
CLINICAL GUIDELINES

American Society of Hematology 2018 Guidelines for management of
venous thromboembolism: treatment of pediatric
venous thromboembolism

Paul Monagle,1 Carlos A. Cuello,2,3 Caitlin Augustine,4 Mariana Bonduel,5 Leonardo R. Brandão,6 Tammy Capman,7 Anthony K. C. Chan,8

Sheila Hanson,9 Christoph Male,10 Joerg Meerpohl,11 Fiona Newall,12,13 Sarah H. O’Brien,14 Leslie Raffini,15 Heleen van Ommen,16

John Wiernikowski,17 Suzan Williams,18 Meha Bhatt,2 John J. Riva,2,19 Yetiani Roldan,2 Nicole Schwab,2 Reem A. Mustafa,2,20 and
Sara K. Vesely21

1Department of Clinical Haematology, Royal Children’s Hospital, University of Melbourne and Murdoch Children’s Research Institute, VIC, Australia; 2Department of Health Research
Methods, Evidence, and Impact, McMaster University, Hamilton, ON, Canada; 3Tecnologico de Monterrey School of Medicine, Monterrey, Mexico; 4Boston, MA; 5Department of
Hematology/Oncology, Hospital de Pediatria “Prof. Dr. Juan P. Garrahan,” Buenos Aires, Argentina; 6Division of Haematology/Oncology, Department of Pediatrics, The Hospital for Sick
Children, Toronto, ON, Canada; 7Melbourne, FL; 8Department of Pediatrics, McMaster University, Hamilton, ON, Canada; 9Department of Pediatrics, Medical College of Wisconsin and
Critical Care Section, Children’s Hospital of Wisconsin, Milwaukee,WI; 10Department of Pediatrics, Medical University of Vienna, Vienna, Austria; 11Department of Medical Biometry and
Statistics, Institute of Medical Biometry and Medical Informatics, University of Freiburg and University Medical Center Freiburg, Freiburg, Germany; 12Department of Clinical Haematology
and 13Department of Nursing Research, Royal Children’s Hospital, University of Melbourne, Murdoch Children’s Research Institute, Melbourne, VIC, Australia; 14Division of Pediatric
Hematology/Oncology, Nationwide Children’s Hospital, The Ohio State University, Columbus, OH; 15Department of Pediatrics, Children’s Hospital of Philadelphia, University of
Pennsylvania, Philadelphia, PA; 16Department of Pediatric Hematology, Sophia Children’s Hospital Erasmus MC, Rotterdam, The Netherlands; 17Division of Hematology/Oncology,
Department of Pediatrics, McMaster Children’s Hospital, McMaster University, Hamilton, ON, Canada; 18Department of Pediatrics, Hospital for Sick Children, University of Toronto,
Toronto, ON, Canada; 19Department of Family Medicine, McMaster University, Hamilton, ON, Canada; 20Division of Nephrology and Hypertension, Department of Medicine, University of
Kansas Medical Center, Kansas City, KS; and 21Department of Biostatistics and Epidemiology, University of Oklahoma Health Sciences Center, Oklahoma City, OK

Background: Despite an increasing incidence of venous thromboembolism (VTE) in pediatric patients in
tertiary care settings, relatively few pediatric physicians have experience with antithrombotic interventions.

Objective: These guidelines of the American Society of Hematology (ASH), based on the best available
evidence, are intended to support patients, clinicians, and other health care professionals in their
decisions about management of pediatric VTE.

Methods: ASH formed a multidisciplinary guideline panel that included 2 patient representatives and was
balanced to minimize potential bias from conflicts of interest. The McMaster University GRADE Centre
supported the guideline-development process, including updating or performing systematic evidence
reviews (up to April of 2017). The panel prioritized clinical questions and outcomes according to their
importance for clinicians and patients. The panel used the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) approach, including GRADE Evidence-to-Decision frameworks, to
assess evidence and make recommendations, which were subject to public comment.

Results: The panel agreed on 30 recommendations, covering symptomatic and asymptomatic deep vein
thrombosis, with specific focus on management of central venous access device–associated VTE. The panel
also addressed renal and portal vein thrombosis, cerebral sino venous thrombosis, and homozygous protein
C deficiency.

Conclusions: Although the panel offered many recommendations, additional research is required.
Priorities include understanding the natural history of asymptomatic thrombosis, determining subgroup
boundaries that enable risk stratification of children for escalation of treatment, and appropriate study of
newer anticoagulant agents in children.

Summary of recommendations

These guidelines are based on updated and original systematic reviews of evidence conducted by
researchers and developed under the direction of the McMaster University GRADE Centre with
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Resources for implementing these guidelines, including apps, patient decision aids,
and teaching slide sets, may be accessed at the ASH Web page hematology.org/vte
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international collaborators. The panel followed best practice for
guideline development recommended by the Institute of Medicine
and the Guidelines International Network.1-4 The panel used the
Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) approach5,6 to assess quality of evidence
and formulate recommendations. There are many aspects to the
diagnosis, treatment, and management of thromboembolic
disease in children; however, the panel focused on the treatment
of venous thromboembolism (VTE).

The incidence of VTE in children at a population level is very low,
reported to be 0.07 to 0.14 per 10 000 children.7-10 However, in
hospitalized children the rate is increased 100 to 1000 times, to $58
per 10 000 admissions.11 Thus, despite some exceptions, venous
thrombosis should be considered a disease of sick children. The
commonest age groups for VTE are neonates and teenagers, and this
reflects the pattern of associated underlying diseases and interven-
tions. The most common precipitating factor is the presence of a
central venous access device (CVAD), which is related to almost 90%
of VTE in neonates and .60% in older children.7 Although rare,
spontaneous thrombosis in previously well children can often present
the most challenging treatment dilemmas. The natural history of many
types of VTE in children remains unclear. There are no anticoagulant
drugs approved for use in children, with very little specific research in
children. Much of the evidence for treatment is extrapolated from adult
practice, despite the major differences between adults and children in
the epidemiology and pathophysiology of thrombosis, the physiology of
the coagulation system, and the impact of this on the pharmacology of
antithrombotic agents. The recommendations within these guidelines
address questions predominantly of whether to treat and which type of
treatment is optimal for given clinical situations. They do not address
the optimal use of particular therapeutic agents in terms of dose,
intensity, or duration (with a couple of exceptions) or monitoring
strategies. When referring to anticoagulation treatment, the panel
is referring to unfractionated heparin, low-molecular-weight
heparin, fondaparinux, or vitamin K antagonists, because these
drugs are currently used in children, and there are published safety
data for each. An a priori decision was made that the direct oral
anticoagulants (eg, dabigatran, rivaroxaban, apixaban) were out of
scope for these recommendations, because these remain in-
vestigational in children, given no published pharmacokinetics,
safety, or efficacy studies, although the panel noted that many
such trials are ongoing. In that context, the panel believed that
direct oral anticoagulants should only be used within the context
of formal clinical trials.

In general, the panel preferred to word recommendations as “against”
an intervention rather than “for” the comparator, primarily for ease of
understanding about the intention of the recommendation.

Interpretation of strong and

conditional recommendations

The strength of a recommendation is expressed as strong (“the
guideline panel recommends…”) or conditional (“the guideline
panel suggests…”) and has the following interpretations.

Strong recommendation

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

c 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.

c For policy makers: 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.

c 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 recommendation.

Conditional recommendation

c For patients: the majority of 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 individuals risks, values, and
preferences.

c For clinicians: different choices will be appropriate for individual
patients, and clinicians 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.

c For policy makers: policy making 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.

c 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) recommen-
dation will help to identify possible research gaps.

Recommendations

Anticoagulation in symptomatic and asymptomatic

deep vein thrombosis or pulmonary embolism

Recommendation 1. The American Society of Hematology
(ASH) guideline panel recommends using anticoagulation rather
than no anticoagulation in pediatric patients with symptomatic
deep vein thrombosis (DVT) or pulmonary embolism (PE) (strong
recommendation based on very low certainty in the evidence of
effects Å◯◯◯). Remarks: Although there remains limited direct
evidence in children, there is very strong indirect evidence from
adults that symptomatic VTE requires treatment. Further, given
that the majority of VTEs occur in sick hospitalized children, in
whom VTE is often life-threatening, low-quality evidence suggest-
ing benefit justifies a strong recommendation. Hence, the panel
made a strong recommendation based on extrapolation from
adults, as well as potential consequences of symptomatic VTE in
children, despite low certainty of evidence.
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Recommendation 2. The ASH guideline panel suggests either
using anticoagulation or no anticoagulation in pediatric patients
with asymptomatic DVT or PE (conditional recommendation based
on very low certainty in the evidence of effects Å◯◯◯). Remarks:

The adult data would suggest that treatment of most asymptomatic
VTE is not required. However, there are major epidemiological,
anatomical, and pathophysiological differences between VTE in
adults and children that make extrapolation in this regard very
difficult. The unknown benefits of anticoagulation therapy relative to
the known potential risks associated with therapy do not support
routine radiological screening for asymptomatic VTE. However, if
detected, the decision to treat or not treat should be individualized.
Research to understand the natural history of asymptomatic VTE in
a variety of subgroups is a high priority.

Thrombolysis, thrombectomy, and inferior vena

cava filters

Recommendation 3. The ASH guideline panel suggests
against using thrombolysis followed by anticoagulation; rather,
anticoagulation alone should be used in pediatric patients with DVT
(conditional recommendation based on very low certainty in the
evidence of effects Å◯◯◯). Remarks: The panel considered
issues such as the size and clinical impact of VTE as important in
deciding the relative risk benefit ratio of thrombolysis. In most cases,
the risks seem too high for the potential benefit; however, there may
be individuals in whom the opposite is true. Extrapolation of adult
data was difficult. There are insufficient data to address the relative
risk benefit of local thrombolysis via interventional 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 4. The ASH guideline panel suggests
against using thrombolysis followed by anticoagulation; rather,
anticoagulation alone should be used in pediatric patients with
submassive PE (conditional recommendation based on very low
certainty in the evidence of effects Å◯◯◯). Remarks: The panel
considered submassive PE to represent children with PE who did
not have hemodynamic instability. There were minimal pediatric
data, and review of adult data revealed considerable uncertainty
that was complicated by limitations in ability to extrapolate. The
panel concluded the risks outweighed the benefits in most cases;
hence, a conditional recommendation against thrombolysis.

Recommendation 5. The ASH guideline panel suggests using
thrombolysis followed by anticoagulation, rather than anticoagulation
alone, in pediatric patients with PE with hemodynamic compromise
(conditional recommendation based on very low certainty in the
evidence of effects Å◯◯◯). Remarks: The panel considered PE
with hemodynamic compromise to be life-threatening with limited
time to respond to standard anticoagulation and so conditionally
recommended thrombolysis in addition to anticoagulation based
predominantly on extrapolation of adult data.

Recommendation 6. The ASH guideline panel suggests
against using thrombectomy followed by anticoagulation; rather,
anticoagulation alone should be used in pediatric patients with
symptomatic DVT or PE (conditional recommendation based on
very low certainty in the evidence of effects Å◯◯◯). Remarks: The
panel recognized that, in certain cases (eg, with cardiovascular
compromise secondary to the VTE), thrombectomy may be

appropriate; however, 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.

Recommendation 7. The ASH guideline panel suggests against
using inferior vena cava (IVC) filter; rather anticoagulation alone should
be used in pediatric patients with symptomatic DVT or PE (conditional
recommendation based on very low certainty in the evidence of effects
Å◯◯◯).Remarks: The panel considered the benefits vs risks involved
in IVC filter use and determined that their use should be reserved for
certain cases (eg, patients with DVT and absolute contraindication to
anticoagulation or children who failed adequate standard anticoagu-
lation 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 are appropriate. It is not
feasible to place IVC filters in children who weigh ,10 kg.

Antithrombin replacement therapy

Recommendation 8a. The ASH guideline panel suggests
against using antithrombin (AT)-replacement therapy in addition
to standard anticoagulation; rather, standard anticoagulation alone
should be used in pediatric patients with DVT/cerebral sino venous
thrombosis (CSVT)/PE (conditional recommendation based on very
low certainty in the evidence of effectsÅ◯◯◯).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;
based on the prophylactic studies, there is little evidence of clinical
benefit and perhaps evidence of clinical harm. This recommendation
is independent of the plasma AT level in the patient, which should not
be routinely measured.

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 of effects Å◯◯◯). Remarks:

Despite the overall recommendation against AT use, the panel
considered several subgroups and specific situations in which they
agreed that AT use might be justified. The first is 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 (ALL)
on induction using asparaginase, children with nephrotic syndrome,
neonates, postliver transplant patients, and children with dissem-
inated intravascular coagulation and VTE. Usually, AT use would be
commenced if there were continuous thrombus growth and/or
failure of clinical response, despite adequate anticoagulation.
However, there was no evidence to suggest improved outcomes
in these patients.

CVAD-related thrombosis

Recommendation 9. The ASH guideline panel suggests no
removal, rather than removal, of a functioning CVAD in pediatric
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patients with symptomatic CVAD-related thrombosis who continue
to require venous access (conditional recommendation based on
very low certainty in the evidence of effects Å◯◯◯). 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 symp-
tomatic CVAD-related thrombus with anticoagulation likely leads to
minimal complications.

