
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Venous thromboembolic disease in childhood epidemiology, risk factors and
outcome

van Ommen, C.H.

Publication date
2002

Link to publication

Citation for published version (APA):
van Ommen, C. H. (2002). Venous thromboembolic disease in childhood epidemiology, risk
factors and outcome. [Thesis, externally prepared, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/venous-thromboembolic-disease-in-childhood-epidemiology-risk-factors-and-outcome(3f1d6865-c0ab-4aed-8591-f962f1dddcdc).html


ChapterChapter 6 

Pediatricc venous thromboembolic disease (I): 

thee role of prothromboti c disorders 

C.. Heleen van Ommen 
Erik-Jann van den Dool 

Barbaraa A. Hutten 
Marjoleinn Peters 

SubmittedSubmitted for publication 

81 1 



Chapterr 6 

Abstract t 

Too assess the contribution of clinical and prothrombotic risk factors to pediatric venous 
thromboembolismm (VTE), the frequency of these risk factors was prospectively determined 
inn a consecutive cohort of 100 children with VTE at a single center over a 12-year period. 
Furthermore,, patients with increased risk of positive congenital prothrombotic testing were 
identified.. In 969c of the patients, clinical risk factors were present. Central venous 
catheterr and infection were the most frequent clinical risk factors. Congenital 
prothromboticc defects were found in \59c of the tested patients. In these patients, at least 
onee additional clinical risk factor was present. Development of first symptoms of VTE at 
homee and positive family history for VTE appeared to be predictors for positive testing for 
congenitall  defects. Acquired prothrombotic defects were present in 22% of the tested 
patients.. An additional clinical risk factor was present in all but two patients. In 
conclusion,, pediatric VTE usually occurs in sick children, with a combination of risk 
factors,, both clinical and prothrombotic. 
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Introductio n n 

Venouss thromboembolism (VTE) is a multifactorial disease. In adults, clinical risk factors, 
suchh as surgery, trauma, malignancy, immobilization, pregnancy and puerperium, have 
elaboratelyy been described. In the last decades, congenital prothrombotic risk factors have 
increasinglyy been recognized. In the years between the 1960s and 1980s, family studies 
showedd an association between VTE and congenital deficiencies of the naturally-occurring 
anticoagulantss antithrombin. protein C and protein S.'4 More recently, new prothrombotic 
riskk factors were discovered, such as genetic mutations in coagulation factor V (factor V 
R506QQ mutation) and prothrombin {factor II G20210A mutation).5" In adults, one of these 
prothromboticc risk factors is present in 20-30% of the unselected patients with venous 
thrombosis.7> > 

Inn children, national registries showed that VTE usually develops in acute and 
chronicc sick children with a combination of risk factors/"1 The presence of central venous 
catheterss is the major trigger for development of venous thrombosis, especially in 
neonates.""11 To which extent prothrombotic risk factors play a role in the etiology of VTE 
inn children is not completely elucidated. In previous studies, frequencies of prothrombotic 
disorderss in children with VTE vary enormously, especially because of the heterogeneity 
off  the studied children with VTE. For example, high percentages of factor V R506Q 
mutationn (42%) were found in Caucasian children with spontaneous thrombosis'2, whereas 
ann incidence of 9% was found in Argentinean pediatric patients with VTE." In the 
Argentineann population, the allelic frequency of factor V mutation is only 1.3%." No 
deficienciess of protein S, protein C and antithrombin were found in neonates with catheter 
relatedd thrombosis1', while these deficiencies were present in approximately 20% of 
childrenn up to 18 years with spontaneous thrombosis."1 

Too study the relevance of clinical and prothrombotic risk factors for VTE in 
children,, the frequency of both risk factors was prospectively determined in a consecutive 
cohortt of children with VTE at a single center over a 12-year period. Furthermore, we 
triedd to identify subgroups of patients with an increased risk of positive testing for 
congenitall  prothrombotic defects. 

