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ABSTRACT

The etiology of pediatric venous thromboembolic disease (VTE) is multifactorial, 
and in most children, 1 or more clinical risk factors are present. In addition, inherited 
thrombophilic disorders contribute to the development of pediatric VTE. In this review, 
the role of inherited thrombophilic disorders in the development of pediatric VTE, as 
well as the benefits and limitations of thrombophilia testing, will be discussed. 
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INTRODUCTION 

Venous thromboembolic disease (VTE) is a rare disease in childhood. The reported 
annual incidence ranges from 0.07 to 0.14 per 10 000 children and is estimated to be 
5.3 per 10 000 hospital admissions.[1-3] The incidence seems to be increasing over the 
past decades. Raffini et al reported a rise in the annual incidence of VTE of 70%, from 
34 to 58 cases per 10 000 hospital admissions.[4] This is confirmed by Boulet et al.5This 
rise is likely caused by an increased awareness of the disease, progress in radiologic 
imaging, and increased survival of children with previously incurable diseases because 
of medical and surgical improvements. In 2008, a systematic review and meta-analysis 
concerning pediatric VTE and inherited thrombophilia (ie, deficiencies of antithrombin 
[AT], protein C [PC] and protein S [PS], and factor V Leiden mutation [FVL] and the 
prothrombin mutation [PTM]) showed elevated thrombotic risks in children with these 
defects.6 In the current review, we discuss additional literature after 2008 in various 
pediatric patient groups and the usefulness of thrombophilia testing. 

METHODS 

Inclusion and exclusion criteria 
All full-text published studies of VTE and thrombophilia in neonates and children (0-
18 years) from 2008 through October 2014 were evaluated for inclusion if (1) diagnosis 
of VTE of any location was objectively confirmed by accepted imaging methods; (2) 
frequency of at least one of the inherited thrombophilic factors was assessed in a given 
VTE cohort or the frequency of inherited thrombophilic factors was compared between 
VTE patients and controls without a history of VTE; and (3) inherited thrombophilic 
factors were measured in an accepted manner (Figure 1). Conference abstracts, case 
reports, and studies with unclear methodology to differentiate between inherited and 
acquired deficiencies of the natural anticoagulants were not included. 

Search strategy
A systematic search of publications listed in the electronic databases MEDLINE, 
EMBASE, and The Cochrane Library from 2008 through October 2014 was conducted, 
with the limits set to only articles in the English language. The following key words 
were used in combination both as MeSH (medical subject heading) terms and text 
words: “thromboembolism or deep vein thrombosis or pulmonary embolism or venous 
thrombosis or anticoagulation or antithrombotic therapy” and “thrombophilia” or 
“hypercoagulat*” or “protein C” or “antithrombin” or “protein S” or “(factor 5leiden or 
factor v leiden or fvleiden)” or “(factor 2 mutation or factor II mutation or prothrombin 
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mutation)” and “adolescen* or child* or infan* or newborn* or neonat* or school child* 
or baby or babies or toddler* or prematur* or preterm* or vlbw or elbw.” Citations of the 
searched articles were included in the review if they were determined to be relevant. 

Data extraction was performed in duplicate by 2 authors (I.L.M.K. and C.H.v.O.). Quality 
assessment Quality assessment of case-control and cohort studies was performed 
using the Newcastle-Ottawa Scale.7 
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FIGURE 1. A flowchart of the study selection.
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RESULTS 

A total of 1014 citations were evaluated. Thirteen studies were enrolled in this review, 
including 3 case-control studies and 10 cohort studies. The frequencies of inherited 
thrombophilic factors as well as the quality assessment are shown in Table 1.8-12 The 
studies are analyzed descriptively. 