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 of effects Å◯◯◯). 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 of evidence for
benefits based on high evidence of harm or high cost.

Recommendation 11. The ASH guideline panel suggests
delayed removal of a CVAD until after initiation of anticoagulation
(days), rather than immediate removal in pediatric patients with
symptomatic central venous line–related thrombosis who no longer
require venous access or in whom the CVAD is nonfunctioning
(conditional recommendation based on very low certainty in the
evidence of effectsÅ◯◯◯). Remarks: The panel placed high value
on avoiding potential risk of emboli leading to PE or paradoxical
stroke, and this was thought to be achieved by a few days of
anticoagulation. The risk of infection and bleeding with anti-
coagulation before removing the CVAD was considered to be
small. The panel recognized that surgical availability was often a
pragmatic determinant of timing of CVAD removal.

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 of effects Å◯◯◯). 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 the setting of worsening VTE symptoms,
despite anticoagulation, is appropriate. However, in some children,
venous access is paramount.

Low-molecular-weight heparin vs vitamin

K antagonists

Recommendation 13. The ASH guideline panel suggests using
either low-molecular-weight heparin or vitamin K antagonists in
pediatric patients with symptomatic DVT or PE (conditional
recommendation based on very low certainty in the evidence of
effects Å◯◯◯). Remarks: The decision should depend on patient
values and preferences, health services resources, infrastructure
and support, and underlying condition, comorbidities, and other
medications.

Provoked DVT or PE

Recommendation 14. The ASH guideline panel suggests
using anticoagulation for #3 months rather than anticoagulation
for .3 months in pediatric patients with provoked DVT or PE
(conditional recommendation based on very low certainty in the
evidence of effects Å◯◯◯). Remarks: The panel noted that the
exact duration for optimal anticoagulation was unknown, and there
are ongoing studies comparing durations within this time frame.
In cases in which the provoking factor is resolved, treatment for
.3months is unjustified. However, for patients who have persistence
of the causative risk factor for provoked DVT/PE, longer anti-
coagulation could be considered.

Unprovoked DVT or PE

Recommendation 15. The ASH guideline panel suggests using
anticoagulation for 6 to 12 months rather than anticoagulation for
.6 to 12 months in pediatric patients with unprovoked DVT or PE
(conditional recommendation based on very low certainty in the
evidence of effects Å◯◯◯). Remarks: There were little pediatric
data. Extrapolation of adult data might favor prolonged treatment
periods in terms of VTE recurrence. However, the bleeding risk and
impact on quality of life of prolonged therapy were judged to be
significantly higher in children compared with adults. Patient values
and preferences should be considered.

CVAD-related superficial vein thrombosis

Recommendation 16. The ASH guideline panel suggests using
either anticoagulation or no anticoagulation in pediatric patients
with CVAD-related superficial vein thrombosis (conditional recom-
mendation based on very low certainty in the evidence of effects
Å◯◯◯). Remarks: There were very little direct or indirect data on
which to base this recommendation. The collective experience of
the panel suggested that, in most patients, no anticoagulation will
be appropriate. However, anticoagulation seems appropriate for
patients who have a CVAD line that is still functioning and who
continue to need venous access, as well as in patients whose
symptoms progress.

Right atrial thrombosis

Recommendation 17. The ASH guideline panel suggests using
anticoagulation, rather than no anticoagulation, in pediatric patients
with right atrial thrombosis (conditional recommendation based on
very low certainty in the evidence of effects Å◯◯◯). Remarks: The
panel was unable to distinguish between symptomatic and
asymptomatic VTE in this instance, because many right atrial
thromboses are discovered during routine imaging, especially in
cardiac surgical patients. Factors, such as size and mobility of the
thrombus, patient’s hemodynamic status, and bleeding risk, are
important considerations, but there are insufficient data to define
specific subgroup effects.

Recommendation 18. The ASH guideline panel suggests
against using thrombolysis or surgical thrombectomy followed by
standard anticoagulation; rather, anticoagulation alone should be
used in pediatric patients with right atrial thrombosis (conditional
recommendation based on very low certainty in the evidence of
effects Å◯◯◯). Remarks: In most cases, anticoagulation alone is
adequate; however, there will be individual cases in which the
hemodynamic status, size, and mobility of the thrombus might
dictate more aggressive therapy. The choice of thrombectomy vs
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thrombolysis will depend on patient and family acceptability and
feasibility of the interventions.

Renal vein thrombosis

Recommendation 19. The ASH guideline panel suggests using
anticoagulation, rather than no anticoagulation, in neonates with
renal vein thrombosis (RVT) (conditional recommendation based on
very low certainty in the evidence of effects Å◯◯◯). Remarks: The
panel considers the intervention to have a potential beneficial effect
if the long-term benefits of avoiding hypertension and/or renal
damage are considered. Anticoagulation is likely more important
with bilateral compared with unilateral involvement or with progres-
sion to the inferior vena cava. Severity of disease, age, gestational
age, and degree of thrombocytopenia will impact bleeding risk with
treatment.

Recommendation 20a. The ASH guideline panel recommends
against using thrombolysis followed by standard anticoagulation;
rather, anticoagulation alone should be used in neonates with
non–life-threatening RVT (strong recommendation based on very
low certainty in the evidence of effects Å◯◯◯). Remarks: All
evidence comes from observational studies in which patients who
are treated with thrombolytics are typically more unwell and have
bilateral RVT, as well as inferior vena cava involvement; studies did
not adjust for these factors, and causation is difficult to ascertain.
However, the panel placed a high value on avoiding the potential
bleeding risks of thrombolysis, especially in neonates, and so made
this recommendation for cases with very low mortality risk (ie,
unilateral RVT). Therefore, the panel made a strong recommenda-
tion due to high-quality evidence for harm or high costs, despite very
low–quality evidence for benefit.

Recommendation 20b. The ASH guideline panel suggests
using thrombolysis followed by standard anticoagulation rather than
anticoagulation alone in neonates with life-threatening RVT
(conditional recommendation based on very low certainty in the
evidence of effects Å◯◯◯). Remarks: When the condition is life-
threatening (ie, bilateral thrombosis), the panel considered that the
beneficial effects of thrombolysis would outweigh the undesirable
consequences of the intervention.

Portal vein thrombosis

Recommendation 21a. The ASH guideline panel suggests
using anticoagulation, rather than no anticoagulation, in pediatric
patients with portal vein thrombosis (PVT) with occlusive thrombus,
postliver transplant, and idiopathic PVT (conditional recommenda-
tion based on very low certainty in the evidence of effects Å◯◯◯).
Recommendation 21b. The ASH guideline panel suggests
using no anticoagulation, rather than anticoagulation, in pediatric
patients with PVT with nonocclusive thrombus or portal hyperten-
sion (conditional recommendation based on very low certainty in the
evidence of effects Å◯◯◯). Remarks for recommendations

21a and 21b: In children who will not be anticoagulated, follow-up
monitoring is important, because extension of thrombus or organ
dysfunction may require reconsideration of treatment options.

CSVT

Recommendation 22a. The ASH guideline panel recommends
using anticoagulation, rather than no anticoagulation, in pediatric
patients with CSVT without hemorrhage (strong recommendation

based on very low certainty in the evidence of effects Å◯◯◯).
Remarks: The panel determined that, even in the presence of very
low certainty in the evidence, the magnitude and direction of effect,
in addition to indirect evidence from adult patients with the same
direction of effect, support a strong recommendation because this
is a life-threatening situation.

Recommendation 22b. The ASH guideline panel suggests
using anticoagulation, rather than no anticoagulation, in pediatric
patients with CSVT with hemorrhage (conditional recommendation
based on very low certainty in the evidence of effects Å◯◯◯).
Remarks: Patients with intracerebral hemorrhage were included in
the identified studies with lack of specific evidence; the panel’s
collective expertise suggests that patients with hemorrhagic CSVT
have worse outcomes, leading to this recommendation as conditional.

Recommendation 23. The ASH guideline panel suggests
against using thrombolysis followed by standard anticoagulation;
rather, anticoagulation alone should be used in pediatric patients
with CSVT (conditional recommendation based on very low
certainty in the evidence of effects Å◯◯◯). Remarks: The
evidence does not clearly separate systemic vs catheter-directed
thrombolysis. Patients who receive thrombolytics are likely to be
sicker with worse outcomes, which leads to very low certainty in the
evidence. However, there were insufficient data to support specific
subgroups who would benefit from the intervention. Based on the
panel’s collective experience, for children with CSVT without
evidence of ischemia, there is no rationale for using thrombolysis.

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 of effects Å◯◯◯). 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.

Recommendation 25. The ASH guideline panel suggests using
anticoagulation plus protein C replacement, rather than anti-
coagulation alone, in pediatric patients with congenital purpura
fulminans due to homozygous protein C deficiency (conditional
recommendation based on very low certainty in the evidence of
effects Å◯◯◯). 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, 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.

Recommendation 26. The ASH guideline panel suggests using
either liver transplantation or no liver transplantation (anticoagula-
tion 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 of effects Å◯◯◯). Remarks: Liver transplantation is
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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.

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.

Introduction

Aims of these guidelines and specific objectives

The purpose of these guidelines is to provide evidence-based
recommendations about the management of VTE in neonates and
children. Subsequent guidelines will provide evidence-based
recommendations about the optimization of antithrombotic therapy
in neonates and children, as well as diagnosis of and prophylaxis for
VTE in neonates and children. The target audience includes
patients, hematologists, neonatologists and pediatricians, other
clinicians, and decision-makers. Policy makers interested in these
guidelines include those involved in developing local, national, or
international plans with the goal to reduce the incidence of and
manage VTE and evaluate direct and indirect harms and costs
related to VTE. This document 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 severe problem because of the
potential for associated mortality and significant complications,
including PE, cerebrovascular events, and postthrombotic syn-
drome (PTS).12,13 VTE occurs when $1 component of Virchow’s
triad is activated: stasis of blood flow, injury to the endothelial lining,
or hypercoagulability of blood components. This is the most useful
pathophysiological construct for thinking about thromboembolism
in children.14

Over recent years, there has been a dramatic increase in available
information, knowledge, and expertise in relation to appropriate
diagnosis, prevention, and clinical management of VTE in neonates
and children. However, there remain many unknowns, and large
data registries and ongoing studies will hopefully continue to
improve our knowledge.

Patient registries from Canada, the United States, and The
Netherlands have reported anywhere from 0.07 to 0.49 VTE per
10 000 children aged between 1 month and 18 years, with a peak in
children younger than 1 year of age and a second peak in the
adolescent group.7-10 If one considers hospitalized children, the
rate is 100 to 1000 times the population rate: $58 per 10 000
admissions.11 Thus, despite some exceptions, venous thrombosis
should be considered a disease of hospitalized children.14 More than
90% of cases of pediatric VTE have .1 risk factor, with venous
access devices being the most common single risk factor and
accounting for.90%of neonatal VTE and.50% of pediatric VTE.15

The natural history of VTE in children remains unclear in many
circumstances. The reported VTE mortality from registry data is
;3%, in the context of;16% of children dying from their underlying
illness.7 The recurrence risk is reported to be up to 10% to 15%.

Reports of PTS vary from 10% to 60%, depending on the tools
used to assess for it, and there remains great controversy as to the
clinical implications of PTS in many children.16

Methods

The guideline panel developed and graded the recommendations
and assessed the certainty in the supporting evidence following the
GRADE approach.5,6 The overall guideline-development process,
including funding of the work, panel formation, management of
conflicts of interest, internal and external review, and organizational
approval, was guided by ASH policies and procedures derived from
the Guidelines International Network–McMaster Guideline Devel-
opment Checklist (http://cebgrade.mcmaster.ca/guidecheck.html)
and intended to meet recommendations for trustworthy guidelines
by the Institute of Medicine and the Guidelines International
Network.1-4 An article detailing the methods used to develop these
guidelines is forthcoming.

Organization, panel composition, planning,

and coordination

The work of this panel was coordinated with that of 9 other
guideline panels (addressing other aspects of VTE) by ASH and
the McMaster University GRADE Centre (funded by ASH under a
paid agreement). Project oversight was provided initially by a
coordination panel, which reported to the ASH Committee on
Quality, and then by the coordination panel chair (Adam Cuker)
and vice-chair (Holger Schünemann). ASH vetted and appointed
individuals to the guideline panel. The McMaster University
GRADE Centre vetted and retained researchers to conduct
systematic reviews of evidence and coordinate the guideline
development process, including the use of the GRADE approach.
The membership of the panel and the GRADE center team is
described in Supplement 1.

The panel included 9 pediatric hematologists, a pediatric intensivist,
a pediatric cardiologist, a pediatric hematology pharmacist, and an
anticoagulation nurse practitioner, all of whom had clinical and
research expertise on the guideline topic. The panel also included 2
methodologists with expertise in evidence appraisal and guideline
development and 2 patient representatives. The panel chair was an
ASH member and content expert. The vice-chair was an ASH
member and methodologist with experience in guideline develop-
ment processes. Panel members represented North and South
America, Europe, and Australasia.

In addition to synthesizing evidence systematically, the McMaster
University GRADE Centre supported the guideline-development
process, including determining methods, preparing agendas and
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meeting materials, and facilitating panel discussions. The panel’s
work was done using Web-based tools (https://www.surveymonkey.
com and https://gradepro.org) and face-to-face and online meetings.

