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Summary

Venous thrombosis (VTE) in children is gaining increased awareness and apart from
underlying medical conditions, recently reported systematic reviews on pediatric VTE
(70% provoked) have shown significant associations between thrombosis and presence of
inherited thrombophilic risk factors (IT), such as protein C-, protein S- and antithrombin
deficiency, mutations of factor 5 (F5: rs6025) and factor 2 (F2: rs1799963), even more
pronounced when combined IT were involved. Although we have learned more about the
pathophysiology of VTE with the increased discovery of IT evidence is still lacking as to
whether IT influence the clinical outcome in pediatric VTE. It still remains controversial as
to whether children with VTE or offspring from thrombosis-prone families benefit from IT
screening. Thus, IT testing in children should be individualized. If the decision “pro
screening” is discussed as an appropriate option in adolescents with unprovoked VTE and
in children with a positive family history for VTE screening should be performed in a
specialized coagulation unit for acquired or inherited and prothrombotic defects based on
the individual population background. Apart from the laboratory assessment for the
presence/absence of lupus anticoagulants and antiphospholipid antibodies screening
should be performed beyond the acute VTE onset and after withdrawal of anticoagulant

medication possibly influencing laboratory results.
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Introduction

Pediatric venous thromboembolism (VTE), in the majority of cases associated to
underlying provoking risk factors [1-13], is a severe disease whose long-term outcomes
include lack of thrombus resolution in 50% of cases and the development of post
thrombotic syndrome in greater than one third of patients [5-7]. Neonates exhibit the
greatest risk for VTE [1, 2, 4, 8, 9], with a second incidence peak occurring during puberty
and adolescence. The annual incidence of venous events was estimated to be 0.07 to
0.14 per 10,000 children (entire cohort), or 24 per 10,000 admissions of neonates to
neonatal intensive care units and 5.3 per 10,000 hospital admissions of older children [1,
2, 4, 8, and 9]. In addition, there is increasing evidence that mainly based on advanced
medical care and increased treatment intensity of hospitalized pediatric patients a

dramatic increase of VTEs in children has been reported [10,11,14].

Until today, the results of single studies on the risk of VTE onset and recurrence
associated with inherited thrombophilia (IT) are contradictory or inconclusive, mainly due
to lack of statistical power [16-17]. Apart from acquired thrombophilic risk factors, such as
lupus anticoagulants and the antiphospholipid syndrome, IT, namely antithrombin-, protein
C-, or protein S-deficiency, the mutations of coagulation factor 5 (F5: rs6025), and factor 2
(F2: rs1799963), have been established as risk factors for VTE events in adults. In
children with idiopathic VTE and in pediatric populations in which thromboses were
associated with underlying diseases, IT has been described as additional risk factors [9,
16, and 18]. In addition, it has been recently shown that adolescent VTE is in the majority
of cases multifactorial with more than two risk factors present at diagnosis including IT
[19]. Furthermore, in adolescents with unprovoked VTE or VTE following minor

provocation an IT or venous anomaly is more often diagnosed [20].

Despite the discovery of IT in the early 1960s and the improved understanding of the

pathophysiology of VTE in children evidence remains lacking as to whether the presence



of IT influences the clinical outcome in this selected patient cohort. On this basis,

recommendations for thrombophilia testing in children will be discussed.

Role of IT at first and recurrent VTE

The distribution of IT varies in different countries with respect to the ethnic population
background and the number of patient/controls investigated. In systematic reviews and
meta-analyses including observational studies in pediatric patients with deep venous VTE
and cerebrovascular occlusion (cerebral venous thrombosis and stroke) more than 70% of
patients had at least one clinical risk factor [21-23: table 1]. The pooled odds ratios (OR)
showed statistically significant associations between F5, F2, protein C-, protein S-, or
antithrombin deficiency, elevated lipoprotein (a), combined IT and the presence of
acquired lupus anticoagulants/antiphospholipid antibodies and VTE onset. Furthermore,
data from multicenter population-based cohort studies including white pediatric VTE
patients derived from Israel and Germany the prevalence rates and clinical presentation in
children with antithrombin-, protein C- and protein S-deficiency were reported [24-28] with
prevalence rates of 6.6% for antithrombin-deficiency, 7.4% in children with protein C-
deficiency (neonatal purpura fulminans: 1.5%) and 8.2% in pediatric VTE cases
associated with protein S-deficiency. Nonetheless, statistically significant associations
with recurrent VTE in children were reported for protein S-, or antithrombin-deficiency, F2

and combined IT in the pediatric VTE meta-analysis [21, 23].

