD table
addressed effects of interventions, resource use (cost-effective-
ness), values and preferences (relative importance of outcomes),
equity, acceptability, and feasibility. The guideline panel reviewed
draft EtD tables before, during, or after the guideline panel meeting,
and made suggestions for corrections and identified missing evi-
dence. To ensure that recent studies were not missed, searches
(supplement 4) were updated twice, once in June 2023 and again
in January 2024, and panel members were asked to suggest any
studies that may have been considered missed and fulfilled the
inclusion criteria for the individual questions.

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
de novo if they were not available or not reproducible. For new
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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 of 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 1.

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

During a 1-day in-person meeting followed by online communica-
tion and a series of 31 conference calls, the panel developed
clinical recommendations based on the evidence summarized in
the EtD tables. For each recommendation, the panel took a pop-
ulation 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
guideline panel also explicitly considered 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
voting (an 80% majority was required for a strong recommenda-
tion), based on the balance of all desirable and undesirable con-
sequences. The final guidelines, including recommendations, were
reviewed and approved by all members of the panel. In the previous
iteration, because of the sparsity of evidence, the panel used the
expert evidence approach.®® In this update, and because of the
new evidence, there was no need to use that approach.

Interpretation of strong and conditional
recommendations

The recommendations are labeled as either “strong” or “condi-
tional” according to the GRADE approach. The words “the
guideline panel recommends” are used for strong recommenda-
tions, and “the guideline panel suggests” for conditional recom-
mendations. Table 3 provides the GRADE's interpretation of strong
and conditional recommendations by patients, clinicians, health
care policymakers, and researchers.

Document review

Draft recommendations were reviewed by all members of the panel,
revised, and then made available online from 8 April through 8 May
2024 for external review by stakeholders including allied organi-
zations, other medical professionals, patients, and the public. Six
individuals and 1 organization submitted comments. The document
was revised to address pertinent comments, but no changes were
made to recommendations. On 15 October 2024, the ASH
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Table 1. PICO questions, subgroups, and outcomes of interest

PICO question Subgroups Outcomes
For pediatric patients with symptomatic DVT or PE, Neonates Mortality
should anticoagulation vs no anticoagulation be Children Resolution
used? Adolescents Recurrence of VTE
CVAD Extension of thrombus/PE
Cancer Major bleeding/CRNMB
APLA PTS
HITT
For pediatric patients with clinically unsuspected Neonates Mortality
(previously asymptomatic) DVT or PE, should Children Resolution
anticoagulation vs no anticoagulation be used? Adolescents Recurrence of VTE
CVAD Extension of thrombus/PE
Cancer Major bleeding/CRNMB
APLA PTS
Presence of thrombophilia HITT
For pediatric patients with provoked VTE, should Neonates Mortality
anticoagulation for 6 wk vs 3 mo be used? Children Resolution
Adolescents Recurrence of VTE
CVAD Extension of thrombus/PE
Cancer Major bleeding/CRNMB
APLA PTS
CSVT HITT
Provoked with persistent risk factors
Provoked with resolved risk factors
For pediatric patients with unprovoked DVT or PE, Neonates Mortality
should anticoagulation for 6 to 12 mo vs indefinite Children Resolution
anticoagulation be used? Adolescents Recurrence of VTE
APLA Extension of thrombus/PE
Major bleeding/CRNMB
PTS
HITT
For pediatric patients with CSVT, should Neonates Mortality
anticoagulation vs no anticoagulation be used? Children Recurrence of VTE
For pediatric patients with CSVT, should Adolescents Resolution
thrombolysis followed by anticoagulation vs ICH Cerebral infarction
anticoagulation alone be used? Infection Neurologic outcome
Asparaginase Major bleeding/CRNMB
Trauma HITT
For neonates and pediatric patients with RAT, should Neonates Mortality
anticoagulation vs no anticoagulation be used? Children Recurrence of VTE
For neonates and pediatric patients with RAT, should Resolution
thrombolysis followed by anticoagulation vs Cerebral infarction
anticoagulation alone be used? Neurologic outcome
Major bleeding/CRNMB
PTS
HITT
For neonates with RVT, should anticoagulation vs no Neonates Mortality
anticoagulation be used? Unilateral vs bilateral Recurrence of VTE
For neonates with RVT, should thrombolysis followed IVC extension Resolution

by anticoagulation vs anticoagulation alone be
used?

For neonates and pediatric patients with PVT, should
anticoagulation vs no anticoagulation be used?

For pediatric patients with SVT, should
anticoagulation vs no anticoagulation be used?

AKI

Neonates
Children
Catheter related
Occlusive
Spontaneous
After liver transplant

Neonates
Children
Adolescents
Provoked
Unprovoked

Kidney function (eGFR, proteinuria)
Blood pressure
Kidney atrophy
Major bleeding/CRNMB

Mortality
Resolution
Recurrence of VTE
Extension of thrombus/PE
Major bleeding/CRNMB
PHTN
HITT

Mortality
Resolution
Recurrence of VTE
Extension of thrombus/PE
Major bleeding/CRNMB
PTS
HITT

AKI, acute kidney injury; APLA, anti phospholipid antibody; eGFR, estimated GFR; HITT, heparin induced thrombocytopenia and thrombosis; ICH, intracranial hemorrhage; PICO, population,

intervention, caomparison, outcome.
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Table 1 (continued)

PICO question Subgroups Outcomes
For pediatric patients with proximal DVT, should Neonates Mortality
thrombolysis followed by anticoagulation vs Children Resolution

anticoagulation alone be used?

For pediatric patients with submassive PE, should
thrombolysis followed by anticoagulation vs
anticoagulation alone be used?

For pediatric patients with PE with hemodynamic
compromise, should thrombolysis followed by
anticoagulation vs anticoagulation alone be used?

For pediatric patients with symptomatic CVAD-
related thrombosis, should immediate removal of a
nonfunctioning or unneeded CVAD vs delayed
removal be used?

For pediatric patients with VTE, should DOACs vs
SOC anticoagulants be used?

For pediatric patients with VTE, should rivaroxaban vs
SOC anticoagulants be used?

For pediatric patients with VTE, should dabigatran vs
SOC anticoagulants be used?

For pediatric patients with VTE, should either
rivaroxaban or dabigatran be preferentially used?

Presence of bleeding
Thrombocytopenia

Recurrence of VTE
Major bleeding/CRNMB

Adolescents

PTS
Neonates Mortality
Children PE

Adolescents Paradoxical emboli

PICC line Major bleeding/CRNMB
Central line PTS

Neonates Mortality

Children Resolution

Recurrence of VTE
Extension of thrombus/PE
Major bleeding/CRNMB

Periprocedural PTS

Adolescents

Renal insufficiency
Hepatic insufficiency

AKI, acute kidney injury; APLA, anti phospholipid antibody; eGFR, estimated GFR; HITT, heparin induced thrombocytopenia and thrombosis; ICH, intracranial hemorrhage; PICO, population,

intervention, caomparison, outcome.

guideline oversight subcommittee and the ASH Committee on
Quality approved that the defined guideline development process
was followed; and on 23 October 2024, the officers of the ASH
executive committee approved submission of the guidelines for
publication under the imprimatur of ASH. On 6 November 2024,
the ISTH guidelines and guidance committee and the 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 an 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 out-
comes 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 may become outdated. Following these
guidelines cannot guarantee successful outcomes. The 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
integral parts and serve to facilitate a more accurate interpreta-
tion. They should never be omitted when quoting or translating
recommendations from these guidelines. The use of these
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guidelines is also facilitated by the links to the EtD frameworks
and interactive summary of findings tables in each section.

Recommendations
Good practice statement

The panel agreed that a pediatric hematologist or a pediatrician in
consultation with a hematologist will be best suited to implement
these recommendations given the complexity of the care involved
in children with VTE.

For pediatric patients with symptomatic DVT or PE, should
anticoagulation vs no anticoagulation be used?

Recommendation 1

For pediatric patients with symptomatic DVT or PE, the ASH/
ISTH guideline panel suggests using anticoagulation rather
than no anticoagulation (conditional recommendation based
on very low certainty in the evidence about effects @O00).

Remarks: Although there remains limited direct evidence in
pediatric patients, there is strong indirect evidence in adults
that symptomatic VTE requires treatment. However, based on
recently published observational studies in pediatric patients,
there may be specific clinical scenarios such as neonatal
central venous catheter—associated VTE or trauma-associated
VTE in which anticoagulation may result in either no significant
benefit or potentially an increased risk of harm. Outside of
these specific clinical scenarios, the panel agrees that in most
pediatric patients with symptomatic DVT and PE, anti-
coagulation is warranted. Therefore, the panel made a con-
ditional recommendation with very low certainty in the
evidence.
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Table 2. Recommendations from the 2018 ASH pediatric VTE guidelines that were not addressed in this 2024 revision

Thrombectomy and IVC filters

Recommendation 6: The ASH guideline panel suggests against using thrombectomy
followed by anticoagulation, and rather use anticoagulation alone in pediatric patients
with symptomatic DVT or PE (conditional recommendation based on very low
certainty in the evidence about effects).

Recommendation 7: The ASH guideline panel suggests against using IVC filter, and
rather use anticoagulation alone in pediatric patients with symptomatic DVT or PE
(conditional recommendation based on very low certainty in the evidence about
effects).

AT replacement therapy

Recommendation 8a: The ASH guideline panel suggests against using AT replacement
therapy in addition to standard anticoagulation, and rather use standard
anticoagulation alone in pediatric patients with DVT/CSVT/PE (conditional
recommendation based on very low certainty in the evidence about effects).

Recommendation 8b: The ASH guideline panel suggests using AT replacement
therapy in addition to standard anticoagulation rather than standard anticoagulation
alone in pediatric patients with DVT/CSVT/PE who have failed to respond clinically to
standard anticoagulation treatment and in whom subsequent measurement of AT
concentrations reveals low AT levels based on age-appropriate reference ranges
(conditional recommendation based on very low certainty in the evidence about
effects).

CVAD-related thrombosis

Recommendation 9: The ASH guideline panel suggests no removal rather than removal
of a functioning CVAD, in pediatric patients with symptomatic CVAD-related
thrombosis who continue to require venous access (conditional recommendation
based on very low certainty in the evidence about effects).

Recommendation 10: The ASH guideline panel recommends removal rather than no
removal of a nonfunctioning or unneeded CVAD, in pediatric patients with
symptomatic CVAD-related thrombosis (strong recommendation based on very low
certainty in the evidence about effects).

Recommendation 12: The ASH guideline panel suggests either removal or no removal
of a functioning CVAD in pediatric patients who have symptomatic CVAD-related
thrombosis with worsening signs or symptoms despite anticoagulation and who
continue to require venous access (conditional recommendation based on very low
certainty in the evidence about effects).

LMWH vs VKAs

Recommendation 13: The ASH guideline panel suggests using either LMWH or VKAs
in pediatric patients with symptomatic DVT or PE (conditional recommendation
based on very low certainty in the evidence about effects).

Purpura fulminans due to homozygous protein C deficiency

Recommendation 24: The ASH guideline panel suggests using protein C replacement
rather than anticoagulation in pediatric patients with congenital purpura fulminans
due to homozygous protein C deficiency (conditional recommendation based on very
low certainty in the evidence about effects).

Recommendation 25: The ASH guideline panel suggests using anticoagulation plus
protein C replacement rather than anticoagulation alone in pediatric patients with
congenital purpura fulminans due to homozygote protein C deficiency (conditional
recommendation based on very low certainty in the evidence about effects).

Recommendation 26: The ASH guideline panel suggests using either liver
transplantation or no liver transplantation (anticoagulation or protein C replacement)
in pediatric patients with congenital purpura fulminans due to homozygous protein C
deficiency (conditional recommendation based on very low certainty in the evidence
about effects).

Remarks: The panel recognized that in certain cases, for example, with cardiovascular
compromise secondary to the VTE, thrombectomy may be appropriate, but in the
experience of the panel such cases were rare and not without risk. Anecdotal cases of
catheter-directed thrombectomy could not be adequately assessed.

Remarks: The panel considered the benefits vs risks involved in IVC filter use and determined
their use should be reserved for certain cases: for example, those patients with DVT and
absolute contraindication to anticoagulation, or those children who failed adequate
standard anticoagulation therapy in whom a filter might reduce embolic risk. IVC filters
should be temporary and there should always be a clear plan for removal. When the
absolute contraindication is resolved, restarting the anticoagulation and removal of the filter
is appropriate. It is not feasible to place IVC filters in children with a weight of <10 kg.

Remarks: The use of AT replacement has increased dramatically in recent years in the
management of VTE in children, although supportive published data are extremely limited.
The most commonly used rationale is to facilitate attainment of therapeutic heparin activity.
Most evidence is indirect, being in the prophylactic situation rather than treatment, and
based on the prophylactic studies, there is little evidence of clinical benefit and perhaps
evidence of clinical harm.

Remarks: Despite the overall recommendation against AT use, the panel considered several
subgroups, and specific situations in which they agreed AT use might be justified. First, in
children with documented inherited AT deficiency, in whom anticoagulation of VTE was not
achieving clinical benefit. Other situations included children with low levels of AT compared
with age-appropriate levels (as distinct from adult levels), acute lymphoblastic leukemia on
induction using asparaginase, nephrotic syndrome, neonates, after liver transplant, and in
children with disseminated intravascular coagulation and VTE. Usually, AT use would be
commenced if there was continuous thrombus growth and/or failure of clinical response
despite adequate anticoagulation. There was, however, no evidence to suggest improved
outcomes in these patients.

Remarks: The panel placed a high value on avoiding the insertion of another CVAD in children
who may have limited availability of access sites and considered the thrombogenic effect of
placing another line and new endothelial injury. The panel considered that treatment of
symptomatic CVAD-related thrombus with anticoagulation likely leads to minimal
complications.

Remarks: In situations in which ongoing care of the primary condition can be delivered
adequately without central venous access, removal of the stimulus to the thrombosis is
appropriate. An overriding principle is that any central access device should be removed as
soon as feasible within the confines of the overall treatment of the child. The panel made a
strong recommendation despite very low certainty in the evidence for benefits based on
high evidence of harm or high cost.

Remarks: The panel considered the variability in value placed by families and clinicians on
maintaining line access compared with potential risk of infection and further thrombus
progression, which will vary for individual patients. If alternative venous access is readily
available, then removal of CVAD in setting of worsening VTE symptoms despite
anticoagulation is appropriate. However, in some children, venous access is paramount.

Remarks: The decision should depend on (1) patient values and preferences; (2) health
services resources; (3) infrastructure and support; and (4) underlying condition,
comorbidities, and other medications.

Remarks: The panel determined that the long-term effectiveness of protein C replacement
was superior to that offered by anticoagulation and also did not have the adverse bleeding
risk of anticoagulation. However, protein C is expensive, and cost may be prohibitive.

Remarks: This recommendation applies in an acute setting (acute episode of purpura
fulminans) in which the intervention of protein C replacement plus anticoagulation is
considered a better option than anticoagulation alone. For long-term treatment, when
recommendation to fully supplement with protein C cannot be followed for pragmatic or
cost reasons, then the use of combined protein C replacement and anticoagulation rather
than anticoagulation alone may reduce the required intensity of anticoagulation and hence
reduce the bleeding risk.

Remarks: Liver transplantation is curative of protein C deficiency but has its own acute and
chronic risks and burden of care. The panel agreed that long-term maintenance on protein
C replacement becomes increasingly expensive and difficult as the child grows and that
long-term anticoagulation at the intensity required has significant bleeding risks. Hence, the
optimal therapy depends on the values and preferences of the family, as well as local health
service factors. Given the historical outcomes for children with this severe condition,
discussion of potential pathways of care should be determined early before progressive
organ damage has been sustained.

AT, antithrombin.
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Evidence Certainty

High Certainty

SOO0

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

Moderate Certainty

SSS0

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

SO0

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

Very Low Certainty

OO0

We have very little confidence in the effect estimate: the true effect is likely to be
substantially different from the estimate of effect.

Figure 1. Symbols used to designate certainty of evidence within these guidelines.

Summary of the evidence

Since the last published guidelines in 2018, the panel did not find
any RCT that specifically addressed this question in pediatric
patients. In addition to extrapolation from adult data, the panel
reviewed 5 new studies in pediatric patients, 3 observational
studies, and 2 RCTs. These studies include a retrospective,
multicenter observational study (n = 346) investigating outcomes
in neonates, infants, and children aged <2 years with VTE*°; and a
prospective, multicenter observational study investigating out-
comes in neonates and infants aged <6 months with CVAD-
associated VTE who were treated according to a national
consensus guideline (the NEOCLOT study, n = 115).*" Data from
a retrospective, single-center study (n = 753) investigating out-
comes in pediatric patients aged <18 years with trauma-
associated VTE*? were evaluated separately. In the 2 RCTs,
namely the EINSTEIN-Junior (n = 500; from birth at >37 weeks
gestational age to age 17 years, randomized)*® and DIVERSITY
trials (n = 267; from birth at >37 weeks gestational age to age <18
years, randomized).** DOACs were compared with SOC and
helped inform potential risks and benefits of anticoagulation,
although neither trial included a “no anticoagulation” arm.

The panel concluded that the desirable effects of anticoagulation in
pediatric VTE outweigh the undesirable effects of anticoagulation for
most pediatric patients with symptomatic VTE, particularly those with
PE, proximal DVT, and occlusive thrombosis, and in pediatric patients
with ongoing risk factors for thrombosis such as active malignancy,
long-term CVAD requirement, or active infection. The panel was not
confident that this recommendation applies to all pediatric patients
with symptomatic or clinically apparent VTE, specifically neonates
with CVAD-associated thrombosis and patients with trauma-
associated thrombosis, for whom the risk of major bleeding may be
greater than the benefits of anticoagulation, including decreased risk
for thrombus recurrence/progression and PTS.

Overall, the balance of effects favors anticoagulation in symptom-

atic VTE. Based on the GRADE methodology framework, a con-
ditional recommendation was given because of the very low
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certainty in the evidence because of risk of bias concerns and
imprecision.

Benefits

Based on 2 observational studies,*®*' 7 of 223 (3.1%) patients
receiving anticoagulation had recurrent VTE compared with 4 of 47
(8.5%) patients who did not receive anticoagulation (RR, 0.38;
95% confidence interval [Cl]: 0.12-1.3). There were 52 fewer
recurrent events per 1000 patients receiving anticoagulation
(95% CI, 75 fewer to 23 more). In the EINSTEIN-Junior and
DIVERSITY trials, 22 of 651 (3.4%) patients receiving anti-
coagulation had recurrent VTE. Across these studies, the risk of
recurrence was similar despite different study designs and demo-
graphic characteristics of the study cohorts.

In the EINSTEIN-Junior and DIVERSITY trials,**** 10 of 651
(1.6%) patients receiving anticoagulation had radiological
thrombus extension, and no patient receiving anticoagulation had
symptomatic PE. The relative effects for thrombus extension and
PE were not estimable from the available data because of the
absence of a “no anticoagulation” comparison arm in these trials. In
the aforementioned NEOCLOT study, 8 of 25 (32.1%) infants who
did not receive anticoagulation demonstrated radiological
thrombus extension (after a median follow-up of 4 days), whereas
no patient who received anticoagulation had thrombus extension.

In the NEOCLOT study, radiological thrombus resolution (after a
median follow-up for 54 days) was noted in 21 of 24 (87.5%)
neonates and infants receiving anticoagulation vs 11 of 13 (84.6%)
patients who did not receive anticoagulation (RR, 1.02; 95% CI,
0.59-1.73). Of note, patients with upfront thrombus extension were
excluded from this analysis. All-cause mortality in this study was 3
of 24 (12.5%) patients receiving anticoagulation vs 2 of 19
(10.5%) patients who did not receive anticoagulation (RR, 1.167;
95% CI, 0.21-6.36). One death (0.9%) was secondary to pro-
gressive thrombosis. In the EINSTEIN-Junior and DIVERSITY trials,
all-cause mortality was reported in 3 of 651 (0.5%) patients
receiving anticoagulation. One death in EINSTEIN-Junior was
unrelated to bleeding or thrombosis.*® In the DIVERSITY trial,**
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Table 3. Interpretation of strong and conditional recommendations

Recommendation Strength

“Recommends..." “Recommends against..."

X

Interpretation of
Strong Recommendations

a small proportion would not.

values and preferences.

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.

The recommendation is supported by credible research or other convincing judgments

further research may provide important information that alters the recommendations.

M e MM

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

Most individuals should follow the recommended course of action. Formal decision aids
are not likely to be needed to help individual patients make decisions consistent with their

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,

“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.

1 death was attributed to bleeding, and 1 death was attributed to
progressive thrombosis.