Guideline funding and management of conflicts

of interest

Development of these guidelines was wholly funded by ASH, a
nonprofit medical specialty society that represents hematologists.
Most members of the guideline panel were members of ASH. ASH
staff supported 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. One patient representative
received an honorarium of $200; the other declined this. The
panelists received no other payments. Some researchers who
contributed to the systematic evidence reviews received salary or
grant support through the McMaster University GRADE Centre.
Other researchers participated to fulfill requirements of an
academic degree or program.

Conflicts of interest of all participants were managed according to
ASH policies based on recommendations of the Institute of
Medicine17 and the Guidelines International Network.4 At the time
of appointment, a majority of the guideline panel, including the chair
and the vice-chair, had no conflicts of interest as defined and judged
by ASH (ie, no current material interest in any commercial entity with a
product that could be affected by the guidelines). Some panelists
disclosed new interests or relationships during the development
process, but the balance of the majority was maintained.

Before appointment to the panel, individuals disclosed financial and
nonfinancial interests. Members of the VTE Guideline Coordination
Panel reviewed the disclosures and judged which interests were
conflicts and should be managed. Supplement 2 provides the
complete “Disclosure of Interests” forms of all panel members. In
part A of the forms, individuals disclosed material interests for
2 years prior to appointment. In part B, they disclosed interests that
were not mainly financial. Part C summarizes ASH decisions about
which interests were judged to be conflicts. Part D describes new
interests disclosed by individuals after appointment.

Recusal was also used to manage conflicts of interest. During all
deliberations, panel members with a current and direct financial
interest in a commercial entity with any product that could be affected
by the guidelines were recused from making judgments about
relevant recommendations.4,18-20 The Evidence-to-Decision (EtD)
framework for each recommendation describes which individuals
were recused from making judgments about each recommendation.

None of the McMaster University–affiliated researchers who contrib-
uted to the systematic evidence reviews or who supported the
guideline-development process had any current and material
interest in a commercial entity with any product that could be affected
by the guidelines. 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

The panel used the GRADEpro Guideline Development Tool (https://
gradepro.org)21 and SurveyMonkey (https://surveymonkey.com) to

brainstorm and then prioritize the following questions addressed by
these guidelines:

1. Should anticoagulation vs no anticoagulation be used in
pediatric patients with symptomatic DVT or PE?

2. Should anticoagulation vs no anticoagulation be used in
pediatric patients with asymptomatic DVT or PE?

3. Should thrombolysis followed by anticoagulation vs antico-
agulation alone be used in pediatric patients with DVT?

4. Should thrombolysis followed by anticoagulation vs anticoagu-
lation alone be used in pediatric patients with submassive PE?

5. Should thrombolysis followed by anticoagulation vs antico-
agulation alone be used in pediatric patients with PE with
hemodynamic compromise?

6. Should thrombectomy followed by anticoagulation vs anti-
coagulation alone be used in pediatric patients with symptom-
atic DVT or PE?

7. Should IVC filter vs anticoagulation be used in pediatric
patients with symptomatic DVT or PE?

8. Should AT replacement in addition to standard anticoagulation
vs standard anticoagulation alone be used in pediatric patients
with DVT or CSVT or PE?

9. Should removal of a functioning CVAD vs no removal be used
in pediatric patients with symptomatic CVAD-related throm-
bosis who continue to require access?

10. Should removal of a nonfunctioning or unneeded CVAD vs no
removal be used in pediatric patients with symptomatic CVAD-
related thrombosis?

11. Should immediate removal of a nonfunctioning or unneeded
CVAD vs delayed removal be used in pediatric patients with
symptomatic CVAD-related thrombosis?

12. Should removal of a functioning CVAD vs no removal be used
in pediatric patients with symptomatic CVAD-related throm-
bosis with worsening signs or symptoms, despite anticoagu-
lation, who continue to require access?

13. Should low-molecular-weight heparin vs vitamin K antagonist
be used in pediatric patients with symptomatic DVT or PE as
maintenance therapy after the first few days?

14. Should anticoagulation for .3 months vs anticoagulation for
up to 3 months be used in pediatric patients with provoked
DVT or PE?

15. Should anticoagulation for.6 to 12 months vs anticoagulation
for 6 to 12 months be used in pediatric patients with
unprovoked DVT or PE?

16. Should anticoagulation vs no anticoagulation be used in pediatric
patients with CVAD-related superficial vein thrombosis?

17. Should anticoagulation vs no anticoagulation be used in
neonates and pediatric patients with right atrial thrombosis?

18. Should thrombolysis or surgical thrombectomy followed by
standard anticoagulation vs anticoagulation alone be used in
neonates and pediatric patients with right atrial thrombosis?

19. Should anticoagulation vs no therapy be used in neonates with
RVT?
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20. Should thrombolysis followed by standard anticoagulation vs
anticoagulation alone be used in neonates with RVT? (life-
threatening or nonlife-threatening)

21. Should anticoagulation vs no anticoagulation be used in
pediatric patients with PVT?

22. Should anticoagulation vs no anticoagulation be used in
pediatric patients with CSVT? (with or without hemorrhage)

23. Should thrombolysis followed by standard anticoagulation vs
anticoagulation alone be used in pediatric patients with
CSVT?

24. Should protein C replacement vs anticoagulation be used in
pediatric patients with congenital purpura fulminans due to
homozygous protein C deficiency?

25. Should anticoagulation plus protein C replacement vs anti-
coagulation alone be used in pediatric patients with congenital
purpura fulminans due to homozygous protein C deficiency?

26. Should liver transplantation vs no liver transplantation (anti-
coagulation or protein C replacement) be used in pediatric
patients with congenital purpura fulminans due to homozygous
protein C deficiency?

The panel selected outcomes of interest for each question a priori,
following the approach described in detail elsewhere.22 First, the
panel brainstormed all possible outcomes and then rated their
relative importance for decision making. During this rating process,
the panel used definitions of the outcomes (“marker states”) that
were developed for these guidelines by the McMaster University
GRADE Centre. Rating outcomes by their relative importance can
help to focus attention on those outcomes that are considered most
important and help to resolve or clarify potential disagreements. The
highly rated outcomes and those identified as important based on
the literature reviews were further refined through a rating of their
utility using a visual analog rating scale.22

Evidence review and development

of recommendations

For each guideline question, the McMaster University GRADE
Centre prepared a GRADE EtD table, using the GRADEpro
Guideline Development Tool (https://gradepro.org). The EtD
table summarized the results of systematic reviews of the
literature that were updated or performed specifically for these
guidelines.23,24 The EtD table addressed effects of interven-
tions, resource utilization, values and preferences (relative
importance of outcomes), feasibility, and acceptability. The
guideline panel reviewed draft EtD tables, made suggestions
for corrections, and identified missing evidence. To ensure that
recent studies were not missed, searches (presented in
Supplement 4) were updated in April of 2017; this did provide
some additional references.

Under the direction of the McMaster University GRADE Centre,
researchers followed the methods outlined in the Cochrane
Handbook for Systematic Reviews of Interventions (https://hand-
book.cochrane.org) for conducting updated or new systematic
reviews of intervention effects. When existing reviews were used,
judgments of the original investigators about risk of bias were
accepted. For new reviews, risk of bias was assessed at the
outcome level using the Cochrane Collaboration’s risk of bias tool

for randomized trials or nonrandomized studies. In addition to
conducting systematic reviews of intervention effects, the re-
searchers searched for evidence related to baseline risks, values
and preferences and costs and summarized findings within the EtD
tables. Subsequently, the certainty in the body of evidence (also
known as quality of the evidence or confidence in the estimated
effects) was assessed for each of the effect estimate of the
outcomes of interest, the importance of outcomes, and the baseline
risk 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 dose–effect relationship, and an assessment of
the effect of residual, opposing confounding. The certainty was
categorized into 4 levels ranging from very low to high.6,25,26

During a 2-day in-person meeting preceded and followed by online
discussion, the panel developed clinical recommendations based on
the evidence summarized in the EtD tables. For each recommenda-
tion, the panel took a population perspective and agreed on the
following: the certainty in the evidence, the balance of benefits and
harms of the compared management options, and inferences
regarding the values and preferences associated with the decision.
The guideline panel explicitly considered the extent of resource use
associated with alternative management options. The guideline panel
agreed on the recommendations (including direction and strength),
remarks, and qualifications on the basis of consensus or, in rare
instances, by voting, based on the balance of all desirable and
undesirable consequences. All panel members reviewed and
approved the final recommendations.

Of note, the 26 questions addressed by the panel generated
30 recommendations. Questions 8, 20, 21, and 22 each
generated 2 recommendations based on specific subpopulations
for whom the panel agreed that different recommendations should
be made. These recommendations are numbered as recommen-
dations 8a and 8b, 20a and 20b, 21a and 21b, and 22a and 22b,
respectively.

Interpretation of strong and conditional

recommendations

The recommendations are labeled as either “strong” or “conditional”
according to the GRADE approach.6 The words “the guideline panel
recommends” are used for strong recommendations, and the phrase
“the guideline panel suggests” for conditional recommendations.
Table 1 provides the suggested interpretation of strong and conditional
recommendations by patients, clinicians, and health care policy makers.

Document review

Draft recommendations were reviewed by all members of the panel,
revised, and then made available online on 24 July 2017 for external
review by stakeholders, including allied organizations, other medical
professionals, patients, and the public. Thirty-four individuals or
organizations submitted comments. The document was revised to
address pertinent comments, but no changes were made to
recommendations. On 30 July 2018, the ASH Guideline Oversight
Subcommittee and the ASH Committee on Quality approved that
the defined guideline-development process was followed, and on
3 August 2018, the officers of the ASH Executive Committee
approved submission of the guidelines for publication under the
imprimatur of ASH. The guidelines were then subjected to peer
review by Blood Advances.
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How to use these guidelines

ASH guidelines are primarily intended to help clinicians make
decisions about diagnostic and treatment alternatives. Other
purposes are to inform policy, education, and advocacy and to
state future research needs. They may also be used by patients.
These guidelines are not intended to serve or be construed as a
standard of care. Clinicians must make decisions on the basis
of the clinical presentation of each individual patient, ideally
through a shared process that considers the patient’s values
and preferences with respect to the anticipated outcomes of
the chosen option. Decisions may be constrained by the
realities of a specific clinical setting and local resources,
including, but not limited to, institutional policies, time
limitations, and 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. ASH 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 more accurate interpretation.
They should never be omitted when recommendations from
these guidelines are quoted or translated. Implementation of the
guidelines will be facilitated by the related interactive forthcom-
ing decision aids. The use of these guidelines is also facilitated
by the links to the EtD frameworks and interactive summary-of-
findings tables in each section.

Recommendations

Anticoagulation in symptomatic and asymptomatic

DVT or PE

Question: Should anticoagulation vs no anticoagulation be used in
pediatric patients with symptomatic DVT or PE?

Recommendation 1

The ASH guideline panel recommends using anticoagulation
rather than no anticoagulation in pediatric patients with
symptomatic DVT or PE (strong recommendation based
on very low certainty in the evidence of effects Å◯◯◯).
Remarks: Although there remains limited direct evidence in
children, there is very strong indirect evidence from adults
that symptomatic VTE requires treatment. Further, given that
the majority of VTE occurs in sick hospitalized children, in
whom VTE is often life-threatening, low-quality evidence sug-
gesting benefit justifies a strong recommendation. Hence, the
panel made a strong recommendation based on extrapolation
from adults and potential consequences of symptomatic VTE in
children, despite low certainty of evidence.

Question: Should anticoagulation vs no anticoagulation be used in
pediatric patients with asymptomatic DVT or PE?

Recommendation 2

The ASH guideline panel suggests either using anticoagulation
or no anticoagulation in pediatric patients with asymptomatic
DVT or PE (conditional recommendation based on very low
certainty in the evidence of effectsÅ◯◯◯). Remarks: The adult
data would suggest that treatment of most asymptomatic VTE is
not required. However, there are major epidemiological, ana-
tomical, and pathophysiological differences between VTE in
adults and children that make extrapolation in this regard very
difficult. The unknown benefits of anticoagulation therapy relative
to the known potential risks associated with therapy do not
support routine radiological screening for asymptomatic VTE.
However, if detected, the decision to treat or not treat should be
individualized. Research to understand the natural history of
asymptomatic VTE in a variety of subgroups is a high priority.

Summary of the evidence. We did not find any randomized
controlled trial (RCT) that addressed these questions in children and

Table 1. Interpretation of strong and conditional recommendations

Implications for: Strong recommendation Conditional recommendation

Patients Most individuals in this situation would want the recommended
course of action, and only a small proportion would not.

The majority of 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.

Clinicians Most individuals should receive the intervention. Formal decision
aids are not likely to be needed to help individual patients make
decisions consistent with their values and preferences.

Different choices will be appropriate for individual patients, and
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 values and preferences.

Policy makers 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.

Policymaking will require substantial debate and involvement of
various stakeholders.

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.