Patientss and methods 

Patients s 
Fromm January 1st, 1989 to December 31st. 2000. consecutive children in the age of 0 to 18 
yearss with objectively diagnosed first venous thrombotic events were included in this 
prospectivee study in one tertiary center, the Emma Children's Hospital/Academic Medical 
Centerr in Amsterdam, the Netherlands. Children with VTE diagnosed at autopsy were 
excludedd from this study. 

Clinicall  data forms were completed for each patient, which included the 
followingg information: age at time of diagnosis, gender, signs and symptoms, location of 
thrombosis,, risk factors (clinical and prothrombotic), place of first symptoms of 
thromboticc event (home or in hospital), and family history of thromboembolic disease in 
thee first and second decree. 
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Venouss thrombosis was classified as occurring in the cerebral, upper or lower 
venouss system. The cerebral venous system included the veins cranial to the neck veins. 
Thee upper venous system included the veins of the neck, upper extremities, thorax and 
abdomenn up to and including the inferior caval vein. The lower venous system included 
thee veins distal to the inferior caval vein, up to and including the popliteal vein. Children 
withh venous thrombosis in the lower extremity and either extension of the thrombus into 
thee inferior caval vein or pulmonary embolism were classified as having thrombosis of the 
lowerr venous system. 

Clinicall  risk factors 
Forr evaluation of the clinical risk factors, two age groups were distinguished, i.e. neonates 
("neonatall  group") and children between the ages of one month and 18 years ("pediatric 
group"). . 

Prothromboti cc risk factors 
Evaluationn of prothrombotic disorders took place before start and / or after cessation of 
anticoagulantt treatment. Coagulation studies included evaluation for factor V R506Q 
mutation,, factor II G20210A mutation, protein C, protein S, antithrombin, and the lupus 
anticoagulant.. All results were compared to normal values established for age.' '" The 
diagnosiss of congenital deficiency of protein C. protein S or antithrombin was made when 
plasmaa concentration of these inhibitors were outside the age-specific reference ranges 
andd one of the parents had the same disorder. The presence of the lupus anticoagulants 
wass only tested in the pediatric group. 

Sampless for blood coagulation and mutation analysis were obtained by 
venipuncturee and collected in plastic tubes containing trisodium citrate 3.29?? and EDTA. 
respectively.. The ratio of anticoagulant to blood used was 0.1: 0.9 (vol/vol). After 
centrifugationn (12,000 # x 10 min), plasma was collected and stored at -70 °C in 0.5 ml 
aliquots. . 

Factorr V R506Q and factor II G202I0A mutations were determined by DNA 
analysiss as previously described.:i " Protein C activity was measured using a chromogenic 
assayy (Chromogenix, Molndal, Sweden) after activation by copperhead snake venom. 
Proteinn C antigen was measured by ELISA (Boehringer/STAGO. Asnieres-sur-Seine. 
France).. Free protein S antigen and total protein S antigen were measured by ELISA 
(Dako.. Glostrup, Denmark), the first after polyethylene glycol precipitation. Antithrombin 
activityy was measured by chromogenic assay (Chromogenix. Mölndal, Sweden). Assays 
forr lupus anticoagulant consisted of a diluted prothrombin time (Inovin, Dade. Suisse) and 
Russell'ss Viper Venom test (Gradipur. Australia). 

Statisticall  analysis 
Potentiall  predictors for a positive test for congenital prothrombotic disorders in children 
withh venous thrombosis included age at event, gender, the absence of a central venous 
catheter,, location of venous thrombosis in the lower venous system, the presence of 
symptomss of VTE. place of first symptoms of thrombotic event (home versus hospital), 
andd the presence of a positive family history in the first and / or second degree for venous 
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thromboticc events. The relation between the presence of a congenital prothrombotic defect 
andd these predictors was first explored univariately by means of logistic regression 
analysis.. Predictors for a positive test were identified using multivariate logistic regression 
analysis. . 

