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H&O What is thrombophilia? 

LR  Thrombophilia refers to the propensity to develop 
thrombosis. Inherited thrombophilias, which can usu-
ally be identified through laboratory testing, are listed 
in Table 1. Identification of these inherited defects has 
prompted an increase in thrombophilia testing over the 
last 2 decades.1 

H&O  What is the prevalence of thrombophilia in 
children? 

LR  The prevalence of inherited thrombophilia in the 
general population varies depending on the test and the 
ethnicity of the patient. The factor V Leiden mutation is 

the most common inherited thrombophilia and is pres-
ent in about 5% of U.S. Caucasians and is less frequent 
in other ethnic groups. The Prothrombin 20210 muta-
tion is present in approximately 1–2% of Caucasians. 
Deficiencies of protein C, S, and antithrombin (AT) are 
more rare. 

Epidemiologic studies show an increased risk of pedi-
atric thrombosis in neonates and adolescents, and that 
the majority of children who develop thrombosis have 
multiple risk factors. There are acquired risk factors such 
as central venous catheters, cancer, and infection that play 
a major role in the pathophysiology of pediatric throm-
bosis; however, children who develop thrombosis—those 
with or without a positive family history—are frequently 
tested for inherited thrombophilia. The clinical utility of 
performing such tests remains controversial. 

H&O Which children should be tested for 
inherited thrombophilia?

LR  There are 2  groups of children in whom thrombo-
philia testing may be considered: 1) children who have 
had a thrombotic event, and 2) children who have not had 
a thrombosis but have a family history. However, when 
and if these children should be tested is still a matter of  
debate and should be made on an individual basis, with 
an understanding of the potential benefits and limitations 
of testing.

H&O What are the reasons to perform 
thrombophilia testing in a child with thrombosis?

LR Thrombophilia testing rarely influences the acute 
management of a child with a thrombotic event, with 
the exception of a neonate with a homozygous or double 
heterozygous deficiency of the anticoagulant proteins.  
These neonates may present with purpura fulminans, 
characterized by rapidly spreading skin lesions resulting 
from thromboses of the small dermal vessels followed 
by bleeding into the skin,2 a symptom that is associated 
with a high mortality rate if replacement therapy is not 

Table 1.  Most Common Laboratory Thrombophilias

Factor V Leiden mutation
Prothrombin 20210 mutation
Protein S deficiency
Protein C deficiency
Antithrombin deficiency
Elevated lipoprotein(a)
Elevated factor VIII
Hyperhomocysteinemia
Antiphospholipid antibodies*

*Rarely inherited.

Adapted from Raffini L. Br J Haematol. 2009;147:277-88.  
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initiated early. Neonates with purpuric skin lesions of 
unknown cause should receive empiric replacement with 
fresh frozen plasma, and laboratory studies for protein C, 
protein S, and AT should be performed immediately. 
      There are not enough data to determine whether the 
presence (or absence) of an inherited thrombophilia should 
influence the duration of therapy for a child with venous 
thromboembolism (VTE). The clinician must assess, on a 
case-by-case basis, whether the risk of recurrence is greater 
than the risk of bleeding to determine which patients may 
benefit from longer anticoagulation. Factors that may 
influence this decision include the specific thrombophilic 
defect, age, whether the thrombus was unprovoked or 
related to a central catheter, the presence or absence of 
other laboratory markers suggestive of poor outcome, and 
risk factors for bleeding including comorbid medical con-
ditions and the use of antiplatelet agents.3

      Identification of inherited thrombophilia may help 
provide insight as to why the child developed thrombosis, 
particularly if the event was unprovoked (ie, no other risk 
factors). Another potential benefit is that the identified 
individual may be more likely to receive thromboprophy-
laxis during future high-risk situations. Appropriate use of 
anticoagulant prophylaxis is grossly underutilized in hos-
pitalized patients, and a prior knowledge of an inherited 
thrombophilia may improve adherence with guidelines.4 

Lastly, discovery of an inherited defect will allow other 
family members to be counseled on their potential risk, 
allowing them to make an informed decision on whether 
or not to be tested.