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 consideration) that determined the
conditional (rather than strong) recommendation will help to
identify possible research gaps.
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had to consider extrapolation from adult data for symptomatic
thrombosis (;40% of the considered evidence). We identified a
number of observational studies in children, primarily single-arm studies
with no comparison, that provided data on the outcomes of interest
(mortality, recurrent VTE, PE, major bleeding); however, the total number
of children involved across all studies was,1000. Most studies did not
separate symptomatic from asymptomatic thrombosis, limiting the ability
to differentiate the effects between the 2 groups. The GRADE
methodology framework states that a strong recommendation may be
warranted despite low or very low certainty in effect estimates under 5
specific circumstances.27 The first such instance is when low-quality
evidence suggests benefit in a life-threatening situation. The panel
agreed that symptomatic thrombosis was life-threatening, based on
adult data and given that the majority of VTE occurs in sick hospitalized
children. Although the evidence for the benefits of treatment was of low
certainty in children, the available evidence and the extrapolation from
higher-certainty evidence in adults supported a strong recommendation.

For asymptomatic VTE, the panel did not consider adult data because
the pathophysiology of asymptomatic VTE in children is vastly different
from adults.7 Most published pediatric studies report treating
asymptomatic thrombosis without any data to demonstrate improved
outcomes (ie, usually case series with no comparison groups). The
heterogeneity of VTE in children (obstructive CVAD related, non-
obstructiveCVAD related, upper limb venous system, lower limb venous
system, intracardiac, cerebral sino venous) and the heterogeneity of the
underlying physiology (age, comorbidities, need for vascular access for
life-saving treatment, presence or absence of right-to-left shunt making
paradoxical emboli possible) led the panel to make a conditional
recommendation for either anticoagulation or no anticoagulation based
on individual patient factors. Clinicians will need to assess the perceived
risk of local and embolic complications, the overall state of the child, the
risks of therapy, and the parental preferences until better evidence
becomes available. Evidence profileswith the characteristics of all included
studies are online for Recommendation 1 and Recommendation 2. The
complete EtD frameworks for these recommendations are also online.

Benefits. The relative effects were not estimable from the
pediatric data because of the lack of direct comparisons. The frequency
of major outcomes in children treated with anticoagulation were as
follows: mortality, 3.6%; pulmonary embolus, 1.3 to 3.3%; and recurrent
VTE, 2.7 to 2.8%. There were no baseline data in children to compare.
Overall, the certainty in these estimated effects is very low, primarily as a
result of imprecision and high risk of bias in the included studies.

Harms and burden. The relative effects were not estimable
from the pediatric data, and the frequency of major bleeding in
children treated with anticoagulation was from 0% to 21.8%. There
is very low certainty in the estimate of the risk of adverse effects due
to serious risk of bias and some indirectness. Given the available
evidence, the guideline panel considered that the risk of adverse
effects varied within the pediatric population related to underlying
age, disease process, and medical or surgical interventions.

Other EtD criteria and considerations. The guideline
panel did not think that there were feasibility or acceptability
considerations that would impair implementation of this recommen-
dation. The full EtD framework is available online for Recommen-
dation 1 and Recommendation 2.

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. Based

on the body of available evidence, it is likely that anticoagulation
reduces the risk of developing recurrent VTE and pulmonary
embolus and death in symptomatic VTE, but this is less certain in
asymptomatic patients (VTE found incidentally or VTE identified
because of screening radiology). 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 research topics:

c Determining the natural history of asymptomatic VTE in children
and, hence, the benefits of treatment vs no treatment remains a
high research priority;

c Determining the role of radiological screening for asymptomatic
VTE is a related, but separate, important question; and

c Understanding subgroups in whom the approach to the first 2
questions might be different.

Thrombolysis, thrombectomy, and IVC filters

Question: Should thrombolysis followed by anticoagulation vs
anticoagulation alone be used in pediatric patients with DVT?

Recommendation 3

The ASH guideline panel suggests against using thrombolysis
followed by anticoagulation; rather, anticoagulation alone
should be used in pediatric patients with DVT (conditional
recommendation based on very low certainty in the evidence of
effects Å◯◯◯). Remarks: The panel considered issues, such
as the size and clinical impact of VTE, as important in deciding
the relative risk benefit ratio of thrombolysis. In most cases, the
risks seem too high for the potential benefit; however, there
may be individuals in whom the opposite is true. Extrapolation
of adult data was difficult. There are insufficient data to address
the relative risk benefit of local thrombolysis via interventional
radiology compared with systemic thrombolysis, and the panel
noted that the centers with access to pediatric interventional
radiology were often stronger advocates of thrombolysis.

Question: Should thrombolysis followed by anticoagulation vs anti-
coagulation alone be used in pediatric patients with submassive PE?

Recommendation 4

The ASH guideline panel suggests against using thrombolysis
followed by anticoagulation; rather, anticoagulation alone should
be used in pediatric patients with submassive PE (conditional
recommendation based on very low certainty in the evidence of
effects Å◯◯◯). Remarks: The panel considered submassive
PE to represent children with PEwho did not have hemodynamic
instability. There were minimal pediatric data, and review of adult
data revealed considerable uncertainty that was complicated by
limitations in the ability to extrapolate. The panel concluded the
risks outweighed the benefits in most cases, hence the condi-
tional recommendation against thrombolysis.
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Question: Should thrombolysis followed by anticoagulation vs
anticoagulation alone be used in pediatric patients with PE with
hemodynamic compromise?

Recommendation 5

The ASH guideline panel suggests using thrombolysis fol-
lowed by anticoagulation rather than anticoagulation alone in
pediatric patients with PE with hemodynamic compromise
(conditional recommendation based on very low certainty
in the evidence of effects Å◯◯◯). Remarks: The panel
considered PE with hemodynamic compromise to be
life-threatening, with limited time to respond to standard
anticoagulation, and so conditionally recommended throm-
bolysis, in addition to anticoagulation, based predominantly
on extrapolation of adult data.

Summary of the evidence. We did not find any RCT that
addressed these questions in children and had to consider
extrapolation from adult data (contributing almost 90% of the
evaluated data). We identified up to 15 observational studies in
children, primarily single-arm studies with no comparison, that
provided data on the outcomes of interest (mortality, 3.6% with
thrombolysis compared with 0% with anticoagulation alone;
progressive VTE or failure of VTE resolution, 22.2% for
thrombolysis vs 50% for anticoagulation alone; PE [adult data
only], 1.9% with thrombolysis vs 4% with anticoagulation alone;
major bleeding, 5.7% with thrombolysis vs 0% with anticoagulation
alone; and PTS, 9.5% with thrombolysis vs 28.6% with anti-
coagulation alone). The total number of children involved across all
studies was ,500. Evidence profiles and characteristics of all
included studies are online for Recommendation 3, Recommenda-
tion 4, and Recommendation 5.

Benefits. The relative effects were not estimable based on
the pediatric data because of the lack of direct comparisons. The
frequency of major outcomes in children treated with thrombol-
ysis is based on very small numbers reported in the included
studies. In particular, there were insufficient data to differentiate
the outcomes for the use of systemic thrombolysis compared with
catheter-directed thrombolysis. There were no baseline data in
children to compare. Overall, the certainty in these estimated
effects is very low owing to potential bias in the studies (see
evidence profiles online for Recommendation 3, Recommenda-
tion 4, and Recommendation 5).

Harms and burden. The relative effects were not estimable
based on the pediatric data. Any difference in bleeding risk for
catheter-directed thrombolysis as distinct from systemic throm-
bolysis was not possible to establish from the available data. 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, disease process, and medical or surgical interventions.

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. However,

the panel noted that the use of catheter-directed thrombolysis is
much more likely in centers in which there is strong interventional
radiology input. Given the impact of interventionalist experience in
children 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. The full EtD framework is available online for
Recommendation 3, Recommendation 4, and Recommendation 5.

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/harm from using thrombol-
ysis. Based on the body of available evidence, it is unlikely that
thrombolysis reduces the risk of developing recurrent VTE or PE,
and it is likely that thrombolysis reduces the risk of PTS but
increases the risk of bleeding. Thus, thrombolysis use should be
restricted to limb- or life-threatening cases in which anticoagula-
tion alone is unlikely to be successful and, hence, the bleeding risk
of thrombolysis becomes more acceptable. 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 questions:

c The role of thrombolysis in large VTE, submassive PE, and
massive PE remains unknown in children, and further studies
to identify the risk/benefit of thrombolysis compared with
anticoagulation alone considering all outcomes of interest are
required.

c The role of catheter-directed thrombolysis and the minimal
infrastructure, experience, and annual case load to offer this
therapy in children compared with systemic thrombolysis need
to be determined.

c The natural history of VTE or large PE in children (including
subgroup analysis [eg, intracardiac thrombi]) treated with
anticoagulation alone needs to be understood to enable the
first 2 questions to be properly addressed.

Question: Should thrombectomy followed by anticoagulation vs
anticoagulation alone be used in pediatric patients with symptomatic
DVT or PE?

Recommendation 6

The ASH guideline panel suggests against using thrombec-
tomy followed by anticoagulation; rather, anticoagulation
alone should be used in pediatric patients with symptomatic
DVT or PE (conditional recommendation based on very low
certainty in the evidence of effects Å◯◯◯). Remarks: The
panel recognized that, in certain cases (eg, cardiovascular
compromise secondary to the VTE), thrombectomy may be
appropriate; however, 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.

Question: Should IVC filter vs anticoagulation be used in pediatric
patients with symptomatic DVT or PE?
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Recommendation 7

The ASH guideline panel suggests against using IVC filter;
rather, anticoagulation alone should be used in pediatric pa-
tients with symptomatic DVT or PE (conditional recommen-
dation based on very low certainty in the evidence of effects
Å◯◯◯). Remarks: The panel considered the benefits vs risks
involved in IVC filter use and determined their use should be
reserved for certain cases (eg, 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 re-
moval. When the absolute contraindication is resolved,
restarting the anticoagulation and removal of the filter are
appropriate. It is not feasible to place IVC filters in children
who weigh ,10 kg.

Summary of the evidence. We did not find any RCT that
addressed these questions in children and had to consider
extrapolation from adult data. With respect to thrombectomy, we
identified 5 observational studies in children, primarily single-arm
studies with no comparison, that provided data on the outcomes
of interest (mortality, failure resolution VTE, major bleeding,
PTS). However, the total number of children receiving throm-
bectomy across all studies was ,60. Extrapolation of indirect
data from adults (approximately one third of the evaluable data)
supported a conditional recommendation against thrombec-
tomy; however, there may be specific subgroups in whom
thrombectomy might be relevant (eg, cardiac surgical patients with
hemodynamically significant thrombosis within the surgical field/
shunt/intracardiac). The panel predominantly considered adult data
(two thirds of evaluable data) with respect to the use of IVC filters.
Observational studies in children included 429 subjects across 8
studies and reported mortality of 1.9%, PE due to VTE/filter of 3.4%,
and no major bleeding. Panel experience was obtained through a
survey of their current practices and contributed to the available
evidence. The panel considered the risks involved in IVC filter use
and determined that only temporary filters should be used and
reserved for certain cases with a clear plan for removal. Important
subgroups to consider for an IVC filter include those patients with
DVT and absolute contraindication to anticoagulation and those
children failing an appropriate anticoagulation treatment (new PE
while on adequate anticoagulation) in whom an IVC filter could be
considered.

When the absolute contraindication is resolved, restarting the
anticoagulation and removal of the filter are appropriate. The panel
noted that it is not feasible to place IVC filters in children who weigh
,10 kg. Online evidence profiles for Recommendation 6 and
Recommendation 7 present the characteristics of all included studies.

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 children treated with thrombectomy
or IVC filters cannot be determined accurately. A survey of panel
members’ unpublished experience revealed that, in an average of
800 patients managed in the last 5 years, 1% to 8% of patients with
symptomatic VTE were treated with mechanical thrombectomy, of
which ;10% had a recurrent VTE, and ;10% were managed with

an IVC filter, of which 2 or 3 (8%) had a recurrent or new VTE
compared with 2% to 8% of those managed without a filter. Of note,
the use of either intervention is also operator dependent and so
operator experience and institutional infrastructure will impact on the
availability and feasibility of these procedures, especially in younger
children. There were no baseline data in children to compare. Overall,
the certainty in these estimated effects is very low owing to potential
risk of bias in the included studies (see online evidence profiles for
Recommendation 6 and Recommendation 7).

Harms and burden. The relative effects were not estimable
from the pediatric data. From the panel survey, of children treated
with thrombectomy, ;5% to 20% had major bleeding, but ,2%
died. Approximately 2% of patients with an IVC filter had a
complication related to the filter, and ,1% died.

There is very low certainty in the estimate of the risk of adverse
effects due to serious risk of bias and some indirectness. Given
the available evidence, the guideline panel considered that the risk
of adverse effects varied within the pediatric population related to
underlying age, disease process, and medical or surgical
interventions, as well as operator experience and institutional
infrastructure.

Other EtD criteria and considerations. The guideline
panel did not think that there were feasibility or acceptability
considerations that would impair implementation of these recom-
mendations in terms of thrombectomy, because the few children
who would likely have a potential indication for thrombectomy were
likely to be patients in whom the infrastructure and operator
experience existed to adequately manage the patient (eg, pediatric
cardiac surgical services). However, the panel did note that the use
of IVC filters requires experienced interventional radiology services,
and the availability of such services would influence the risk benefit
ratio of inserting an IVC filter. The EtD framework is available online
for Recommendation 6 and Recommendation 7.

