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Pediatric thrombosis is peculiar 
 
- has become a substantial health hazard 
 

- may be associated with significant morbidity and mortality 
 

- impact imposed on the child’s family members 
 

- greater life expectancy compared with affected elderly  
 

- lack of large carefully conducted clinical trials 
 

- necessity for improved diagnosis, better definition of 
outcomes, adapted treatment and prophylactic regimens 
 

• newer anticoagulant drugs 
 



Incidence of VTE in pediatric patients 

                                                            

 Canadian Registry 1994  0.07- 0.14/10,000 children per year 

        5.3/10,000 hospital admission 

 

 

Incidence now        1/10,000 children per year 

          42-58/10,000 hospital admissions  

 Andrew et al. Blood 1994 
Kim et al. J Pediatr Orthop 2014 
Raffini et al, Pediatrics 2009 



VTE Admissions Over Time 

P < 0.001 

Raffini et al. Pediatrics 2009;124:1001-8  



The annual rate of VTE increased by 70% [from 34 to 58 cases per 10 000 hospital 
admissions (P  .001)]. 
This increase was observed in neonates, infants, children, and adolescents. 



Reason for increasing incidence 

• Increasing use of CVC for supportive care 
• Better imaging techniques for thrombus detection 
• Increasing awareness of the problem 
• Increasing incidence of critically sick children 



Age distribution of thrombotic events in published registries from the 
UK (BPSU), Canada and The Netherlands (DPSU) 

Chalmers et al., Thrombosis Research 2006 

Child < 1mo: 14.5 per 10,000 children 



RITI: systemic venous TE 



Sites of thrombosis in child  

Chalmers et al., Thrombosis Research 2006 



Etiology and risk factors 

Adapted from Pediatr Blood Cancer. 2018;65:e26881 

1. Patient-related 
• Age  

 
 
 
 

• Thrombophilia 
 

• Anatomic anomalies 

Highest risk in children <1mo and ≥11y 
 
PC,PS,AT deficiencies, FVL, PT20210A, hyperhomocysteine 
 
 

May-Thurner or Paget–Schroetter syndrome 

2. Hospital-related 
• CVC 

 
 
 
 
 

 

• Prolonged hospitalization 
 

• ICU admission  
• Surgery  
• Trauma  
• Immobility 

femoral vein (vs subclavian vein), upper left extremity (vs 
upper right) and multilumen 
 
Each additional day increases risk by 3% 
 
 
Most commonly after cardiac surgery 
 
Immobilization for >72 hr 



Etiology and risk factors 

Adapted from Pediatr Blood Cancer. 2018;65:e26881 

3. Disease-related 
• Infection/inflammation 
 

• Cancer 
 

• Congenital heart disease 
 

• Intestinal failure 
 

• Neuromuscolar disease 
 

• Nephrotic syndrome 
 

Highest risk with systemic blood stream infection 
 
Highest risk for leukemia, lymphoma, and sarcoma 
 

Abnormal levels and function of pro- and anticoagulants 
 

Patients with CVCs and parental nutrition 
 
Immobility 
 
Urinary loss of anticoagulants, mostly AT 

4. Medications 
• Asparaginase 
 

• Steroids 
 

• Estrogen 

Reduces levels of AT, protein C, and protein S 
 

Increases and decreases the levels of many pro- and 
anticoagulans 
 

Increases the levels of many pro-coagulant and decreases 
many anticoagulants 



Risk factors in children 

True idiopathic VTE, which implies an absence of of either a 
provoking risk factor or an undelying prothrombotic 
condition, is rare in children.  