Venous thrombosis and thrombophilia in neonates 
Although the meta-analysis of Young et al showed that thrombophilia contributes to the 
development of neonatal VTE, it should be realized that neonates were underrepresented 
in this meta-analysis.6 The incidence of symptomatic VTE in neonates is 5.1 per 100 000 
births, and ;95% of neonatal VTE is associated with at least 1 clinical risk factor, usually a 
CVC.[13,14] Studies concerning thrombophilia in neonates with CVC-related thrombosis 
are scarce. One study that was included in the meta-analysis of Young et al described 
10 neonates with symptomatic CVC-related thrombosis. No deficiencies of AT, PC, or PS 
were detected. One patient was heterozygous for FVL.[15] One study was performed 
after 2008. It showed that thrombophilia was present in none of the 13 studied neonates 
with CVC-related thrombosis.[16] 

Renal vein thrombosis (RVT) is the most frequent non catheter related VTE in neonates, 
and its incidence was reported to be 2.2 per 100 000 births in Germany.[17] The prevalence 
of inherited thrombophilia seems to be higher in neonates with RVT than with catheter 
related VTE, but only a few small studies have been published, all before 2008. The meta-
analysis of Young et al included 2 small studies. Marks et al retrospectively identified 43 
neonates with RVT between 1980 and 2001 in 4 pediatric Canadian tertiary care centers. 
Twelve of the 28 neonates (43%) studied had thrombophilias.[18] A case control study 
by Kosch et al reported an even higher prevalence: in 40 (67.8%) of the 59 neonates, 
at least 1 thrombophilia was present compared with 14 (11.9%) of the 118 controls 
(odds ratio [OR], 15.6; 95% confidence interval [CI], 7.2-34.2).[19] In addition, this study 
confirmed that neonatal RVT is a multifactorial disease: several underlying clinical risk 
factors, such as asphyxia, sepsis, diabetic fetopathy, and CVCs, were present. 

Neonatal CVT is a rare, but serious disease. In a multicenter, retrospective review by 
Berfelo et al, 2 (5%) of 41 neonates tested had FVL and 2 (11%) of 18 neonates tested 
had PTM.[20] In a retrospective nationwide population-based study, 10 infants ,1 year 
of age, including 7 neonates, were diagnosed with CVT. Inherited thrombophilia was 
present in only 1 (13%) of the 8 patients tested. Five (71%) out of 7 neonates had an 
underlying illness, such as asphyxia or sepsis.[21] In 2010, a meta-analysis including 
both neonatal and childhood CVT showed statistically significant association between 
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CVT and all inherited thrombophilic disorders, except PTM.[22] In agreement, Laugesaar 
et al performed a meta-analysis separately for neonatal CVT, including their own study 
results, which showed a significant association between FVL and neonatal CVT (OR, 5.5; 
95% CI, 2.1-14.5), but not between PTM and neonatal CVT (OR, 3.1; 95% CI, 0.8-12.4).[23] 

In conclusion, only few studies investigated the prevalence and contributing role of 
thrombophilia in neonatal thrombosis. Neonatal VTE is a multifactorial disease, and 
clinical risk factors seem to play a more important role than inherited thrombophilia, 
especially in catheter-related VTE. 

Thrombophilia in children 
The meta-analysis by Young et al demonstrated that inherited thrombophilia 
contributed to the development of VTE in children.[6] The ORs varied from 2.63 (95% 
CI, 1.61-4.29) for PTM to 9.44 (95% CI, 3.34-26.66) for AT deficiency. In children with 
≥2 genetic traits, the combined OR was 8.89 (95% CI, 3.43-23.06).[6] The observed 
relative risk (RR) estimates are similar to adults.[24] Nevertheless, underlying clinical 
risk factors were present in a majority (>70%) of children with VTE. The most important 
risk factor in children is a CVC. However, other clinical risk factors, such as malignancy, 
cardiac disease, and NS, contribute to thrombotic risk as well.[2] The presumed impact 
of inherited thrombophilia on the thrombotic risk of CVC-related VTE in children is 
challenged by results from 2 recent studies. Albisetti studied thrombotic events in 
children with malignancies and a PAC by magnetic resonance venography. Only 2 of 
45 (4%) patients with CVC-related VTE had inherited thrombophilia compared with 8 
of 69 (12%) patients without VTE.[25] In addition, in the KIDs with Catheter Associated 
Thrombosis study, which included 90 children with heart disease requiring CVCs in the 
upper venous system for perioperative care, none of the thrombophilic factors showed 
a significant association with CVC-related VTE.[26] 