Role of IT in asymptomatic VTE family members

The incidence of VTE in children with a positive family history of venous thrombosis and
the prevalence of thrombophilic traits in children derived from adults with venous vascular
events have been described in a limited number of pediatric studies [29-31]. In a pediatric
cohort study by Holzhauer et al the risk for VTE was significantly increased among family

members with versus without IT and was highest among carriers of antithrombin, protein



C, or protein S deficiency. Annual incidence rates of VTE were 2.82% among family
members of antithrombin-, protein C-, or protein S-deficiency, 0.42% for F2, 0.25% for F5,
and 0.10% in relatives with no IT [29: table 1]. However, since the data reported are
sparse IT testing in affected children and family offsprings still is a matter of debate [33-

36].

Long-term outcome

Apart from early death and VTE recurrence, sequelae of VTE in children include
significant organ damage [37-41]. Among them post-thrombotic syndrome (PTS) as a
consequence of extremity vascular occlusion, kidney atrophy, hypertension and further
loss of kidney function following renal vein thrombosis, or neurological impairment
following cerebral vein thrombosis, thromboembolic stroke or purpura fulminans [5-7].
Standardized recommendations for investigation and documentation of PTS in children
have been published [38, 39]. As a consequence of VTE sequelae long term impaired
guality of life is demonstrated in the pediatric patients and their family members affected

[40, 41].



Conclusions: what should be tested and when?

As in adults thrombophilic risk factors play at least a modest role at onset and recurrence
of VTE in children. As discussed previously [42,43] on one hand the knowledge of IT may
be useful to increase the awareness of secondary thrombo-prophylaxis in high risk
situations, vice versa the potential harm of identifying a non-contributory problem leading
to inappropriate VTE management. Arguments pro IT-testing are discussed as follows: To
gain knowledge with respect to the underlying age-specific pathophysiology of VTE, i.e. to
weight the interaction between genetics, environment and household components, to
predict recurrence on an individual patient basis, and to educate asymptomatic family
members with respect to provoking risk factors, possible life style maodifications or the use
of combined oral contraceptives. Vice versa, as arguments against screening we have to
discuss that most pediatric patients with VTE suffer from more than one genetic and/or
provoking risk factor, that children with a first VTE should always receive secondary VTE
prophylaxis in recurrent clinical risk situations and that education of asymptomatic family
members could be performed without knowledge of genetic risk factors. In addition, since
the majority of VTE events are provoked thrombosis asymptomatic family members per se
should receive primary VTE prophylaxis. Last not least a negative thrombophilia testing

may lead to false reassurance since not all genetic mutations could be ruled out.

Thus, keeping in mind that i) evidence is still lacking as to whether IT influence the clinical
outcome in pediatric VTE, and ii) it still remains controversial as to whether children with
VTE or offsprings from thrombosis-prone families may benefit from IT screening, testing
should be always discussed on an individual patient basis [table 2]. Arguments “pro” or
“against” screening are summarized in more detail in reference 43, second table. If the
decision “pro screening” is discussed as an appropriate option for example in adolescents
with unprovoked VTE and in children with a positive family history for VTE - but not in

neonates and children after a first episode of catheter-related VTE [44] -, pediatric index