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/harm from using either
thrombectomy or IVC filter. Based on the body of available
evidence, it is likely that either intervention increases the risk of
developing recurrent VTE and possibly also the development of
bleeding or other procedural-related complications. As such, these
interventions should only be used in specific limited circumstances.
There is very low certainty that there is an effect of thrombectomy or
IVC filter 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 questions:

c Further studies to identify subgroups who might benefit from
thrombectomy or IVC filter;

c Further studies to identify the optimal methods of performing
thrombectomy (eg, open surgical vs catheter thrombus retrieval)
in appropriate cases; and

c Further studies to determine the minimal infrastructure and
operator experience required for safe placement of IVC filters
especially in smaller children.
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AT-replacement therapy

Question: Should AT replacement in addition to standard anti-
coagulation vs standard anticoagulation alone be used in pediatric
patients with DVT or CSVT or PE?

Recommendation 8a

The ASH guideline panel suggests against using AT-replacement
therapy in addition to standard anticoagulation; rather, standard
anticoagulation alone should be used in pediatric patients with
DVT/CSVT/PE (conditional recommendation based on very low
certainty in the evidence of effectsÅ◯◯◯).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 evi-
dence is indirect, being in the prophylactic situation rather than
treatment; based on the prophylactic studies, there is little evi-
dence of clinical benefit and perhaps evidence of clinical harm.
This recommendation is independent of the plasmaAT level in the
patient, which should not be routinely measured.

Recommendation 8b

The ASH guideline panel suggests using AT-replacement ther-
apy 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 con-
centrations reveals low AT levels based on age-appropriate
reference ranges (conditional recommendation based on very
low certainty in the evidence of effectsÅ◯◯◯). Remarks: De-
spite the overall recommendation against AT use, the panel
considered several subgroups and specific situations in which
they agreed AT use might be justified. The first is in children with
documented inherited antithrombin deficiency, in whom anti-
coagulation 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, postliver transplant, and in
children with disseminated intravascular coagulation and VTE.
Usually, AT use would be commenced if there were continu-
ous thrombus growth and/or failure of clinical response, de-
spite adequate anticoagulation. However, there was no
evidence to suggest improved outcomes in these patients.

Summary of the evidence. We found only 1 direct
observational study (retrospective cohort of infants ,1 year old
given AT or no AT plus enoxaparin for treatment of VTE), which
showed that AT increased time to therapeutic anti-Xa, increased
cost, and increased bleeding (14.3% vs 3.9%; P5 0.55). However,
the study had significant risk of bias. Indirect data included 2 RCTs
of prophylactic AT replacement for other indications and 6
observational studies of AT replacement as primary prophylaxis,
with or without anticoagulation, in a variety of specific pediatric

patient populations (cardiopulmonary bypass, extracorporeal mem-
brane oxygenation, ALL); the balance of data from these studies
suggested increased harm without clinical benefit. Adult data did not
contribute to these recommendations. The evidence profile and EtD
framework are available online for Recommendations 8a and 8b.

Benefits. The relative effects were not estimable from direct
pediatric data as a result of the lack of direct comparisons. From
indirect data, there were wide 95% confidence intervals (CIs) that
included no effect, plausible benefit, and harm when considering
outcomes of mortality or VTE occurrence. Overall, the certainty in
these estimated effects is very low owing to indirectness of the
patient populations studied, risks of bias within the study designs, and
imprecision of the estimates (see online evidence profile for
Recommendations 8a and 8b).

Harms and burden. The direct study suggested increased
bleeding with AT, and this was supported by the indirect data in
which the lower limit of the CI of the absolute effect ($33 more
deaths per 1000 treated) surpasses the appreciable harm and
excludes the null. There is very low certainty in the estimate of the risk
of adverse effects as the result of indirectness and risk of bias.
However, given the available evidence, the guideline panel consid-
ered the risk of adverse effects to outweigh the likelihood of benefit.

Other EtD criteria and considerations. The panel noted
that the cost of AT therapy (plasma derived and recombinant) was
substantial compared with the alternative of anticoagulation alone.

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 AT replacement. The
evidence considered was inherently indirect. The panel agreed that,
for any child with any VTE, the first line of treatment is anti-
coagulation, independent of the AT level (hence, no plasma AT
measurements would be required). However, the panel considered
the following subgroups: children with age-appropriate low level
of AT, children with ALL on induction, children with nephrotic
syndrome, neonates, liver transplant patients, and patients with
disseminated intravascular coagulation and VTE.

The panel accepted that, in the scenario of progressive clinical
thrombosis that was failing to respond to anticoagulation alone, it
might be reasonable to measure plasma AT levels and consider the
use of AT-replacement therapy to supplement anticoagulation in the
aforementioned subgroups. In such cases in which progressive
worsening clinical thrombosis was apparent, the increased risk of
bleeding with AT therapy may be acceptable. However, there was
no evidence to suggest improved outcomes in these patients.

Similarly, in children with known inherited AT deficiency and VTE
who did not respond to anticoagulation alone, the use of AT therapy
in addition to anticoagulation seems appropriate.

Based on the body of available evidence, it is likely that AT does not
alter the risk of developing progressive VTE and increases the risk of
bleeding, in the setting of being a relatively expensive therapy. There
is very low certainty that there is an effect of AT 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 issue: use of AT-
replacement therapy in pediatric patients, in addition to anticoagula-
tion (heparinoid), in the treatment of VTE in a variety of subgroups.
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CVAD-related thrombosis

Question: Should removal of a functioning CVAD vs no removal be
used in pediatric patients with symptomatic CVAD-related throm-
bosis who continue to require access?

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 re-
quire venous access (conditional recommendation based on
very low certainty in the evidence of effectsÅ◯◯◯). Remarks:

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

Question: Should removal of a nonfunctioning or unneeded CVADs
vs no removal be used in pediatric patients with symptomatic CVAD-
related thrombosis?

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 of
effects Å◯◯◯). 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 throm-
bosis 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.

Question: Should immediate removal of a nonfunctioning or
unneeded CVAD vs delayed removal be used in pediatric patients
with symptomatic CVAD-related thrombosis?

Recommendation 11

The ASH guideline panel suggests delayed removal of a CVAD
until after initiation of anticoagulation (days), rather than im-
mediate removal in pediatric patients with symptomatic central
venous line–related thrombosis who no longer require venous
access or in whom the CVAD is nonfunctioning (conditional
recommendation based on very low certainty in the evidence of
effects Å◯◯◯). Remarks: The panel placed high value on
avoiding potential risk of emboli leading to PE or paradoxical
stroke, and this was thought to be achieved by a few days of
anticoagulation. The risk of infection and bleeding with anti-
coagulation before removing the CVAD was considered to be
small. The panel recognized that surgical availability was often a
pragmatic determinant of CVAD removal.

Question: Should removal of a functioning CVAD vs no removal be
used in pediatric patients with symptomatic CVAD-related throm-
bosis with worsening signs or symptoms, despite anticoagulation,
who continue to require access?

Recommendation 12

The ASH guideline panel suggests either removal or no removal
of a functioning CVAD in pediatric patients who have symp-
tomatic 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 of effectsÅ◯◯◯).Remarks: The panel
considered the variability in value placed by families and clini-
cians on maintaining line access compared with the potential risk
of infection and further thrombus progression, which will vary for
individual patients. If alternative venous access is readily avail-
able, then removal of CVAD in the setting of worsening VTE
symptoms, despite anticoagulation, is appropriate. However, in
some children, venous access is paramount.

Summary of the evidence. We found 1 observational study
(17 children total) from 1996, and 2 indirect observational studies
from adults with cancer. In terms of available data, the adult data
constituted almost 90%. The recommendations were further in-
formed by surveying the panel to understand unpublished out-
comes in their practice. The panel placed high value on avoiding the
insertion of another CVAD in children whomay have limited availability
of access sites. The panel also agreed that treatment of symptomatic
CVAD-related thrombus with anticoagulation likely leads to minimal
complications, and the benefits outweigh the potential harm
associated with placing another line. The evidence profiles and EtD
frameworks are available online for Recommendation 9, Recommen-
dation 10, Recommendation 11, and Recommendation 12.

Benefits. The relative effects were not estimable from the
data as the result of the lack of direct comparisons. The outcomes
of interest included VTE progression or recurrence, PE, CVAD-
associated sepsis, and mortality; however, the frequency of these
outcomes cannot be determined.

Harms and burden. The relative effects were not estimable
from the data. The outcomes of interest included major bleeding
and complications from further CVAD insertion; however, the
frequency of these outcomes cannot be determined.

Other EtD criteria and considerations. The panel ac-
knowledged that availability of another access site, surgeon/operating
suite availability to place a new CVAD, and how long a CVAD will be
needed are important considerations. The thrombogenic effect of
placing another CVAD and new endothelial injury must also be
considered. The panel also acknowledged that, although they placed
a high value on avoiding the insertion of another CVAD in children who
may have limited availability of access sites, maintaining access and
avoiding having to find another access site for CVAD placement may
be viewed differently by different patients and families; hence, patient
values and preferences are important considerations.

Conclusions and research needs for these recommendations.
The guideline panel determined that there is very low certainty in the
evidence for a net health harm from CVAD removal in cases of
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CVAD-associated VTE in the situation in which the CVAD was still
functional, and ongoing access is required for the treatment of the
underlying primary condition (for which the CVAD was inserted in
the first place). Conversely, if the CVAD is not functional, or no
longer required, then there is low certainty in the evidence of benefit
for CVAD removal but high-quality indirect evidence of harm;
therefore, the panel agreed to make a strong recommendation for
removal of the CVAD. The GRADE methodology framework states
that a strong recommendation may be warranted, despite low or
very low confidence in effect estimates under 5 specific circum-
stances.21 In this instance, the panel agreed that the circumstance
when low-quality evidence suggests benefit and high-quality
evidence suggests harm or a very high cost was applicable.
However, the optimal timing of removal was deemed uncertain.
Previous publications have recommended delaying removal until
after 3 to 5 days of anticoagulation to reduce the risk of embolic
phenomenon on CVAD removal (especially in children with known
or potential right-to-left shunts).28 There are no outcome data to
support an optimal timing of CVAD removal, and this recommen-
dation is based on anecdotal experience and first principles. The
panel noted that pragmatic decisions (surgeon/operating suite
availability) often determine timing of CVAD removal. In cases in
which the thrombosis clinically extends/embolizes, despite ade-
quate anticoagulation, the decision to remove or not remove
a functioning CVAD must be made on an individual basis
considering the factors outlined in this discussion: availability of
further vascular access, requirement for vascular access to treat
the underlying condition successfully, balance of perceived risk
from underlying condition, and surgical removal of CVAD vs
progressive thrombosis. There is very low certainty that there is an
effect of CVAD removal 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 questions:

c The optimal timing of CVAD removal (delayed by what duration
vs immediate) once CVAD-associated VTE is diagnosed needs
to be established.

c Subgroup studies are needed to identify specific patient
populations in whom the approach might vary, including
consideration of risk of CVAD-associated sepsis.

Low-molecular-weight heparin vs vitamin

K antagonists

Question: Should low-molecular-weight heparin vs vitamin
K antagonists be used in pediatric patients with symptomatic DVT
or PE as maintenance therapy after the first few days?

Recommendation 13

The ASH guideline panel suggests using either low-molecular-
weight heparin or vitamin K antagonists in pediatric patients with
symptomatic DVT or PE (conditional recommendation based on
very low certainty in the evidence of effects Å◯◯◯). Remarks:

The decision should depend on patient values and preferences,
health services resources, infrastructure and support, and un-
derlying condition, comorbidities, and other medications.

Summary of the evidence. We found 1 RCT (the REVIVE
trial, which was stopped early because of difficulties in participant
recruitment and was underpowered to detect differences between
the 2 interventions) and 18 observational studies with ,1000 total
patients involved (see evidence profile online for Recommendation
13 for study description and references). Most of the observational
studies were single-arm cohorts, with no comparison arm to detect
an effect. Adult data were not considered. The evidence profile and
EtD framework are online for Recommendation 13.

Benefits. For the outcomes of mortality, PE, severe VTE, or
recurrent VTE, the RCT results had wide CIs that did not exclude
thresholds for plausible benefit or harm. Risk estimates cannot be
calculated from the observational data because of the lack of direct
comparisons. Overall, the certainty in these estimated effects is very
low owing to bias in the observational studies and imprecision of the
estimates from the RCT.

Harms and burden. For the adverse event of major bleeding,
the RCT effect estimates had wide CIs that did not exclude
thresholds for plausible benefit or harm. Risk estimates could not
be calculated from the observational data. Overall, the certainty in
these estimated effects is very low owing to important risk of bias
in the observational studies and imprecision of the estimates from
the RCT.

Other EtD criteria and considerations. The panel con-
sidered that the decision to use either option should depend on
patient values and preferences, health services resources,
infrastructure and support, and underlying condition, comorbid-
ities, and other medications. The panel recognized that the
burden of care was an important consideration for each
treatment (regular subcutaneous injections vs frequent blood
tests, whether point of care or laboratory based), and there were
insufficient data on this important outcome. The panel agreed
that appropriate infrastructure support is required for either
option, and the costs of such infrastructure likely vary in different
health care systems.