H&O  What are the reasons to perform 
thrombophilia testing in a child who has not  
had a thrombosis?

LR  Thrombophilia testing in children who have a family 
member with a positive history of thrombophilia or VTE 
has become increasingly common, with little evidence 
to support this approach. Before testing children for 
inherited thrombophilia, clinicians should first consider 
whether the results can improve clinical outcomes, as 
medical benefit should be the primary justification for 
genetic testing in children and adolescents. The World 
Health Organization’s Review of Ethical Issues in Medical 
Genetics recommends that testing in children or ado-
lescents should be carried out only if there are potential 
medical benefits or if an adolescent requests it for pur-
poses of reproductive decision-making.5 The American 
Academy of Pediatrics and the American College of 
Medical Genetics recommend against predictive genetic 
testing for late-onset disorders unless there are specific 
interventions during childhood that will reduce morbid-
ity or mortality.6,7 

The rationale for testing asymptomatic children 
may be to: identify children who are at increased risk 
for VTE, allow an opportunity for education about 
signs and symptoms of VTE, guide thromboprophylaxis 
in high-risk situations, promote lifestyle modification 
including avoidance of behavioral prothrombotic risk 
factors such as sedentary lifestyle, overweight/obesity, 
and smoking, and inform discussion about contracep-
tion and family planning. At the moment, there is very 
little opportunity for thrombophilia testing to benefit 
a young child. The incidence of venous thrombosis in 
healthy children is extremely low (0.07/100,000), so it 
is unwarranted to consider long-term anticoagulation in 
an asymptomatic child.

Situations in which the presence of an inherited 
defect may influence medical decision-making mainly 
apply to older children. Knowledge of a thrombophilia 
in an adolescent female who may be considering oral 
contraceptive pills (OCPs) will allow her and her 
physician to discuss the increased risk of thrombosis 
associated with estrogen-containing contraception. This 
discussion should include the baseline annual incidence 
of VTE, which is approximately 1 per 12,500 in women 
of reproductive age and which increases to 1 per 3,500 
for those on OCPs, and how this risk is influenced by 
the presence of an inherited thrombophilia. For subjects 
who are heterozygous for the factor V Leiden mutation 
and on OCPs, this baseline risk is increased 20–30-fold 
(relative risk) to approximately 1 per 500 women.8

H&O  What can affect the results of tests that 
look for genetic predispositions in pediatric 
thrombophilia?  

LR  As some acquired conditions may affect assay 
results, familiarizing oneself to the potential influence 
of these conditions is important in making an accurate 
interpretation.

For example, one must be aware that concentrations 
of protein C, S and AT are lower in neonates and that 
they increase rapidly over the first 6 months after a baby 
is born; protein C concentrations remain below adult 
levels throughout much of childhood.9 Additionally, 
patients with single ventricle congenital heart disease 
and hepatic dysfunction may have decreased concen-
trations of these natural anticoagulants;10 vitamin K 
deficiency and warfarin use also cause a reduction of 
the vitamin-K dependent factors, protein C and S. AT 
concentrations may be disproportionately decreased by 
nephrotic syndrome, severe burns, and asparaginase; 
protein S may be decreased during pregnancy and in the 
presence of antiphospholipid antibodies.11-15 Therefore, 
many factors may influence protein-based prothrom-
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botic defects, and checking for the presence of a similar 
defect in a first-degree relative or confirming test results 
in a second sample (3–6 months later) is recommended 
before diagnosing hereditary thrombophilia.16

While heritability is said to contribute to factor 
VIII levels, the molecular mechanisms responsible are 
not thoroughly understood16; plasma concentrations 
may be influenced by both genetic and environmental 
factors and those greater than 150 iu/dL are associated 
with an increased risk of thrombosis.17 Factor VIII is 
also considered to be an acute phase reactant and may 
increase transiently during periods of inflammation.18

