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     Peadiatric venous thrombosis

▪ Venous thromboembolism (VTE - non cerebral VTE)
‒   Deep vein thrombosis (DVT)

‒   Pulmonary thromboembolism (PE)

▪ Cerebral venous thrombosis (CVT)

▪ Neonatal thrombosis 

“Venous thromboembolic diseases”, NICE guidelines 2012
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Venous thromboembolism - Introduction

■Epidemiology
Rare pathology in children

‒🡪3 – 10 x frequency in recent years in hospitalized children

        0.3-28.8/10,000 admissions (1992-2005)

        58/10,000 admissions (2021)

        Incidence - Neonate: 0.51/10000

                           - Child: 0.07 - 0.14/10000

- 6% of VTE/PE associated with medical conditions: CVC (+++), infection, trauma, cancer, heart 

      congenital disease 

• Few studies

• Extrapolation from adults

1. 🡪 number of medical interventions
2. > knowledge about the disease
3. Medical/technological advances
4. > number of children in ICU and oncology

Majority associated with precipitating factor

Witmer  C et al. Treatment of Venous thrombolembolism in pediatric patients. Blood, 2021
Caldewell A et al. Direct Oral anticogulants for treatment of venous thromboembolism in children. Journal of Hospital Medicine. 2021

Hong J  et al. Updated recommendations for the tratment of venous thromboebolism, .Blood Research. 2021



■Epidemiology

‒Bimodal: peak incidence: newborn (90%) and teenagers (60%)

‒♀ = ♂ …. except teenagers  ♀ 2x > ♂

‒Mortality: 
•1% - 2,2%
•🡪 2 -3 times hospital mortality 

Venous thromboembolism - Introduction

Risks factors for VTE in children



Peadiatric cerebral venous trombosis (CVT) - Introduction

■Epidemiology

‒ Rare  type of stroke in childhood

‒ Incidence 0,7/100000 children/year

‒ It is estimated to have caused 1 case of perinatal stroke in every 2,200 births.

‒ Risk factors for peadiatric CVT: birth complications, 

                                                    infection of the head or neck, 

                                                    cancer, 

                                                    traumatic head injury, 

                                                    acquired or inherited thrombophilia, 

                                                    use of hormonal contraceptive methods

‒Anticoagulant therapy, with the 

  potential for intracranial   

  hemorrhage, is more controversial 

  because of the absence of clinical 

  trials and the infectious nature of 

  CVT in many children



Anticoagulant therapy
Goals

Prevention local of extension and embolization of thrombus 

Resolution of the existing thrombus

Prevent VTE recurrence

Minimize long-term complications (eg, post-thrombotic syndrome)

Anticoagulant agents

 Low molecular weight heparin (LMWH)

 Unfractionated heparin (UFH)

Vitamin K antagonists (VKA; eg, warfarin)

Direct oral anticoagulants (DOAC)

      Thrombolytic therapy (eg, recombinant tissue plasminogen activator [tPA]) 

- Rarely used in the management of peadiatric VTE; 
- Limited to cases in which thrombosis causes major vessel occlusion with compromise of organs or limbs 



Jaffrau J, Young G . The Lancet, 2022

Direct factor Xa 
inhibition

Direct thrombin 
inhibition

Anticoagulant therapy -Mechanism of action 

Selective activity 
on Factor Xa and 
thrombin

Inhibits the synthesis of 
vitamin K-dependent clotting 
factors



Approach of peadiatric anticoagulation
Guidelines 

Differences between peadiatrics/adults 🡪 differences  levels of riscks for VTE
- Epidemiology of thrombosis                                                - Bleeding risk
- Developing coagulation pathway in childhood                - Obstacles of anticoagulant therapy
- Age dependent PK/PD

Published priory to the availibilty of 
peadiatric

 DOAC formulations



Choice of anticoagulation

▪ Patient comorbidities
▪ Drug interactions
▪ Clinician preference and experience
▪ Specifics of the therapy: costs,
                                                availability,
                                                formulation,
                                                ease of administration,
                                                monitoring

