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Learning Objectives Incidence venous thromboembolism (VTE)
o Identify risk factors for venous thromboembolism + 0.14t0 0.21 per 10,000 children per year in the general
population
o Define Heparin-induced thrombocytopenia . 0.2to 1% in hospitalized patients

« Highest among children with underlying medical conditions,
o Describe treatment options for HIT such as malignancy and cardiac disease

. . ) ) . « Up to a third of all VTEs are CVC related
e Describe the use of direct oral anticoagulants in pediatrics




Risk of VTE in children versus adults Virchow's Triad

« Substantially lower in children

Stasis

Less commonly develop diseases causing damage to the vascular
endothelium

Less exposure to acquired prothrombotic risk factors THROMBOSIS

Lower plasma concentrations of all vitamin K dependent factors and -
almost all contact factors, as well as reduced capacity to generate Nesalvaliony) fipetcoastieniy o
thrombin
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Provoked VTE Unprovoked VTE
Develop due to identifiable underlying conditions and risk factors. Not attributable to an underlying risk factor
Criteria « Rarein children

« No prior history of VTE

« Treatment consists of therapeutic anticoagulation for 6 - 12

« VTEis not severe or life threatening months
« Provoking risk factor is transient « Recurrent unprovoked VTE are treated indefinitely
. Thrombus resolves or is nonocclusive within six weeks « Test for inherited thrombophilia
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VTE Risk factors

Central venous catheters (CVC)
Age

Infection

Malignancy

Congenital heart disease

Trauma

Estrogen containing contraceptives
Nephrotic syndrome

Irritable bowel disease

Systemic lupus erythematosus and antiphospholipid syndrome
Vascular abnormalities
Hospitalized patients

Clinical Manifestations of VTE

Central venous catheter (CVC)

Deep vein thrombosis (DVT)

Pulmonary embolism (PE)

.

Renal vein thrombosis (RVT)

Portal vein thrombosis (PVT)

Central (sinus) venous thrombosis (CVT)

9
: Coagulation can be initiated by either of two distinct

Coagulation pathways

« Gel plug Intrinsic pathway

« Coagulation factors Extrinsic pathway

« Calcium Completion of the process follows a common pathway

« Phospholipids
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Coagulation factors and their common names

Factor I - fibrinogen

Factor II - prothrombin

Factor III - tissue thromboplastin (tissue factor)
Factor IV - ionized calcium ( Ca++)

Factor V - labile factor or proaccelerin

Factor VI - unassigned

Factor VII - stable factor or proconvertin

Factor VIII - antihemophilic factor

Factor IX - plasma thromboplastin component, Christmas factor
Factor X - Stuart-Prower factor

Factor XI - plasma thromboplastin antecedent
Factor XII - Hageman factor

Factor XIII - fibrin-stabilizing factor

Phases of coagulation and fibrinolysis
« Platelet plug

« Fibrin deposition

« Termination

« Fibrinolysis

« Connections to the immune system
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Goals of treating VTE

e Prevent local extension and embolization of the thrombus
e Aid in resolving the existing thrombus

e Prevent VTE recurrence

e Minimize long-term complications

Commonly used anticoagulant agents

« Unfractionated heparin (UFH, heparin)

« Vitamin K antagonist (VKA, warfarin [Coumadin])

« Direct oral anticoagulants (DOAC)

[tPA])

« Low molecular weight heparin (LMWH, enoxaparin [Lovenox])

« Thrombolytic therapy (eg, recombinant tissue plasminogen activator




Heparin Induced Thrombocytopenia (HIT)

Results from an autoantibody directed against endogenous
platelet factor 4 (PF4) in complex with heparin

Untreated HIT has a mortality rate as high as 20% although with
improved recognition and early intervention, mortality rates have
been reported below 2%

Distinguishing characteristics of type I
versus type 11 heparin-induced
thrombocytapenia

Type 1 Type 11

HIT Variants / autoimmune HIT

« Delayed-onset HIT

« Refractory (persistent) HIT

« Spontaneous HIT (SpHIT)

« Vaccine-induced immune thrombotic thrombocytopenia (VITT)