Elevated levels of lipoprotein(a) are a risk factor for 
atherosclerosis and myocardial infarction in adults19,20; 

over the last decade, levels of lipoprotein(a) greater 
than 72 nmol/L (30 mg/dL) have become increasingly 
accepted as an inherited thrombophilia for venous throm-
bosis in pediatric cohorts, although controversy regarding 
this association and adult VTE remains.21-23 It should be 
known that lipoprotein(a) can also be affected by diet and 
is frequently increased in patients with renal disease.24 

Homocystinuria is a rare inborn error of metabolism due 
to the deficiency of cystathionine b-synthase,25 where 
plasma levels of homocysteine exceed 100 mcmol/L.26 

Mild to moderate elevations of homocysteine are much 
more common and may be acquired or associated with a 
polymorphism in the methylene tetrahydrofolate reduc-
tase gene (MTHFR). Although moderate elevations of 
homocysteine have been associated with both venous and 
arterial thrombotic events,26 testing for polymorphisms in 
MTHFR is not indicated because these polymorphisms 
often do not result in elevated homocysteine and are not 
associated with VTE.27

Antiphospholipid antibodies (APA) are strongly 
associated with both venous and arterial thrombosis and 
are often included in thrombophilia testing in patients 
who have had thrombotic events. Patients who meet 
clinical and laboratory criteria for antiphospholipid 
antibody syndrome have an increased risk of recurrent 
thrombosis and often receive long-term anticoagulation 
after a thrombotic event.28

Although there are additional alterations in coagu-
lation that have been associated with thrombotic risk, 
none have gained widespread acceptance in routine test-
ing of children for inherited thrombophilia. 

H&O  When, if ever, is thromboprophylaxis 
recommended?

LR  It is important to consider whether identifying an 
inherited defect could result in the implementation of 
effective thromboprophylaxis, given that the absolute risk 
of developing VTE in asymptomatic patients with throm-

bophilia is low. Current adult guidelines suggest throm-
boprophylaxis in hospitalized patients based on major 
target group rather than on individualized strategies.

In order to identify children who may benefit from 
thromboprophylaxis, physicians may want to evalu-
ate those with acquired prothrombotic risk factors for 
additional inherited risk factors. Unfortunately, there 
are very little data to guide this therapy.

Last year, Jackson and Morgan developed an unvali-
dated scoring system for VTE risk—guidelines for peri-
operative thromboprophylaxis in children undergoing 
surgery—using the following variables: age, congenital 
heart disease, pre-existing medical problems including 
prior thrombosis, current medical problems, medication 
including oral contraceptives, and central venous cath-
eters.29 Similar to adult thromboprophylaxis guidelines, 
the presence of an inherited thrombophilia was not 
included. Unfortunately, there is currently a lack of evi-
dence to determine the utility of prophylaxis in children, 
and how much inherited risk factors weigh compared to 
acquired risks when making such decisions.

H&O  What do you think future research should 
address?

LR  I think it is important to definitively address the 
role of inherited thrombophilia in specific subsets of 
patients (eg, neonates with catheter-related thrombosis, 
children with leukemia, adolescents with unprovoked 
thrombosis).30,31 Prior studies have been limited by the 
small numbers of patients, but recent international col-
laborations permit analysis of large numbers of children 
with thrombosis. In the future, prospective longitudinal 
thrombosis cohorts are needed to monitor children for 
long-term outcomes such as post-thrombotic syndrome 
and recurrence. We can also expect multicenter clinical 
trials that use clinical and laboratory data (including 
inherited defects) to study treatment duration in chil-
dren with VTE and evaluate the use of thrombopro-
phylaxis in high-risk children with leukemia.32,33 As 
new data become available, our use of thrombophilia 
testing will most likely change, and it will target indi-
viduals who are most likely to benefit from this testing. 
Because of the lack of conclusive evidence to support 
the clinical benefits of inherited thrombophilia testing, 
studies may focus on new strategies to identify and clas-
sify hypercoagulable patients. Global coagulation assays 
or molecular assays such as gene expression profiling or 
single nucleotide polymorphisms would give the advan-
tage of assessing the interaction between inherited and 
acquired factors and could perhaps lead to individual-
ized profiling of thrombotic risk, but the utilization of 
these approaches remains to be determined.34,35