A retrospective, single-center observational study reported outcomes
in pediatric patients with trauma-associated VTE.*? Radiological
thrombus resolution was noted in 13 of 31 (41.9%) patients receiving
anticoagulation vs 6 of 10 (60.0%) patients who did not receive
anticoagulation (RR, 0.69; 95% Cl, 0.36-1.34). The rate of all-cause
mortality was 1 of 31 (3.2%) patients who received anticoagulation vs
0 of 10 (0.0%) patients who did not receive anticoagulation.

In the aforementioned observational studies, overall outcomes may
have been affected by the differing risk profiles for patients receiving
anticoagulation compared with those not receiving anticoagulation.
There were also insufficient data to assess the potential benefit of
anticoagulation on the incidence or severity of extremity PTS. Alto-
gether, the certainty in the evidence for these estimates was low to
very low, given serious to very serious imprecision due to the low
number of incident VTE and a serious risk of bias.

Harms and burden

The relative effects for the risk of major bleeding and CRNMB with
anticoagulation were not estimable from the available data because
of the low number of events reported in the NEOCLOT study and
the lack of a comparison arm in the EINSTEIN-Junior and DIVER-
SITY trials. In the NEOCLOT study, major bleeding and CRNMB
were reported in 2 of 33 (6.1%) and 1 of 33 (3.0%) patients,
respectively, receiving anticoagulation. In comparison, none of the
patients who did not receive anticoagulation experienced a major
or CRNMB. In the EINSTEIN-Junior and DIVERSITY trials, 8 of 767
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(1.0%) and 14 of 767 (1.8%) patients receiving anticoagulation
experienced major bleeding and CRNMB, respectively.****

Overall, the certainty of harms and benefits associated with anti-
coagulation vs no anticoagulation was very low, given a very
serious imprecision because of the low number of events and a
serious risk of bias. Particularly in the EINSTEIN-Junior and
DIVERSITY trials, the eligibility criteria likely restricted enroliment of
patients who were otherwise candidates for anticoagulation, and
consequently limited generalizability of the data.

Other EtD criteria and considerations

The guideline panel did not think that there were feasibility or
acceptability considerations that would impair the implementation
of this recommendation. Evidence profiles with the characteristics
of all included studies and the complete EtD framework are online
for recommendation 1.

Conclusions and research needs for this
recommendation

The guideline panel determined that there is a very low level of evi-
dence for a net benefit/harm of anticoagulation in pediatric patients
with symptomatic VTE. Despite the limitations of the published
pediatric data, there is robust indirect evidence from adult studies
that anticoagulation is warranted in patients with symptomatic DVT
and PE. Additionally, data from recently published randomized trials
of DOAC:s in pediatric patients underscore the safety and efficacy of
anticoagulation in pediatric patients, including low rates of major
bleeding, CRNMB, thrombus recurrence, and extension. The panel
therefore agrees that most pediatric patients with symptomatic VTE
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should receive anticoagulation. This is particularly true for patients
with PE, proximal DVT, and occlusive thrombosis, and in pediatric
patients with ongoing risk factors for thrombosis such as active
malignancy, long-term CVAD requirement, or active infection. How-
ever, recently published observational data also highlight that in
patients with an increased baseline risk of hemorrhage, such as
neonates and pediatric patients with trauma-associated VTE, anti-
coagulation therapy may be associated with an increased risk of
hemorrhage. In all patients, the decision to anticoagulate must be
individualized after weighing the potential risk of thrombus progres-
sion and embolization against the risk of bleeding.

The panel identified the following additional research needs:
1. Study of pediatric patients with malignancy and thrombosis

2. Separate reporting of pediatric symptomatic vs clinically
unsuspected VTE and therapies with extended follow-up

3. Risk stratification of pediatric subgroups who would benefit
most and least from anticoagulation regardless of signs/symp-
toms, including defining benefit of anticoagulation in neonates

4. Real-life studies on benefits/harms of DOACs

For pediatric patients with clinically unsuspected (previously
termed asymptomatic) DVT or PE should anticoagulation vs no
anticoagulation be used?

Recommendation 2

For pediatric patients with clinically unsuspected (previously
termed asymptomatic) DVT or PE, the ASH/ISTH guideline
panel suggests either using anticoagulation or no anti-
coagulation (conditional recommendation based on very low
certainty in the evidence about effects @O0O0).

Remarks: The natural history of clinically unsuspected DVT or
PE in pediatric patients appears to carry a lower risk
(compared with symptomatic DVT or PE) of acute and long-
term sequelae, especially in certain pediatric subpopulations.
The recommendation is based on studies that report out-
comes for pediatric patients with clinically unsuspected DVT
or PE. Single-institution, observational, and retrospective
studies in select subpopulations of pediatric patients suggest
that not using anticoagulation for clinically unsuspected DVT
or PE does not lead to severe outcomes. The benefits or
harms of anticoagulation or no anticoagulation vary for
different populations including neonates, pediatric patients
who are critically ill, patients with cardiac disease, or patients
who have experienced trauma. However, if clinically unsus-
pected DVT or PE is detected, the decision to treat or not
treat should be individualized. Research to better understand
the natural history of clinically unsuspected DVT or PE, ben-
efits, and harms of treatment in a variety of subgroups and
clinical settings in pediatrics is a high priority.

Summary of the evidence

Clinically unsuspected VTE in children is defined as a VTE diag-
nosed via imaging test performed for surveillance (ie, with an intent
to identify clinically silent VTESs) or incidentally found (most often via
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imaging performed for evaluation of regional pathology unrelated to
VTE) in the absence of any VTE-associated signs or symptoms.*®
In previous literature, terms such as “asymptomatic” and “inci-
dentally diagnosed” VTE were variably reported. We identified 3
studies that addressed this question in pediatric patients (1 single-
arm, noncomparative study46; 1 observational nonrandomized
study®’; and 1 retrospective comparative study®?). These studies
included specific subpopulations including infants with cardiac
disease,*® neonates who are critically ill,*' and pediatric patients
who have experienced trauma.*” The total number of pediatric
patients with clinically unsuspected DVT or PE included in these 3
studies were <100. These studies provided data on the outcomes
of interest that included VTE (DVT or PE) progression, resolution,
recurrence, bleeding, mortality (all-cause and VTE related), and risk
of PTS, including clinically relevant PTS.

Of the 3 included studies, 2 studies reported the effect of anti-
coagulation or no anticoagulation outcomes on VTE resolution,*'**
1 study reported thrombus progression and bleeding including
CRNMB and major bleeding,*’ 2 studies assessed the risk of
PTS,*>*° and all 3 studies assessed mortality. These studies
suggest that not using anticoagulation for clinically unsuspected
DVT or PE does not result in negative outcomes. These studies
included only specific pediatric subpopulations and a relatively
small number of patients, and their results cannot necessarily be
extrapolated to other pediatric subpopulations such as those with
cancer or long-term central lines. Therefore, the panel made a
conditional recommendation for either anticoagulation or no anti-
coagulation for clinically unsuspected DVT or PE. Clinicians will
need to assess the benefits and harms of treatment vs no treat-
ment, parental preference, and burden or costs of treatment on an
individual basis until more evidence becomes available.

Two recent pediatric RCTs of DOACs compared with SOC were
not included in this recommendation because the outcomes for
symptomatic and clinically unsuspected DVT or PE were not
reported separately.*®*

Benefits

The relative effects were not estimable from the pediatric data
because of the low number of patients in these studies and lack
of direct comparison in one. The frequency of outcomes in
pediatric patients who were treated with anticoagulation vs no
anticoagulation were as follows: rate of thrombus extension 0 of
1 (0.0%) vs 2 of 5 (40.0%), thrombus resolution was 9 of 13
(69.2%) to 1 of 1 (100.0%) vs 5 of 9 (55.6%) to 3 of 3
(100.0%), and recurrence of 0 of 1 (0.0%) vs O of 3 (0%),
respectively. The risk of PTS was 21.4% in patients who had
experienced trauma, assessed at 13 months after VTE and
16.6% in pediatric patients with asymptomatic VTE related to
short-term CVADs 2 years after VTE. Overall, the certainty in the
evidence comparing anticoagulation over no anticoagulation for
pediatric patients with clinically unsuspected VTE is very low due
to the serious risk of bias and very serious imprecision in the
included studies.

Harms and burden

The risk of bleeding (major) was reported in 1 of 3 (33.3%)
patients who had asymptomatic VTE and whom received
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anticoagulation therapy.*® Reported mortality (none was therapy
related) was 1 of 13 (7.7%) vs O of 9 (0.0%) patients in the
anticoagulation vs no-anticoagulation groups, respectively.
Overall, the certainty of the harms and burdens associated with
the intervention, or no intervention, is very low, owing to the
serious risk of bias and very serious imprecision in the studies.
The risk of major bleeding varies within the pediatric subpopu-
lation, related to underlying age, disease process, and medical
or surgical interventions, and should be taken into consideration.
In particular, the 1 of 3 (33.3%) risk of bleeding reported in 1 of
the studies is higher than that reported in recent multicenter
randomized trials in which the reported rate of bleeding on
anticoagulation was much lower at 2% to 3%. Because of the
limited available evidence, the guideline panel considered the
risk of adverse effects most likely to be small.

Other EtD criteria and considerations

Currently, screening for clinically unsuspected VTE is not rec-
ommended and therefore the reported incidence and outcomes
of clinically unsuspected clots are likely underreported. The
guideline panel did not consider that there were feasibility or
acceptability considerations that would impair implementation of
this recommendation. Evidence profiles with the characteristics
of all included studies and the complete EtD framework are
online for recommendation 2.

Conclusions and research needs for this
recommendation

The guideline panel determined that there is a very low certainty
in the evidence for a net health benefit or harm from using
anticoagulation or no anticoagulation in clinically unsuspected
VTE. New data are available to inform the recommendation
presented in this guideline. However, the new data are from
select subpopulations of pediatric patients with clinically
unsuspected VTE that include infants and young children with
congenital heart disease, neonates with short-term central
venous catheters, and pediatric patients who have experienced
trauma; and thus, the outcomes for other subpopulations of
pediatric patients is unknown. Based on the body of available
evidence, there appears to be a low risk of poor outcomes
(thrombus extension, recurrence, mortality, and PTS) for these
subpopulations despite no treatment. However, because of low
certainty in the evidence, the fact that we did not find the evi-
dence of an effect on these outcomes does not imply that such
an effect does not exist.

The panel identified additional research questions and made the
following recommendations:

1. Determining the outcomes of clinically unsuspected VTE in
other subpopulations of pediatric patients such as those with
cancer, children with short gut syndrome, and those with end-
stage renal disease that need long-term central catheters

2. Designing future studies to present outcomes for patients with
symptomatic and clinically unsuspected VTE separately so the true
benefits and harms of treatment and nontreatment can be evaluated

3. Consistent use of international standard definitions of clinically
unsuspected VTE across studies*®
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For pediatric patients with provoked VTE, should anticoagulation
for 6 weeks vs 3 months be used?

Recommendation 3

For select pediatric patients with provoked VTE, the ASH/
ISTH guideline panel suggests 6 weeks rather than 3 months
of anticoagulation. Exclusions to this recommendation include:
(1) PE, (2) recurrent VTE, (3) persistent occlusive thrombus at
6 weeks, (4) cancer-associated thrombosis, (5) patients with
persistent APAs or major thrombophilia, and (6) ongoing VTE
risk factors (conditional recommendation based on very low
certainty in the evidence of effects @O00).

Remarks: This recommendation is based mainly on the Kids-
DOTT RCT that evaluated the duration of anticoagulation ther-
apy in pediatric patients with provoked VTE. Importantly, the
criteria for inclusion and randomization were stringent, and many
pediatric patients with provoked VTE were excluded. The
recommendation reflects the population that was studied and
cannot be extrapolated to all patients with provoked VTE. For
patients with provoked VTE not meeting these low-risk criteria,
the panel suggests the use of anticoagulation therapy for
3 months, and for those with persistent provoking VTE risk fac-
tors, longer duration of anticoagulation may be considered.

Summary of the evidence

We identified 1 new, multicenter international RCT,*” as well as 2
retrospective cohort studies*®*® comparing 6 weeks with
3 months treatment for pediatric VTE. The Kids-DOTT trial was the
first RCT to evaluate duration of anticoagulation in pediatric
patients with first episode—provoked VTE.*” The trial excluded
patients with active cancer, major thrombophilia traits, systemic
lupus erythematosus, proximal PE, and those requiring thrombol-
ysis. Additionally, patients who had persistent thrombus occlusion
or positive APA at 6 weeks after VTE diagnosis were not eligible for
randomization.

Among 417 randomized patients, 297 were included in the per-
protocol analysis that demonstrated noninferiority of 6 weeks of
anticoagulation compared with 3 months, based on an outcome of
recurrent VTE and clinically relevant bleeding. The most common
provoking factor in the trial was a CVAD (52%), followed by
infection (34%) and trauma/surgery (20%)."”

Additional evidence included a single-center retrospective cohort
study”® that compared 6 weeks of LMWH with 3 months in 74
pediatric patients with CVAD-related VTE and did not identify
inferior outcomes in the 39 patients treated for a shorter duration.
Lastly, a retrospective cohort study*® reported outcomes of 23
pediatric patients with VTE treated with rivaroxaban for 6 weeks,
3 months, or 6 months of anticoagulation. None of the patients in
this report had recurrent VTE or relevant bleeding.

Benefits

The panel considered that a shortened duration of anticoagulation
therapy may provide benefits including improved quality of life
(QOL) for pediatric patients, particularly for those receiving sub-
cutaneous (SQ) injections, increasing acceptability and feasibility
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of the intervention, as well as the potential to provide moderate
cost savings.

Harms and burden

The relative effects were not estimable from the available data
because of the low number of events reported in the studies. The
Kids-DOTT trial*” reported similar frequencies of symptomatic
recurrent VTE at 1 year after VTE diagnosis between the 6-week
and 3-month anticoagulant treatment groups (1/154 [0.6%] vs 2/
143 [1.4%)], respectively). There was also no difference in mortality
between groups (4/206 [1.9%] vs 4/206 [1.9%]). Overall, the
certainty of the harms and burdens associated with the different
durations of anticoagulation therapy is low due to very serious
imprecision. Furthermore, the panel acknowledged that the find-
ings of the Kids-DOTT trial can only be extrapolated to a selected
group of pediatric patients who meet the low-risk VTE criteria used
in the trial. Whether the use of a shortened duration of anti-
coagulation therapy for patients who do not meet these criteria
could potentially lead to an increased risk of adverse VTE out-
comes including recurrent VTE is unknown.

Other EtD criteria and considerations

Because the Kids-DOTT trial*” did not report a reduction in
bleeding or increase in recurrent VTE in patients treated for shorter
duration, the evidence did not support a strong recommendation
for a shorter duration.

The panel also noted that in the Kids-DOTT trial, all pediatric
patients underwent thrombophilia testing, including APA. If
elevated at VTE diagnosis, APA testing was repeated at 6 weeks,
and if still elevated, these patients were excluded from random-
ization. The panel does not recommend that all pediatric patients
with provoked VTE undergo thrombophilia testing to evaluate
whether they are candidates for 6 weeks of anticoagulation. This
is consistent with the ASH-American Society of Pediatric
Hematology Oncology Choosing Wisely campaign, which does
not recommend thrombophilia testing in pediatric patients with
CVAD-related VTE.° Rather, the panel would recommend that
such testing be driven based on factors including clinical pre-
sentation and family history. Lastly, most patients included in the
per-protocol analysis had an extremity DVT (77%), with relatively
low numbers of enrolled patients with VTE in other sites including
CSVT (13%). Evidence profiles with the characteristics of all
included studies and the complete EtD framework are online for
recommendation 3.

Conclusions and research needs for this
recommendation

The guideline panel acknowledged that the Kids-DOTT trial*” is
a landmark pediatric thrombosis trial that will have a significant
impact in the field, allowing many pediatric patients with pro-
voked VTE to receive a shorter duration of anticoagulation.
Nonetheless, there remain questions in this area, including
whether there are other patients who may benefit from a shorter
duration, including those with occlusive thrombus at 6 weeks but
who otherwise meet low-risk criteria. Whether continuing anti-
coagulation beyond 6 weeks for an occlusive thrombus improves
thrombus resolution is unknown, and this could be an area of
future investigation.
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Lastly, >85% of patients treated on the Kids-DOTT trial received
LMWH.*” Although there was no direct evidence of shorter dura-
tion of anticoagulation therapy using DOACs, studies in pediatric
patients and adults would suggest that the efficacy of DOACs for
treatment of VTE is noninferior to SOC (LMWH or VKAs). There-
fore, the panel felt that it was reasonable to consider DOACs in this
population but also to collect additional data from cooperative
cohort studies and registries that focus on the systematic, pro-
spective collection of real-world data.

For pediatric patients with unprovoked DVT or PE, should anti-
coagulation for 6 to 12 months vs indefinite anticoagulation be
used?

Recommendation 4

For pediatric patients with unprovoked DVT or PE, the ASH/
ISTH guideline panel suggests using anticoagulation for 6 to
12 months rather than indefinite anticoagulation (conditional
recommendation based on very low certainty in the evidence
of effects ®BOO0).

Remarks: Unprovoked VTE is rare in pediatrics. Although
studies suggest that rates of recurrent VTE in children and
adolescents aged >1 year with unprovoked VTE are relatively
high (21%-36% at age 3.5 years), there are no pediatric
studies evaluating duration of therapy in this cohort.®'
Although extrapolation of adult data might favor prolonged
treatment in terms of VTE recurrence, in the absence of
pediatric data, the panel felt that the impact of indefinite
anticoagulation on bleeding risk and QOL would more nega-
tively affect pediatric patients compared with adults. Patient
values and preferences should be considered when making
this decision.

Summary of the evidence

There were no new studies since the 2018 guidelines evaluating
treatment duration in pediatric unprovoked VTE. A meta-analysis
conducted to inform the ASH 2020 adult VTE treatment guide-
lines led the adult panel to suggest indefinite anticoagulation for
patients with unprovoked VTE with low bleeding risk.”® Other
important outcomes, such as impact on mental health, lifestyle, and
QOL, which the panel judged to be of significant importance,
particularly when considering indefinite therapy for a pediatric
population, have not been evaluated.

Benefits

The relative effects were not estimable from the pediatric data
because of the lack of direct comparisons, and the frequency of
major outcomes in pediatric patients treated for 6 to 12 months
compared with indefinite anticoagulation cannot be determined
accurately. There were no baseline data in pediatric patients to
compare. The ASH adult meta-analysis showed a significant
reduction in both PE (relative risk [RR], 0.29; 95% CI, 0.15-0.56)
and DVT (RR, 0.20; 95% CI, 0.12-0.34) with indefinite anti-
coagulation compared with discontinuation of anticoagulation
(high-certainty evidence).?® Although there was a reduction in
mortality with indefinite anticoagulation, there was less certainty in
the estimate (RR, 075; 95% CI, 0.49-1.13).

27 MAY 2025 - VOLUME 9, NumBer 10 € blood advances

520z AInf gz uo 3senb Aq jpd-ulew-gzeG1L0-720Z-APE ™ BPOO|4/8959/€2/.85¢/0 |/6/4Ppd-8|o1e/S90uBAPEPOO|q/BI0°suoneoligndyse//:dpy woly papeojumog



Harms and burden

The relative adverse events (AEs) were not estimable from the
pediatric data, and the frequency of AEs in pediatric patients
treated for 6 to 12 months compared with indefinite anti-
coagulation cannot be determined accurately. The ASH adult
meta-analysis observed an increase in major bleeding in those
treated with indefinite anticoagulation (RR, 2.17; 95% ClI, 1.20-
3.35; high-certainty evidence). The panel judged that acceptability
of longer duration of therapy would vary based on patients’
perceived burden of treatment, lifestyle, and impact on QOL. The
panel judged that this was a complex cost-effectiveness question,
and it would not be easy to make judgments without available
studies. Evidence profiles with the characteristics of all included
studies and the complete EtD framework are online for
recommendation 4.

Conclusions and research needs for this
recommendation

The guideline panel determined that there is very low certainty in
the evidence for a net health benefit from using indefinite anti-
coagulation compared with 6 to 12 months of anticoagulation for
unprovoked VTE in pediatric patients. Although indirect evidence
from adults suggests the opposite in terms of recurrent VTE, this
comes at the expense of increased major bleeding. The panel
considered that the impact of prolonged anticoagulation may also
more negatively affect the QOL in younger patients, particularly
those involved in sports. Thus, individual values and preferences of
patients and their families should be explored when making this
decision. Factors associated with higher rates of recurrence
include age of >12 years at index VTE and inherited thrombo-
philia.>*>" There is an urgent need to prospectively evaluate long-
term outcomes in pediatric patients with unprovoked VTE,
including the significance of persistent risk factors such as
thrombophilia, or anatomic abnormalities. Studies should seek to
evaluate the impact of anticoagulation adherence, intensity and
duration on recurrence, bleeding, and QOL.