 
The majority of VTE is associated with an underlying 

associated disorder  76.2% 
 
 
 

Pediatric thombotic disorders, edited by Goldenberg NA and Manco-Jhonson MJ, Cambrudge Medicine 2015 



Etiology and risk factors 

Chalmers et al., Thrombosis Research 2006 



CVC-related DVT 

Vidal E et al. J Thromb Haemost. 2015;13(1):161 and Ullman AJ Pediatrics. 2015;136(5):e1331 

DVT rates range from 2.6–34% in children 
 
Contradictory studies:  
 1. A meta-analysis:  lowest in PICCs and umbilical lines (vs tunneled 
lines), without a difference in DVT rates between CVCs placed in the upper or 
lower extremity  
 
 2. a systematic review: tunneled lines (vs nontunneled and PICCs) 
have the lowest rate of DVT 
 

(retrospective study designs, the various patient populations, endpoint 
was symptomatic DVT or asymptomatic VTE) 



CVC-related DVT 

Significant increase in incidence associated with the 
following risk factors: 

- Increasing age 
- Advanced renal disease 
- Dyalisis 
- Inflammatory bowel disease 
- Total parenteral nutrition 
 

Smitherman et al. Hosp Pediatr 2015 



RITI: systemic venous TE 



Haematologica 2015 





Young G et al. Circulation 2008; 118:1373-1382 

Inherited thrombophilia  
and RECURRENT   thrombotic event in children 

NO 

NO 



Albisetti et al studied 114 children with malignancies  
 No association between thrombophilia and CVC-related 

thrombosis 
 
KIDs with Catheter associated Study studied 90 children with 

heart disease  no association between thrombophilic 
factors and CVC-related VTE 

 







Diagnosis – PRE-test probability 

Radiology reports utilized to identify  
children imaged for suspected VTE 
 
91 with VTE and 298 without 
 
 
 
 
ROC analysis showed reasonable 
ability to discriminate VTE probability 
in the training cohort (AUC 0.73; 
p<0.001) and moderate discrimination 
in a separate validation cohort of 149 
children (AUC 0.64; p=0.011) 



D-Dimer in children 

Only 1 retrospective study in patients < 21 yrs (Strouse JJ et 
al. AmJ Hematol 2009)  sensitivity 92%, specificity 57% 

 



D-Dimer in children 

Only 1 retrspective study in patients < 21 yrs (Strouse JJ et al. 
AmJ Hematol 2009)  sensitivity 92%, specificity 57% 

 

Abnormal renal and liver function testing can be seen with hepatic, portal, 
and renal vein thrombosis. 



Treatment 

Jaffray and Young, Pediatr Blood Cancer. 2018;65:e26881 



RITI: systemic venous TE 



First VTE  standard approach 
First VTE idiopathic  6-12 months VKA 

Chest 2012 



Secondary VTE  3 months 
Ongoing reversible risk factor  beyond 
3 months (therapeutic or prophylactic) 

Chest 2012 



Recurrent idiopathic VTE  indefinite 
- Recurrent secondary VTE , reversible    
  risk factor  at least 3 months (until   
  resolution of risk situation) 

Chest 2012 



JTH 2015 

Kids-DOTT, a RCT to assess 
the duration of anticoagulation therapy in 
children with a new VTE secondary 
to a transient or reversible risk factor, is 
underway.  



Chest 2012 

-VTE and CVC not required  removal after 3-5 days 
treatment  
 
-VTE and CVC required and functioning  anticoagulation for 
3 months + prophylactic VKA or LMWH 
 
- If recurrent VTE  therapeutic until removal 



Acquired and congenital thrombophilia 

Chest 2012 



Thrombophilia testing in symptomatic children 

Universal thrombophilia testing after a first episode 
of DVT in children is not cost-effective 

However 
Some inherited thrombophilias have been 
associated with increased VTE recurrance   
anticoagulation duration 
 
Therapeutic discussions and decision-making with 
patients/parents  Thromboprophylaxis for 
adolescents in high-risk situations or counseling for 
females considering contraception 
 
 



Thrombophilia testing in symptomatic children 

Results should be interpreted by an experienced 
physician 
 
Adolescent females are most likely to benefit from 
this information 
 
 



 
Thrombolysis 

In children with VTE, we suggest that thrombolysis therapy be used only 
for life- or limb-threatening thrombosis (Grade 2C).   
 