Clinical Advances in Hematology & Oncology  Volume 7, Issue 11  November 2009    737

H
em

at
ol

og
y

References

1. Moll S. Thrombophilias – practical implications and testing caveats. J Thromb 
Thrombolysis. 2006;21:7–15.
2. Marlar RA, Neumann A. Neonatal purpura fulminans due to homozygous pro-
tein C or protein S deficiencies. Semin Thromb Hemost. 1990;16:299–309.
3. Goldenberg NA, Knapp-Clevenger R, Manco-Johnson MJ. Elevated plasma 
factor VIII and D-dimer levels as predictors of poor outcomes of thrombosis in 
children. N Engl J Med.  2004;351:1081–1088.
4. Kahn SR, Panju A, Geerts W, et al. Multicenter evaluation of the use of venous 
thromboembolism prophylaxis in acutely ill medical patients in Canada. Thromb 
Res. 2007;119:145–155.
5. Wertz DC. Ethical, social and legal issues in pharmacogenomics. Pharmacoge-
nomics J. 2003;3:194–196.
6. Grody WW, Griffin JH, Taylor AK, Korf BR, Heit JA. American College of 
Medical Genetics consensus statement on factor V Leiden mutation testing. Genet 
Med. 2001;3:139–148.
7. Wu O, Robertson L, Twaddle S, et al. The Thrombosis: Risk, Economic Assess-
ment of Thrombophilia Screening (TREATS) Study. Screening for thrombophilia 
in high-risk situations: a meta-analysis and cost-effectiveness analysis. Br J Haema-
tol. 2005;131:80–90.
8. Rosendaal FR, Helmerhorst FM, Vandenbroucke JP. Oral contraceptives, hor-
mone replacement therapy and thrombosis. Thromb Haemost. 2001;86:112-123.
9. Andrew M, Vegh P, Johnston M, Bowker J, Ofosu F, Mitchell L. Maturation of 
the hemostatic system during childhood. Blood. 1992;80:1998–2005.
10. Odegard KC, McGowan FX Jr, Zurakowski D, et al. Coagulation factor 
abnormalities in patients with single-ventricle physiology immediately prior to the 
Fontan procedure. Ann Thorac Surg. 2002;73:1770–1777.
11. Mitchell LG, Halton JM, Vegh PA, et al. Effect of disease and chemotherapy 
on hemostasis in children with acute lymphoid leukemia. Am J Pediatr Hematol 
Oncol. 1994;16:120–126.
12. Faioni EM, Franchi F, Asti D, Mannucci PM. Resistance to activated protein 
C mimicking dysfunctional protein C: diagnostic approach. Blood Coagul Fibri-
nolysis. 1996;7:349–352.
13. Citak A, Emre S, Sairin A, Bilge I, Nayir A. Hemostatic problems and thrombo-
embolic complications in nephrotic children. Pediatr Nephrol. 2000;14:138–142.
14. Kurasawa G, Kotani K, Ito Y, Saiga K, Iijima K. Reduction in protein S activity 
during normal pregnancy. Aust N Z J Obstet Gynaecol. 2007;47:213–215.
15. Niedermayr M, Schramm W, Kamolz L, et al. Antithrombin deficiency and its 
relationship to severe burns. Burns, 2007;33:173–178.
16. Kreuz W, Stoll M, Junker R, et al. Familial elevated factor VIII in children 
with symptomatic venous thrombosis and post-thrombotic syndrome: results of a 
multicenter study. Arterioscler Thromb Vasc Biol. 2006;26:1901–1906.
17. Kamphuisen PW, Eikenboom JCJ, Bertina RM. Elevated factor VIII levels and 
the risk of thrombosis. Arterioscler Thromb Vasc Biol. 2001;21:731–738.
18. Noe DA, Murphy PA, Bell WR, Siegel JN. Acute-phase behavior of factor VIII 
procoagulant and other acute-phase reactants in rabbits. Am J Physiol Regul Integr 
Comp Physiol. 1989;257:R49–R56.