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 or harm from using low-molecular-
weight heparin compared with vitamin K antagonists. There is very low
certainty as to the effect of low-molecular-weight heparin on other
outcomes (eg, bone density, likely related to duration of treatment).
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 questions:

c Further studies are required to elucidate the minimal infrastruc-
ture requirements for services to support parents and families to
optimize therapy with either low-molecular-weight heparin or
vitamin K antagonists.

c Further studies are required to determine the impact of vitamin K
antagonists vs low-molecular-weight heparin on bone density,
especially for longer durations of therapy.

c Further studies are required to understand the factors influencing
patient preferences for either therapy and the optimal ways to
mitigate negative factors.
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Provoked DVT or PE

Question: Should anticoagulation for .3 months vs anticoagula-
tion for up to 3 months be used in pediatric patients with provoked
DVT or PE?

Recommendation 14

The ASH guideline panel suggests using anticoagulation for
#3 months rather than anticoagulation for .3 months in pe-
diatric patients with provoked DVT or PE (conditional recom-
mendation based on very low certainty in the evidence of
effects Å◯◯◯). Remarks: The panel noted that the exact
duration for optimal anticoagulation was unknown, and
there are ongoing studies comparing durations within this
time frame. In cases in which the provoking factor is re-
solved, treatment for .3 months is unjustified. However, for
patients who have persistence of the causative risk factor
for provoked DVT/PE, longer anticoagulation could be
considered.

Summary of the evidence. We found 1 observational study
of ,90 children that included variable durations of therapy and
included some children with unprovoked VTE. There was 1 RCT
that did not specifically address duration of therapy. Two thirds of
the data considered by the panel were indirect data from adult
studies. The characteristics of all included studies are presented in
the evidence profile online for Recommendation 14.

The panel noted that the definition of provoked VTE was not
uniformly accepted and that, although CVAD-associated VTE or
postsurgical VTE was usually considered provoked, VTE in the
setting of specific medications, such as oral contraceptives, or of
physiological disturbances, such as severe dehydration, could be
considered as provoked or unprovoked. The panel noted that the
ability to remove/reverse the provoking factor would be a major
determinant. The panel also noted that there is an ongoing
multicenter RCT29 comparing 3 months of anticoagulation with
6 weeks of anticoagulation in a subgroup of provoked VTE in
children; the results of this trial will be most helpful to answer this
question.

Benefits. The relative effects were not estimable from the
pediatric data, and the frequency of major outcomes in children
treated for .3 months compared with #3 months cannot be
determined accurately. There were no baseline data in children to
compare. Extrapolation from adult data would suggest there is
little advantage in outcomes from treating for .3 months in
provoked VTE.

Overall, the certainty in these estimated effects is very low owing to
the indirectness of studies and imprecision in the indirect studies
(see evidence profile online for Recommendation 14).

Harms and burden. The relative effects on adverse events
were not estimable from the pediatric data, and the frequency of
major outcomes in children treated for .3 months compared with
#3 months cannot be determined accurately. There were no
baseline data in children to compare. Extrapolation from adult data
would suggest there are increased adverse events with increasing
durations of anticoagulation.

Other EtD criteria and considerations. Cost and burden of
care are incrementally increased with increasing duration of therapy.
The panel judged that there may be important uncertainty or
variability in how much people value the main outcomes. The
panel also noted that the age of the child may be a substantial
subgroup consideration with respect to optimal duration of
therapy. The panel considered that the aim should be to treat for
the minimal duration of time to achieve optimal VTE-resolution
rates. The panel noted that the current RCT addressing duration
of therapy would suggest that most clinicians believe that shorter
duration of therapy rather than longer is potentially appropriate
for provoked VTE in children. The EtD framework is available
online for Recommendation 14.

Conclusions and research needs for this recommendation.
The guideline panel determined that there is very low certainty
in the evidence for a net health harm from using anticoagulation
for .3 months compared with 3 months for provoked VTE.
However, for patients who have persistence of the causative risk
factor for the provoked DVT/PE, longer anticoagulation could be
considered. There is very low certainty that there is an effect of
prolonged therapy 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 questions:

c Studies to determine of the impact of differing provoking factors
to optimal duration of therapy;

c Studies to determine the impact of age on optimal duration of
therapy for provoked VTE; and

c Studies to determine the required improvement in outcomes for
patients and families compared with the perceived increased
burden of care from prolonged therapy.

Unprovoked DVT or PE

Question: Should anticoagulation for .6 to 12 months vs anti-
coagulation for 6 to 12 months be used in pediatric patients with
unprovoked DVT or PE?

Recommendation 15

The ASH guideline panel suggests using anticoagulation
for 6 to 12 months rather than anticoagulation for .6 to
12 months in pediatric patients with unprovoked DVT or PE
(conditional recommendation based on very low certainty in
the evidence of effects Å◯◯◯). Remarks: There were little
pediatric data. Extrapolation of adult data might favor pro-
longed treatment periods in terms of VTE recurrence. How-
ever, the bleeding risk and impact of prolonged therapy on
quality of life were judged to be significantly higher in children
compared with adults. Patient values and preferences should
be considered.

Summary of the evidence. We found 1 study of ,90
children; only 7% of VTEs were unprovoked, and the duration of
therapy was not standard. In this context, all of the data that contributed
to the panel decision were extrapolated from indirect data from adult
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studies. The panel noted that the definition of unprovoked VTE
was not uniformly accepted and that, although CVAD-associated
VTE or postsurgical VTE was usually considered provoked, VTE in
the setting of specific medications, such as oral contraceptives, or
of physiological disturbances, such as severe dehydration, could
be considered as provoked or unprovoked. Furthermore, although
adult studies considered major outcomes, such as recurrent VTE
and mortality, there was no consideration of burden of care
(including impact on mental health), lifestyle, and quality of life,
which the panel judged to be of significant importance in the
pediatric population. The characteristics of all included studies are
presented in the online evidence profile for Recommendation 15.

Benefits. The relative effects were not estimable from
the pediatric data as a result of the lack of direct comparisons,
and the frequency of major outcomes in children treated for 6 to
12 months compared with .6 to 12 months cannot be
determined accurately. There were no baseline data in children
to compare. Extrapolation from adult data would suggest an
advantage in terms of the major outcome of recurrent VTE,
although in many studies the 95% CI contains both an effect
and no effect.

Overall, the certainty in these estimated effects is very low
owing to insufficient studies addressing the question and
potential bias in the available studies (see online evidence
profile for Recommendation 15).

Harms and burden. The relative adverse events were not
estimable from the pediatric data, and the frequency of adverse
events in children treated for.6 to 12months compared with 6 to 12
months cannot be determined accurately. There were no baseline
data in children to compare. Extrapolation from adult data would
suggest no difference in bleeding risk, although the 95% CI contains
both an effect and no effect.

Overall, the certainty in these estimated effects is very low owing to
indirectness of studied populations and imprecision in the indirect
studies (see online evidence profile for Recommendation 15).

Other EtD criteria and considerations. The panel judged
that acceptability of longer duration of therapy would vary based on
patients’ perceived burden of treatment, lifestyle, and impact on
quality of life. The panel judged that this was a complex cost-
effectiveness question, and it would not be easy to make judgments
without available studies. The evidence profile and EtD framework
are available online for 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 from using anticoagulation
for 6 to 12 months compared with .6 to 12 months for
unprovoked VTE in children. Although indirect evidence from
adults suggests the opposite in terms of recurrent VTE, the panel
strongly considered the impact of prolonged burden of care on
quality of life. Thus, individual values and preferences of patients
and their families should be explored when making this decision.
There is very low certainty that there is an effect of the duration
of anticoagulation on other outcomes, such as mental health.
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 question: the
mortality, recurrence risk, major bleeding risk, and quality of life
outcomes for differing durations of treatment in children with
unprovoked VTE need to be determined. The potential role of serial
D-dimers to predict recurrence also needs to be determined.

CVAD-related superficial vein thrombosis

Question: Should anticoagulation vs no anticoagulation be used
in pediatric patients with CVAD-related superficial vein thrombosis?

Recommendation 16

The ASH guideline panel suggests using either anticoagulation
or no anticoagulation in pediatric patients with CVAD-related
superficial vein thrombosis (conditional recommendation
based on very low certainty in the evidence of effects Å◯◯◯).
Remarks: There was very little direct or indirect data on which
to base this recommendation. The collective experience of the
panel suggested that, in most patients, no anticoagulation will
be appropriate. However, anticoagulation seems appropriate
for patients who have a CVAD line that is still functioning and
who continue to need venous access, as well as in those
whose symptoms progress.

Summary of the evidence. We did not find any study in
children. The panel considered only indirect data from 1 adult study,
which was marked by wide CIs that included null hypothesis and
thresholds for plausible benefit or harm. Based on survey results
from the panel’s collective experience, progression when untreated
is very low (recurrence) and 0 to few bleeds and 0 to low mortality
with no anticoagulation. The panel judged that, in most patients, no
anticoagulation will be appropriate. However, for patients who have
a CVAD line that is still functioning and who continue to need
access, as well as in those whose symptoms progress, anti-
coagulation seems appropriate. The evidence profile and EtD
framework are available online for Recommendation 16).

Benefits. Therewere no pediatric data to assessmajor outcomes
of VTE progression, recurrence, or mortality. The indirect data had
significant imprecision. The panel survey suggested no difference in
major outcomes with treatment compared with no treatment.

Harms and burden. There were no pediatric data to assess
adverse events, including major bleeding. The indirect data had
significant imprecision. The panel survey suggested there was no
major bleeding if no anticoagulation was given.

Other EtD criteria and considerations. The panel judged
that variation in the perceived importance of superficial vein thrombosis
will exist among patients and clinicians. Although, in general, the panel
judged that no anticoagulation was appropriate, there will be specific
patients with progressive symptoms, particularly difficult vascular
access, or with strong preferences in whom anticoagulation is
appropriate (see online EtD framework for Recommendation 16).

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 or harm from using anticoagulation
or not and, therefore, could not suggest either choice, because
individual patient factors will alter the decision. There is very low certainty
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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 research question: with
the increasing use of peripherally inserted central catheters in a
wide range of pediatric care scenarios, the frequency of superficial
vein CVAD VTE will increase, and studies of the natural history and
role of anticoagulation treatment are required.

Right atrial thrombosis

Question: Should anticoagulation vs no anticoagulation be used
in neonates and pediatric patients with right atrial thrombosis?

Recommendation 17

The ASH guideline panel suggests using anticoagulation,
rather than no anticoagulation, in pediatric patients with right
atrial thrombosis (conditional recommendation based on very
low certainty in the evidence of effects Å◯◯◯). Remarks: The
panel was unable to distinguish between symptomatic and
asymptomatic VTE in this instance, because many right atrial
thromboses are discovered during routine imaging, especially
in cardiac surgical patients. Factors, such as size and mobility
of the thrombus, patient’s hemodynamic status, and bleeding
risk, are important considerations, but there are insufficient
data to define specific subgroup effects.

Question: Should thrombolysis or surgical thrombectomy followed
by standard anticoagulation vs anticoagulation alone be used in
neonates and pediatric patients with right atrial thrombosis?

Recommendation 18

The ASH guideline panel suggests against using thrombolysis
or surgical thrombectomy, followed by standard anti-
coagulation; rather, anticoagulation alone should be used in
pediatric patients with right atrial thrombosis (conditional rec-
ommendation based on very low certainty in the evidence of
effects Å◯◯◯). Remarks: In most cases, anticoagulation
alone is adequate; however, there will be individual cases in
which the hemodynamic status, size, and mobility of the
thrombus might dictate more aggressive therapy. The choice of
thrombectomy vs thrombolysis will depend on patient and
family acceptability and feasibility of the interventions.

Summary of the evidence. We found28 observational studies
(case series or case reports) in children, including a total of 41 patients
exposed to no anticoagulation, 30 patients exposed to anticoagulation
alone, and 65 patients exposed to thrombolysis or thrombectomy. Indirect
adult data were not used. The evidence profiles and EtD frameworks are
available online for Recommendation 17 and Recommendation 18.

Benefits. Ten of 65 (15.4%) patients died in the thrombolysis
(4 patients) and thrombectomy (6 patients) groups, whereas 2 of 30
(6.7%; none said to be VTE related) died among those exposed to
anticoagulation alone vs 4 of 41 (9.8%; all VTE related) in the

nonanticoagulated group. There were 13 of 69 (18.8%) reported
cases of PE in the thrombolysis group vs 0 of 25 (0%) in the
anticoagulation group and 4 of 41 (9.7%) in the observation group.
Overall, the certainty in these estimated effects is very low owing to
very serious risks of bias and imprecision in the studies.

Harms and burden. There were 8 of 69 (11.6%) reported
events of major bleeding in the thrombolysis group, and no reported
major bleeding event in the anticoagulation group or untreated
group. Overall, the certainty in these estimated effects is very low
owing to very serious risks of bias and imprecision in the studies.

Other EtD criteria and considerations. The panel noted
that, although more patients in the thrombolysis/thrombectomy group
had undesirable consequences (death, PE, bleeding), this could be due
to higher-risk patients being assigned to these interventions, given the
uncontrolled nature of the available data. Factors, such as size and
mobility of the thrombus, patient’s hemodynamic status, patient age, and
bleeding risks, are important considerations, but there are insufficient
data to define specific subgroup effects. In cases in which more
aggressive therapy was thought appropriate, the choice of thrombec-
tomy vs thrombolysis will depend on patient and family acceptability
and feasibility of the interventions (see online EtD frameworks for
Recommendation 17 and Recommendation 18).