If thrombolysis is used in the presence of physiologically low levels or 
pathologic deficiencies of plasminogen, we suggest supplementation 
with plasminogen (Grade 2C). 
  
In children with VTE in whom thrombolysis is used, we suggest systemic 
thrombolysis or catheter-directed thrombolysis, depending on 
institutional experience and, in the latter case, technical feasibility. 





Phase I PK/PD as well as phase II studies have been completed for rivaroxaban 
and dabigatran.  
PK/PD studies for apixaban and edoxaban continue to recruit patients. 
 
Pediatric phase III trials comparing each DOAC to standard anticoagulation 
(LMWH, fondaparinux, or VKAs) are open and recruiting for rivaroxaban, 
edoxaban, and dabigatran 
 
A phase III randomized study is evaluating the safety and efficacy of apixaban to 
prevent thrombosis in children with newly diagnosed ALL treated with 
asparaginase 



The exposures were well tolerated 
 

2 studies reported a combined total of 76 NOA exposures 
to poison control centers (rivaroxaban and dabigatran) 

3 children experienced coagulopathies 
 



1. Local recurrence or second thrombotic episodes in children range from 
7-21% depending on patient age, presence of thrombophilia, or 
provoking agent 
 

2. PTS  up to 63% of children with DVT, especially in those with 
multiple vein segments involved and lack of radiographic DVT 
resolution 
 

Patients with upper extremity DVT due to overuse (sports, weight lifting, 
musical 
instrument playing) are more likely to develop PTS versus CVC-related 
DVTs 
 
Techniques to prevent PTS have not been established in adult or pediatric 
patients 

Avila ML et al, Blood 2014; Kumar R et al, Thromb Res 2015; Jaffray and Young Pediatr Blood Cancer 2018 

 
Long-term sequelae 



 
PRIMARY THROMBOPROPHYLAXIS  

IN CHILDREN 





65% decrease in incidence of VTE in 
patients who were divided into low-and 
high-risk categories based on thrombotic 
and bleeding risk. 



A risk score of 3 or more identified high-risk 
children at a sensitivity of 70% and specificity of 
80% and AUC of 0.852 (95% confidence interval, 
0.814–0.890). 



“We did not find evidence that 
thromboprophylaxis 

reduced the risk of CVC-related DVT in 
children”. 

 
“An adequately 

powered RCT that can detect a modest, 
clinically significant 

reduction in the frequency of DVT is 
needed to 

determine the efficacy of 
thromboprophylaxis against 
CVC-related DVT in children” 





Primary prophylaxis in children:   
open questions 

Increase request for prophylaxis 
Protocols like adults after puberty? (BMI?) 

Candidates to heparin 
prophylaxis: 

Neonates with diseases and CVC? 
Thrombophylic children who undergo 

major  or orthopedic surgery?  

Increased use of non-pharmacological thromboprophylaxis (elastic 
stockings? Intermittent pneumatic compression?) 

Role for new drugs in the prophylaxis  of VTE 
 
Needs for Pediatrics Thrombosis/Hemostasis Centers in Hospitals 

Need for a Registry for the identification of children at risk (RITI) 



DVT ha become an increasingly recognised 
complication in children 

 
 Increased efforts should be made to evaluate for 

DVT in all children with a CVC in place 
 
 

 the consideration of DVT should be made for any 
child who presents with a painful and swollen limb, 
especially in high-risk populations, such as those 
with cancer or CHD, or an adolescent female 
recently started on oral contraception 

Conclusions 



 

Most of the reccomandation for diagnosis and 
management are based on extrapolations from 
adults 

 
 

Anticoagulation is the standard of care and risk 
stratification algorithms for thromboprophylaxis 
have been proposed 

 
Much work is needed in the pediatric thrombosis 

community 
 

Conclusions 
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