For pediatric patients with CSVT, should anticoagulation vs no
anticoagulation be used?

Recommendation 5

For pediatric patients with CSVT with and without hemorrhage
secondary to venous congestion, the ASH/ISTH guideline
panel suggests using anticoagulation rather than no anti-
coagulation (conditional recommendation based on very low
certainty in the evidence based on pediatric data &@O00).

Remarks: Observational studies suggest lower mortality and
improved neurologic outcomes in patients with CSVT treated
with anticoagulation. However, the panel recognized that
different populations of patients with CSVT (eg, neonates, and
those with infection-associated CSVT, who have experienced
trauma, have had surgery, and have cancer) may have different
risks for bleeding and neurologic outcomes that should be
considered in the decision to use anticoagulation. Evidence of
venous congestion secondary to thrombus obstruction with or
without hemorrhage should be managed with anticoagulation.
The panel notes that when anticoagulation is prescribed, it is
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important that appropriate therapy for additional associated
conditions (eg, surgical interventions for infection-associated
CSVT) be used.

For pediatric patients with CSVT, should thrombolysis followed by
anticoagulation vs anticoagulation alone be used?

Recommendation 6

For pediatric patients with CSVT, the ASH/ISTH guideline
panel suggests using anticoagulation alone rather than
thrombolysis followed by anticoagulation (conditional recom-
mendation based on very low certainty in the evidence about

effects @O00).

Remarks: The evidence is sparse for the balance of benefits
and harms of thrombolysis compared with anticoagulation in
pediatric patients with CSVT. Based on the experience of the
panel members, the panel suggests use of anticoagulation
rather than thrombolysis for children with CSVT who have no
evidence of ischemia. However, thrombolysis may be consid-
ered when there is neurologic deterioration despite anti-
coagulation and, in such or similar instances, reperfusion
therapies may be considered depending on local resources or
experiences.

Summary of the evidence

The updated systematic review identified 9 pediatric studies that
assessed the use of anticoagulation in the management of CSVT
encompassing >700 pediatric patients. These studies included
neonates up to adolescents aged 18 years with CSVT, most of
whom had identifiable risk factors. Most patients received anti-
coagulation. The outcomes considered were mortality, neurologic
outcomes, thrombus resolution, thrombus recurrence, and bleeding.
Mortality was assessed and reported in 3 studies.””** Six studies
reported neurologic outcome, 2 of which used the pediatric stroke
outcome measure to assess neurologic outcome.’®®” Thrombus
resolution was reported in 5 studies.’®>°*°” Three studies assessed
the risk of thrombus recurrence as an end point.”>°”°® Bleeding
was assessed in 6 studies.’*°*°%°90 A single case series of 10
pediatric patients with nephrotic syndrome was identified, address-
ing the use of thrombolysis followed by anticoagulation (6 patients)
vs anticoagulation alone in children aged 3 to 10 years with CSVT."

There is limited experience with systemic thrombolysis or reperfu-
sion therapies such as catheter-directed thrombolysis (CDT) for
pediatric patients with CSVT. The panel notes that adult guidelines
for CSVT recommend reserving thrombolysis for patients with
neurologic deterioration or thrombus progression despite anti-
coagulation.®> A randomized trial in adults did not show a benefit
from endovascular treatment vs anticoagulation alone with higher
mortality in the endovascular treatment arm.®® The panel noted that
endovascular treatment options in pediatric patients would depend
on patient size and institutional resources and experience.

Benefits

Anticoagulation was associated with reduced mortality with an
RR of 0.12 (95% CI, 0.04-0.36). Among nonneonates, mortality
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with anticoagulation was 5 of 366 (1.4%), and 9 of 82 (11.0%) in
those without anticoagulation. There were no studies that
reported mortality in neonates. The description of neurologic
deficits varied between studies and included a standardized
assessment with a previously validated tool, (pediatric stroke
outcome measure), presence of cranial nerve palsies, or a general
description of neurologic deficits or symptoms. The risk of
aggregate neurologic deficits was reduced (RR, 0.95; 95% Cl,
0.69-1.30) in those who received anticoagulation. Pooled esti-
mates were derived from studies that reported similar radiologic
outcomes of CSVT. Of 79 pediatric patients who were treated
with anticoagulation, 64 (78%) experienced partial or complete
resolution compared with 38 of 71 (53.5%) of those not treated
with anticoagulation (RR, 1.5; 95% ClI, 1.2-1.9). The relative
effects for the risk of recurrence were not estimable because
there were no events reported in the included studies. Of 6
patients in the nephrotic syndrome case series who received
thrombolysis followed by anticoagulation, all had resolution of the
CSVT. Thrombus resolution was also observed in all 4 patients
who were treated with anticoagulation alone. There were no
deaths or recurrent events; thus, the RR was not estimable.
Overall, the certainty of these estimated effects is very low owing
to the high risk of bias and confounding in the studies and
imprecision of the estimates.

Harms and burden

The risk of developing bleeding was not significantly different in
patients treated with anticoagulation (3 of 64 [4.7%)]) compared
with 1 of 31 (3.2%) patients not treated with anticoagulation.
However, studies did not report major bleeding separately from
CRNMB. The pooled RR of bleeding was higher with anti-
coagulation, but with large Cls because of small numbers of
patients with bleeding events (RR, 1.90; 95% CIl, 0.27-13.31). The
EINSTEIN-Junior substudy on pediatric patients with CSVT
reported 6 of 114 (5.4%) bleeding events overall, comprising 1
major bleed and 5 CRNMBs.?? Several studies were not included
in the pooled estimate because they reported 0 events. Of patients
who received thrombolysis (with or without anticoagulation), no
bleeding was reported in either group. There is low certainty in the
estimate of the risk of bleeding because of significant confounding
by indication and selection biases.

Other EtD criteria and considerations

The panel recognized subpopulations of pediatric patients with
CSVT that may carry different risks for bleeding, thrombus
recurrence, and neurologic outcomes (eg, neonates, infection-
associated, postsurgical, trauma, malignancy, and inflammatory
conditions such as systemic lupus erythematous and inflammatory
bowel disease). Pooled studies of these heterogenous groups
show a reduction in mortality and suggest improvement in
neurologic outcomes with anticoagulation. However, thrombus
resolution has been demonstrated in observational studies of
select populations of neonates and patients with postsurgical and
infection-associated CSVT not treated with anticoagulation.
These findings may be affected by selection bias of withholding
anticoagulation in patients with a low risk of thrombus progression
or high bleeding risk. The panel notes, however, that in observa-
tional studies, most patients across all subgroups were treated
with anticoagulation.
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Infections of the head and neck are commonly associated with
CSVT. A high frequency of patients with infection associated with
CSVT received surgical intervention to manage the underlying
infection and are in the included studies. Although beyond the
scope of this guideline, the panel notes that appropriate treatment
of underlying comorbidities (eg, surgical intervention for infection)
is important in the overall management of the patient and should be
performed at the treating providers' discretion per local practice/
guidelines. Additionally, some of the studies included pediatric
patients with cavernous sinus thrombosis. The panel's practice is
to recommend anticoagulation for these patients if there are no
contraindications. However, the panel notes that there may be
differences in the pathophysiology of these thrombi compared with
thrombi affecting other sinuses in the brain, which should be taken
into consideration when approaching management of affected
pediatric patients.

Lastly, the panel noted that some pediatric patients have bleeding or
a higher risk for bleeding in which treating providers must carefully
balance the risk of anticoagulation vs no anticoagulation. This
includes CSVT in premature neonates who may have a higher risk of
intraventricular hemorrhage, patients who have experienced trauma,
or postsurgical patients. Importantly, when deciding to anticoagulate
in the presence of hemorrhage, the panel members agreed that it is
important to distinguish bleeding due to venous congestion vs
bleeding from another etiology. Patients with intracranial hemorrhage
or other symptoms due to venous congestion or venous infarction
should receive anticoagulation because of risk of complications from
thrombus progression. Evidence profiles with the characteristics of
all included studies and the complete EtD framework are online for
recommendation 5 and recommendation 6.

Conclusions and research needs for these
recommendations

The guideline panel determined that there is very low certainty in
the evidence for a net health benefit from using anticoagulation in
pediatric patients with CSVT. Although randomized controlled trials
in adults with CSVT have demonstrated a benefit of anti-
coagulation, there are no randomized trials in pediatric patients
with CSVT. Observational studies, however, have suggested the
safety of anticoagulation in the pediatric population. Based on
these considerations, and the potential life-threatening complica-
tions of CSVT that warrant treatment with anticoagulation, the
previous ASH 2018 guidelines made a strong recommendation for
anticoagulation for CSVT without hemorrhage. However, the
guideline panel reviewed new pediatric data that have emerged in
the last 5 years and has recognized the heterogeneity of etiology,
outcomes, and bleeding risk. These subpopulations may have
different balances of harms and benefits with anticoagulation.
Because of these considerations, and the very low certainty in the
evidence, the panel chose to make a conditional recommendation
rather than a strong recommendation.

Based on the body of available evidence, it is likely that anti-
coagulation reduces the risk of mortality and neurologic deficits
without increasing the risk of bleeding. There is very low certainty
that there is a benefit of anticoagulation on other outcomes such as
thrombus resolution. The relationship between thrombus resolution
and neurologic outcomes could not be assessed in the available
published data. However, the fact that we did not find evidence of

27 MAY 2025 . VOLUME 9, NUMBER 10 & blood advances

520z AInf gz uo 3senb Aq jpd-ulew-gzeG1L0-720Z-APE ™ BPOO|4/8959/€2/.85¢/0 |/6/4Ppd-8|o1e/S90uBAPEPOO|q/BI0°suoneoligndyse//:dpy woly papeojumog



an effect on these outcomes does not imply that such an effect
does not exist.

The panel identified the following additional research needs:

1. Further studies evaluating the impact of the degree of CSVT
resolution/recanalization on neurological outcomes in CSVT

2. Further studies assessing harms and benefits of anticoagulation
in subgroups with CSVT

3. Further studies to evaluate the efficacy and safety profile of
thrombolysis in the management of pediatric CSVT

For neonatal and pediatric patients with RAT, should

anticoagulation vs no anticoagulation be used?

Recommendation 7a

For neonates and pediatric patients with RAT, the ASH/ISTH
guideline panel suggests anticoagulation rather than no anti-
coagulation for patients with high-risk features and low
perceived risk of bleeding (conditional recommendation based
on very low certainty in the evidence about effects @OO0).

Remarks: Insufficient data are available for formal risk strati-
fication of RAT and bleeding from anticoagulation. Based on
available literature and experience of panel members, high-risk
features of RAT to consider include large size, shape (snake-
shaped or pedunculated), mobility, location (eg, involvement of
tricuspid valve or restricting blood flow), presence of intra-
cardiac right-to-left shunt, presence of a central venous
catheter, or associated with symptoms (arrhythmias, hemo-
dynamic compromise, etc).

The decision to start anticoagulation should be individualized
based on the risk of thrombotic complications and the perceived
risk of bleeding from anticoagulation.

Recommendation 7b

For neonates and pediatric patients with RAT and the
absence of high-risk features or with unacceptable perceived
risk of bleeding, the ASH/ISTH guideline panel suggests no
anticoagulation over anticoagulation (conditional recommen-
dation based on very low certainty in the evidence about
effects ®O00).

Remarks: Studies in patients without high-risk features
treated with anticoagulation do not demonstrate clinical ben-
efits compared with patients not treated with anticoagulation.
The studies are not randomized, are small, and are subject to
significant bias. Study patients treated with anticoagulation
had an increased risk of bleeding.

For neonatal and pediatric patients with RAT, should thrombolysis
followed by anticoagulation vs anticoagulation alone be used?

Recommendation 8

For neonates and pediatric patients with RAT requiring
antithrombotic treatment, the ASH/ISTH guideline panel
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suggests using anticoagulation alone over thrombolysis fol-
lowed by anticoagulation (conditional recommendation based
on very low certainty in the evidence of effects @O00).

Remarks: In most cases, anticoagulation alone is adequate.
However, there will be individual cases in which the hemody-
namic status, size, and mobility of the thrombus might dictate
more aggressive therapy. The choice to use thrombolysis will
depend on feasibility or the intervention and patient and family
acceptability of the anticipated risks and benefits of
thrombolysis.

Summary of the evidence

In this update, there were no new data for recommendation 7;
however, for recommendation 8, we found 2 additional pediatric
observational studies*'®* to the 28 observational studies from the
original guidelines that addressed this question. One study focused
on neonates with RAT,*' whereas the second reported RAT in
pediatric patients receiving chronic hemodialysis.®* We identified 1
additional study®® published after the search for the systematic review
was completed. Three studies reported the effect of anticoagulation
on thrombosis resolution, whereas 2 studies reported rates of
thrombosis resolution, mortality, and recurrence. One study reported
thrombus extension. Additionally, 3 observational studies, with a total
of 44 patients, informed recommendation 8.*"°®” No randomized
trial addressed this question. Indirect adult data were not used.

Benefits

No clear benefit following anticoagulation was observed in the
available literature in terms of resolution rates and recurrence.
Resolution rates were 32 of 42 (76.2%) and 23 of 25 (92.0%)
patients in the anticoagulation and no-anticoagulation groups,
respectively. Recurrence of RAT was observed in 1of 16 (6.3%)
and 1 of 25 (4.0%) patients in the anticoagulation and no-
anticoagulation groups, respectively. Extension occurred in 3 of
14 (21.4%) patients in the anticoagulation group and in 5 of 28
(17.9%) patients in the no-anticoagulation group.

Similarly, the studies showed no benefit of thrombolysis over anti-
coagulation alone. For recommendation 8, 2 of 11 (18.2%)
patients treated with thrombolysis followed by anticoagulation died.
Rates of complete and partial resolution combined were 16 of 17
(94.1%) patients in the thrombolysis group, and 25 of 27 (92.6%)
patients in the anticoagulation alone group, respectively. No
recurrence of RAT was reported in either group.

Overall, the certainty of these estimated effects is very low owing to
the serious risk of bias in the studies included and the very serious
imprecision of the estimates.

Harms and burden

Three studies reported bleeding®'*®*®° for patients treated with
and without anticoagulation, and 2 studies for thrombolysis fol-
lowed by anticoagulation.”’®” Of 31 patients (29%) in the anti-
coagulation group, 9 died; 2 deaths were deemed to be related to
anticoagulation. None of the 4 patients (0%) in the no-
anticoagulation group died. Major bleeding and bleeding of
unspecified severity were reported in 3 of 41 (7.3%) and 7 of 46
(15.2%) patients, respectively, in the anticoagulation group, and in
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0 of 25 (0.0%) and 0 of 27 (0.0%) patients, respectively, in the no-
anticoagulation group. For patients treated with thrombolysis fol-
lowed by anticoagulation, bleeding of unspecified severity and
major bleeding were observed in 3 of 10 (30.0%) and in 1 of 6
(16.7%) patients, respectively. There is very low certainty in the
estimate of the risk of adverse effects because of a serious risk of
bias and very serious imprecision. Given the available evidence, the
guideline panel considered the risk of adverse effects most likely to
be small for anticoagulation alone and moderate for thrombolysis
followed by anticoagulation.

Other EtD criteria and considerations

The panel noted that the rates of adverse outcomes (including
absence of thrombus resolution, thrombotic recurrence, death, and
bleeding) were higher in the anticoagulation group than in the no-
anticoagulation group. However, this finding may be affected by
selection bias in these observational studies, in which anti-
coagulation is more likely to be given to high-risk patients who are
also more likely to have worse outcomes.

Insufficient data are available for formal risk stratification of RAT.
Garcia-Nicoletti et al®* considered RAT to be at intermediate to high
risk if at least 2 of 3 of the following features were present: size of
>1 cm, mobile, or leading to hemodynamic flow issues. In the
NEOCLOT study,*" the following criteria were used to define high-
risk RAT requiring antithrombotic treatment: (1) size of >560% of the
right atrium; (2) restricting flow through the tricuspid valve; (3)
extension through the tricuspid valve or patent foramen ovale; (4)
causing hemodynamic instability; (5) pedunculated, mobile, or
snake-shaped; or (6) increasing despite therapeutic anticoagulation.
A review from Yang et al outlined the following at-risk elements: large
size of >2 cm in any dimension, pedunculated, mobile, or snake-
shaped and mobile.°® Yang et al theorized in a subsequent letter
to the editor that the critical size of the RAT is proportional to the
expected size of the pulmonary valve.’® There is no formal risk
stratification for bleeding with anticoagulation in pediatric patients.

Additional considerations from expert members of the panel as high-
risk features for RAT included the presence of intracardiac right-to-
left shunt, concomitant cardiac anomalies (eg, decreased cardiac
function, abnormal rhythm, presence of a pacemaker or implantable
defibrillator, etc), ongoing presence of a CVAD and location of the
thrombus in relation with the catheter, presence of symptoms (eg,
arrhythmias, emboli, eic), assumed age of thrombus (fresh vs
chronic), as well as patient age and underlying conditions.

Conversely, a wait-and-see approach, with no anticoagulation and
close radiological reassessment (<3 days), was described for
patients without high-risk features and was not associated with a
higher risk of adverse outcomes. Withholding anticoagulation may
be appropriate in neonates and pediatric patients with small, mural,
asymptomatic thrombi.*' Evidence profiles with the characteristics
of all included studies and the complete EtD framework are online
for recommendation 7 and recommendation 8.

Conclusions and research needs for these
recommendations

The guideline panel determined that there is very low certainty
evidence for a net health benefit from using anticoagulation in RAT.
The decision to start anticoagulation should be individualized
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based on the balance of the risk of thrombotic complications and
the perceived risk of bleeding from anticoagulation.

The panel identified the following additional research priorities:

1. Description of the natural history of clinical outcomes for RAT in
different patient subgroups; prospective evaluation of the
prognostic impact of patient- and thrombosis-related factors,
allowing more precise risk stratification in various patient
subgroups

2. Risk stratification of bleeding from anticoagulation in various
patient subgroups

For neonates with RVT, should anticoagulation vs no anti-
coagulation be used?

Recommendation 9

For neonates with RVT, the ASH/ISTH guideline panel sug-
gests using anticoagulation rather than no anticoagulation
(conditional recommendation based on very low certainty in
the evidence about effects @O00).

Remarks: The panel considers the intervention to have a
potential beneficial effect if the long-term outcomes of avoid-
ing hypertension, chronic kidney disease, and renal failure are
considered. Anticoagulation is likely more important with
bilateral renal vein involvement compared with unilateral
involvement with or without extension to the IVC. Severity of
disease, gestational age, presence of intraventricular hemor-
rhage, underlying comorbidities, and degree of thrombocyto-
penia may affect bleeding risk with treatment.

For neonates with RVT, should thrombolysis followed by anti-
coagulation vs anticoagulation alone be used?

Recommendation 10a

For neonates with non-life-threatening RVT, the ASH/ISTH
guideline panel recommends anticoagulation alone vs throm-
bolysis followed by anticoagulation (strong recommendation
based on very low certainty in the evidence of effects
S000).

Remarks: Available evidence is derived from observational
studies in which patients treated with thrombolysis were crit-
ically ill, and because the studies did not adjust for this bias,
causation is difficult to ascertain. The panel placed a high
value on avoiding the potential bleeding risks of thrombolysis,
especially in neonates, and therefore made this recommen-
dation for cases with low mortality risk (ie, unilateral RVT or
unilateral RVT with IVC extension). The panel made a strong
recommendation, considering high-quality evidence for harm
and high costs, despite very low quality evidence for benefit.

Recommendation 10b

For neonates with life-threatening RVT, the ASH/ISTH
guideline panel suggests using thrombolysis followed by
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anticoagulation, rather than anticoagulation alone (conditional
recommendation based on very low certainty in the evidence
about effects ®OO0).

Remarks: When RVT is life threatening (ie, bilateral throm-
bosis), the panel considered that the beneficial effects of
thrombolysis may outweigh the undesirable consequences of
the intervention. Gestational age, presence of intraventricular
hemorrhage, underlying comorbidities, and degree of throm-
bocytopenia may affect bleeding risk with thrombolysis.

Summary of the evidence

In this update, 2 additional observational studies were identi-
fied®"7° that inform recommendation 9. One study was a retro-
spective case series of 27 neonates with RVT,”° whereas the other
was a retrospective cohort study of unprovoked VTE in 40 infants,
11 of whom had RVT.”' We also identified a retrospective study of
19 neonates with RVT published as an abstract.”’ Two observa-
tional studies were also identified’®”? with a total of 10 patients
that inform recommendation 10. The Ndoudi Likoho study addi-
tionally assessed outcomes of thrombolysis for bilateral RVT?,
whereas the Niada study reported a retrospective case series of
neonates with spontaneous unilateral RVT’2. All studies had a
serious risk of bias (confounding and selection of participants) and
imprecision (very small number of events and total population).
Indirect adult data were not used to inform this recommendation.