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 children
with right atrial thrombosis. Factors, such as size and mobility of the
thrombus, patient’s hemodynamic status, patient age, and bleeding risks,
are important considerations in deciding for no treatment, anticoagulation,
thrombolysis, or thrombectomy.Given the available data, the panel judged
that anticoagulation alone was appropriate in most cases. 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 research questions:

c The natural history of right atrial thrombosis in different patient
subgroups needs to be determined.

c The impact of thrombosis size and mobility on natural history
needs to be determined.

RVT

Question: Should anticoagulation vs no therapy be used in neonates
with RVT?

Recommendation 19

The ASH guideline panel suggests using anticoagulation rather
than no anticoagulation in neonates with RVT (conditional rec-
ommendation based on very low certainty in the evidence of effects
Å◯◯◯). Remarks: The panel considers the intervention to have a
potential beneficial effect if the long-term benefits of avoiding
hypertension and/or renal damage are considered. Anticoagulation
is likely more important with bilateral involvement compared with
unilateral involvement or with progression to the inferior vena cava.
Severity of disease, age, gestational age, and degree of throm-
bocytopenia will impact bleeding risk with treatment.
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Question: Should thrombolysis followed by standard anticoagula-
tion vs anticoagulation alone be used in neonates with RVT (life-
threatening or nonlife-threatening)?

Recommendation 20a

The ASH guideline panel recommends against using
thrombolysis, followed by standard anticoagulation; rather,
anticoagulation alone should be used in neonates with
nonlife-threatening RVT (strong recommendation based on
very low certainty in the evidence of effects Å◯◯◯). Re-
marks: All evidence comes from observational studies in
which patients who are treated with thrombolytics are typi-
cally more unwell, have bilateral RVT, and have inferior vena
cava involvement; studies did not adjust for these factors,
and causation is difficult to ascertain. However, the panel
placed a high value on avoiding the potential bleeding risks
of thrombolysis, especially in neonates, and so made this
recommendation for cases with very low mortality risk (ie,
unilateral RVT). Therefore, the panel made a strong recom-
mendation as a result of high-quality evidence for harm or
high costs, despite very low–quality evidence for benefit.

Recommendation 20b

The ASH guideline panel suggests using thrombolysis followed
by standard anticoagulation rather than anticoagulation alone
in neonates with life-threatening RVT (conditional recommen-
dation based on very low certainty in the evidence of effects
Å◯◯◯). Remarks: When the condition is life-threatening (ie,
bilateral thrombosis), the panel considered that the beneficial
effects of thrombolysis would outweigh the undesirable con-
sequences of the intervention.

Summary of the evidence. We found 9 observational
studies in children with a total of 175 patients. All were studies
with serious risk of bias as a result of confounding, selection of
participants, and measurement. Indirect adult data were not
used. 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-
threatening. RVT may present as unilateral disease with
extension into the inferior vena cava, 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 present as bilateral disease
with deterioration of renal function; this is almost always life-
threatening in neonates because of the practical difficulties of
adequately dialyzing small infants. The treatment and outcomes,
as described in the observational studies, were not able to be
clearly sorted by these different disease severities. The
evidence profiles and EtD frameworks are available online for
Recommendation 19 and Recommendations 20a and 20b.

Benefits. In the patients (n 5 66) who did not receive
anticoagulation, mortality was 3%, no resolution of RVT was found

in 6.1%, long-term renal impairment was noted in 73%, and
hypertension (measured in 3 studies, n 5 20 patients) occurred in
15%. In the group who received anticoagulation alone (n 5 85),
the outcomes were 0%, 0%, 75%, and 10% (measured in 3
studies, n 5 20 patients), respectively. For patients who received
thrombolysis and anticoagulation (n 5 24), the outcomes were
0%, 8%, 75%, and 22% (measured in 3 studies, n 5 9),
respectively. Direct comparison of these outcomes is very difficult
given the likely significant selection bias as to which patients were
offered which therapy.

Harms and burden. In the patients (n 5 66) who did not
receive anticoagulation, the major bleeding rate was 6%. In the
group who received anticoagulation alone (n 5 85), the major
bleeding rate was 5%, and for patients who received thrombolysis
and anticoagulation (n 5 24), the major bleeding rate was 21%.
Direct comparison of these outcomes is very difficult given the likely
significant selection bias as to which patients were offered which
therapy. The panel noted that bleeding may occur in RVT, in the
absence of anticoagulation, depending on gestation, severity of
accompanying thrombocytopenia, and the involvement of the adrenal
glands in the renal/peri-renal infarction. The panel also noted that
bleeding risks with the use of heparinoids will increase substantially in
the presence of renal failure.

Other EtD criteria and considerations. The panel noted
that babies with RVT are often in neonatal units where the risk benefit
ratio of anticoagulation or thrombolysis is considered differently
compared with hematologists (see online EtD frameworks for
Recommendation 19 and Recommendations 20a and 20b).

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 in terms of long-term renal
damage and hypertension, in particular from using anticoagula-
tion in all children with RVT. In children with unilateral disease,
the panel placed a high value on the risk of bleeding from
thrombolysis and recommends anticoagulation alone. The
GRADE methodology framework states that a strong recom-
mendation may be warranted despite low or very low confidence
in effect estimates under 5 specific circumstances.21 In this
instance, the panel agreed that the circumstance when low-
quality evidence suggests benefit and high-quality evidence
suggests harm or a very high cost was applicable. In children
with IVC extension, the decision may be more difficult, and
individual factors need consideration; however, it likely that the
potential benefits of thrombolysis outweigh the bleeding risk in
children with bilateral disease and renal impairment. There is very
low certainty that there is an effect of anticoagulation or
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 questions:

c More high-quality evidence for baseline risks, duration of
treatment, and agents used, as well as better data to assess
anticoagulation vs no anticoagulation in RVT and

c Better subgroup data to identify the children who would benefit
most from thrombolysis.
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PVT

Question: Should anticoagulation vs no anticoagulation be used in
pediatric patients with PVT?

Recommendation 21a

The ASH guideline panel suggests using anticoagulation
rather than no anticoagulation in pediatric patients with PVT
with occlusive thrombus, postliver transplant, and idiopathic
PVT (conditional recommendation based on very low cer-
tainty in the evidence of effects Å◯◯◯).

Recommendation 21b

The ASH guideline panel suggests using no anticoagulation
rather than anticoagulation in pediatric patients with PVT with
nonocclusive thrombus or portal hypertension (conditional
recommendation based on very low certainty in the evidence of
effects Å◯◯◯).
Remarks for recommendations 21a and 21b: In children
who will not be anticoagulated, follow-up monitoring is impor-
tant, because extension of thrombus or organ dysfunction may
require reconsideration of treatment options.

Summary of the evidence. We found 3 observational
studies. Two were follow-up studies of umbilical vein catheter-
ization that reported PVT in 43 of 100 and 1 of 100 neonates.
The third reported a retrospective cohort of 133 children with
PVT. There were insufficient data about subgroups. The panel
was surveyed and reported that they have managed ;800
patients during their years of practice. Indirect data from adults
were not used. The evidence profile and EtD framework are
available online for Recommendations 21a and 21b.

Benefits. Studies reported 16% overall risk of death, with no
information for each group separately. In patients with no anti-
coagulation, spontaneous resolution of PVT is reported in 70% to
77% of patients with nonocclusive thrombus and in 31% to 48% of
patients with occlusive thrombus. The panel survey reported that
;50% of affected children are not treated with anticoagulation; of
these, ,5% have a progression of the thrombosis, and ,1% die.
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 bleedings in all patients
with PVT varies from 5% to 80% and is primarily related to
esophageal varices and portal hypertension. Studies did not report
bleeding events separately in those receiving or not receiving
anticoagulation. The rate of bleeding (from other pediatric
populations) ranges from 3% to 5% with low-molecular-weight
heparin, unfractionated heparin, or vitamin K antagonists.

Other EtD criteria and considerations. The panel noted
that PVT may occur in a number of clinically distinct scenarios
(eg, neonates secondary to umbilical vein catheterization, postliver

transplant patients, or idiopathic in older children) and that these
subgroups needed to be considered differently.

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 anti-
coagulation. Based on the body of available evidence, the
balance probably favors anticoagulation for occlusive PVT,
present in a liver transplant patient, or idiopathic PVT. The
balance probably favors no anticoagulation for nonocclusive
PVT or in the presence of portal hypertension, suggesting the
thrombosis is old. 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 research question:
studies to determine the outcomes, with or without anticoagulation,
in clinical subgroups of PVT are required.

CSVT

Question: Should anticoagulation vs no anticoagulation be used
in pediatric patients with CSVT?

Recommendation 22a

The ASH guideline panel recommends using anticoagulation
rather than no anticoagulation in pediatric patients with CSVT
without hemorrhage (strong recommendation based on very
low certainty in the evidence of effects Å◯◯◯). Remarks: The
panel determined that, even in the presence of very low cer-
tainty in the evidence, the magnitude and direction of effect, in
addition to indirect evidence from adult patients with the same
direction of effect, support a strong recommendation because
this is a life-threatening situation.

Recommendation 22b

The ASH guideline panel suggests using anticoagulation
rather than no anticoagulation in pediatric patients with CSVT
with hemorrhage (conditional recommendation based on very
low certainty in the evidence of effects Å◯◯◯). Remarks:

Patients with intracerebral hemorrhage were included in the
identified studies with lack of specific evidence, and the panel’s
collective expertise suggests that patients with hemorrhagic
CSVT have worse outcomes, leading to this recommendation as
conditional.

Question: Should thrombolysis followed by standard anti-
coagulation vs anticoagulation alone be used in pediatric
patients with CSVT?
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Recommendation 23

The ASH guideline panel suggests against using thrombolysis
followed by standard anticoagulation; rather, anticoagulation
alone should be used in pediatric patients with CSVT (condi-
tional recommendation based on very low certainty in the evi-
dence of effects Å◯◯◯). Remarks: The evidence does not
clearly separate systemic vs catheter-directed thrombolysis.
Patients who receive thrombolytics are likely to be more unwell
with worse outcomes, which leads to very low certainty in the
evidence. However, there were insufficient data to support
specific subgroups who would benefit from the intervention.
Based on the panel’s collective experience, for children with
CSVT without evidence of ischemia, there is no rationale for
using thrombolysis.

Summary of the evidence. We found 17 observational
studies in children, with .1200 total overall patients, that
assessed mortality related to anticoagulation in CSVT. Eleven
observational studies that included just over 800 children
considered severe CSVT (children and neonates), assessed as
progression or no recanalization on follow-up (range, 1 week to 6
months). Five observational studies (57 patients) assessed
neurological outcome with a median follow-up of 2 years. Ten
observational studies (726 patients) assessed major bleeding as
an adverse outcome. There were 7 case reports or case studies
that included patients who received thrombolysis, although the
total number of patients receiving this therapy was 17. The panel
noted that it would be important to consider the following CSVT
subgroups of interest: hemorrhagic vs nonhemorrhagic, infarct
vs no infarct present, and age (neonates vs older children).
However, the evidence obtained makes no clear distinction
among these subgroups in the intervention and control arms. The
outcomes considered included mortality, progression and non-
resolution of CSVT, major bleeding, and long-term neurological
outcome. All studies were case control, cohorts, case series, or
case reports, and some had comparative arms. There is a high
risk of bias as the result of confounding and selection. Indirect
evidence from adult data were not considered. The evidence
profiles and EtD frameworks are available online for Recommen-
dations 22a and 22b and Recommendation 23.

Benefits. Anticoagulation reduced mortality (risk ratio [RR],
0.36; 95% CI, 0.16-0.81) in neonates and children combined. The
baseline mortality was 75 per 1000 children, and it was 48 fewer
per 1000 with anticoagulation (95% CI, 63 fewer to 14 fewer).
However, when neonates and children were considered separately,
the CI crossed the null and, hence, the threshold for plausible
benefit or harm. In the 17 children who received thrombolysis, 3
patients (18%) died. Anticoagulation also reduced severe CSVT in
children and neonates (RR, 0.33; 95% CI, 0.18-0.58), assessed as
either progression or no recanalization on follow-up (range, 1 week to
6months). The baseline rate was 176 per 1000; with anticoagulation,
it was 118 fewer per 1000 (95% CI, 74 to 145 fewer). This effect
remained when neonates and children were considered separately.
Of the 17 patients who received thrombolysis, 1 patient (6%) had no
resolution of the thrombosis. Neurological sequelae assessed with a
median follow-up of 2 years was reduced by anticoagulation, with an
odds ratio of 0.46 (95% CI, 0.23-0.94). The baseline risk obtained

from 3 studies was 762 per 1000; with anticoagulation, it was 166
fewer per 1000 (95% CI, 11-338 fewer). Of 17 patients with CSVT
who underwent thrombolysis, 4 (24%) had neurological sequelae.
Overall, the certainty in these estimated effects is very low owing to
the high risk of bias in the studies and imprecision of the estimates.