Results s 

Patientt  characteristics 
Duringg the twelve-year study period, a total of 100 children was objectively diagnosed 
withh VTE. Clinical risk factors were evaluated in all 100 patients. Evaluation of 
prothromboticc risk factors took place in 88 patients. Six neonates and six pediatric patients 
weree not tested. In these patients anticoagulant treatment was started without taking blood 
forr coagulation studies in advance. During anticoagulant treatment, nine of these patients 
diedd due to their underlying disease and three patients were transferred to another hospital 
andd were therefore lost to follow up. Baseline and clinical characteristics of the total group 
andd the non-evaluated patients are shown in Table I. 

Tablee 1. Baseline and clinical characteristics of the total group and the patients who were not 

evaluatedd for prothrombotic disorders 

Totall  group 

<n=IOO> > 

Non-evaluated d 

patients s 

(n=12) ) 

nn (<7t) nn ( f t ) 

Neonates s 

Malt-- sox 

LocationLocation oj VTE 

Cerebrall  venous s\siem 

Upperr venous system 

Lowerr venous system 

Symptomaticc venous thrombosis 

Catheter-relatedd thrombosis 

firstt symptoms of thrombosis at home 

Positivee family history of thrombosis 

Death h 

33 3 

49 9 

4 4 

52 2 

44 4 

71 1 

57 7 

28 8 

8 8 

I I I 

(33'/ ) ) 

(49V, ) ) 

(49 ,,  ) 

(52V,(52V,) ) 

(44' H H 

(71'/, ) ) 

(579, ) ) 

(28'f ) ) 

(89, ) ) 

(119 ) ) 

f> > 

5 5 

0 0 

9 9 

3 3 

-> -> 
10 0 

1 1 

0 0 

9 9 

i50',; ) ) 

(42%) ) 

(09 ) ) 

(757, ) ) 

(259, ) ) 

(179, ) ) 

(839 n n 

(8 99 I 

(09, ) ) 

(759- ) ) 

Abbreviations:: VTK Venous thromboembolism 
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Clinicall  risk factors 
Att least one clinical risk factor was present in all neonates and in 63 of the 67 pediatric 
patientss (94%). In the pediatric patients with spontaneous VTE, thrombi were located in 
thee portal vein (n=2), iliac and femoral veins (n=l), and subclavian and axillary veins 
(n=l).. Two or more clinical risk factors were present in 73% and 79% of neonates and 
pediatricc patients, respectively. The presence of a central venous catheter and infection 
weree the most important clinical risk factors in both age groups. In the pediatric patients, 
clinicall  risk factors were more varied than in neonates (Table 2). 

Tablee 2. Clinical risk factors in neonatal group (n=33) and pediatric group (n=67) 

Neonatall  group Pediatric group 

Riskk factor  n (% ) Risk factor  n (%) 

Centrall  venous catheter 

Infection n 

Asphyxia a 

Heartt disease 

Maternall  diabetic disease 

Hypovolemia a 

Surgery y 

29 9 

19 9 

.S S 

3 3 

3 3 

3 3 

1 1 

(88* ) ) 

(58* ) ) 

(15* ) ) 

(( 9%) 

(( 9 * ) 

(( 9%) 

(v/c) ) 

Centrall  venous catheter 

Infection n 

Heartt disease 

Surgery y 

Immobility y 

Kidneyy disease 

Hypovolemia a 

Estrogen" " 

Malignancy y 

Obesity y 

Others s 

28 8 

26 6 

11 1 

11 1 

10 0 

10 0 

8 8 

8 8 

7 7 

5 5 

18 8 

4 2 * ) ) 

39 * ) ) 

16*) ) 

16*) ) 

15*) ) 

15*) ) 

12*) ) 

12*) ) 

]<)* ) ) 

7 * ) ) 