This recent evidence included outcome data on all-cause mortality;
thrombus resolution; thrombus recurrence; bleeding; as well as
short- and long-term outcomes of chronic kidney disease, pro-
teinuria, hypertension, kidney atrophy, and glomerular filtration rate
(GFR). RVT may present as unilateral disease limited to the renal
vein (in which case renal function should be normal because the
opposite kidney is unaffected); thus, the disease is not life threat-
ening. RVT may present as unilateral disease with extension into
the IVC, in which case the risk of embolic phenomenon is thought
to be higher and the risk of loss of an entire kidney higher, but it is
not necessarily considered life threatening. Finally, RVT may pre-
sent as bilateral disease with deterioration of renal function; this is
almost always life threatening or organ threatening in neonates.
Because of the retrospective nature of the studies and the small
number of reported patients, the treatment and outcomes were not
risk stratified between different severities of RVT such as unilateral
with/without IVC involvement or bilateral.

Benefits

For recommendation 9, studies assessed anticoagulation vs no
anticoagulation for treatment of RVT. Of 8 patients, 2 (25%) in the
anticoagulation group had chronic kidney disease at a median
follow-up of 5.7 years, compared with 4 of 5 patients (80%) in the
group that did not receive anticoagulation. None of the patients in
either group developed proteinuria or hypertension at a median
follow-up of 5.7 years. Median estimated GFR at a median follow-
up of 4.7 years was 111 mL/min per 1.73 m? in the anticoagulation
group compared with 75 mL/min per 1.78 m? in the group that did
not receive anticoagulation. There was complete or partial
thrombus resolution in 18 of 20 patients (90%) in the anti-
coagulation group compared with 2 of 2 patients (100%) in the no-
anticoagulation group.
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For recommendation 10, studies assessed thrombolysis followed
by anticoagulation vs anticoagulation alone for treatment of RVT.
There was no thrombus recurrence in either group. Of 7 patients, 5
(71%) in the thrombolysis plus anticoagulation group had complete
or partial thrombus resolution, whereas 3 of 3 patients (100%) in
the anticoagulation alone group had complete or partial thrombus
resolution.

Direct comparison of these outcomes is difficult given the likely
significant bias in treatment selection. Overall, the certainty of these
estimated effects is very low owing to critical risk of bias and very
serious imprecision in the included studies.

Harms and burden

Studies assessing recommendation 9 showed that 1 of 19 patients
(5.3%) died in the anticoagulation group; the cause of death was
unrelated to thrombotic or bleeding complications. There were no
deaths in the group that did not receive anticoagulation (0/2). In
patients who received anticoagulation (n = 13) compared with
those who did not (n = 5), the rate of unilateral kidney atrophy was
11 of 13 (81%) vs 3 of 5 (66%); thrombus recurrence occurred in
1 of 26 patients (3.8%) vs O of 7 (0.0%), and bleeding was
observed in 2 of 25 patients (8%) vs 0 of 7 (0.0%).

Studies assessing recommendation 10 showed that 3 of 4
patients (75%) in the thrombolysis plus anticoagulation group
had bleeding, whereas 0 of 3 (0%) in the anticoagulation alone
group had bleeding. The severity of bleeding was not reported.
There was thrombus progression in 1 of 3 patients (33%) in the
thrombolysis plus anticoagulation group. On follow-up, in the
thrombolysis plus anticoagulation group, proteinuria (median,
5.7 years), chronic kidney disease (median, 6 months to
5.7 years), or hypertension (median, 6 months to 5.7 years) were
present in 1 of 4 (25%), 1 of 7 (14%), and 1 of 7 (149%) patients,
respectively; in the anticoagulation alone group (n = 6), there
was no proteinuria, chronic kidney disease, or hypertension in
any patient. Of 4 patients, 3 (75%) in the thrombolysis plus
anticoagulation group and 2 of 3 patients (67%) in the anti-
coagulation alone group had long-term pathologic kidney fea-
tures (defined as proteinuria, kidney atrophy, hypertension, or
chronic kidney disease) at a median of 5.7 years. There was no
mortality in the 4 patients (0%) in the thrombolysis plus
anticoagulation group, whereas 1 of 3 patients (33%) in the
anticoagulation alone group died (attributed to bilateral RVT,
acute kidney injury, and complications from an underlying
condition).

Overall, there was very low certainty in the estimate of the risk of
adverse effects because of a critical risk of bias and very serious
imprecision. The guideline panel also considered that bleeding
rates will also depend on gestational age of the neonate, degree of
thrombocytopenia, underlying comorbidities, and presence of
adrenal gland hemorrhage.

Other EtD criteria and considerations

The panel noted that the rates of adverse outcomes (including
long-term kidney function, thrombus recurrence, and bleeding)
were higher in the group who received anticoagulation or throm-
bolysis plus anticoagulation compared with the group of children
who did not receive either. This could be attributable to the
observational nature of the reported data, in which high-risk
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patients are more likely to be prescribed anticoagulation and/or
thrombolysis.

In this guideline revision, the panel changed the undesirable
effects of anticoagulation vs no anticoagulation for RVT from
“trivial” to “small” due to new observational data demonstrating an
increase in bleeding in the anticoagulation vs no-anticoagulation
group, while also acknowledging that the sample size was very
small.

The panel recognized that there is marked variability in the pre-
sentation of RVT in the neonatal population and that the decision
to treat should be made weighing the risks of loss of kidney,
chronic kidney disease, or mortality with the risk of bleeding. The
risk for bleeding will be higher with thrombolysis, by virtue of its
mechanism of action, and this risk must be balanced with the risk
of devastating outcomes without its use. Although the data pre-
sented had very small sample sizes, it showed minimal differences
in long-term outcomes between the thrombolysis plus anti-
coagulation group and the anticoagulation alone group. However,
the panel members recognized that, in certain instances, throm-
bolysis may be warranted to preserve life or organ function in the
short term.

Insufficient data are available for formal risk stratification of the
different presentations of RVT. Consensus from expert panel
members include that neonates with RVT are high risk if they
have bilateral thrombosis that could lead to anuria and death or
severe long-term kidney disease. The panel also agreed that
patients with unilateral RVT, even with extension to the IVC, are
at lower risk of these complications. Important considerations for
bleeding risk are gestational age, presence or absence of
intraventricular or adrenal gland hemorrhage, underlying
comorbidities, and degree of thrombocytopenia. Evidence pro-
files with the characteristics of all included studies and the
complete EtD framework are online for recommendation 9
and recommendation 10.

Conclusions and research needs for these
recommendations

The guideline panel determined that there is a very low certainty in
the evidence for a net health benefit from using anticoagulation
and/or thrombolysis in neonates with RVT related to avoiding
long-term kidney disease. The decision to start anticoagulation
and/or thrombolysis should be individualized based on balancing
the risk of thrombotic complications with the underlying bleeding
risk.

The panel identified the following additional research needs:

1. Treatment and outcomes of unprovoked or provoked RVT in
subpopulations of pediatric patients other than the neonatal age
group, which include older pediatric patients, and patients with
nephrotic syndrome, infection-related RVT, or RVT associated
with CVADs

2. Prospective evaluation of the prognostic impact of patient- and
thrombosis-related factors, allowing for more precise risk strat-
ification in various patient subpopulations

3. Subgroups of neonates and pediatric patients who would
benefit most from thrombolysis

2608 MONAGLE et al

For neonates and children with PVT, should anticoagulation vs no
anticoagulation be used?

Recommendation 11a

For neonates and children with occlusive PVT and for children
with nonocclusive PVT, post-liver transplant PVT, or unpro-
voked PVT, the ASH/ISTH guideline panel suggests using
anticoagulation rather than no anticoagulation (conditional
recommendation based on very low certainty in the evidence

of effects @OO0).

Recommendation 11b

For neonates with nonocclusive PVT, and for children who
have already developed PHTN secondary to PVT, the ASH/
ISTH guideline panel suggests no anticoagulation rather than
using anticoagulation (conditional recommendation based on
very low certainty in the evidence of effects @OQO).

Remarks for recommendations 11a and 11b: Neonates
and pediatric patients who did not receive anticoagulation
warrant follow-up monitoring, because extension of thrombus
or organ dysfunction may require reconsideration of treat-
ment options. Evidence from the available observational
studies describes (complete or partial) PVT resolution in
patients who did receive anticoagulation, as well as those
who did not receive anticoagulation. This does not allow for
assessment of the degree of benefit from anticoagulation.
However, the panel placed value on avoiding the potential
increased risk of long-term complications associated with
persistent occlusive thrombus, and therefore favored treat-
ment in this setting. The panel also recognized the potential
increased risk of bleeding in pediatric patients with PHTN
and development of esophageal varices, and therefore did
not recommend anticoagulation in that setting.

Summary of the evidence

We identified 4 new observational studies that included data on
PVT.*"73"7 Three studies focused on neonates (including 23,
74, and 9 neonates with PVT)*"'7%75 and 1 included both neo-
nates (n = 20) and older pediatric patients (n = 27) with PVT.”*
One study focused on neonates and infants with line-associated
thrombi, of which 9 of 115 (8%) had PVT.*' The proportion of
neonates receiving anticoagulation in these studies ranged
from 22% to 60%, whereas 85% of older pediatric patients
received anticoagulation. The proportion of neonates with
umbilical vein catheters ranged from 62% to 87%. The left portal
vein was the most common site of PVT in neonates. Among the
older pediatric patients included, 17 of 27 (63%) had a liver
transplant.”*

Benefits

For studies that reported on PVT radiologic outcomes, some
degree of resolution (either complete or partial) was reported in
40 of 56 (71.4%) patients who received anticoagulation
compared with 44 of 72 (61.1%) who did not receive
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anticoagulation. In 1 study, no patients were reported to have
PHTN (0/19 [0.0%] vs 0/55 [0.0%]), which may be because of
the small sample size or inadequate follow-up duration.”® Addi-
tionally, no deaths were reported secondary to PVT (0/2 [0.0%)]
vs 0/5 [0.0%]). Overall, the certainty in these estimated effects is
very low owing to inadequate numbers, very serious bias within
the studies, and imprecision of the estimates.

Harms and burden

The rate of major bleeding in all patients with PVT varies from 5%
to 80% and is primarily related to esophageal varices in the setting
of PHTN. Newly reviewed studies did not clearly define bleeding,
and only 1 of 56 infants treated with anticoagulation was reported
to have bleeding.*’ The panel noted that this may have been
because of the small number of included patients, careful selection
of those who received anticoagulation, duration of follow-up, or
underreporting of events.

Other EtD criteria and considerations

The panel noted the importance of distinguishing between clinical
benefits (eg, decreased incidence of PHTN, esophageal varices,
splenomegaly, and organ dysfunction) and radiologic outcomes
(partial or complete thrombus resolution) with anticoagulation.
There are insufficient data to determine an association between
the degree of thrombus resolution and improved long-term
prognosis. The panel noted that PVT may occur in several clini-
cally distinct scenarios (such as in neonates secondary to
umbilical vein catheterization or in patients after liver transplant)
and that management of these subgroups needed to be consid-
ered differently. Evidence profiles with the characteristics of all
included studies and the complete EtD framework are online for
recommendation 11.

Conclusions and research needs for this
recommendation

The guideline panel determined that there is very low certainty in the
evidence for a net health benefit’harm from using anticoagulation.
The evidence favors anticoagulation for occlusive PVT in pediatric
patients of any age, nonocclusive PVT in children (nonneonates),
PVT present after liver transplant, or unprovoked PVT. The evidence
favors no anticoagulation for nonocclusive PVT in neonates (who
should be followed-up radiologically to monitor for thrombus pro-
gression), or in the presence of PHTN, which suggests chronic
thrombosis, and is accompanied by an increased risk of bleeding
from esophageal varices. In addition, the panel considered that the
limited evidence may preclude the ability to identify those at greater
risk of PVT sequelae who may have a variable profile in terms of
intervention benefits. There is very low certainty that there is an
effect of anticoagulation on other outcomes. However, because
there is 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 considerations for
future research:

1. Studies to determine the outcomes, with or without anti-
coagulation, in clinical subgroups of PVT
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2. Use of clear definitions of clinical and radiologic outcomes for
standardization between research studies

3. The association of radiologic outcomes with long-term clinical
outcomes

For pediatric patients with SVT, should anticoagulation vs no
anticoagulation be used?

Recommendation 12a

For pediatric patients with SVT secondary to IV cannulation in
the upper limb, the ASH/ISTH guideline panel suggests no
anticoagulation rather than using anticoagulation (conditional
recommendation based on very low certainty in the evidence
about effects @000).

Recommendation 12b

For pediatric patients with SVT in the upper limb, which is not
cannula related, or in the lower limbs associated with cancer
or varicose veins, the ASH/ISTH guideline panel suggests
anticoagulation rather than no anticoagulation (conditional
recommendation based on very low certainty in the evidence
about effects @O00).

Remarks: There were no direct and only limited, indirect data
upon which to base this recommendation. The panel mem-
bers’ experience suggested that in most instances (eg, PIV- or
CVAD-related events in the upper extremity), no anti-
coagulation may be required. However, anticoagulation could
be considered in select patients with symptomatic SVT (eg,
non—PIV-/PICC-related, cancer, varicose vein, or lower limb
events) or select scenarios (eg, PIV/long-term PICC and/or
symptom progression). The panel notes that when anti-
coagulation is prescribed, there is uncertainty about the
optimal intensity (eg, prophylactic vs full dose) and duration of
therapy.

Summary of the evidence

The updated systematic review identified 1 pediatric study
describing the prevalence of SVT in hospitalized pediatric patients.
However, it was not included in the EtD framework because it did
not include information on anticoagulation.”® This single-center
retrospective cohort study described 277 children and adoles-
cents aged up to 21 years diagnosed with an objectively
confirmed SVT. Almost one-third of the SVTs reported were
concomitant with an adjacent DVT, and when occurred in isolation
and before the DVT, progressed to the ipsilateral deep venous
territory in ~6% of patients within the initial week from SVT onset.
Notably, the study indicated a few critical distinctions from SVT in
adults, because no events were located in the lower limbs, being
mostly CVAD related. Moreover, the study highlighted an
increasing prevalence of non—CVAD-related SVTs with aging,
except in neonates, infants, and children, suggesting that age, SVT
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location, or line presence may result in distinct clinical phenotypes.
Because of the study design, this publication was assessed to
have selection bias.

Given these limitations, the panel considered only indirect evidence
from adult data as a basis for the recommendations. The adult
literature included 3 randomized studies that together enrolled
3914 patients diagnosed with non—CVAD-related SVTs exclusively
located in the lower limbs: the CALISTO study (fondaparinux
[prophylactic dose] vs placebo for 6 weeks)’’; the STENOX study
(LMWH [prophylactic dose] vs LMWH [therapeutic dose] vs
nonsteroidal anti-inflammatory drugs [NSAIDs] vs placebo for
~2 weeks)’®; and the SURPRISE trial (rivaroxaban [prophylactic
dose] vs fondaparinux [prophylactic dose] for 6 weeks).”® Mortality,
SVT complicated by PE, and SVT complicated by DVT were the
study outcomes, all reported at 3 months.

Given the potential phenotypic SVT discrepancies between adults
and pediatric patients (eg, asymptomatic or symptomatic event,
provocation by PIV/CVAD or not, location within the upper vs lower
limb), the panel was not confident that these recommendations
apply to all pediatric patients with SVT, considering them more
generalizable only to pediatric SVT subtypes whose course
resembles the course described in the adult literature.

Benefits

Anticoagulation as compared with no anticoagulation was not
significantly associated with reduced mortality, with an RR of 1.87
(95% Cl, 0.17-20.67). There was 1 more death per 1000 patients
receiving anticoagulation (95% CI, 1 fewer to 12 more). The
death rates reported in the respective intervention arms were
0.19% (CALISTO), none in the STENOX study, and 0.4% in the
SURPRISE trial. Anticoagulation was not associated with a sig-
nificant reduction of SVT complicated by PE with an RR of 0.31
(95% CI, 0.06-1.54), but there were 3 fewer PE complications
per 1000 patients receiving anticoagulation (95% Cl, 3 fewer to 2
more). Anticoagulation may favor a reduction of SVT complicated
by DVT with an RR of 0.53 (95% CI, 0.26-1.04). There were 7
fewer DVT complications per 1000 patients receiving anti-
coagulation (95% CI, 10 fewer to 1 more). Of note, the effect
estimates of the intervention arms grouped patients receiving
prophylactic and therapeutic LMWH intensities together, whereas
only ~6% of them received a therapeutic regimen. Overall, the
certainty of these estimated effects is very low owing to the
indirectness of the data and the imprecision of the effect esti-
mates because of the small number of events encountered in the
studies.

Harms and burden

The risk of developing major bleeding was not significantly different
in patients treated with anticoagulation (1/1715 [0.1%)]) compared
with patients not treated with anticoagulation (1/1600 [0.1%d]),
with an RR of 0.93 (95% CI, 0.05-14.90). There was no difference
(0 more) in major bleeding events per 1000 patients receiving
anticoagulation (95% Cl, 1 fewer to 9 more). Again, there is very
low certainty in the estimate of the risk of major bleeding because
of indirectness and the imprecision resulting from the small number
of patients with this treatment complication.
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Other EtD criteria and considerations

The panel recognized that the evidence extracted from adult
studies perhaps favors anticoagulation based on reduced DVT,
recognizing this recommendation relates to non—PIV- or CVAD-
related SVTs located in the lower limbs. Furthermore, most SVTs
in pediatric patients are PIV or CVAD related, located in the
upper extremity, whose natural history may differ from the typical
adult SVT described. Evidence profiles with the characteristics
of all included studies and the complete EtD framework are
online for recommendation 12.

Conclusions and research needs for these
recommendations

The guideline panel determined that there is very low certainty in
the evidence for a net health benefit from using anticoagulation in
pediatric patients with SVT. Although RCTs in adults with SVT
may suggest benefit in selected patients, there are no randomized
trials in pediatric patients with SVT. Scant observational pediatric
studies have started to unravel the epidemiology and the natural
history of SVT in pediatrics, but neither the efficacy nor the safety
of anticoagulation in the pediatric population has been well
characterized.?° Based on these considerations, the previous
ASH 2018 guidelines could not recommend anticoagulation or no
anticoagulation for managing such cases in the pediatric popu-
lation. However, more recent adult studies pointed toward an
evolution favoring anticoagulation.”®®"®2? The guideline panel
again reviewed the adult data, identifying a small desirable effect
of anticoagulation in contrast to a small undesirable effect,
recognizing these findings relate solely to non—catheter-associ-
ated events in the lower limb. Furthermore, although the adult
literature favors prophylactic anticoagulation dosing for 45 days,
the role of NSAIDs, shorter anticoagulation duration, and thera-
peutic intensity merits further investigation.??

Based on the body of available evidence, it is likely that anti-
coagulation reduces the complication rate of SVT in pediatric
patients, but the panel recognized the need for improvement in
the characterization of SVT phenotypes, differentiating cases
with a likely more benign course in comparison with the typical
adult non-line-associated lower limb SVT. The relationship
between patient, SVT location/extension, and line-associated
variables could not be assessed in the available pediatric pub-
lished data.

The panel identified the following additional research needs:

1. Further studies evaluating the natural history of SVT resolution/
progression, as well as DVT/PE complication according to
patient (ie, age and underlying condition) and SVT character-
istics (SVT location/extension and line dependence), as well as
venous bed health (ie, varicosity/ectasia status, chronic venous
hypertension)

2. Further studies assessing ideal diagnostic methods and imaging
protocols in subgroups with SVT

3. Further studies to evaluate the efficacy and safety profile of
anticoagulation of different intensities of pediatric SVT
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4. Further studies to evaluate the role of antiplatelet/NSAID
compared with anticoagulation in pediatric SVT

For pediatric patients with proximal DVT, should thrombolysis
followed by anticoagulation vs anticoagulation alone be used?

Recommendation 13

For pediatric patients with proximal DVT, the ASH/ISTH
guideline panel suggests using anticoagulation alone rather
than thrombolysis followed by anticoagulation (conditional
recommendation based on very low certainty in the evidence

about effects @O00).

Remarks: The panel considered characteristics, such as the
extent and clinical impact of VTE, as important in determining
the RR benefit ratio of thrombolysis. In most cases, the risks
seem higher than the potential benefit; however, there may be
individuals for whom the opposite is true. In this clinical sce-
nario, extrapolation from adult data was difficult. There are
insufficient data to address the RR benefit of local thrombol-
ysis via interventional radiology compared with systemic
thrombolysis, and the panel noted that the centers with
access to pediatric interventional radiology were often stron-
ger advocates of thrombolysis.