VTE is one of the most serious complications in children with NS, which is attributed 
to a net shift in the hemostatic balance toward a hypercoagulable state by selective 
loss of hemostatic proteins, most notably PS and AT.[25] The reported incidence of 
VTE in children with NS varies between 9% and 36% based on recent literature.[27,28] 
Age ≥12 years at onset, severe proteinuria, and history of VTE prior to diagnosis of 
NS were significant independent predictors of VTE. The presence of thrombophilia 
was only evaluated in 12 of 30 VTE patients. In 4 patients (33%), FVL was identified.27 
Suri et al retrospectively reviewed the clinical profile in nephrotic children with VTE. 
Hypoalbuminemia (83%) and infection (31%) were the most common predisposing 
factors. Two (11%) patients were diagnosed with inherited PS deficiency, and 1 patient 
was diagnosed with inherited AT deficiency (6%).[28]
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 In children, CVT has an annual incidence of 0.67 per 100 000.29 In 2010, a meta-analysis 
of Kenet et al, including 5 cohort studies with 297 patients with CVT found a statistically 
significant association between all inherited thrombophilic disorders, except PTM, and 
a first CVT onset in neonates and children.[22] The summary ORs varied from 2.74 (95% 
CI, 1.73-4.34) for FVL to 18.4 (95% CI, 3.25-104.3) for AT deficiency. The study of Laugesaar 
et al was not included in the abovementioned meta-analysis. They performed a meta-
analysis separately for childhood CVT, including their own study results, and showed 
a significant association between PTM and childhood CVT (OR, 5.3; 95% CI, 1.4-19.8), 
but not between FVL and childhood CVT (OR, 2.3; 95% CI, 0.8-6.3).[23] The opposite 
outcome compared with the meta analysis of Kenet et al is probably caused by the low 
number of patients included in both meta-analyses. 

Value of thrombophilia testing
 In general, thrombophilia testing should only be performed if the results would change 
management. As discussed in the previous paragraphs, thrombophilia contributes to 
VTE in neonates and children, but its extent depends on the specific patient group. 
Although thrombophilia testing is often performed to gain insight in to the cause of VTE in 
a child, identification of thrombophilia should not be considered the sole cause. Almost 
all children have 1 or more clinical risk factors, and unprovoked thrombosis occurs in 
only 5% of the children.2 Unprovoked thrombosis and a family history of VTE may help 
to identify thrombophilia in children with VTE. Revel-Vilk et al studied thrombophilia in 
171 children with VTE. Thrombophilic disorders were present in no more than 13% of the 
total number of patients, but in 60% of the adolescents with unprovoked thrombosis.[30] 
In a prospective cohort study of 100 children with VTE, family history of VTE appeared 
to be the only predictor for the presence of inherited thrombophilia (OR, 14.9; 95% CI, 
1.9-113) after multivariate analysis.[31] Likewise, in the cross-sectional study by Ruud 
et al, family history of VTE increased the RR of a child having inherited thrombophilia 
to 2.35 (95% CI, 1.1-5.2).[32] However, associations are not strong, and in adults, 
family history has a poor predictive value for the presence of inherited thrombophilia.
[33] In children with thrombosis, the most important justification for thrombophilia 
testing would be to distinguish patients at high risk of recurrent VTE from those at 
low risk. Patients at high risk might benefit from long-term anticoagulation. In adults, 
guidelines do not recommend thrombophilia testing to guide decisions on duration 
of anticoagulation, as inherited thrombophilia is considered to play a minor role in 
recurrence risk, with RR estimates between 1.4 and 2.5.[24] In children, the influence of 
inherited thrombophilia on recurrent thrombosis is very similar. Young et al showed an 
association between recurrent VTE in children and all inherited thrombophilias, except 
FVL. The summary ORs ranged from 1.88 (95% CI, 1.01-3.29) for PTM to 4.46 (95% CI, 
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2.89-6.89) for combined disorders.[6] Prospective trials studying the risks and benefits 
of prolonged anticoagulation treatment in pediatric thrombophilic patients have not 
been performed. Until now, as in adults, duration of anticoagulant therapy in children 
is not modified based on the presence of thrombophilia.[3]4 A potential advantage of 
testing pediatric patients with VTE for inherited thrombophilia is the identification of 
asymptomatic siblings with thrombophilia. Although the incidences of VTE in carriers of 
AT, PC, or PS deficiency are higher than in those with FVL or PTM, and clearly higher than 
in relatives who do not have thrombophilia, testing is not generally recommended (Table 
2).[35] However, it might be beneficial to identify carriers of high-risk thrombophilia 
in thrombosis prone families. Asymptomatic relatives with deficiencies of AT, PC, or 
PS are thought to benefit from primary prophylaxis with anticoagulants during high-
risk situations, and female carriers can be counseled about the use of combined oral 
contraceptives and thromboprophylaxis during pregnancy and puerperium.[24,36] 
However, in our view, negative thrombophilia testing may provide false reassurance. For 
example, in high-risk thrombophilia families, the risk of VTE during oral contraceptive 
use is indeed increased in affected relatives (4.3% per year of use), but also in unaffected 
relatives (0.7% per year of use) compared with the general population (0.04% per year 
of use). This is probably caused by the co segregation of as yet unidentified genetic 
variables and/or environmental risk factors.[37] 