Male C. Hamostaseologie,2022

▪ Individualized (preferences of the 
individual patient/family)

▪ Risks/benefits



- Unpredictable pharmacokinetic response
- Interactions with other drugs and foods
- Parenteral administration
- Need for monitoring

Standard anticoagulants - LMWH or VKA (Warfarin)

No anticoagulant was initially developed for paediatrics population.
Extrapolated from adults’ studies

Caldewell A et al. Direct Oral anticogulants for treatment of venous thromboembolism in children. Journal of Hospital Medicine. 2021



Standard anticoagulants

■Low molecular weight heparin (LMWH)

▪ Selective activity on Factor Xa
▪ Efficacy similar to classic heparin
▪ Greater bioavailability – minimal monitoring
▪ Longer half-life, 2 daily subcutaneous administrations
▪ More sensitive and consistent anticoagulant effect
▪ Lower incidence and severity of bleeding

▪ Limitation
      Subcutaneous administration

▪ Antidote— Protamine sulfate 

Only anticoagulant approved for Peadiatrics 
until June 2021



Standard anticoagulants

■Low molecular weight heparin (LMWH)

▪ Enoxaparin

▪ Dalteparin

▪ Nadroparin

▪ Reviparin

▪ Tinzaparin



Standard anticoagulants

■Unfractionated heparin (UFH)

▪ Initial therapy in some circunstances (kidney failure or considerable bleeding risks 
who require finely tuned titration and the ability to quickly turn the infusion on or 
off (eg, patients requiring multiple surgeries or other invasive procedures) 

▪ Selective activity on Factor Xa

▪ Limitation

      Intravenous administration

▪  Antidote— Protamine sulfate 



Standard anticoagulants
■ Vitamin K antagonist (Warfarin)

▪ Oral Vitamin K Antagonist

▪ Inhibits the synthesis of vitamin K-dependent clotting factors - Prothrombin, factor VII, IX and X

▪ Indirect and prolonged action

Limitations

▪ Late start of action

▪ Very narrow therapeutic level, difficult to stabilize --> requires 

     frequent monitoring

▪ Unpredictable and variable pharmacological response

▪ Multiple drug and food interactions

Reversal – vitamin K



Direct Oral Anticoagulants

■ Direct factor Xa inhibitor
‒Rivaroxaban 🡪  2020 – peadiatric

‒Apixaban  

‒Edoxaban

  

■ Direct thrombin inhibitor
‒Dabigatran 🡪 2020 – 2021 – peadiatric

PEADIATRICS
Rivaroxaban - approved in EU, Canada, UK for acute treatment and prevention of VTE in peadiatric patients
Dabigatran - approved in EU and US FDA  for acute treatment and secondary prevention of  VTE in peadiatric patients ≥3 months old 



DOAC : Advantages VS Disadvantages

Benefits

▪ Quick start of action
▪ Easy reversal
▪ Oral administration
▪ No need to monitor
▪ Does not depend on antithrombin
▪ Few drug and food interactions

Disadvantages

▪ High cost
▪ Bi/tridaily administration  🡪 < therapeutic 

adherence?
▪ Antidotes (some DOAC)
▪ Antidotes not approved in Peadiatrics
▪ Severe bleeding (very rare)



DOAC - Pharmacological Characteristics

‒Linear pharmacokinetics and dose - dependent
‒Rapidly absorbed GI tract (upper)
‒Absorption is not altered by food
‒Oral bioavailability 64%
‒Maximum plasma concentration (Cmax) occurs 1-2 hours after administration
‒10-14h half-life
‒Plasma protein binding 40-60%
‒Double elimination
   50% - Kidney
   50% - biliary excretion

‒Metabolites in small amounts and without anticoagulant activity



DOAC - Clinical Trials (phase 3)

DOAC with potential 
advantages over traditional 
therapies 🡪 several trials of 
DOAC for VTE management in 
paediatric patients have been 
completed.