19. Lawn RM. Lipoprotein(a) in heart disease. Scientific American. 1992;266: 
54–60.
20. Kronenberg F, Kronenberg MF, Kiechl S, et al. Role of lipoprotein(a) and 
apolipoprotein(a) phenotype in atherogenesis: prospective results from the Bru-
neck study. Circulation. 1999;100:1154–1160.
21. Nowak-Gottl U, Junker R, Hartmeier M, et al. Increased lipoprotein(a) is 
an important risk factor for venous thromboembolism in childhood. Circulation. 
1999;100:743–748.
22. Crowther M. Lipoprotein(a): another risk factor for venous thrombosis? Am J 
Med. 2003;115:667–668.
23. Young G, Friedrichs F, Chan A, et al. Impact of inherited thrombophilia on 
symptomatic venous thrombo-embolism (VTE) in children: a systematic review & 
metaanalysis of 37 studies including 2470 pediatric patients. Blood (ASH Annual 
Meeting Abstracts). 2007;110: Abstract 3189.
24. Dieplinger H, Kronenberg F. Genetics and metabolism of lipoprotein(a) and 
their clinical implications (Part 1). Wien Klin Wochenschr. 1999;111:5–20.
25. Carson NA, Neill DW. Metabolic abnormalities detected in a survey of men-
tally backward individuals in Northern Ireland. Arch Dis Child. 1962;37:505–513.
26. Gatt A, Makris M. Hyperhomocysteinemia and venous thrombosis. Semin 
Hematol. 2007;44:70–76.
27. Walker ID, Greaves M, Preston PE. Investigation and management of heritable 
thrombophilia. Br J Haematol. 2001;114:512–528.
28. Miyakis S, Lockshin MD, Atsumi T, et al. International consensus statement 
on an update of the classification criteria for definite antiphospholipid syndrome 
(APS). J Thromb Haemost. 2006;4:295–306.
29. Jackson PC, Morgan JM. Perioperative thromboprophylaxis in children: 
development of a guideline for management. Paediatr Anaesth. 2008;18:478–487.
30. Young G, Albisetti M, Bonduel M, et al. Impact of inherited thrombophilia 
on venous thromboembolism in children: a systematic review and meta-analysis of 
observational studies. Circulation. 2008;118:1373–1382.
31. Young G, Becker S, During C, et al. Influence of the factor II G20210A variant 
or the factor VG1691A mutation on symptomatic recurrent venous thromboem-
bolism in children: an international multicenter cohort study. J Thromb Haemost. 
2009;7:72–79.
32. Flege S, Mitchell L, Kenet G, Heller C, Fruhwald M, Nowak-Gottl U. Valida-
tion of a predictive model for indentifying an increased risk for thromboembolism 
in children with acute lymphoblastic leukemia: results of a Multicenter Cohort 
Study. Blood (ASH Annual Meeting Abstracts). 2008;112: Abstract 524.
33. Goldenberg NA. Thrombophilia States and markers of coagulation activation 
in the prediction of pediatric venous thromboembolic outcomes: a comparative 
analysis with respect to adult evidence. Hematology/The Education Program of the 
American Society of Hematology. 2008;236–244.
34. Potti A, Bild A, Dressman HK, Lewis DA, Nevins JR, Ortel TL. Gene-
expression patterns predict phenotypes of immune-mediated thrombosis. Blood. 
2006;107:1391–1396.
35. Reitsma PH, Rosendaal FR. Past and future of genetic research in thrombosis. 
J Thromb Haemost.  2007;5(Suppl. 1):264–269.