Harms and burden. There was no difference in the risk of
major bleeding between those who received anticoagulation
and those who did not (RR, 1.03; 95% CI, 0.14-7.49). Of the 17
patients who received thrombolysis, 8 patients (47%) had major
bleeding. There is very low certainty in the estimate of the risk of
adverse effects due to significant selection bias and
confounding.

Other EtD criteria and considerations. The panel noted
that a variety of comorbidities can be associated with CSVT in
children. Some children may have local infection, such as
mastoiditis, and others have acute leukemia and are receiving
asparaginase. The appropriate management of these comorbidities
is important in the overall management of the child.

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
children with CSVT. The GRADE methodology framework states
that a strong recommendation may be warranted, despite low or
very low confidence in effect estimates under 5 specific circum-
stances.21 In this instance, the panel agreed that the circumstance
when low-quality evidence suggests benefit in a life-threatening
situation (evidence regarding harms can be low or high) was
applicable. The panel noted, even in the presence of very low
certainty in the evidence, the magnitude and direction of effect and
agreed to a strong recommendation in children without overt
hemorrhage. Patients with intracerebral hemorrhage were included
in the identified studies with lack of specific evidence, and the
panel’s collective expertise suggests that patients with hemorrhagic
CSVT have worse outcomes, leading to the second recommenda-
tion as conditional.

The evidence does not clearly separate systemic vs catheter-
directed thrombolysis. Patients who receive thrombolytics are
likely to be more unwell with worse outcomes, which leads
to very low certainty in the evidence. Based on the panel’s
collective experience, there is no rationale for using thrombolysis
for children with CSVT without evidence of ischemia. There are
insufficient data to support specific subgroups who would benefit
from thrombolysis.

There is very low certainty that there is an effect of anticoagulation
or 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 questions:

c Further studies focusing on specific subgroups (hemorrhagic vs
nonhemorrhagic, infarct vs no infarct, neonatal vs older child) to
determine whether different treatment strategies are required for
different subgroups and

c Further studies to determine whether catheter-directed
thrombolysis has a different risk benefit ratio from systemic
thrombolysis
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Purpura fulminans due to homozygous protein

C deficiency

Question: Should protein C replacement vs anticoagulation be
used in pediatric patients with congenital purpura fulminans due to
homozygous protein C deficiency?

Recommendation 24

The ASH guideline panel suggests using protein C re-
placement 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 of effects Å◯◯◯).
Remarks: The panel determined that the long-term effec-
tiveness of protein C replacement was superior to that of-
fered by anticoagulation and did not have the adverse
bleeding risk of anticoagulation. However, protein C is ex-
pensive, and cost may be prohibitive.

Question: Should anticoagulation plus protein C replacement
vs anticoagulation alone be used in pediatric patients with
congenital purpura fulminans due to homozygous protein C
deficiency?

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
homozygous protein C deficiency (conditional recommenda-
tion based on very low certainty in the evidence of effects
Å◯◯◯). Remarks: This recommendation applies in an acute
setting (acute episode of purpura fulminans) in which protein C
replacement plus anticoagulation is considered a better option
than anticoagulation alone. For long-term treatment, when the
recommendation to fully supplement with protein C cannot
be followed for pragmatic or cost reasons, the use of com-
bined protein C replacement and anticoagulation, rather
than anticoagulation alone, may reduce the required intensity of
anticoagulation and, hence, reduce the bleeding risk.

Question: Should liver transplantation vs no liver transplantation
(anticoagulation or protein C replacement) be used in pediatric
patients with congenital purpura fulminans due to homozygous
protein C deficiency?

Recommendation 26

The ASH guideline panel suggests using either liver trans-
plantation 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
of effects Å◯◯◯). 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 ex-
pensive and difficult as the child grows and that long-term anti-
coagulation at the intensity required has significant bleeding risks.
Hence, the optimal therapy depends on the values and prefer-
ences 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.

Summary of the evidence. We found 1 case series and 4
case reports that described anticoagulation (n 5 21) or protein C
replacement (n 5 11) for congenital purpura fulminans. There were
also 13 case reports that described a combination of anticoagulation
and protein C replacement therapy (n5 11) and 5 case reports of liver
transplant for homozygous protein C deficiency. The panel considered
that treatment consists of long-term maintenance therapy, as well as
therapy required for acute exacerbations. Most case reports included
the use of protein C replacement in the form of protein C concentrate
or fresh-frozen plasma for management of acute exacerbations,
independent of the long-term maintenance therapy being used. There
were no relevant indirect data from adults. The evidence profiles and
EtD frameworks are available online for Recommendation 24,
Recommendation 25, and Recommendation 26.

Benefits. The cases that received protein C replacement or
protein C replacement and anticoagulation had no mortality,
pulmonary embolus, bleeding, or skin necrosis compared with rates
of 5%, 38%, 14%, and 14%, respectively, in children who received
anticoagulation alone. In the 5 transplanted children, transplant took
place at 6 months to 8 years of age. All patients survived with normal
levels of protein C. None had major bleeding. Overall, the certainty in
these estimated effects is very low owing to the risk of bias, including
selection bias, and important imprecision of the estimates.

Harms and burden. Anticoagulation is associated with a major
bleeding rate of 14%; no major bleeding was reported in patients
treated with protein C alone or with protein C and anticoagulation.

Other EtD criteria and considerations. Protein C re-
placement is very expensive, especially as the child increases in
age (and size), and may not be feasible in many health systems.
In addition, protein C replacement must be given either IV or
subcutaneously daily or at least multiple times per week. If
anticoagulation is used, vitamin K antagonists at high intensity are
usually required. The use of combination protein C and anti-
coagulation reduces the cost of replacement therapy and reduces
the intensity of anticoagulation required, hence reducing the
bleeding risk. In addition, if anticoagulation is used as mainte-
nance therapy, protein C replacement may be required in acute
exacerbations. Thus, Recommendation 24 acknowledges the long-
term superiority of protein C replacement over anticoagulation
alone. Recommendation 25 acknowledges that, in the acute
setting, both therapies may be required, as well as that combination
therapy is preferable to anticoagulation alone in situations in which
complete protein C replacement is not possible for cost or
pragmatic reasons. The use of CVADs in this patient population is
associated with a high incidence of CVAD-associated VTE. Liver
transplantation is curative but has the upfront risk of morbidity and
mortality (varies with donor and institution) and confers a separate
set of long-term risks (long-term immunosuppression).
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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 protein C replacement
therapy. Although protein C replacement is likely optimal therapy, the
cost is frequently prohibitive; hence, clinicians often need to use
anticoagulation as an alternative. The panel agreed that, if cost is the
rationale for using anticoagulation rather than protein C replacement,
using a combination of anticoagulation and whatever protein C
replacement is feasible may be preferable to using anticoagulation
alone. However, the second recommendation applies in an acute
setting (acute episode of purpura fulminans) in which protein C
replacement plus anticoagulation is considered a better option than
anticoagulation alone, whereas in the scenario of long-term usage, the
benefits and cost-effectiveness of the intervention (protein C
replacement plus anticoagulation) are less certain. The role of liver
transplant will vary, depending on patient and family preferences and
their willingness to undertake the separate risks of transplant.
Although, in the panel’s experience, liver transplant is often used to
avoid the long-term costs of protein C therapy, the optimal timing of
this therapy is unknown. Clearly, transplant prior to the child sustaining
irreversible organ damage is optimal. Protein C replacement therapy is
usually required rather than anticoagulation in the lead-up to
transplantation. There is very low certainty that there is an effect of
protein C replacement, anticoagulation, or liver transplant 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 question: more
information about the long-term outcomes and the comparative
success of management options, as well as the optimal age for
introducing those options, is required. Given the rarity of the disease,
further information is more likely to come from observational studies
and registries, which are of paramount importance in this disease.

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.

Limitations of these guidelines

The recommendations in these guidelines were limited in every case by
very low or low certainty in the evidence. The contribution of indirect
adult VTE data is specified with each group of recommendations. In
addition, indirect evidence from non-VTE treatment scenarios in children
was used. For some recommendations, which related to relatively
common clinical questions, there was very little or no published direct or
relevant indirect evidence, and the panel was surveyed to provide
unpublished collective data on which decisions could then be based.
This process is explicitly identified for relevant recommendations, and
there was agreement among the panel members.

Revision or adaptation of the guidelines

Plans for updating these guidelines

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

This document will be best used in conjunction with future guidelines
assessing optimization of anticoagulation therapy in children.

Updating or adapting recommendations locally

Adaptation of these guidelines will be necessary in many circumstances.
These adaptations should be based on the associated EtD frameworks.30

Priorities for research

Specific suggestions for research are detailed with each recommenda-
tion. However, the panel noted that, although the need for randomized
trials of antithrombotic therapies in children is not debated, completing
RCTs in neonates and children, especially related to anticoagulation, is
very difficult. This is evidenced by the small number of trials completed
and the fact that almost all trials of anticoagulation in children failed to
meet their recruitment targets, despite continuing over longer time
periods than originally planned. In developing these guidelines, therewas
a paucity of data about baseline risks and natural history for most VTE
in children. Outcome measures remain unclear. Treatment effect and
safety were also frequently unclear. The panel recommends that
collaborative cohort studies (retrospective and prospective), registries,
and other observational studies addressing these issues could contrib-
ute much to improve the current levels of evidence and are likely
much more feasible than RCTs. The small numbers of patients
contributing to the data supporting individual recommendations seriously
limited the confidence in most recommendations.
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3. Qaseem A, Forland F, Macbeth F, Ollenschläger G, Phillips S, van der Wees P; Board of Trustees of the Guidelines International Network.
Guidelines International Network: toward international standards for clinical practice guidelines. Ann Intern Med. 2012;156(7):525-531.

4. Schünemann HJ, Al-Ansary LA, Forland F, et al; Board of Trustees of the Guidelines International Network. Guidelines International Network: principles
for disclosure of interests and management of conflicts in guidelines. Ann Intern Med. 2015;163(7):548-553.

5. Langer G, Meerpohl JJ, Perleth M, Gartlehner G, Kaminski-Hartenthaler A, Schünemann H. [GRADE guidelines: 1. Introduction—GRADE evidence
profiles and summary of findings tables]. Z Evid Fortbild Qual Gesundhwes. 2012;106(5):357-368.

6. Guyatt GH, Oxman AD, Vist GE, et al; GRADE Working Group. GRADE: an emerging consensus on rating quality of evidence and strength of
recommendations. BMJ. 2008;336(7650):924-926.

7. Andrew M, David M, Adams M, et al. Venous thromboembolic complications (VTE) in children: first analyses of the Canadian Registry of VTE. Blood.
1994;83(5):1251-1257.

8. Gibson B, Chalmers E, Bolton-Maggs P, Henderson D, Lynne R. Thromboembolism in childhood: a prospective two-year BPSU study in the United
Kingdom. Thromb Haemost. 2003;1(suppl 1):OC422.

9. van Ommen CH, Heijboer H, Büller HR, Hirasing RA, Heijmans HS, Peters M. Venous thromboembolism in childhood: a prospective two-year registry in
The Netherlands. J Pediatr. 2001;139(5):676-681.

10. Sabapathy CA, Djouonang TN, Kahn SR, Platt RW, Tagalakis V. Incidence trends and mortality from childhood venous thromboembolism: a population-
based cohort study. J Pediatr. 2016;172:175-180.e1.

11. Raffini L, Huang YS, Witmer C, Feudtner C. Dramatic increase in venous thromboembolism in children’s hospitals in the United States from 2001 to
2007. Pediatrics. 2009;124(4):1001-1008.

12. Monagle P, Adams M, Mahoney M, et al. Outcome of pediatric thromboembolic disease: a report from the Canadian Childhood Thrombophilia Registry.
Pediatr Res. 2000;47(6):763-766.

13. Polikoff LA, Faustino EV. Venous thromboembolism in critically ill children. Curr Opin Pediatr. 2014;26(3):286-291.

14. Witmer CM, Takemoto CM. Pediatric hospital acquired venous thromboembolism. Front Pediatr. 2017;5:198.

15. Massicotte MP, Dix D, Monagle P, Adams M, Andrew M. Central venous catheter related thrombosis in children: analysis of the Canadian Registry of
Venous Thromboembolic Complications. J Pediatr. 1998;133(6):770-776.

16. Jones S, Newall F, Monagle P. Novel perspectives on diagnosis and clinical significance of the post-thrombotic syndrome in children. Expert Rev
Hematol. 2016;9(10):965-975.

17. Lo B, Fields M. Conflict of Interest in Medical Research, Education, and Practice. Washington, DC: National Academies Press; 2009.

18. Akl EA, El-Hachem P, Abou-Haidar H, Neumann I, Schünemann HJ, Guyatt GH. Considering intellectual, in addition to financial, conflicts of interest
proved important in a clinical practice guideline: a descriptive study. J Clin Epidemiol. 2014;67(11):1222-1228.

19. Guyatt G, Akl EA, Hirsh J, et al. The vexing problem of guidelines and conflict of interest: a potential solution. Ann Intern Med. 2010;152(11):
738-741.

20. Schünemann HJ, Osborne M, Moss J, et al; ATS Ethics and Conflict of Interest Committee and the Documents Development and Implementation
Committee. An official American Thoracic Society Policy statement: managing conflict of interest in professional societies. Am J Respir Crit Care Med.
2009;180(6):564-580.
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