For pediatric patients with submassive PE, should thrombolysis
followed by anticoagulation vs anticoagulation alone be used?

Recommendation 14

For pediatric patients with PE and echocardiographic or
biochemical evidence of right ventricular dysfunction but
without hemodynamic compromise, the ASH/ISTH guideline
panel suggests using anticoagulation alone rather than
thrombolysis followed by anticoagulation (conditional recom-
mendation based on very low certainty in the evidence about

effects @O0O0).

Remarks: The panel considered submassive PE to represent
pediatric patients with PE who do not have hemodynamic
compromise (ie, systemic hypotension or other signs of shock)
but who do have echocardiographic (eg, right ventricular
dilation or intraventricular septal bowing into the left ventricle,
etc) or biochemical (eg, elevated troponin or brain natriuretic
peptide, etc) evidence of right ventricular dysfunction.>* There
were minimal pediatric data, and recent international adult
guideline panels have recommended anticoagulation alone
rather than thrombolysis followed by anticoagulation in this
situation (based on low certainty in the evidence of
effects).>**® These same adult guidelines, however, have
suggested that thrombolysis may be reasonable to consider
for younger patients with submassive PE at low risk of
bleeding and those who have evidence of both echocardio-
graphic and biochemical evidence of right ventricular
dysfunction, which may be extrapolated to select pediatric
patients. Patients with submassive PE should be monitored
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closely for the development of hemodynamic compro-
mise.”®>* The panel concluded that the risks of thrombolysis
outweighed the benefits in most cases; hence, the conditional
recommendation for anticoagulation alone.

For pediatric patients with PE with hemodynamic compromise,
should thrombolysis followed by anticoagulation vs anticoagulation
alone be used?

Recommendation 15

For pediatric patients with PE and hemodynamic compromise
the ASH/ISTH guideline panel suggests using thrombolysis
followed by anticoagulation rather than anticoagulation alone
(conditional recommendation based on very low certainty in
the evidence about effects ®O00).

Remarks: The panel considered massive PE to represent
pediatric patients with PE who do have hemodynamic
compromise that may be life threatening, with limited time to
respond to standard anticoagulation, and therefore, condi-
tionally recommended thrombolysis followed by anti-
coagulation, based predominantly on extrapolation from recent
adult guidelines and 3 small pediatric studies that suggested a
trend toward decreased mortality with thrombolysis.>*°27:82

Summary of the evidence

Despite observational and retrospective data, we did not identify
any RCT that addressed these questions in pediatric patients and
therefore considered extrapolation from adult data (contributing
almost 90% of the evaluated data). For PE, the panel also
considered a recently published management algorithm based
upon a comprehensive literature review and expert opinion.”* We
identified 15 observational studies in pediatric patients, primarily
single-arm studies with no comparison group, that provided data
on the outcomes of interest. The total number of pediatric patients
involved across all studies was <500, and the 10 new studies
published since 2018 included <200 patients.

For DVT, mortality occurred in 11 of 126 (8.7%) patients
managed with thrombolysis followed by anticoagulation
compared with 2 of 21 (9.5%) managed with anticoagulation
alone; recurrent/progressive DVT or failure of resolution was
noted in 42 of 238 (17.6%) patients managed with thrombolysis
followed by anticoagulation, compared with 11 of 50 (22%)
managed with anticoagulation alone; major bleeding was reported
in 2 of 20 (10%) patients managed with thrombolysis followed by
anticoagulation compared with 5 of 55 (9.1%) with anti-
coagulation alone; and PTS occurred in 22 of 97 (22.7%)
patients managed with thrombolysis followed by anticoagulation
compared with 13 of 34 (38.2%) managed with anticoagulation
alone.

During the creation of the original 2018 guidelines, adult data were
used to support the evidence for submassive and massive PE
because no comparative pediatric data were available in order to
allow for pooling of outcome data to provide RR estimations.
Incorporation of data from more recent studies, however, allowed
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us to provide these estimates for this update. Regarding PE with
hemodynamic compromise (massive PE), mortality occurred in 6 of
15 (40%) patients managed with thrombolysis followed by anti-
coagulation, compared with 8 of 16 (50%) patients managed with
anticoagulation alone; recurrent/progressive PE or failure to
respond was noted in 3 of 7 (42.9%) patients managed with
thrombolysis followed by anticoagulation compared with 3 of 15
(20%) patients managed with anticoagulation alone; chronic
thromboembolic pulmonary hypertension rates at 6 month follow-
up were reported in 0 of 5 (0%) patients managed with throm-
bolysis followed by anticoagulation compared with 0 of 2 (0%)
patients; and major bleeding was reported in 1 of 7 (14.3%)
patients managed with thrombolysis followed by anticoagulation
compared with O of 1 (0%) patients managed with anticoagulation
alone. In the submassive PE category, mortality occurred in O of 14
(0%) patients managed with thrombolysis followed by anti-
coagulation compared with 1 of 9 (11.1%) patients managed with
anticoagulation alone; recurrent/progressive PE or failure to
respond was noted in 1 of 19 (5.3%) patients managed with
thrombolysis followed by anticoagulation compared with 1 of 12
(8.3%) managed with anticoagulation alone; and major bleeding
was reported in 0 of 19 (0%) patients managed with thrombolysis
followed by anticoagulation compared with 0 of 9 (0%) patients
managed with anticoagulation alone.

Benefits

The relative effects were not estimable based on the pediatric data
because of the lack of direct comparisons. Thrombolysis followed
by anticoagulation was associated with a trend toward decreased
RR for mortality in PE with hemodynamic compromise as
compared with anticoagulation alone (RR, 0.88; 95% CI, 0.42-
1.85) leading to our conditional recommendation with very low
certainty in the evidence in the effects. Similarly, the adult guideline
panels recommended thrombolysis based upon low certainty in
the evidence in effects.’®?° For submassive PE, there is no evi-
dence suggesting that thrombolysis improves outcomes compared
with anticoagulation alone, which is consistent with the adult
guidelines. The frequency of major outcomes in pediatric patients
treated with thrombolysis is based on very small numbers reported
in the included studies. There were insufficient data to differentiate
the outcomes for the use of systemic thrombolysis compared with
CDT. There were no baseline data in pediatric patients to compare.
Overall, the certainty in these estimated effects is very low owing to
potential bias in the studies.

Harms and burden

The relative effects were not estimable based on the pediatric data.
Any difference in bleeding risk for CDT as distinct from systemic
thrombolysis was not possible to establish from the available data.
Although it is likely that thrombolysis may be better tolerated in young
persons with low bleeding risk and may be considered for pediatric
patients with submassive PE in some centers with experienced and
well-equipped interventional radiology services to decrease the long-
term risk of chronic thromboembolic pulmonary hypertension, there
is very low certainty in the estimate of the risk of adverse effects as the
result of serious risk of bias and indirectness. Given the available
evidence, the guideline panel considered that the risk of adverse
effects varied within the pediatric population, related to underlying age,
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disease process, and medical or surgical interventions. This, in part,
led to the conditional nature of the thrombolysis recommendations.

Other EtD criteria and considerations

The guideline panel did not think that there were feasibility or
acceptability considerations that would impair implementation of
these recommendations in terms of systemic thrombolysis,
outside of the necessity of the treating institution having the
requisite equipment and personnel with appropriate expertise to
implement it. However, the panel noted that the use of CDT is
more likely in centers in which there is strong interventional
radiology input. Given the impact of interventionalist experience in
pediatric patients on the benefit/harm ratio of such procedures,
the panel concluded that it is very difficult to give a unified
recommendation as to the appropriateness of catheter-directed
procedures in a variety of circumstances. Evidence profiles with
the characteristics of all included studies and the complete EtD
framework are online for recommendation 13, recommendation
14, and recommendation 15.

Conclusions and research needs for this
recommendation

The guideline panel determined that there is very low certainty in
the evidence for a net health benefit/harm from using thrombolysis.
Based on the body of available evidence, it is unlikely that throm-
bolysis reduces the risk of developing recurrent VTE or PE,
whereas it is likely that thrombolysis reduces the risk of PTS but
increases the risk of bleeding. There is very low certainty that there
is an effect of thrombolysis on other outcomes. However, because
there is 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 needs:

1. The role of thrombolysis in proximal VTE, submassive PE, and
massive PE remains unknown in pediatrics, and further studies to
identify the risk/benefit of thrombolysis compared with anti-
coagulation alone considering all outcomes of interest are required.

2. The role of CDT and the minimal infrastructure, experience, and
annual caseload to offer this therapy in pediatric patients
compared with systemic thrombolysis need to be determined.

3. The natural history of VTE or large PE in pediatric patients
(including subgroup analyses [eg, intracardiac thrombi]) treated
with anticoagulation alone needs to be understood to enable
the aforementioned 2 research needs to be addressed properly.

For pediatric patients with symptomatic CVAD-related thrombosis,
should immediate removal of a nonfunctioning or unneeded CVAD
vs delayed removal be used?

Recommendation 16

For pediatric patients with symptomatic CVAD-related
thrombosis who no longer require venous access or whose
CVAD is nonfunctioning, the ASH/ISTH guideline panel sug-
gests either immediate removal or delayed removal of the
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CVAD (conditional recommendation based on low certainty in
the evidence about effects @HOO).

Remarks: Recent observational studies provided data that
>48 hours of anticoagulation before CVAD removal vs
immediate CVAD removal are comparable in terms of potential
risk of emboli leading to PE or paradoxical stroke. The panel
recognized that some clinical scenarios, such as children with
a large thrombotic burden or those with right-to-left cardiac
shunts, may benefit from a few days of anticoagulation before
CVAD removal to decrease the risk of embolism.

Summary of the evidence

We identified 2 multicenter, observational studies that addressed
this question in pediatric patients.*’®* The first study included 663
hospitalized children aged O to 21 years diagnosed with a hospital-
acquired CVAD-related VTE.** A direct comparison of the devel-
opment of PE was made between participants who had immediate
removal of their CVAD (<48 hours of anticoagulation) compared
with those who had delayed removal of their CVAD (>48 hours of
anticoagulation). The second study included 115 neonates and
infants aged <6 months diagnosed with a CVAD-related VTE.*" A
direct comparison of the development of PE was made between
participants who had immediate removal of their CVAD (without
anticoagulation) and those who had delayed removal of their CVAD
(median of 4 days of anticoagulation).

Benefits

The outcome of interest for these recommendations included the
development of a PE only. Combining results from both studies, the
incidence of symptomatic PE was 0.2% (1/485) in pediatric
patients who had immediate removal of their CVAD vs 0% (0/241)
who had delayed removal of their CVAD after diagnosis of a CVAD-
related thrombosis. Overall, the certainty of these estimated effects
is low owing to a serious risk of selection bias (studies being
observational without adjustment for known confounders) and
serious imprecision of the estimates, with only 1 event in the
immediate CVAD removal arm and no events in the delayed
removal arm. Because of the lack of data, VTE progression or
recurrence, CVAD-associated sepsis and mortality were not
included as outcomes of interest.

Harms and burden

The outcomes of interest included major bleeding. The panel was
unable to assess the harm of bleeding from anticoagulation
between the immediate vs delayed removal cohort because of
some of the participants in the immediate removal group having
received some (albeit minimal) anticoagulation. Given the scarcity
of available evidence, the guideline panel considered the risk of
adverse effects unknown.

Other EtD criteria and considerations

In pediatric patients diagnosed with a symptomatic CVAD-
related thrombosis whose CVAD is no longer needed or func-
tional, determining the need for anticoagulation before removal of
the line to potentially decrease the risk of PE or embolic stroke is
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an important factor. The panel did highlight that most patients do
not routinely receive a screening ultrasound to identify asymp-
tomatic thrombosis or bubble studies to look for right-to-left
shunting before CVAD removal. The panel does acknowledge
that some patients, such as those with a known right-to-left
cardiac shunt or large clot burden, may benefit from >48 hours
of anticoagulation before line removal. The panel recognizes that
the immediate removal of an unnecessary or nonfunctioning
CVAD may not be feasible because of the stability or the patient
or the availability of a surgical team and operating suite. The
guideline panel did not think that there were feasibility or
acceptability considerations that would impair implementation of
this recommendation. Evidence profiles with the characteristics
of all included studies and the complete EtD framework are
online for recommendation 16.

Conclusions and research needs for this
recommendation

The guideline panel determined that there is a low certainty in the
evidence for a net health benefit or harm from either immediate or
delayed removal of a CVAD in pediatric patients diagnosed with a
CVAD-related VTE whose CVAD is no longer functioning or
necessary. Based on the updated evidence, the panel determined
the data do not conclusively demonstrate whether >48 hours of
anticoagulation decrease the risk of a PE or embolic stroke in
pediatric patients with a CVAD-related thrombosis. There is low
certainty that there is an effect of delayed or immediate CVAD
removal on other outcomes. However, because of low certainty in
the evidence or no published information about other outcomes,
the absence of evidence of an effect on these outcomes does not
imply that such an effect does not exist.

The panel identified the following additional research needs:

1. The optimal duration of anticoagulation, if any, needed before
CVAD removal in pediatric patients with CVAD-related VTE to
decrease the risk of embolism

2. Subgroup studies of pediatric patients with a CVAD-related
thrombosis at a potentially higher risk of embolism, such as
those with a large thrombotic burden or with a right-to-left
cardiac shunt in terms of management of CVAD removal

3. Cost-effectiveness analysis of immediate CVAD removal vs
delayed removal and administration of anticoagulation with
the potential for a prolonged hospital stay in pediatric patients

For pediatric patients with VTE, should DOACs vs SOC
anticoagulants be used?

Recommendation 17

For pediatric patients with VTE, the ASH/ISTH guideline panel
suggests using DOACs (rivaroxaban/dabigatran) over SOC
anticoagulants (LMWH, UFH, VKAs, and fondaparinux; con-
ditional recommendation based on low certainty in the evi-
dence about effects @OO0O).

Remarks: The panel concluded that there was a small
benefit of DOACs over SOC, in relation to reduced
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thrombus recurrence rate and increased rate of thrombus
resolution. The undesirable effects of DOACs vs SOC were
felt to be small, with a reduction in major bleeding albeit with
an increase in CRNMB). The panel acknowledged the limi-
tations of these data when evaluating the outcomes of
mortality, recurrence, PTS, and major/CRNMB because of
the small number of events reported. Given the natural his-
tory of PTS and thrombus recurrence, evaluation at 3 to
6 months was considered to be too soon to provide accu-
rate representation of these outcomes. The monitoring of
drug level and dose adjustment of dabigatran during the
DIVERSITY trial raised concern about the potential effect on
efficacy and safety of routine use according to current
approvals, which do not require such monitoring. Although
data on QOL, cost-effectiveness, and acceptability of an
oral agent that does not require monitoring were lacking, the
panel felt that these were important factors when making
this recommendation.

For pediatric patients with VTE, should rivaroxaban vs SOC anti-
coagulants be used?

Recommendation 18

For pediatric patients with VTE, the ASH/ISTH guideline panel
suggests using rivaroxaban over SOC anticoagulants (LMWH,
UFH, VKA, and fondaparinux; conditional recommendation
based on very low certainty in the evidence about effects
S000).

Remarks: The panel concluded that there was a small
benefit of rivaroxaban over SOC, in relation to reduced
thrombus recurrence and improved thrombus resolution.
The undesirable effects of rivaroxaban vs SOC were felt to
be small, with a reduction in major bleeding countered by
an increase in CRNMB. These data were limited by the
small number of important outcomes that were reported,
that is mortality, recurrence, PTS, and major bleeding/
CRNMB. The panel noted that some individuals were
excluded from the EINSTEIN-Junior trial, including those
aged <6 months with low birth weight and those with
severe liver or renal impairment. The panel also noted
reports of heavier menstrual bleeding while on rivaroxaban
and felt that this was an important consideration when
choosing an anticoagulant.

For pediatric patients with VTE, should dabigatran vs SOC anti-
coagulants be used?

Recommendation 19

For pediatric patients with VTE, the ASH/ISTH guideline panel
suggests using dabigatran over SOC anticoagulants (LMWH,
UFH, VKA, and ondaparinux; conditional recommendation
based on very low certainty in the evidence about effects

S000).
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Remarks: The panel concluded that there was a small benefit
of dabigatran over SOC, in relation to reduced thrombus
recurrence and improved thrombus resolution. The undesir-
able effects were felt to be trivial, with major bleeding reported
in fewer patients treated with dabigatran and an equivalent
frequency of CRNMB. The panel noted that some individuals
were excluded from the DIVERSITY trial, including those aged
<2 years with low body weight, and those with severe liver or
renal impairment. The monitoring and dose adjustment of
dabigatran during the DIVERSITY trial raised concern about
the potential effect on efficacy and safety of routine use
according to current approvals which do not require such
monitoring. The panel also noted reports of gastrointestinal
side effects while on dabigatran and felt that this was an
important consideration when choosing an anticoagulant.

For pediatric patients with VTE, should either rivaroxaban or
dabigatran be used preferentially?

Recommendation 20

For pediatric patients with VTE, the ASH/ISTH guideline panel
suggests using either rivaroxaban or dabigatran although there
may be individual populations or jurisdictional availability that
would lead clinicians to choose 1 agent over the other (con-
ditional recommendation based on very low certainty in the
evidence about effects @O0O0).

Remarks: The panel undertook an exercise to review the
EtDs for rivaroxaban vs SOC and dabigatran vs SOC to
examine if 1 of these agents (given the available data) would
be a preferred agent to use in treatment of pediatric VTE. To
accomplish this, the panel first assigned weights to the sum-
mary of judgments. Balance of effects, certainty in the evi-
dence, and acceptability and feasibility of implementation were
given the highest weighting; with resources required given
moderate weighting; and cost-effectiveness and equity given
the lowest weighting.

With RCT data limited to 523 pediatric patients globally receiving
a DOAC, the certainty in the evidence was very low to low on
beneficial effects and harms/burdens.*®>**®° Given the fact that
these agents are orally administered, thus avoiding daily injections
of LMWH/UFH; have fewer drug interactions than VKAs; do not
require monitoring; and, in the case of rivaroxaban, have dosage
forms (oral suspension, granules) that are pediatric friendly; the
panel felt that using these agents in treating pediatric VTE would
be acceptable. For guidelines, ASH takes the perspective of high-
income countries (HICs), and in this regard, the panel felt that it
would be feasible to implement either of these agents in such
settings, but the panel also acknowledges that access to these
agents for pediatric patients in low- and middle-income countries
(LMICs) needs to be addressed. Indeed, even in some HIC set-
tings, rivaroxaban suspension or granules are not approved/mar-
keted. The resources required to implement the use of either of
these agents were deemed variable in HICs, driven by insurance
coverage/copayments vs out-of-pocket costs for those without
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insurance. This is compounded in the LMIC setting in which costs
for these agents, although on average lower than in HICs, are
generally higher than for SOC agents, and families having insur-
ance to cover costs of these agents are much less prevalent.
Given these latter considerations, the panel could make no judg-
ment on the impact to equity in using either of these agents.
Similarly, although there are some data from the adult setting on
cost-effectiveness of using DOACs, there are (to date) no pub-
lished cost-effectiveness/cost-utility studies of DOACs in the
pediatric context, and the panel concurred that there are enough
methodological considerations/differences in pediatric cost-
effectiveness studies to not rely on indirect data from adults. At
the present time, the panel could not identify any significantly
different factors/drug characteristics/clinical benefits/harms that
would lead to one recommending 1 of these agents being used
over the other.

Summary of the evidence

The updated systematic review identified 3 RCTs (2 of dabigatran,
and 1 of rivaroxaban), 2 large multicenter trials,43’44 and 1 smaller
single-institution trial,®> that compared anticoagulation with a
DOAC with SOC in the treatment of acute VTE in pediatric
patients. A total of 853 pediatric patients aged <18 years were
recruited to these studies, 523 of whom received a DOAC. Acute
VTE had been objectively confirmed by imaging in these studies. A
minimum of 5 days of parenteral therapy was given before initiation
of a DOAC. SOC treatment included UFH, LMWHs, VKAs (which
no participants received), and fondaparinux. Rivaroxaban was
dosed according to weight, and dabigatran was dosed according
to both age and weight. Patients with severe liver or renal impair-
ment, preterm neonates (<37 weeks gestational age), neonates
and infants with weights below the third percentile, patients with
active bleeding or at high risk of bleeding that would contraindicate
anticoagulation, or who had a life expectancy shorter than
the anticipated duration of the trial, were excluded. Participants
were treated for a minimum of 3 months in the 2 large RCTs and
6 months in the single-institution study, apart from neonates,
infants, and children aged <2 years with CVAD-related VTE in 1
large RCT who were treated for 1 month.*® In the multicenter
dabigatran study, ~10% of participants in the dabigatran arm were
taken off study because of not reaching an a priori therapeutic level
in the protocol.** The panel acknowledged the risk of bias that this
attrition could introduce but, after deliberation and acknowledging
that dabigatran is currently approved without a monitoring
requirement, agreed to pool the rivaroxaban and dabigatran data.
The data for the 2 drugs were then examined separately, a decision
driven by the potential for differing side effect profiles, and the
potential effect of monitoring and dose adjustment of dabigatran on
efficacy and safety. The outcomes considered were mortal-
ity,43’44'85 recurrence,*>**®° resolution,**** PTS,*34485 major
bleeding,****#> and CRNMB.**** The panel did not consider
indirect evidence from adult data.