27*) ) 

== including oral contraceptives and high dose estrogen for tall stature 

Congenitall  prothromboti c disorders 
Thee results of the coagulation studies are shown in Table 3. Congenital prothrombotic 
defectsdefects were present in 13 patients (15%): three neonates and ten pediatric patients. All 
thesee neonates had factor V R506Q mutation. Two of the ten pediatric patients had a 
combinationn of congenital prothrombotic disorders, i.e. factor V R506Q mutation / protein 
SS deficiency and factor V R506Q mutation / factor II G202I0A mutation. All children 
withh a congenital prothrombotic disorder had at least one additional clinical risk factor. 

Inn the 4 children with spontaneous VTE, no congenital prothrombotic defect was 
found. . 

Acquiredd prothromboti c disorders 
Acquiredd prothrombotic defects were present in 19 pediatric patients (22%). Nine children 
hadd underlying conditions, which are known to be associated with acquired deficiencies of 
thee naturally occurring anticoagulants. In three patients these acquired defects were 
temporary;; two patients suffered of antithrombin deficiency during asparaginase therapy 
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andd one girl developed protein S deficiency after high dose of estrogen for tall stature. In 
sixx patients the acquired prothrombotic disorders were persistent in time. Protein C 
deficiencyy was present in one patient after Fontan procedure. Another patient had 
deficiencyy of protein S and protein C due to intractable diarrhea. Protein S deficiency was 
foundd in one patient with sickle cell disease. A combination of protein S. protein C and 
antithrombinn deficiency was present in one patient with congenital defect of glycosylation 
andd two patients with liver failure. One of the patients with liver failure had factor V 
R5Ü6QQ mutation, as well. Ten of the 29 tested pediatric patients were positive for the 
presencee of lupus anticoagulant, which appeared to be persistent in time in all but one 
child.. At least one additional clinical risk factor was present in 17 of the 19 patients with 
acquiredd prothrombotic risk factors. 

Inn 2 of the 4 pediatric patients with spontaneous thrombosis lupus anticoagulants 
wass present. 

Tablee 3. Congenital prothrombotic risk factors in 88 children with venous thromboembolic disease 

Prothromboti cc risk Factor 

Factorr V R506Q mutation 

Factorr I! G20210A mutation 

Anlithrombinn deficiency 

Proteinn C deficiency 

Proteinn S deficiency 

Total l 

Patientss tested 
(n) ) 

80 0 

79 9 

86 6 

84 4 

83 3 

88 8 

Congenitall  disorder 

(n/ / 

10 0 
i i 

1 1 

1 1 

1 1 

13 3 

7c) 7c) 

// 13% 
// 37f 

// \'/r 

11 V/c 

11 Wc 

11 \57 

Tablee 4. Results of the univariate and multivariate analyses 

Age e 

Malee versus female 

Nonn catheter related versus catheter related VTE 

Lowerr versus upper/cerebral venous system VTE 

Homee versus in hospital 

Symptomaticc versus asymptomatic VTE 

Positivee versus negative family history of VTE 

L'niv a a 

OR R 

1.1 1 

0.8 8 

3.0 0 

3.0 0 

7.1 1 

3.8 8 

15 5 

riat e e 

957c957c CI 

1.01-1.2 2 

0.33 -2.7 

0.9-10.7 7 

0.9-10.7 7 

2.00 -25.9 

0.50.5 -31.1 

3.00 -74.8 

Multivariat e e 

OR R 

1.0 0 

--

--
4.8 8 

--
8.9 9 

95Vrr CI 

0.9-1.1 1 

--
--
--
1.2-19.3 3 

--
1.6-49.3 3 

perr year increase ot age 

Abbreviations:: VTE Venous thromboembolism 
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Predictionn of positive testing for  congenital prothromboti c disorders 
Inn the univariate analysis, positive testing for congenital prothrombotic disorders was 
significantlyy more likely in patients with advancing age. a positive family history of VTE 
andd first symptoms of VTE at home. In addition, a positive family history and 
developmentt of first symptoms of VTE at home were identified as predictors for positive 
testingg for congenital disorders in the multivariate analysis (Table 4). 