TABLE 2. Estimated incidence of a first episode of venous thrombosis in carriers over the age of 
15 of various thrombophilic disorders

AT, PC, or PS 
deficiency FVL mutation PTM

Overall (%/year) 1.5 (0.7-2.8) 0.5 (0.1-1.3) 0.4 (0.1-1.1)

Surgery, trauma, or immobilization (%/episode) 8.1 (4.5-13.2) 1.8 (0.7-4.0) 1.6 (0.5-3.8)

Pregnancy (%/pregnancy) 4.1 (1.7-8.3) 2.1 (0.7-4.9) 2.3 (0.8-5.3)

During pregnancy (%) 1.2 (0.3-4.2) 0.4 (0.1-2.4) 0.5 (0.1-2.6)

Postpartum period (%) 3.0 (1.3-6.7) 1.7 (0.7-4.3) 1.9 (0.7-4.7)

Oral contraceptive use (%/year of use) 4.3 (1.4-9.7) 0.5 (0.1-1.4) 0.2 (0.0-0.9)

Values are percentages (95% CI). Data apply to individuals with at least 1 symptomatic first-degree relative.37

If testing is considered, it seems rational to postpone testing asymptomatic children 
until they are old enough to decide for themselves after weighing the pros and cons, 
as the absolute incidence of VTE is very low in children with thrombophilia.[38] 
Furthermore, diagnosing a true deficiency of AT, PC, and PS can be challenging in young 
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children because of the rapidly developing hemostatic system in the first year of life and 
the presence of physiological significantly lower levels of certain coagulation inhibiters 
compared with adults until adolescence.[39] 

CONCLUSION 

VTE in childhood is a multifactorial disease, in which underlying clinical risk factors 
and inherited thrombophilia contribute to the development of VTE. The presence of 
a thrombophilia does not change patients’ treatment strategies, and consequently, 
testing is not advised routinely in all children with VTE, except for study purposes. 
However, asymptomatic adult relatives in families with high-risk thrombophilia 
may benefit from testing by offering them primary thromboprophylaxis in high-risk 
situations and by counseling the female carriers before the use of oral contraceptives 
and pregnancy, although it should be realized that negative testing may provide false 
reassurance. Unprovoked thrombosis and a positive family history may help to predict 
the presence of thrombophilia in children with VTE. As the incidence of VTE is very low in 
children with thrombophilia, it seems reasonable to postpone testing in asymptomatic 
children until they are old enough to decide for themselves in view of the pros and cons. 
Pre- and posttest counseling should be performed by an experienced hematologist or 
coagulation specialist. 

15413-klaassen-layout.indd   38 05/12/2018   14:54



39

Manifestations and clinical impact of pediatric inherited thrombophilia

2

REFERENCES 

1.	 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. 

2.	 Chalmers EA. Epidemiology of venous thromboembolism in neonates and children. Thromb 
Res. 2006;118(1):3-12. 

3.	 van Ommen CH, Heijboer H, B ¨uller 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. 

4.	 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. 

5.	 Boulet SL, Grosse SD, Thornburg CD, Yusuf H, Tsai J, Hooper WC. Trends in venous 
thromboembolism-related hospitalizations, 1994-2009. Pediatrics. 2012;130(4):e812-e820. 