Benefits

DOAC vs SOC. The pooled data for the 3 RCTs****#° comparing
DOAC (rivaroxaban, dabigatran) with SOC showed a mortality rate
of 3 of 512 (0.6%) patients in the DOAC group vs 2 of 267 (0.7%)
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patients in the SOC group. Two of the deaths in the DOAC group
were not reported in the published article but published on www.
ClinicalTrials.gov.** Although the calculated RR of 0.71 favors
DOAGC, the Cl is very wide (95% Cl, 0.14-3.56), and with very few
events, the certainty in the evidence is low. All 3 pooled studies
reported recurrence rates, with the DOAC group having a recur-
rence rate of 11 of 523 (2.1%) vs 14 of 267 (5.2%) occurring in
the SOC group for an RR of 0.41 favoring the DOAC group, with a
95% CI of 0.2 to 0.93 with moderate certainty in the evidence.
Thrombus resolution (complete or partial) was reported in the 2
large RCTs.**** In the DOAC group, thrombus resolution was
observed in 395 of 512 (77.1%) whereas in the SOC group, it was
181 of 255 (71%) patients, with an RR of 1.09 and 95% CI of 0.99
to 1.19, favoring the DOAC group with moderate certainty in the
evidence. The same 2 RCTs reported incidence of PTS with a total
of 4 of 511 (0.8%) occurring in the DOAC group and no reported
cases in the SOC group, making RR calculations impossible, and,
with few events, very low certainty in the evidence. The panel
concurred that the length of follow-up in both of these trials is too
short to diagnose PTS accurately. Given these numbers, the panel
gave more weighting to the outcomes of mortality, recurrence, and
thrombus resolution, and judged the benefits of DOACs over SOC to
be small (see the evidence profile at recommendation 17, recom-
mendation 18, recommendation 19 and recommendation 20).

Rivaroxaban vs SOC. One RCT compared anticoagulation with
rivaroxaban with SOC.** Mortality rate was 1 of 335 (0.3%)
patients in the rivaroxaban group vs 0 of 165 in the SOC group; the
death was cancer-related and not due to VTE. Anticoagulation with
rivaroxaban led to reduced recurrence rate, occurring in 4 of 335
patients (1.2%) vs 5 of 165 patients (3.0%) who received anti-
coagulation with SOC (RR, 0.39; 95% ClI, 0.11-1.45) although this
estimate is imprecise because of the small number of events and
wide Cl. Anticoagulation with rivaroxaban resulted in complete or
partial resolution in a higher proportion of patients, 76.7% vs
71.5% with SOC, although the Cl crosses 1 and does not rule out
no effect (RR, 1.07; 95% Cl, 0.96-1.20). PTS was reported in 2
(0.6%) patients treated with rivaroxaban vs no patients treated with
SOC although the follow-up interval was short. Overall certainty of
these estimated effects was low for the reasons stated, and the
guideline panel considered the benefits of rivaroxaban over SOC to
be small (see the evidence profile at https://guidelines.ash.
gradepro.org/profile/g_mYG4kTaSM).

Dabigatran vs SOC. Two RCTs compared anticoagulation with
dabigatran with SOC.**®° Both studies reported mortality and
recurrence. Dabigatran was associated with lower mortality than
SOC, 2 of 187 (1.1%) vs 2 of 102 (2.0%) patients, respectively
(RR, 0.51; 95% CI, 0.07-3.51) although deaths were judged as
unrelated to anticoagulant therapy by the guideline panel. Anti-
coagulation with dabigatran was associated with reduced recur-
rence, occurring in 7 of 188 (3.7%) patients vs 9 of 102 (8.8%)
patients treated with SOC (RR, 0.45; 95% ClI, 0.17-1.17) although
the estimate is imprecise because of the small number of events
and with a risk of indirectness because of monitoring and dose
adjustment of dabigtran.** One study reported resolution and
PTS.** Anticoagulation with dabigatran resulted in complete or
partial resolution in a higher proportion of patients, 138 of 177
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(78.0%) patients vs 63 of 90 (70.0%) with SOC, although the ClI
does not rule out no effect (RR, 1.11; 95% ClI, 0.95-1.30). PTS
was reported in 1 of 176 (0.6%) patients treated with dabigatran
and O of 90 (0%) patients treated with SOC. Overall certainty of
these estimated effects was very low to low for the reasons stated,
and the guideline panel considered the benefits of dabigatran over
SOC to be small (see the evidence profile at https://guidelines.ash.
gradepro.org/profile/clAG7b3MYuw).

Harms and burden

DOAC vs SOC. Major bleeding was reported in all of the RCTs
that were pooled and occurred in 4 of 517 (0.8%) patients
receiving DOAC and 5 of 264 patients (1.9%) receiving SOC with
an RR of 0.48 and Cl of 0.14 to 1.57, favoring DOAC but with low
certainty in the evidence.****#° For CRNMB events, 12 of 506
patients (2.4%) experienced an event in the DOAC group and 2 of
252 patients (0.8%) in the SOC group, for an RR of 2.98 and Cl of
0.67 to 13.27, in favor of SOC with low certainty in the evidence.
The panel gave greater weight to major bleeding events being
lower in the DOAC group than to CRNMB, and deemed the
undesirable effects of DOAC vs SOC to be small (see the evi-
dence profile at https://guidelines.ash.gradepro.org/profile/
OxFZvTT2VUK).

Rivaroxaban vs SOC. Major bleeding was not reported in
patients treated with rivaroxaban and in 2 of 162 patients (1.2%)
treated with SOC. The RR and Cl were not estimable. CRNMB
occurred in 10 of 329 patients (3.0%) treated with rivaroxaban and
1 of 162 (0.6%) of those treated with SOC (RR, 4.92; 95% Cl,
0.64-38.13), although with serious imprecision because of the
small number of events. The panel considered the risk of undesir-
able effects of rivaroxaban vs SOC to be small (see the evidence
profile at https://guidelines.ash.gradepro.org/profile/g_mYG4
kTaSM).

Dabigatran vs SOC. Both studies reported major bleeding and 1
study”* reported CRNMB. Major bleeding was reported in 4 of 188
patients (2.1%) treated with dabigatran and 3 of 102 patients
(2.9%) treated with SOC (RR, 0.79; 95% ClI, 0.19-3.32). CRNMB
occurred in 2 of 177 patients (1.1%) treated with dabigatran and 1
of 90 (1.1%) of those treated with SOC (RR, 1.02; 95% CI, 0.09-
11.07). Certainty of estimated effects was very low for major
bleeding and low for CRNMB because of the small number of
events, and the panel considered the risk of undesirable effects of
dabigatran to be trivial (see the evidence profile at https:/
guidelines.ash.gradepro.org/profile/clAG7b3MYuw).

Other EtD criteria and considerations

In reviewing the limited RCT data on rivaroxaban and dabigatran for
treatment of pediatric VTE, the panel made a conditional recom-
mendation for using either of these agents over SOC. The certainty
of this evidence ranges from very low to at best moderate on the
key reported outcomes.

The panel identified patient groups/factors in which a DOAC
should not be used or used with great caution including in
patients with known/potential gut absorption issues whether
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chronic or temporary, including short gut syndrome, recent sur-
gery, liver disease (alanine transaminase >5x upper limit of
normal, and/or bilirubin of >2x the upper limit of normal) or kid-
ney disease (GFR of <30 mL/min) severe enough to cause a
coagulopathy, patients with antiphospholipid syndrome, preterm
neonates, and those with active cancer. Based on reported side
effects of these agents from the RCTs, heavier menstrual
bleeding was reported with rivaroxaban and could be a consid-
eration in prescribing this agent in postmenarche girls. Similarly,
gastrointestinal side effects were more commonly reported with
dabigatran. In adults, there are 2 specific reversal agents:
andexanant alfa for rivaroxaban, and idarucizumab for dabigatran,
to manage uncontrollable/life-threatening bleeding. Additionally,
prothrombin complex concentrates (PCCs) have also been used
to achieve hemostasis in this context but, at the present time,
there is no good pediatric dosing information for this specific
indication for the panel to comment on.

As mentioned earlier, a significant barrier to implementing these
recommendations on a global scale is access to the drugs
themselves, which currently have regulatory approval for pediatric
indications in a subset of HICs, and, in some cases, not all
pediatric-friendly dosage forms (rivaroxaban suspension, dabiga-
tran pellets) are approved/marketed in all HICs. The addition of
rivaroxaban and/or dabigatran to the World Health Organization
Essential Medicines List for children would be an important first
step in making these agents accessible to pediatric patients in
LMICs.

Conclusions and research needs for these
recommendations

Conclusion. Based on available data to date, the panel makes a
conditional recommendation to use a DOAC agent to treat pedi-
atric patients with VTE.

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

1. Efficacy and safety data on use of DOACs in certain patient
populations including neonates; preterm infants; infants;
and those patients with mild to moderate liver/renal impair-
ment, malabsorptive states, short gut syndrome, or active
cancer

2. Can DOACs be started immediately vs after >5 days of alter-
native anticoagulation in pediatric VTE?

3. Cost-effectiveness and cost utility studies of DOACs in treat-
ment of pediatric VTE in both HIC and LMIC settings

4. Specific reversal agents for DOACs

5. Long-term follow-up data on recurrence, mortality, and PTS in
pediatric patients

Implementation guidance

As previously discussed, there are many physiological differences
between children and adults, and there are many pathophysiolog-
ical differences in VTE between children and adults. In recent
years, therapeutic options for the treatment of pediatric VTE have
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increased and now include DOACs. These options are further
expected to increase in the upcoming years, as ongoing clinical
trials are completed.

Clinical factors that should be considered when choosing anti-
coagulants include the patient’s clinical status (ie, critically ill or
likely to need an intervention), renal function, comorbidities, oral
intake, drug interactions, drug access/cost, need for monitoring,
and patient/family preference. Special attention in children should
be given to procedural pain,®® and the impact of therapy on the
global health of the child including their mental health.?” Given the
complexities of both the patients and the drugs, the panel
considered the use of anticoagulants in children to be a specialist
endeavor, best managed by a pediatric hematologist with expe-
rience in treating pediatric VTE. However, this is often not
possible, and therefore the panel agreed that providing further
guidance on the use of anticoagulants and fibrinolytics in pediatric
patients would be of value to many readers. Guidance is provided
for the following drugs: UFH, LMWH, fondaparinux, VKAs, rivar-
oxaban, dabigatran, and tissue plasminogen activator (t-PA).
Although other anticoagulants may be used in children, there
were limited published data to support their routine use for VTE
treatment at the time of this guidance. For example, bivalirudin has
become more frequently used in specific pediatric cardiac pop-
ulations with some limited evidence available; however, at this
time, the panel does not support its standard use in pediatric VTE
because of a lack of research into its safety or efficacy. Table 4
compares the mechanism of action, routes of administration,
pharmacokinetics (PKs), metabolism, drug interactions, and use in
renal or hepatic impairment of these drugs; Table 5 highlights the
major advantages and disadvantages of each antithrombotic; and
Figure 2 provides a general overview to guide the selection of
anticoagulant agents for the management of pediatric VTE. A
general approach to dosing, monitoring, and management of
procedures or bleeding with these drugs is provided hereafter,
along with additional data on AEs.

Good practice statement

For pediatric patients who are at high risk of bleeding (eg, CSVT
and associated hemorrhage secondary to venous congestion,
immediate after or anticipated invasive procedures), consider the
use of a short half-life agent such as UFH rather than LMWH or
DOAGC:s if anticoagulation is required, to decrease the risk of
worsening hemorrhage or bleeds.

UFH

Therapeutic range. A therapeutic range for heparin was derived
from experimental animal studies in which the whole-blood clotting
time was used.®® A prospective study using aPTT for monitoring
heparin therapy in adult patients with VTE showed that the risk of
recurrent VTE was associated with failure to obtain an aPTT ratio
of ~1.5 times the control value and that a heparin concentration of
0.2 to 0.4 IU/mL by protamine titration correlated with this aPTT
range.® This aPTT ratio became the standard for the lower limit of
the therapeutic range in adults.

A therapeutic range for UFH in children is largely extrapolated
from adult studies and recommend targeting an aPTT range that
reflects a heparin level by protamine titration of 0.2 to 0.4 IlU/mL
or an anti—factor Xa (anti-FXa) level of 0.35 to 0.7 IU/mL,°° but
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this has yet to be confirmed by RCTs. The measured response to
the aPTT and the anti-FXa varies between reagents and instru-
ments used to measure these tests.’’ Additionally, there are
multiple variations to the anti-FXa assay that change the
response to UFH, and there are no data to confirm which
test variation is clinically optimal.?? Therefore, clinicians must
understand the specifics/pitfalls of the tests run in their
laboratories.®®

The evidence for adjusting the dose of heparin to maintain a
therapeutic range is weak and is based on a post hoc subgroup
analysis of a descriptive study.®® There is a paucity of data on the
performance of the aPTT or anti-FXa for UFH monitoring in chil-
dren,®*®° and a therapeutic UFH dose targeting an aPTT of 60 to
85 seconds and anti-FXa activity of 0.35 to 0.7 IU/mL is most
commonly used.

Monitoring. In vitro and ex vivo data suggest that UFH monitoring
using the aPTT titrated to an anti-FXa assay result of 0.35 to 0.7 1U/
mL is associated with significant age-related variation.”®°” The
mechanism for the discrepancies between anti-FXa and aPTT is
unclear but may be associated with the variable anti-Flla—to—anti-
FXa effect of UFH.?° Infants and children can have significantly
higher aPTT compared with adult reference ranges because of
developmental hemostasis.”® '°° Most laboratories do not adjust
aPTT therapeutic ranges based on age. Additionally, pediatric
studies report a poor correlation between aPTT and anti-FXa
activity,®>'°" and therefore some pediatric institutions use anti-
FXa activity as the monitoring test for UFH therapy.

The use of anti-FXa instead of aPTT for monitoring UFH in pedi-
atrics is supported by very few studies, which suggest that greater
time is spent within the therapeutic range for children receiving
UFH monitored with anti-FXa compared with aPTT.'°"'°? The
chromogenic anti-FXa assay is not influenced by elevated con-
centrations of FVIIl or fibrinogen or by factor deficiencies.®* "% In
contrast, anti-FXa activity represents the amount of heparin in the
blood and not necessarily its antithrombotic function, which may be
more accurately measured with aPTT and thus not reflect UFH's
true anticoagulant effect.’

Dosing. There are no PK dose-finding studies reported for UFH in
preterm or term neonates or children. A single-center case series
(n = 25 neonates; gestational age range, 25-36 weeks) giving a
bolus infusion of 100 U/kg and plasma heparin levels assayed at
timed intervals to measure clearance showed that UFH clearance
and volume of distribution was significantly higher in all neonatal
groups (greater in preterm than term neonates) than in adults.'®® In
another study, which included infants (n = 15) on continuous UFH
for VTE treatment, plasma heparin levels in the therapeutic range
(0.35-0.7 IU/mL) and clinical resolution of the thrombi were asso-
ciated with doses of 16 to 35 IU/kg per hour (mean, 27 IU/kg per
hour), which is higher than in adults.'°® Similarly, another single-
institution prospective study of UFH therapy in 65 consecutive
children with age-matched controls reported an average require-
ment of 28 IU/kg per hour for infants to maintain therapeutic
aPTT."%”

A weight-based nomogram for heparin doses in pediatric patients
has been previously published.'®”"'°® Subsequently, the American
College of Chest Physician guidelines suggested a higher bolus
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Table 4. Characteristics of anticoagulants/thrombolytics used for acute VTE in pediatrics

Agent Class and mechanism of action Route Half-life Metabolism and excretion Drug interactions Use in liver or renal impairment Preparations
UFH Binds to AT to increase AT inhibitory IV (preferred), Nonlinear Metabolized by the liver; None Careful monitoring N/A
effect on Flla and FXa SQ (lower 60-90 min renally cleared and excreted in urine
bioavailability in
children)
LMWH Smaller than UFH; binds to AT SQ (rarely IV) Enoxaparin Metabolized by the liver; None Dose adjustment required in Enoxaparin:
increasing AT's inhibitory effect 3-7 h; renally cleared and excreted in urine patients with decreased CrCl prefilled syringes: 30 mg/0.3 mL,
on FXa (less Flla effect) dalteparin 40 mg/0.4 mL, 60 mg/0.6 mL,
35h 80 mg/0.8 mL, and 100 mg/1mL;
graduated prefilled syringes: 60 mg/
0.6 mL, 80 mg/0.8 mL, and
100 mg/1 mL;
multipledose vial: 300 mg/3 mL
Dalteparin:
prefilled syringes: 2 500 1U/0.2 mL,
5000 1U/0.2 mL, 7 500 U/
0.3 mL, 10 000 IU/1 mL, 12 500
1U/0.5 mL, 15 000 IU/0.6 mL, and
18 000 1U/0.72 mL,;
multidose vials: 10 mL containing
10 000 IU/mL, 3.8 mL containing
25 000 IU/mL
Fondaparinux Synthetic pentasaccharide; binds to  SQ 17-21 h Renally cleared and excreted None Contraindicated in severe renal Prefilled syringes: 1.5 mg, 2.5 mg,
AT and increases AT inhibitory unaltered in urine impairment (CrCl of <30 mL/min) 5 mg, and 10 mg doses
effect on FXa
Warfarin, acenocoumarol, and VKAs; inhibit vitamin K epoxide po 20-60 h Metabolized in the liver by CYP2C9 Multiple drug and food interactions, No dose adjustment for renal No liquid preparation
phenprocoumon (VKAs) reductase and interruption in the with minor contributions from including OTC drugs; impairment Warfarin sodium (Coumadin: 1 mg,
synthesis of activated vitamin K, CYP2C18 and VYP2C19; caution with concurrent use of Hepatic impairment requires close 2 mg, 2.5 mg, 5 mg, and 10 mg;
preventing carboxylation of Fll, excreted in urine and feces antimicrobials, anti-arrhythmic INR monitoring, response may be Marevan: 1 mg, 3 mg, and 5 mg)
FVII, FIX, and FX (proteins S and drugs, and other anticoagulant increased in obstructive jaundice, Acenocoumarol (Sintrome: 1 mg)
C) agents hepatitis, or cirrhosis Phenprocoumon (1.5 mg and 3 mg)
Food interactions: foods rich in
vitamin K
Rivaroxaban FXa inhibitor; directly binds to free  po, NG, or GT Mean half-life: Metabolized by the liver; Concurrent use of P-gp and strong  Avoid in moderate and severe Oral suspension: 1 mg/mL
and prothrombinase-complex- adolescents, 4.2 h; renally cleared and excreted in urine CYP3A4 inducers and inhibitors hepatic impairment or with any Tablets: 2.5 mg, 10 mg, 15 mg, and
bound FXa inhibiting its function age 2to<12y, 3 h; hepatic disease associated with 20 mg; no pediatric data with
(reversible inhibition) age 0.5t0 <2y, coagulopathy 2.5 mg tablets
1.9 h; Avoid in children with eGFR of Tablets can be crushed and mixed
age<05y,1.6 h <50 mL/min per 1.73 m? (serum with water or applesauce
Cr of >97.5th percentile in Availability varies based on
infants) jurisdiction
Dabigatran Direct thrombin inhibitor; directly po (all dosage forms) Elimination half-life:  Rapid and complete conversion into  Concurrent use of P-gp inducers Avoid in active liver disease, Oral capsules: 76 mg, 110 mg, and
binds to free and fibrin bound NG or GT (oral 9-11 h active form after intestinal and inhibitors including active hepatitis, or 150 mg; cannot be crushed
thrombin, blocking conversion of suspension only) absorption; renally cleared and elevated ALT, AST, or AP of >8x  Oral pellets: 20 mg, 30 mg, 40 mg,
fibrinogen to fibrin (reversible excreted in urine ULN 50 mg, 110 mg, and 150 mg per
inhibition) Contraindicated in renal dysfunction packet.
with eGFR of <60 mL/min per Powder and solvent for oral solution
1.73 m? (serum Cr of >97.5th (6.25 mg/mL).
percentile in infants) Availability varies based on
jurisdiction.
Cannot combine different
preparations
The oral solution is compatible with
nasal tubes made of PVC,
polyurethane, and silicone
t-PA Thrombolytic/fibrinolytic; \% Alteplase: initial Hepatic clearance None No contraindications in renal or liver N/A