Discussion n 

Thee results of this study confirm that pediatric VTE is a multifactorial disease. It usually 
occurss in sick children with a combination of risk factors, both clinical and prothrombotic. 

Congenitall  prothrombotic disorders were found in \5% of the tested patients. A 
positivee family history for VTE and development of the first symptoms of VTE at home 
appearedd to be predictors for the presence of these disorders in children with VTE. As 
mostt non-evaluated patients developed VTE in hospital without a positive family history, 
thee prevalences of congenital prothrombotic disorders might be lower as estimated in the 
presentt study. On the other hand, not all patients were fully investigated. Some children 
diedd in the years before determination of factor V R506Q and factor II G2010A mutations 
couldd be performed. Furthermore, a large part of the studied children was not of Caucasian 
descent,, which might have influenced the prevalence of factor V mutation.2' 

Itt is important to note that all congenital defects were uncovered by the presence 
off  at least one clinical risk factor. For example, VTE developed in three girls with factor V 
R506QQ mutation after starting oral contraceptives and in two boys with a combination of 
congenitall  defects during an infection. Surprisingly, none of the children with spontaneous 
VTEE appeared to have a congenital prothrombotic defect. Thus, children with a congenital 
prothromboticc defect may develop VTE, although it seems to occur only when one or 
moree additional clinical risk factors are present. 

AA large number of these clinical risk factors, such as sickle cell disease and 
congenitall  defect of glycosylation, are associated with acquired deficiencies of the 
naturallyy occurring anticoagulants protein C, protein S or antithrombin. Another acquired 
prothromboticc risk factor is the presence of lupus anticoagulant, which was found in 349r 
off  the tested pediatric patients. Some other studies reported high prevalences of lupus 
anticoagulant,, as well.:4:5 However, in this study only 29 pediatric patients were tested for 
thee presence of the lupus anticoagulant. In total, acquired prothrombotic risk factors were 
foundd in 229f of the tested children. As in patients with congenital prothrombotic defects, 
clinicall  risk factors seems to be necessary for development of VTE in the majority of 
patientss with acquired prothrombotic defects. Most of the acquired prothrombotic defects 
weree persistent in time. 

Whatt are the potential benefits of testing for persistent prothrombotic disorders in 
children?? Testing improves the understanding of the pathogenesis of pediatric VTE when a 
specificc prothrombotic disorder is identified. Recently, one study showed that children 
withh spontaneous VTE and one or a combination of congenital prothrombotic disorders 
hadd an increased risk of recurrent VTE and might be candidates for long-term 

88 8 



Thee role of prothrombotic disorders 

antithromboticc prophylaxis.12 However, the safety and prophylactic effect of long-term 
anticoagulationn in the presence of prothrombotic disorders to prevent recurrent VTE in 
childrenn is unknown. There seems to be agreement that children with congenital 
prothromboticc disorders should receive short-term prophylactic anticoagulation in high-
riskk situations, although no studies have been performed to assess the efficacy and safety 
off  this measures.2" The benefits of prophylactic anticoagulation in children with underlying 
diseasess associated with acquired prothrombotic defects are not known, as well. 

Inn summary, congenital and persistent acquired prothrombotic disorders were 
foundd in approximately one third of the children with VTE. usually unmasked by the 
presencee of an additional clinical risk factor. A positive family history and development of 
firstt symptoms of VTE at home appeared to be predictors for positive testing for 
congenitall  prothrombotic disorders. The potential benefits of testing, such as long-term 
antithromboticc prophylaxis to prevent recurrence or short-term antithrombotic prophylaxis 
inn hieh-risk situations need to be investigated in children. 
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