DOAC - Clinical Trials (phase 3)

Other DOAC
Various pediatric clinical scenarios

Male C. Hamostaseologie,2022

Results not 
published



DOAC – efficacy - safety (DOAC VS SOC)

                        Thrombus resolution

Jaffrau J, Young G . The Lancet, 2022EDOXABAN Hokusai Venous Thromboembolism Pediatrics Study 
(n= 274, 38S – 18 A) – finished dez/2021

Pediatric Hematology Unit – HSM - CHULN

n = 267, 3 m – 18 yn = 500, 6 m – 18 y

1-3%

3-2%

~0-0% 0-0%

4-8%

2-2%



Jaffrau J, Young G . The Lancet, 2022

Solution, soluble 
granules and 
tablets

DOAC - Dose

Solution and 
pills

ORAL 



One important concern of patients and physicians has been that there was no specific 
antidote for DOACs. This is no longer the case. In 2015 the FDA approved 
idarucizumab (Praxbind®) for reversal of dabigatran (Pradaxa®). On May 4th 2018, 
FDA approved andexanet alfa (AndexXa®) for the reversal of apixaban (Eliquis®) and 
rivaroxaban (Xarelto®). Ongoing studies are confirming its efficacy in reversing the 
other DOACs on the market betrixaban (BevyxXa®) and edoxaban (Savaysa®) as well 
as the low molecular weight heparin enoxaparin (Lovenox®) and fondaparinux 
(Arixtra®).  Physicians can use prothrombin complex concentrate in emergency 
situations involving blood thinners that do not have a specific reversal agent yet 
approved by FDA.

DOAC: Bleeding

▪ Minimal bleeding (2 -3%) 🡪 Stop DOAC
▪ Moderate bleeding (20%) 🡪 Stop DOAC + DDAVP (desmopressin)
▪ Severe bleeding (rare) 🡪 Stop DOAC + DDAVP + PCC (prothrombin complex concentrate)

Antidotes (life-threatening bleeding)

- Idarucizumab (US FDA approved – 2015) – Monoclonal antibody against 
dabigatran

- Andexanet alfa (US FDA approved - 2018) – recombinant form of FXa that 
      sequesters FXa - rivoraxaban, apixaban and edoxaban

NOT APPROVED FOR PEADIATRICS



DOAC - Contraindications

‒Severe bleeding risk
‒Pregnancy/breastfeeding
‒BMI > 40/m² or P > 120Kg
‒Cr Cl < 30ml/min (renal impairment)
‒Moderate/severe hepatic impairment
‒Neoplasms (bleeding risk)
‒Antiphospholipid syndrome

- Countries without approval



DOAC - Dose

DOAC
(Immediate or 

continuous dose)

Parenteral 
anticoagulation
 (LMWH or UFH)

5 days

DOAC – previous laboratory evaluation

Blood count
PT, aPTT
kidney function
Liver function (RVB)

Monitoring



 Paediatric Anticoagulation  Recommendations

Initial  
▪ Initial parenteral anticoagulation for 5 – 10 days (LMWH (+++) or UFH - parenteral) (G2C)

Subsequent
▪ Adolescents (> 12 years old) – DOAC (eg dabigatran or rivoraxaban) (G2B)
▪ Children 2 years and < 12 years – LMWH or DOAC (eg dabigatran or rivoraxaban)
▪ Children < 2 years – LMWH (G2C)

▪ Risk groups: active-cancer (LMWH or DOAC - teenagers) 
                            nephrotic syndrome (LMWH or VKA) 
                            impaired kidney function (VKA)
                            heavy menstrual bleeding (VKA) 
                            pregnancy (LMWH) 
                            SLE ( LMWH or VKA) 
                            heparin-induced thrombocytopenia (VKA) 

Countries: DOAC off label 🡪 only in adolescents > 50kg with  normal renal function



Duration of anticoagulation 
(recommendations)

VTE with reversible risk factor (more frequent in paediatrics) 🡪 eg CVC (+++), surgery, trauma,
 infection, immobilization, neoplasia and oral contraceptive (estrogen)
▪ Anticoagulation: 6 weeks - 3 months (G2C): LMWH or UFH 🡪 LMWH, VKA or DOAC