Cleaves plasminogen to plasmin,
which can then degrade fibrin
(and fibrinogen). Binds to fibrin in
blood clot activating clot-bound
plasminogen (clot-specific
fibrinolysis)

half-life of 5 min;
terminal half-life of
72 min

disease, although risk of bleeding
may be higher

ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; AT, antithrombin; Cr, creatinine; CrCl, creatinine clearance; GT, gastric tube; N/A, not applicable; NG, nasogastric; OTC, over the counter; P-gp,
P-glycoprotein; po, Per oral or by mouth; PVC, polyvinyl chloride; ULN, upper limit of normal.
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Table 5. Comparison of advantages and disadvantages of anticoagulants/thrombolytics for pediatric VTE

Agent Advantages Disadvantages Impact on QOL
UFH Short half-life Difficult to titrate in younger patients No studies
Available reversal agent (protamine) Variable bioavailability because of binding to plasma
No drug or food interactions proteins
Extensive clinical experience Need for frequent dose monitoring
Can be used in renal failure Poor correlation between dose and aPTT or anti-FXa
Modulatory effect on inflammation levels
Need for IV access
LMWH More predictable dosing (vs UFH and VKAs) Unpredictable dose-effect response as measured by SQ injections are traumatic
Few drug and food interactions anti-FXa levels
Extensive clinical experience SQ administration
Not fully reversible (protamine)
Needs careful monitoring in renal impairment
Fondaparinux Once daily dosing SQ administration No studies

Excellent bioavailability
Lower risk of HIT (vs UFH and LMWH)

Warfarin, acenocoumarol, and
phenprocoumon (VKAs)

Oral administration (only after therapeutic
anticoagulant with parenteral agent)

Once daily dosing

Can be used in renal failure

Available reversal agent (PCC, vitamin K)

Rivaroxaban Oral administration (only after >5 d of parenteral
anticoagulant)

Rapid onset and offset of action

Stable pharmacological profile

Few drug and food interactions

No need for routine laboratory monitoring

No risk for HIT

Dabigatran Oral administration (only after >5 d of parenteral
anticoagulant)

Rapid onset and offset of action

Stable pharmacological profile

Wide therapeutic window

Few drug and food interactions

No need for routine laboratory monitoring

No risk for HIT

t-PA More rapid thrombus resolution than anticoagulation
alone
Rapid onset and offset of action
Very short half-life

Difficult to administer small doses (no multidose vial)
Long half-life; not fully reversible

No commercially available liquid formulation At home point-of-care monitoring
Multiple food and drug interactions improves
Stability affected by developmental hemostasis and QoL
intercurrent illnesses
Need for frequent monitoring
Due to long and variable half-life, achieving target
therapeutic range can take 5-7 d

Should not be used in children with mechanical No studies
valves and APS
Limited efficacy and safety data on neonates and
infants
Rivaroxaban-specific anti-FXa assays not widely
available
No pediatric data available for reversal agent
(andexanet alfa)
Concern for increased menstrual bleeding (vs
LMWH, fondaparinux, and VKASs)

Should not be used in children with mechanical No studies
valves and APS

Limited efficacy and safety data on neonates and
infants

No pediatric data available for reversal agent
(idarucizumab)

Capsules cannot be crushed and dosage forms for
children who cannot swallow capsules are not
widely available

No administration via enteral tubes or syringes
(except for oral solution)

High risk of bleeding requiring administration in a N/A
critical care setting for close monitoring
IV administration only

APS, antiphospholipid syndrome; N/A, not applicable.

dose of 75 to 100 IU/kg based on unpublished data that resulted in
therapeutic aPTT values in the majority of children.'®® The main-
tenance dose required to prolong the aPTT to within the adult
therapeutic range, corresponding to an anti-FXa level of 0.35 to 0.7
is higher in neonates compared with older children and is also
gestational age dependent.'°%"°°

Both aPTT and anti-FXa levels are used in clinical practice to
monitor UFH therapy. Multiple preanalytic, analytic, and clinical
factors affect both aPTT and anti-FXa results. Studies have
demonstrated a poor correlation between these tests when used
to monitor UFH therapy®®'°""1°%1%% and lack of superiority in
predicting thrombosis or bleeding. Therefore, we suggest that
clinicians consistently use 1 test to monitor patients on UFH anti-
coagulation. Table 6 shows the suggested loading and initial age-
based doses for UFH and monitoring.
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AEs. The incidence of bleeding in children treated with UFH is
reported to be between 2% and 249%.'°”"'° These studies
included infants with underlying congenital heart disease and
children who were critically ill who are at higher risk of bleeding and
thus may not reflect the bleeding risk in other pediatric populations.
There are no studies reporting the incidence of bleeding specif-
ically in the preterm or term infant population.

Heparin-induced thrombocytopenia (HIT) is rare in pediat-
rics."""""'2 The incidence of HIT has been reported to be between
0% and 2.3% in different subgroups of children and with the use of
variable laboratory detection methods.''®"'® A recent review
reported an incidence of 1.5%, and no cases of HIT identified in
nearly 3000 newborns who underwent cardiac surgery.'"'”

One of the major risks of UFH therapy reported is accidental
overdoses due to stocking of UFH of different strengths (5000
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Acute VTE

!

Limb, organ, or life-threatening VTE
No high-risk bleeding

|

Critically ill, high risk bleeding, anticipated
surgical or invasive procedures

v !

No Yes

Renal

3

No Yes

Fonda monitoring

Tolerating oral intake

I

No Yes

| | Yes —>

Continue LMWH or
Fonda

VKA or continue
LMWH/Fonda

Patient with APS
Hepatic Impairment (mod-
severe) or active liver
disease™

No —>

AND —> Yes —> tPA

——

l TR

Not critically ill, high risk bleeding or anticipated

Impairment* & — — — - — — —

UFH (Acute setting)
LMWH Consider LMWH with careful

l VKA (if tolerating po)

*Refer to individual agent in implementation guideline for definitions and dosage recommendations based on degree renal impairment
**Refer to each individual agent in implementation guideline for definition of hepatic impairment and active liver disease

tPA therapy
completed

surgical or invasive procedures anymore

Yes VKA or continue

LMWH/Fonda
Rivaroxaban (after 5 days of parenteral AC)
or
Yes —>» Dabigatran (after 5 days of parenteral AC)
or
. Continue LMWH/Fonda
No 3 Patient >3
months old

Rivaroxaban (after 5 days of parenteral AC)
No —>» or
Continue LMWH

Figure 2. Guide to the selection of anticoagulant agent for treatment of VTE in pediatric patients. APS, antiphospholipid syndrome; Fonda, fondaparinux; po, by mouth.

IU/mL vs 50 IU/mL), and erroneous vial selection resulting in
supratherapeutic doses being administered in neonates or
children.''®

UFH can adversely affect bone remodeling and development, and
can cause osteoporosis.''® Therefore, extended use in neonates
and young children should be avoided. Additionally, UFH has been
reported to have antiangiogenic properties and its impact in this
regard on growth in young babies is unknown."?° Lastly, heparin-
related immediate-type hypersensitivity reactions are rare.'”’

Periprocedural management and management of
heparin-induced bleeding. Owing to its quick onset and offset
of action, UFH infusion can be discontinued 4 to 6 hours before
any anticipated surgeries or in the case of bleeding. For quick
reversal, protamine can be administered to neutralize UFH based

2620 MONAGLE et al

on the amount of UFH received (1 mg for every 100 IU, for a
maximum dose of 50 mg).

LMWH

Therapeutic range. The “therapeutic range” of LMWH for
treatment of VTE in children has been extrapolated from small
studies in adults, which targeted a peak anti-FXa level of 0.5 to 1.0
IlU/mL in a sample taken 4 hours (range, 3-5) after a dose.'??
Although most pediatric studies have used this range, a large
cohort study of enoxaparin used a range of 0.5 to 0.8 IU/mL with
similar outcomes.'?® Although monitoring LMWH in adults is not
routine, monitoring and adjusting the dose to stay in the therapeutic
anti-FXa range is the recommended approach in children, based on
numerous studies that have identified significant interpatient dose
variation across multiple age groups.®®
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Table 6. Dosing nomogram for UFH for pediatric VTE

Loading dose*
< 1y: 75 IU/kg over 10 min (maximum dose 5000 IU)
> 15 y: 80 IU/kg over 10 min (maximum dose 5000 IU)
Initial maintenance rate

<1y: 28 IU/kg per h

<1to 15y: 20 IU/kg per h (or an equivalent IU/kg per h to a maximum rate of 1250 1U/h)

>15 y: 18 1U/kg per h (or an equivalent IU/kg per h to a maximum rate of 1250 IU/h)

aPTTt (s) Anti-FXa (lU/mL) Dose adjustment Time to repeat anti-FXa/aPTT#
<50 <0.1 Bolus of 50 IU/kg and increase infusion rate 4 h after rate change
by 20%
50-59 0.1-0.29 Increase infusion rate by 10% 4 h after rate change
60-85 0.35-0.7 No change 4 h and when there are 2 consecutive levels
in goal range then check next day
86-95 0.71-0.9 Decrease infusion rate by 10% 4 h after rate change
96-120 0.91-1 Hold infusion for 30 min and decrease 4 h after rate change
infusion rate by 10%
>120 >1 Hold infusion for 60 min and decrease 4 h after rate change

infusion rate by 20%

*Loading dose is not recommended in neonates and in patients at high risk of bleeding

TAssumes this reflects an anti-FXa level of 0.35-0.7 IU/mL or a protamine titration on 0.2-0.4 |U/mL.
$Because of high intrapatient and interpatient variability in anticoagulant response to UFH, consider checking anti-FXa levels every 4 hours. Changes in renal function or with changes in

various types of renal replacement therapies may require dose adjustment.

Whether this is the optimal therapeutic anti-FXa range for children
remains unknown, and most retrospective studies have been
unable to correlate anti-FXa levels with efficacy or safety outcomes,
with some exception.'>*'° In addition, there is poor interlabor-
atory agreement and considerable variation among available anti-
FXa assays, likely providing false reassurance regarding the
importance of the therapeutic range.'®"'? Although some have
proposed that fixed weight-based dosing in children without
titrating to a “therapeutic range” may be safe, effective, and reduce
venipuncture, this has not been demonstrated clinically.'®"'%°

Despite these challenges, we have several decades of experience
titrating LMWHSs in children targeting this range. Recent phase 3
clinical trials in pediatric VTE have confirmed low rates of bleeding
and recurrent VTE in children treated with LMWHSs across a wide
range of settings.*%°

Monitoring. Anti-FXa levels can ensure the drug is within the
target range, typically 0.5 to 1 U/mL. Nonadherence can be
detected if anti-FXa levels are not measurable or well below the
anticipated level. The optimal frequency of anti-FXa monitoring in
children has not been investigated. Clinically stable older children
likely require minimal monitoring. Younger children with more rapid
changes in weight, as well as children who are critically ill and
those with changing renal status or antithrombin levels are likely to
benefit from closer monitoring.

Dosing. Current recommended dosing of LMWHSs is shown in
Table 7. These are predominantly age dependent.’?% 37144

A typical nomogram for adjusting LMWH dose according to anti-
FXa level is provided in Table 8.'“® The first anti-FXa level is usu-
ally checked 4 hours (range, 3.5-6) after the second or third dose
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of LMWH and adjusted if not in the therapeutic range. Because of
the difficulty of administering submilligram dosing of enoxaparin,
rounding up to the nearest whole milligram is recommended."*”
This recommendation applies also to the other LMWHs, which
are dosed in units. A pragmatic approach also applies to the use of

Table 7. Recommended starting dose for LMWHSs and fondaparinux

Drug Weight Age Initial treatment dose*
Enoxaparin'® N/A <3 mo 1.5-1.7 mg/kg, q12h
3mtoly 1-1.56 mg/kg, q12h
15y 1-1.2 mg/kg, q12h
>5y 1 mg/kg, q12h
Dalteparin®'’ N/A 1-24 mo 150 IU/kg, q12ht

28y 125 IU/kg, q12h

816y 100 1U/kg, q12h
Tinzaparin'®'%19 N/A 0-2 mo 275 U/kg, q24h
2-12 mo 250 U/kg, g24h

15y 240 U/kg, q24h

510y 200 U/kg, g24h

10-16 y 175 Ulkg, q24h

Reviparin®® <5 kg N/A 150 U/kg, q12h
>5 kg N/A 100 U/kg, q12h

Nadroparin®® N/A 0-2 mo 224 U/kg, q12h
2-24 mo 127 U/kg, q12h

2-11y 107 U/kg, q12h

12-18y 92 U/kg, q12h

Bemiparin®® N/A 0-2 mo 197 U/kg, q24h
2-12 mo 163 U/kg, q24h

15y 150 U/kg, q24h

612y 126 Ulkg, q24h

Fondaparinux N/A 1-17y 0.1 mg/kg, q24h

N/A, not applicable; q12h, every 12 hours.

*Dose should be subsequently titrated to achieve a peak heparin anti-FXa level of 0.5-1.0
IU/mL.

tNeonates may need higher doses.'*®
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Table 8. Nomogram for adjusting LMWH dose

Anti-FXa level Dose change*

<0.35 IU/mL Increase by 25%

0.35-0.49 IU/mL Increase by 10%
0.5-1.0 IU/mL None
1.1-1.5 IlU/mL Decrease by 20%

1.6-2.0 IU/mL Decrease by 30%

*If dose is changed, recheck after second dose.

prefilled syringes of LMWH (using the closest dose within reason
[10%-150%], rather than exact weight-based dose). Administration
from multidose vials may be preferred in smaller children because it
allows the use of a smaller bore needle than the standard for the
prefilled syringes.

ADDITIONAL POINTS ON DOSING ENOXAPARIN. Existing age-related
dosing recommendations and dose adjustments for enoxaparin
(<2 months of age: 1.5 mg/kg SQ injection 2 times a day;
>2 months of age: 1 mg/kg SQ every 12 hours) are based on a
small prospective dose-finding study of 23 children.”®'*® There
have been numerous subsequent studies demonstrating that this
dosing strategy results in subtherapeutic anti-FXa levels in many
children aged <5 years who often require multiple dose adjust-
ments, although the proportion varies across studies, partly
because of variation in anti-FXa assays.'?®126:127:130.149-168 Tpg
proportion of neonates with subtherapeutic values is even higher,
likely because of a higher volume of distribution, lower concentra-
tion of antithrombin, and more rapid clearance.'3°'47:15%158,159,166
These findings have led many to call for higher starting doses for
younger patients, particularly neonates. Two retrospective studies
comparing the current dosing recommendations to higher starting
doses have reported that fewer dose adjustments and venipunc-
tures were needed in those with a higher starting dose, without an
increase in bleeding.'*”"®° In contrast, a large retrospective pop-
ulation PK study of enoxaparin in >800 children aged >1 year
predicted that using 1 mg/kg, 2 times a day, had the highest
probability of achieving a therapeutic anti-FXa level."®®

Although higher dosing strategies have not been prospectively
validated, existing studies suggest that if an anti-FXa range of 0.5
to 1.0 lU/mL is the target, higher starting doses in younger patients
will achieve this target more rapidly than current recommenda-
tions.'®>"4%157 Many centers have developed modified dosing
strategies based on analysis of their own patient data, which has
the benefit of center-specific anti-FXa assays, and, when possible,
this approach is recommended. Although it remains uncertain
whether higher dosing strategies will influence clinical outcomes, a
reduction in dose adjustments and venipuncture has merit, and
retrospective studies have not reported higher bleeding rates with
higher starting doses. Therefore, we have included a higher enox-
aparin starting dose strategy for children aged <5 years in Table 7.
This strategy is informed by ~25 studies and >3000 chil-
dren,!26:127:180,147156,189,161170  prognective evaluation of this
strategy is strongly encouraged. This range may also allow for more
individualized dosing based on unique patient risks for bleeding or
thrombotic complications.
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ONCE-A-DAY ENOXAPARIN. Enoxaparin is approved for treatment of
adult VTE at a dose of 1.5 mg/kg SQ once daily. Several studies
have investigated once daily administration in children with variable
results and conclusions, in part because they used different anti-
FXa target ranges.'”"

A prospective PK and pharmacodynamic study investigated the use
of once daily enoxaparin in 16 children aged >3 months with VTE
who received >48 hours of twice daily enoxaparin dosing and then
transitoned to 1.5 mg/kg once daily.'”" Peak anti-FXa was
measured 4 hours after the second dose, with a therapeutic anti-FXa
range of 1.0 to 2.0 IU/mL. The study found significant variation in the
dose required to achieve this target range and low anti-FXa trough
values, resulting in lower total drug exposure in children compared
with adults. The conclusion from this small study was that once daily
enoxaparin was probably not feasible in children."”"

A second PK study compared 120 children with VTE who received
either once or twice daily treatment after 10 to 14 days of twice
daily treatment.'”? In this study the 2- to 4-hour peak anti-FXa
target range was 0.5 to 0.8 IU/mL and the 24-hour trough anti-
FXa target was >0.1 IU/mL. Patients aged >1 year received
1 mg/kg once daily, and those aged <1 year received 1.5 mg/kg
once daily. There were no differences in recurrent VTE or bleeding
in the groups. There was significant interpatient variability in PK
parameters and among patients treated once daily, only 53% had
adequate trough levels.'”?

A retrospective study comparing 39 children who received once
daily enoxaparin “maintenance therapy,” started after >2 weeks of
twice daily therapy, with 32 children who continued to receive
twice daily dosing, did not identify differences in outcomes
between these 2 groups, although patients with less extensive
thrombus were more likely to receive once daily therapy.'”®
Patients treated once daily started at 1.5 mg/kg to target a peak
therapeutic anti-FXa of 0.7 to 1.2 IU/mL.""®

IV ENOXAPARIN. IV enoxaparin has been used in a small number of
pediatric studies, including patients who are critically ill and those
with significant soft tissue edema or burns.'”*'”” When adminis-
tered as an infusion over 30 minutes, peak anti-FXa levels were
similar to those reported with SQ administration.'”*'”® The
clearance of the drug has not been carefully studied with IV
administration.

LMWH DOSING CONSIDERATIONS IN OBESITY. Increasing data
support concerns that patients who are overweight/obese and are
receiving enoxaparin are more likely to have supratherapeutic anti-
FXa values.'”®"%° In a review that included 94 pediatric patients
from 6 studies, the mean final enoxaparin dose had been reduced
from 1 mg/kg twice daily to 0.84 mg/kg twice daily, and population
models developed using fat-free mass have been proposed.'”%'®"
These studies highlight the importance of more closely monitoring
for drug accumulation in this subgroup of patients. There is a lack
of data to advise dosing of other LMWHs in children who are
overweight/obese.'”®

AEs. Increased bleeding risk, particularly in patients with other
bleeding risk factors, concomitant use of antiplatelet or other
anticoagulation medications, and in those undergoing an invasive
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procedure. In the EINSTEIN-Junior trial, enoxaparin was used in
85% patients in the SOC arm, and major bleeding occurred in
2.4% patients (n = 1), and CRNMB occurred in 0%.** In the KIDS-
DOTT trial, ~86% of all patients were on enoxaparin and there
were 12 CRNMB events that occurred in 7 patients (3%).%7 Safety
data on 50 children treated with dalteparin reported injection site
bruising in 30%, with minor bleeding in 40% and major bleeding
(intestinal hematoma) in 1 patient (29%)."%°

Periprocedural management. The 2022 American College of
Chest Physicians adult guidelines generally recommend hold on
LMWH 24 hours before procedure and resuming 24 hours after
the procedure in low-risk procedures. Resumption of LMWH
should be 48 to 72 hours after a procedure with a high bleeding
risk, although the use of low-dose LMWH or UFH can be used for
patients with a high risk of thromboembolic complications.'®?

Management of bleeding. Protamine can partially reverse the
anti-Flla activity of LMWH, but it only reverses 60% to 70% of the
anti-FXa activity.'®® Dosing of protamine depends on the dose and
timing of the most recent LMWH administration. If it has been <8
hours since the last dose, 1 mg of protamine per 100 U, or 1 mg of
LMWH can be given; if it has been 8 to 12 hours, 0.5 mg of
protamine per 100 U, or 1 mg of LMWH is recommended.'®*
Repeated measurements of anti-FXa level may be required in
cases of ongoing bleeding, with further doses of protamine being
administered. The maximum recommended dose of protamine is
50 mg.184

Fondaparinux

Therapeutic range. Fondaparinux is not routinely monitored in
adults but, if required, can be monitored using an anti-FXa activity
assay, calibrated with fondaparinux. Target peak concentration for
therapeutic anticoagulation in adults is 0.5 to 1.0 mg/L, and this
range has been extrapolated to children treated with fondaparinux.
Fondaparinux does not usually affect routine coagulation tests,
prothrombin time, or aPTT, when used in therapeutic doses but can
cause aPTT prolongation at higher doses.