cases should be screened in a specialized coagulation unit for common [45] and/or rare
[46] acquired or inherited and prothrombotic defects [table 1] based on their ethnic
population background. Our recommendation “not to screen” [table 2] includes healthy
children derived from asymptomatic family members prior to i) insertion of central lines, ii)
prescription of combined oral contraceptives and iii) prior to surgery. In addition, we do not
suggest IT screening in pediatric patients with VTE associated with central lines.
Individual decision making, however, is suggested in pediatric patients with VTE and
provoking risk factors. In adolescent girls the planned intake of combined estrogen-
containing oral contraceptives is a common request to screen for IT. The risk to suffer
from VTE in asymptomatic carriers with a positive family history of VTE associated with
low-risk thrombophilias is low, e.g. 0.5 to 0.2 per year [47]. Consequently, regarding mild
thrombophilia carriers a large number of offsprings needs to be tested and advised to
sustain from combined oral contraceptives in order to prevent one single VTE event [48].
Thus, unselected IT screening in asymptomatic female adolescents with a positive VTE
family history associated with low-risk IT is not recommended. It may be an option,
however, to screen female offsprings from high-risk thrombophilia families to avoid the
use of estrogen-containing contraceptives. Since in the aforementioned high-risk families
the thrombotic risk is increased in unaffected relatives as well, and since a negative
thrombophilia testing does not necessarily exclude all thrombogenic mutations, we agree
with previously published recommendations to consider alternative contraceptive methods
in females with a first-degree relative with VTE, independent from IT testing [49.50].

Apart from the laboratory assessment for the presence/absence of lupus anticoagulants
and antiphospholipid antibodies [23] screening should be performed beyond the acute
VTE onset and after withdrawal of standard anticoagulant medications, possibly
influencing laboratory results, such as vitamin-K antagonists or peak levels of non-vitamin

K oral antagonists.
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51. Table 1 Association inherited thrombophilia with risk of venous thromboembolism

in children

Summary ORs (95% CI)

first VTE (ref. 21)

Summary OR (95% CI)

recurrent VTE(ref. 21)

Annual risk (%, 95% CI)
for VTE in asymptomatic

carriers (ref. 29)

Antithrombin deficiency
Protein C deficiency
Protein S deficiency
Factor 5 rs6025

Factor 2 rs1799963

8.73 (3.12-24.42)
7.75 (4.48-13.38)
5.77 (3.07-10.85)
3.56 (2.57-4.93)

2.63 (1.61-4.29)

3.37 (1.57-7.20)
2.53 (1.30-4.92)
3.76 (1.57-8.04)
0.77 (0.40-1.45)

2.15 (1.12-4.10)

} 2.82 (1.63-4.80)

0.25 (0.12-0.53)

0.42 (0.17-1.01)

Abbreviations: VTE venous thromboembolic disease,

OR 0Odds Ratio, Cl Confidence Interval
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Table 2: Recommendations/suggestions for thrombophilia testing in children [ref. 42]

VTE patient

Recommendation/suggestion

Term neonate:

e Unprovoked VTE

Suggested

Term neonate:

e Central line associated

Not suggested

Term neonate:

e Asymptomatic central line Not suggested
associated
Child/adolescent: Suggested

e Unprovoked VTE

Child/adolescent:

e Provoked VTE

It is suggested to discuss the
utility of IT testing with

patients/parents

Child/adolescent:

. recurrent VTE

Recommended

Child/adolescent:

e Central line associated

Not suggested

Child/adolescent:

e Asymptomatic central line

associated

Not suggested

Asymptomatic Child/adolescent:

¢ Positive family history

Individual patient counselling

suggested

16



Asymptomatic child/adolescent:

¢ Negative family history
o prior central line
o “pill”

o surgery

Not recommended

Asymptomatic child/adolescent:

Individual patient counselling

e prior central line & suggested
leukemia
Study/research patient Suggested

Abbreviations: IT: inherited thrombophilia
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Highlights:

o In pediatric patients significant associations were noted between thrombosis

occurrence and presence of inherited thrombopbhilic (IT) risk factors.

o Currently evidence is still lacking as to whether IT influence the clinical outcome in

pediatric VTE.

o IT testing in children should be individualized and discussed with patients and their

families.

o For adolescents with unprovoked VTE and in children with a positive family history
for VTE screening IT tests are recommended and should be performed in a

specialized coagulation unit.
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