6.	 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(13):1373-1382. 

7.	 Wells GA, Shea B, O’Connell D, et al. The Newcastle-Ottawa Scale (NOS) for assessing the 
quality of non randomised studies in meta analyses. https://www.ohri.ca/programs/ 
clinical_epidemiology/oxford.asp. Accessed November 12, 2014. 

8.	 Alioglu B, Avci Z, Tokel K, Atac FB, Ozbek N. Thrombosis in children with cardiac pathology: 
analysis of acquired and inherited risk factors. Blood Coagul Fibrinolysis. 2008;19(4):294-
304. 

9.	 Wright JM, Watts RG. Venous thromboembolism in pediatric patients: epidemiologic data 
from a pediatric tertiary care center in Alabama. J Pediatr Hematol Oncol. 2011;33(4):261-
264. 

10.	 Pillai P, Bonny AE, O’Brien SH. Contraception related venous thromboembolism in a 
pediatric institution. J Pediatr Adolesc Gynecol. 2013;26(3): 186-188. 

11.	 Landi D, Beckman MG, Shah NR, et al. Characteristics of abdominal vein thrombosis in 
children and adults. Thromb Haemost. 2013; 109(4):625-632. 

12.	 Mahajerin A, Obasaju P, Eckert G, Vik TA, Mehta R, Heiny M. Thrombophilia testing in children: 
a 7 year experience. Pediatr Blood Cancer. 2014; 61(3):523-527. 

13.	 Nowak-Göttl U, von Kries R, Göbel U. Neonatal symptomatic thromboembolism in Germany: 
two year survey. Arch Dis Child Fetal Neonatal Ed. 1997;76(3):F163-F167. 

14.	 Schmidt B, Andrew M. Neonatal thrombosis: report of a prospective Canadian and 
international registry. Pediatrics. 1995;96(5, pt 1):939-943. 

15.	 Salonvaara M, Riikonen P, Kekomäki R, Heinonen K. Clinically symptomatic central venous 
catheter-related deep venous thrombosis in newborns. Acta Paediatr. 1999;88(6):642-646. 

16.	 Demirel N, Aydin M, Zenciroglu A, et al. Neonatal thrombo-embolism: risk factors, clinical 
features and outcome. Ann Trop Paediatr. 2009;29(4):271-279. 

15413-klaassen-layout.indd   39 05/12/2018   14:54



40

Chapter 2

17.	 Bökenkamp A, von Kries R, Nowak-Göttl U, Göbel U, Hoyer PF. Neonatal renal venous 
thrombosis in Germany between 1992 and 1994: epidemiology, treatment and outcome. Eur 
J Pediatr. 2000;159(1-2):44-48. 

18.	 Marks SD, Massicotte MP, Steele BT, et al. Neonatal renal venous thrombosis: clinical 
outcomes and prevalence of prothrombotic disorders. J Pediatr. 2005;146(6):811-816. 

19.	 Kosch A, Kuwertz-Bröking E, Heller C, Kurnik K, Schobess R, Nowak-Göttl U. Renal venous 
thrombosis in neonates: prothrombotic risk factors and long-term follow-up. Blood. 
2004;104(5): 1356-1360. 

20.	 Berfelo FJ, Kersbergen KJ, van Ommen CH, et al. Neonatal cerebral sinovenous thrombosis 
from symptom to outcome. Stroke. 2010;41(7): 1382-1388. 

21.	 Tuckuviene R, Christensen AL, Helgestad J, Johnsen SP, Kristensen SR. Paediatric arterial 
ischaemic stroke and cerebral sinovenous thrombosis in Denmark 1994-2006: a nationwide 
population-based study. Acta Paediatr. 2011; 100(4):543-549. 

22.	 Kenet G, Lütkhoff LK, Albisetti M, et al. Impact of thrombophilia on risk of arterial ischemic 
stroke or cerebral sinovenous thrombosis in neonates and children: a systematic review and 
meta-analysis of observational studies. Circulation. 2010; 121(16):1838-1847. 

23.	 Laugesaar R, Kahre T, Kolk A, Uustalu U, Kool P, Talvik T. Factor V Leiden and prothrombin 
20210G.A [corrected] mutation and paediatric ischaemic stroke: a case-control study and 
two meta-analyses. Acta Paediatr. 2010;99(8): 1168-1174. 