« Heparin-induced antibodies (HIA)
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Pathophysiology

« Formation of HIT antibodies
o Unusual immunobiology
o IgG antibodies form rapidly
o NoIgM response
o Immune memory does not always persist
« Platelet factor 4 (PF4)
o PF4 forms a tetramer that binds to and neutralizes heparin
o Once HIT antibodies bind to PF4 on Platelet surface, their Fc region is
captured by Fc receptors on the surface of the same or adjacent platelets
> A positive feedback loop is formed which furthers platelet activation
o This leads to more PF4 release which creates more antigenic substrate for HIT
antibodies .
« Mechanism of thrombocytopenia
o Includes removal of IgG-coated platelets by macrophages of the
reticuloendothelial system (spleen, liver, bone marrow) via binding to FcyRIIA
o Consumption of platelets at sites of thrombus and platelet destruction due to
development of consumptive coagulopathy

Clinical Manifestations

« Thrombocytopenia

. Bleeding

. Timing

. Delayed-onset HIT following withdrawal of heparin

« Thrombosis

Thrombotic sequelae

« Skin necrosis

« Limb gangrene

« Organ ischemia or infarction

« Anaphylaxis

Evaluation

Suspecting HIT

« New onset thrombocytopenia
« Decrease in platelet count by 50% or more

« Venous or arterial thrombosis

« Necrotic skin lesions at heparin injection site
« Acute systemic reactions

Do Not wait for thrombus to develop, thrombocytopenia often precedes
thrombosis with HIT

Early intervention has the potential to]prevent thrombus wich is major
cause of morbidity and mortality in HI
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Approach to evaluation

Consider clinical AND laboratory evidence in evaluating for HIT

Definitive laboratory data may not be available or take days to
result

4Ts scoring system

Treatment is initiated based on scoring and diagnosis is either
confirmed or refuted based on lab results

Caveats to Evaluation

. Diagnosis

« Presumptive diagnosis

« Immediate discontinuation of heparin
« Confirmatory testing

« Non-heparin anticoagulant

HIT antibody testing

« Immunoassays (ELISA)

Functional assays
Serotonin release assay (SRA)

Heparin-induced platelet activation (HIPA)

« Pediatrics
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Management of HIT
Two major goals:
Halt platelet activation as rapidly as possible

Provide therapeutic-dose anticoagulation with a non-heparin
anticoagulant until thrombus risk has returned to baseline

Considerations for anticoagulation
« Urgency of anticoagulation

« Possible need for urgent reversal

« Chronic kidney or liver disease

« Other considerations

(o)
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Anticoagulants

Warfarin (VKA) - use in children is well established

Direct Thrombin Inhibitors (DTIs)

o Argatroban - no pediatric indications
o Bivalirudin - phase I trials in pediatrics
o Dabigatran (Prodaxa) - Pediatric approval in 2021 for 3 months and up

Direct Factor Xa Inhibitors
« Fondaparinux (Arixta) - Approved for pediatrics over 1 year

. Rivaroxaban (Xarelto) - Approved for gestational age >37
weeks

DOACs

Includes both thrombin and factor Xa inhibitors

Given orally

Rivaroxaban (Xarelto) and Dabigatran (Prodaxa) most commonly

used in pediatrics

Consideration of initiation

Most common interactions are with medications that induce or

inhibit cytochrome P450

« Common drugs in pediatrics that use this pathway include rifampin,
carbamazepine, phenytoin, phenobarbital, clarithromycin,
amiodarone, fluconazole, and cyclosporine

« Management around procedures has not been studied in children
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Long-term sequelae

Life-long avoidance of heparin
Sources of heparin:

All forms of heparin and LMWH

Heparin flushes (arterial lines, CVC, PIV)

Heparin bonded catheters

Heparin-containing medications such as prothrombin complex
concentrate (Kcentra)

Apheresis-derived peripheral blood stem cells

Some TPN products

Summary

« As the number of children with chronic diseases increases the
incidence of thrombus will rise

« HIT is a dangerous diagnosis to miss but also problematic if
made in error

« The introduction of alternative anticoagulants available in
pediatrics will make long-term treatment of thrombus easier
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