VTE  with no identified risk factor (rare in paediatrics)
▪ Anticoagulation: 6 – 12 months (G2C): LMWH or UFH 🡪 LMWH, VKA or DOAC
▪ Recurrent unprovoked VTE 🡪 Definitive anticoagulation

EP (Pulmonary embolism)
▪ Nonsevere PE and reversible risk factor: anticoagulation 6 weeks -3 months  and 
▪ No risk factor - G2C anticoagulation 6 – 12 months. Individualized thrombolytic therapy.

ASH Guidelines 2018
Hong J  et al. Updated recommendations for the treatment of venous thromboebolism, . Blood Research. 2021

Recurrent VTE, SLE, combined thrombophilia, life-threatening VTE
▪ Definitive anticoagulation (VKA or DOAC). SLE - DOAC not indicated



Duration of anticoagulation (recommendations)

Cerebral venous trombosis

▪ Acute phase  treatmentof CVT is similar to that for adults, but the evidence is weaker since 
there are no large randomized trials in this age group 

▪ Provoked CVT associated with a transient risk factor – 3  to 6  months. 
▪ Unprovoked CVT - 6 to 12 months. 
▪ For patients with recurrent CVT, VTE after CVT, or a first CVT with a severe thrombophilia ( homozygous 

prothrombin gene G20210A variant, homozygous factor V Leiden genetic variant, deficiencies of protein 
C, protein S, or antithrombin, combined thrombophilia defects, or antiphospholipid syndrome) 🡪 
Definitive anticoagulation.

Neonatal Thrombosis  – only LMWH
▪ Non-asymptomatic thrombosis – conservative management  or LMWH (6w to 3m) 
▪ Symptomatic thrombosis  - Provoked VTE (LMWH 6w to 3m)  and unprovoked VTE (LMWH  3m-6m)



Anticoagulation – Prophylaxis

Primary thromboprophylaxis – it is not consensual if there is no prior VTE 

▪ Acute prophylaxis (hospitalized + risk factors) – LMWH (non-approved DOAC)
▪ Long-term prophylaxis - VKA or DOAC (except SLE and mechanical heart valves)
▪ Duration – Depends on persistence and number of risk factors

Secondary prevention -  Prior episode of VTE  or recorrent VTE risk factor 🡪 long-term 
thromboprophylaxis

▪ Chronic conditions: long –term  parenteral nutrition, hemodialysis, certain forms of heart disease, 
nephrotic syndrome, inflammatory bowel disease, SLE

• Prior history of VTE or known thrombophilia 
• Critical illness 
• Surgery (particularly orthopedic and cardiac 
surgery) • Trauma 
• Mechanical ventilation 
• Presence of a central venous catheter (CVC) 
• Systemic infection • Anticipated hospital length 
of stay of ≥3 days 
• Prolonged immobility 
• Age (risk is highest among neonates and 
postpubertal adolescents) • Estrogen-containing 
contraceptive use 
• Obesity 



Key messages 
▪ Anticoagulant choice is scarce in children for the treatment or prevention of thrombosis. 
▪ DOAC - change the field of paediatric anticoagulation with their oral formulations and absence of drug 

monitoring. 
▪ Rivoraxaban and dabigatran  - approved  for peadiatric ages
▪ Results from ongoing and completed clinical trials evaluating the efficacy and safety of apixaban and edoxaban 

in children, including trials specifically for children with heart disease or acute lymphoblastic leukaemia, could 
lead to additional anticoagulant choices. 

▪ Challenges in the next clinical trials - Term  neonate and preterm neonate 
                                                                      - Prevention of VTE  by CVC
                                                                      - Cancer 
                                                                      - Adolescent + associated menstrual bleeding with  anticoagulant therapy
                                                                      - Adolescent with recurrent DVT

▪ Antidotes not yet approved in pediatrics

New DOAC are under investigation  ...🡪 FXI/XII inhibitor
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