Dosing/dose frequency. A starting dose of 0.1 mg/kg once
daily is recommended in children aged 1 to 17 years. This is based
on an open-label prospective study (FondaKIDS) of 24 children
treated for DVT or HIT."®® Dosing was adjusted to achieve peak
concentrations of 0.5 to 1.0 mg/L after 4 hours, tested initially after
the first dose, with 88% of individuals achieving the target con-
centration without dose adjustment.'®°

Periprocedural management. The anticoagulant effect of fon-
daparinux may persist for 2 to 4 days in patients with normal renal
function because of its long elimination half-life.

Management of bleeding. There is no antidote to fondaparinux.
Bleeding should be managed as per protocols for managing
bleeding due to other irreversible anticoagulants.

Warfarin, acenocoumarol, and phenprocoumon

Therapeutic range. Target therapeutic ranges for children are
currently extrapolated from the therapeutic ranges used in adults
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for the different indications.’** 4185189 The most common target
international normalized ratio (INR) for children for the treatment of
VTE is 2.5 (range, 2.0-3.0). High-risk conditions may require a
higher range of 2.5 to 3.5. As yet, there have been no clinical trials
to assess appropriate INR ranges for children.

Monitoring. VKAs have a very narrow therapeutic index, and
patients require frequent blood monitoring to ensure therapeutic
anticoagulation and to minimize the risk of bleeding.'®®'°" The
blood monitoring test for warfarin therapy is the INR. Decisions
around frequency of INR monitoring are informed by the child’s
age, length of time on treatment, changes in medication and food,
and the presence of infections or comorbidities.'" 87192193 The
age group found to be most susceptible to fluctuations in INR are
children aged <1 year.'9%"91:195.194 This sysceptibility has been
attributed to low concentrations of vitamin K in breast milk and high
concentrations of vitamin K in most formula,'*® 86187192195
Infants and small children require very regular INR tests (on
average, 2 tests per week) compared with once-a-month testing in
most adult patients,'®" 194196197

Dosing. At VKA commencement, children will experience a pro-
thrombotic state. The peak anticoagulation effect is not reached
until 5 to 7 days after initiation and for this reason, bridging with
other anticoagulants (UFH or LMWH) for patients with acute VTE
is necessary until the target INR range is achieved.

Many factors, such as a patient age, weight, height, concurrent
drug therapy, genetics, and vitamin K intake can affect the
appropriate dose for VKAs in children to achieve the target INR
value. Younger children require higher dosing per kilogram of
body weight to achieve similar INR values compared with older
children,'92193:197.198 \Warfarin is the most well-established VKA
used in children. The initial loading dose is 0.2 mg/kg per day, with
a maximum dose of 10 mg per dose in those whose INR goal is
between 2.0 and 8.0'9%'9%19%199 (Taple 9). For children who
require warfarin after undergoing a Fontan procedure or who have
liver dysfunction, the initial loading dose should be 0.1 mg/kg per
dose.

The starting dose for acenocoumarol ranges from 0.20 mg/kg to
0.06 mg/kg, dependent on age (Table 9).'°%?°° Dosing guidelines
for phenprocoumon for children are limited, with most based on
adult studies. One multicenter study was able to provide guidance
for initial and maintenance phenprocoumon dosing for children
(Table 9).2°"

After initial per-kilogram dosing, the VKA dose should then be
increased, held, or decreased dependent on INR values. VKA dose
adjustment guidelines for children with a target INR range of 2.0 to
3.0 following a published nomogram are presented in Table 9.%°°2

Food interactions. The anticoagulant effects of VKA may be
decreased if taken with food rich in vitamin K. All infant formulas are
fortified with vitamin K, whereas breast milk has low concentration
of vitamin K, making breast-fed infants more susceptible to
warfarin. Vitamin E and cranberry juice may increase warfarin
effect. Maintaining a consistent diet and taking warfarin at the same
time every day will enhance INR stability; however, developmentally,
children’s diet will change with age.??2°?
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Table 9. Starting dose for VKAs by age

Starting dose

VKA Age (mg/kg)* Frequency
Warfarin
Standard 0-18y 0.20 Once daily
Fontan 0-18y 0.10 Once daily
Liver dysfunction 0-18y 0.10 Once daily
Acenocoumarol
2moto 1y 0.20 Once daily
>1-5y 0.09 Once daily
6-10y 0.07 Once daily
11-18y 0.06 Once daily
Phenprocoumon (median dose)
<ly 0.15 Once daily
>1-5y 0.09 Once daily
6-10y 0.13 Once daily
11-18y 0.08 Once daily
Maintenance dosing for INR target range of 2.0-3.0
INR Adjustment

1.1-1.4 Increase dose by 20%

1.5-1.9 Increase dose by 10%
2.0-3.0 No change

3.1-35 Decrease dose by 10%
>35 Hold until INR of <3.5, then

restart at 20% of dose

*Maximum starting dose, 10 mg.

AEs. The most common AE is bleeding, which can be severe
because of the narrow therapeutic index.”°>?°* Reported bleeding
rates in pediatric studies are highly variable because of varying
patient populations.?°®2'® When reported, major bleeding occurred
in 0% to 5.5% of patients, other bleeding events occurred in 0% to
35.5% of patients, and thrombosis occurred in 0% to 13.8% of
patients.

Other less common but reported side effects noted in product
labeling include skin necrosis (especially in patients with protein C
or protein S deficiencies), vasculitis, dermatitis including livedo-
reticularis, gastrointestinal symptoms, transaminitis, and hypersen-
sitivity reactions. Reports of postmarketing side effects include
alopecia,®'® calcium uremic arteriolopathy,?'®?'” tracheobron-
chial,?'”??° and decreased bone mineral density in children and
adolescents receiving long-term (>1 year) VKA therapy.??"22°

Periprocedural management. \Whether to discontinue VKAs in
patients undergoing a procedure depends on the degree of inva-
siveness and expected bleeding. Minor dental or surgical proced-
ures associated with minimal bleeding risk may allow for
continuation of VKA; however, coordination with the proceduralist
and the provider managing anticoagulation is needed.??*2¢ For
more invasive procedures, VKA doses should be held 4 to 5 days
before the procedure to allow INR values to return to normal.
Because of the initial prothrombotic state and delayed onset of
anticoagulation with initiation of VKAs, a practice of bridging with a
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shorter-acting anticoagulant (usually UFH or LMWH) may be
instituted. Adult studies have shown that perioperative bridging
therapy may not be needed for most patients, especially in light of
the fact that it has been shown to lead to a threefold increased risk
of major bleeding.??”"2*° Adult patients who may require bridging
are those at high risk of thrombosis, including patients who have
had a recent VTE within the previous month, who have a history of
VTE during prior pauses in anticoagulation therapy, or in those who
are undergoing a procedure with high inherent risk for VTE.>? A
single-center retrospective study in children reported no instances
of major bleeding or thromboembolism in 61 instances of peri-
procedural interruption in warfarin, whether bridging was instituted
or not, and, therefore, the authors suggest bridging only for pedi-
atric patients at high risk for thrombosis.>**>*' Postoperatively,
anticoagulation should be initiated as soon as the bleeding risk has
declined and it is deemed safe by the proceduralist. For those who
are bridging, the bridging agent should be continued until the INR
has reached desired therapeutic range.?%2°"

Management of bleeding. Management of bleeding in patients
with VTE being treated with VKAs is mostly extrapolated from the
adult data. The adult guidelines from the American College of
Chest Physicians suggest that for INR between 4.5 and 10 without
bleeding, VKAs should be held until the INR returns to the desired
range.”®? For INRs of >10 without bleeding, VKAs should be
reversed with oral vitamin K. For major bleeding at any INR level,
VKAs should be reversed rapidly with IV vitamin K along with an
activated prothrombin concentrate.?®? Limited pediatric data have
shown that most children on VKAs with supratherapeutic INR
values and no bleeding symptoms may be safely monitored with
observation alone.”*®

Rivaroxaban

Dosing. As per license, rivaroxaban use is not recommended in
children aged <6 months who were <37 weeks of gestation at
birth, had <10 days of full oral feeding, or weigh <2.6 kg. Treatment
with >5 days of parenteral anticoagulant therapy (UFH, LMWH, or
fondaparinux) is recommended before starting rivaroxaban for
acute treatment of VTE.*® Rivaroxaban should be taken with meals,
given improved bioavailability noted for higher doses.’**?%* The
dosing and frequency of administration in children is based on
body weight and is provided in Table 10.

Monitoring. Routine monitoring is typically not required.
Rivaroxaban-specific, chromogenic anti-FXa assays are available in
some laboratories and can be useful in specific circumstances
such as cases of overdose and to monitor compliance.

AEs. In the EINSTEIN-Junior trial, no patient had major bleeding,
whereas the rate of CRNMB was noted to be 3%.%® A higher rate of
CRNMB (~19%; 3/16) was reported in an observational study
reporting rivaroxaban use for patients with cancer with throm-
bosis.?*> Of adolescent females enrolled in the EINSTEIN-Junior
phase 2 and phase 3 trials, 15% and 19% reported heavy men-
strual bleeding, respectively, although real-world data from an
American Thrombosis and Hemostasis Network (ATHN) study
reported heavy menstrual bleeding in 46% (26/54) of females (aged
>12 years) receiving rivaroxaban.*®'%%?%¢ Impact of rivaroxaban on
bone density is not known.
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Table 10. Rivaroxaban pediatric dosing

Dosage
Dosage form Body weight Once a day Twice a day Three times a day Total daily dose
Oral suspension only 2.6-2.9 kg = = 0.8 mg 2.4 mg
3-3.9 kg - - 0.9 mg 2.7 mg
4-4.9 kg = = 1.4 mg 4.2 mg
5-6.9 kg - - 1.6 mg 4.8 mg
7-7.9 mg = = 1.8 mg 5.4 mg
8-8.9 mg - - 2.4 mg 7.2 mg
9-9.9 kg = = 2.8 mg 8.4 mg
10-11.9 kg - - 3 mg 9 mg
12-29.9 mg = 5 mg = 10 mg
Oral suspension or tablets 30-49.9 kg 15 mg - - 156 mg
>50 kg 20 mg - - 20 mg

Periprocedural management. Periprocedural management of
rivaroxaban in children has not been studied. The following rec-
ommendations have been extrapolated from the Perioperative
Anticoagulation Use for Surgery Evaluation study.”®” For low-risk
bleeding procedure, pause treatment 24 hours before procedure;
for high-risk bleeding procedure, pause treatment 48 hours before
procedure. This recommendation does not take into consideration
the shorter half-life in younger patients.

Management of bleeding. For major/life-threatening bleeding in
younger children, rivaroxaban should be held, and use of a 3- or 4-
factor PCC should be considered. Andexanet alfa can be consid-
ered in older adolescents with major bleeding on rivaroxaban.
Andexanet alfa, an inactive recombinant FXa, sequesters FXa
inhibitors including rivaroxaban and is approved for use in adults on
rivaroxaban who experience life-threatening hemorrhage.?*® There
are no pediatric studies of andexanet alfa. Lastly, activated charcoal
should be considered if the last dose of rivaroxaban was adminis-
tered within the previous 2 hours.

DE

Therapeutic range/monitoring. Dabigatran etexilate (DE) is
licensed for use without the need for monitoring. Although the
routine monitoring of dabigatran levels is not recommended, there
are certain circumstances in which measuring dabigatran-related
anticoagulation activity may be helpful or necessary, such as in
cases of overdose or to monitor therapy compliance.”*® The dilute
thrombin time is the recommended assay but not widely available.
The aPTT, which has the advantage of being widely available, can
provide an approximate estimate of the anticoagulant effect of
dabigatran; however, the aPTT lacks sensitivity, particularly at
higher dabigatran plasma concentrations; thus, results should be
interpreted with caution.?*°

Dosing. Dosing of DE depends on age, weight, and formulation,

and is provided in Table 11. Oral pellets and capsules cannot be
combined or substituted on a milligram-to-milligram basis.

AEs. In the DIVERSITY trial, 77% of children receiving dabigatran
reported an AE; most of these were mild to moderate in severity,
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whereas serious AEs occurred in 13% of children.** Headache,
vomiting, dyspepsia, and abdominal pain were the most reported
AEs in the trial.** Any bleeding events were reported in 22% of
patients receiving dabigatran, of which major bleeding occurred in
2% and CRNMB in 1% of patients.

Periprocedural management. Duration of DE discontinuing
before a surgical procedure is dependent upon renal function. For
patients with an estimated GFR of >80 mL/min per m?, a 24-hour
hold is recommended; for those with an estimated GFR of 50 to
80 mL/min per m?, a 48-hour hold is recommended.

Management of bleeding. For major/life-threatening bleeding in
younger children, DE should be held, and use of 3- or 4-factor PCC
should be considered. Idarucizumab can be considered in older
adolescents with major bleeding on DE. Idarucizumab is a
humanized monoclonal antibody fragment that binds to dabigatran
with high affinity, resulting in an immediate, complete, and sus-
tained reversal of its anticoagulant activity.?*’ There are no pedi-
atric studies of idarucizumab. Lastly, activated charcoal should be
considered if last dose of dabigatran was within the previous 2
hours.

t-PA

Thrombolysis with an antifibrinolytic agent such as t-PA can be
considered when more rapid clot resolution is necessary, but its
use comes at a cost of increased bleeding. The use of t-PA is
contraindicated in patients with active bleeding, and potential
benefits vs harms should be carefully evaluated in the following
patients: those having undergone recent surgery (especially intra-
cranial or spinal surgery), recent documented bleeding events, and
known central nervous system lesions (eg, tumor, vascular mal-
formation, stroke, or recent trauma). The recombinant products
available include alteplase, reteplase, and tenecteplase. Most
publications in pediatrics describing the use of thrombolytic ther-
apy have used alteplase (which is most widely available globally) for
the treatment of VTE, so we have focused on this agent.

Dosing. Fibrinolytic therapy is administered IV systemically or via
multiside, hole catheter directly into the thrombus (CDT). CDT can
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Table 11. Dabigatran pediatric dosing

Age of >33 moto<2y
Oral pellets

Ageof2yto<i2y

Age of 8y to <18y

Oral pellets Capsules

Body weight, 3 to <4 kg (age, 3 to <6 mo): 30 mg bid

Body weight, 4 to <5 kg (age, 3 to <10 mo): 40 mg bid

Body weight, 5 to <7 kg (age, 3 to <5 mo): 40 mg bid

Body weight, 5 to <7 kg (age, 5 to <24 mo): 50 mg bid

Body weight, 7 kg to <9 kg (age, 3 to <4 mo): 50 mg bid
Body weight, 7 kg to <9 kg (age, 4 to <9 mo): 60 mg bid
Body weight, 7 kg to <9 kg (age, 9 to <24 mo): 70 mg bid
Body weight, 9 kg to <11 kg (age, 5 to <6 mo): 60 mg bid
Body weight, 9 kg to <11 kg (age, 6 to <11 mo): 80 mg bid
Body weight, 9 kg to <11 kg (age, 11 to <24 mo): 90 mg bid
Body weight, 11 to <13 kg (age, 8 to <18 mo): 100 mg bid
Body weight, 11 to <13 kg (age, 18 to <24 mo): 110 mg bid
Body weight, 13 to <16 kg (age, 10 to <11 mo): 100 mg bid
Body weight, 13 to <16 kg (age, 11 to <24 mo): 140 mg bid
Body weight, 16 kg to <21 kg (age, 12 to <24 mo): 140 mg bid
Body weight, 21 kg to <26 kg (age, 18 to <24 mo): 180 mg bid

Body weight, 7 to <9 kg: 70 mg bid
Body weight, 9 to <11 kg: 90 mg bid
Body weight, 11 to <13 kg: 110 mg bid
Body weight, 13 to <16 kg: 140 mg bid
Body weight, 16 to <21 kg: 170 mg bid
Body weight, 21 to <41 kg: 220 mg bid

Body weight, 11 to <16 kg: 75 mg bid
Body weight, 16 to <26 kg: 110 mg bid
Body weight, 26 to <41 kg: 150 mg bid
Body weight, 41 to <61 kg: 185 mg bid
Body weight, 61 to <81 kg: 220 mg bid
Body weight, >81 kg: 260 mg bid

Body weight, >41 kg: 260 mg bid

bid, twice a day.

be used in conjunction with mechanical methods of thrombolysis.
CDT requires available local resources and expertise. CDT may
offer similar rates of thrombus resolution as systemic thrombolysis,
with the proposed benefit of lower bleeding risk; however, there is
limited evidence for this in both adults and pediatrics

SYSTEMIC THROMBOLYSIS. The US Food and Drug Administration
approved adult dosing regimens for systemic thrombolysis using
alteplase for the treatment of DVT and PE at a standard dose of
100 mg IV infused over 2 hours. In contrast, the published systemic
thrombolysis dosing regimens in children use weight-based dosing at
what has been termed “standard doses” or a “low dose” over a
longer duration. A usual standard dosing regimen is 0.5 mg/kg per
hour over 6 hours, with a range of 0.1 mg/kg per hour to 0.5 mg/kg
per hour over 2 to 6 hours.”®?*? Various low-dose regimens have
been published and range from 0.01 to 0.06 mg/kg per hour for 12 to
48 hours.>***° Wang et al**® reported that an initial dose rate of
0.01 mg/kg per hour to 0.03 mg/kg per hour is effective for thrombus
lysis in most patients; however, neonates required higher doses at
0.06 mg/kg per hour; infusions of FFP are considered in this popu-
lation because of low levels of plasminogen.?*® A more recent study
used a standardized regimen with an initial dose of 0.03 mg/kg per
hour for 48 hours, with a maximum dose of 2 mg/kg per hour.>*°

CDT. Usual adult initial dosing of t-PA for DVT is in the range of
0.5 mg/h to 1 mg/h. For children, weight-based dosing of 0.01 to
0.08 mg/kg per hour has been reported with a maximum of 2 mg/
h.247251 In case series of pediatric patients with PE treated with
CDT, weight-based dosing of 0.03 to 0.06 mg/kg per hour up to a
maximum dose of 2 mg/h was used.®%252

CONCOMITANT ANTICOAGULATION WITH THROMBOLYSIS. There is

no consensus for the concomitant use of heparin with thrombol-
ysis. With standard-dose infusions of t-PA, the bleeding risk may be
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increased with the use of anticoagulation and there is limited
experience for its safety. However, in published regimens with low-
dose systemic thrombolysis or CDT, UFH is commonly used. Both
low-dose UFH (5-10 U/kg per hour) and therapeutic UFH have
been reported. Less commonly, LMWH has also been used with
thrombolysis but is not usually recommended because of safety
concerns, given that LMWH has a longer half-life and is less readily
reversible compared with UFH.

Monitoring. There is no therapeutic range for thrombolytic
agents; however, fibrinogen levels, aPTT, and prothrombin time are
commonly monitored during thrombolytic infusions. t-PA binds to
clot-bound fibrin; however, systemic depletion of fibrinogen may be
observed. Fibrinogen values of <150 mg/dL have been associated
with increased bleeding.

AEs. Between 10% and 40% of patients treated with t-PA will
experience major AEs.?**?°* The most common AE is bleeding,
and bleeding is more likely in patients who weighed less, had a
longer duration of therapy, a greater decrease in fibrinogen levels,
and who failed to have resolution of their clot. Hypersensitivity
reactions are among the less common AEs described with t-PA
use. Allergic reactions have been reported and resolve with con-
ventional treatment methods.

Periprocedural management. Although it has a very short half-
life (5 minutes), fibrinolytic effects of t-PA may continue for up to 1
hour after discontinuation. Thus, the infusion should be dis-
continued accordingly in preparation for any procedure(s).>>>*°°

Management of bleeding. If bleeding occurs, the infusion
should be stopped immediately. Although there is no direct reversal
agent for t-PA, antifibrinolytics such as tranexamic acid and ami-
nocaproic acid have been shown to be effective treatments.
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Additionally, in cases of hypofibrinogenemia, fresh frozen plasma or
cryoprecipitate may be used. Transfusion of blood products may be
administered as appropriate.®®2°%:25¢

Limitations of these guidelines

The limitations of these guidelines are inherent in the low or very
low certainty in the evidence that we have identified for many of the
questions.

Revision or adaptation of the guidelines

Plans for updating these guidelines

After publication of these guidelines, ASH/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.?®7*°®
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