24.	 De Stefano V, Rossi E. Testing for inherited thrombophilia and consequences for 
antithrombotic prophylaxis in patients with venous thromboembolism and their relatives. 
A review of the Guidelines from Scientific Societies and Working Groups. Thromb Haemost. 
2013;110(4): 697-705. 

25.	 Albisetti M, Kellenberger CJ, Bergstr ¨asser E, et al. Port-a-cath-related thrombosis and 
postthrombotic syndrome in pediatric oncology patients. J Pediatr. 2013;163(5):1340-1346. 

26.	 Thom K, Male C, Mannhalter C, et al. No impact of endogenous prothrombotic conditions on 
the risk of central venous line-related thrombotic events in children: results of the KIDCAT 
study (KIDs with Catheter Associated Thrombosis). J Thromb Haemost. 2014;12(10):1610-
1615. 

27.	 Kerlin BA, Blatt NB, Fuh B, et al. Epidemiology and risk factors for thromboembolic 
complications of childhood nephrotic syndrome: a Midwest Pediatric Nephrology 
Consortium (MWPNC) study. J Pediatr. 2009;155(1):105-110,e1. 

28.	 Suri D, Ahluwalia J, Saxena AK, et al. Thromboembolic complications in childhood nephrotic 
syndrome: a clinical profile. Clin Exp Nephrol. 2014;18(5):803-813. 

29.	 deVeber G, Andrew M, Adams C, et al; Canadian Pediatric Ischemic Stroke Study Group. 
Cerebral sinovenous thrombosis in children. N Engl J Med. 2001;345(6):417-423. 

30.	 Revel-Vilk S, Chan A, Bauman M, Massicotte P. Prothrombotic conditions in an unselected 
cohort of children with venous thromboembolic disease. J Thromb Haemost. 2003;1(5):915-
921. 

15413-klaassen-layout.indd   40 05/12/2018   14:54



41

Manifestations and clinical impact of pediatric inherited thrombophilia

2

31.	 van Ommen CH, Heijboer H, van den Dool EJ, Hutten BA, Peters M. Pediatric venous 
thromboembolic disease in one single center: congenital prothrombotic disorders and the 
clinical outcome. J Thromb Haemost. 2003;1(12): 2516-2522. 

32.	 Ruud E, Holmstrøm H, Brosstad F, Wesenberg F. Diagnostic value of family histories of 
thrombosis to identify children with thrombophilia. Pediatr Hematol Oncol. 2005;22(6):453-
462. 

33.	 van Sluis GL, Söhne M, El Kheir DY, Tanck MW, Gerdes VE, Büller HR. Family history and 
inherited thrombophilia. J Thromb Haemost. 2006;4(10):2182-2187. 

34.	 Monagle P, Chan AK, Goldenberg NA, et al. Antithrombotic therapy in neonates and children: 
Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of Chest 
Physicians Evidence-Based Clinical Practice Guidelines. Chest. 2012;141(2 suppl): e737S-
e801S. 

35.	 Baglin T, Gray E, Greaves M, et al; British Committee for Standards in Haematology. Clinical 
guidelines for testing for heritable thrombophilia. Br J Haematol. 2010;149(2):209-220. 

36.	 Calhoon MJ, Ross CN, Pounder E, Cassidy D, Manco-Johnson MJ, Goldenberg NA. High 
prevalence of thrombophilic traits in children with family history of thromboembolism. J 
Pediatr. 2010;157(3):485-489. 

37.	 Middeldorp S. Is thrombophilia testing useful? Hematology Am Soc Hematol Educ Program. 
2011;2011(1):150-155. 

38.	 Tormene D, Simioni P, Prandoni P, et al. The incidence of venous thromboembolism in 
thrombophilic children: a prospective cohort study. Blood. 2002;100(7): 2403-2405. 

39.	 Appel IM, Grimminck B, Geerts J, Stigter R, Cnossen MH, Beishuizen A. Age dependency of 
coagulation parameters during childhood and puberty. J Thromb Haemost. 2012;10(11): 
2254-2263.

15413-klaassen-layout.indd   41 05/12/2018   14:54


