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Abstract
The present study was designed to assess to what
extent single and combined clotting abnormalities
influence spontaneous vascular accidents in pediatric patients, and how the children affected differ
in their prothrombotic risk profiles from their biological first-degree family members. In addition,
this study was performed to investigate if relatively
mild thrombophilic polymorphisms not leading to
thrombosis in the parents cause severe clinical expression when coinherited with an established prothrombotic risk factor. The factor V (FV) G1691A
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mutation, the prothrombin (PT) G20210A variant,
the methylenetetrahydrofolate reductase (MTHFR)
T677T genotype, the plasminogen activator inhibitor (PAI)-1 promoter polymorphism, lipoprotein
(Lp)(a), antithrombin, protein C, and protein S
were investigated in 48 childhood patients aged
neonate to ⬍18 years (median 0.5 years) with spontaneous venous thromboembolism (SVT) compared with the carrier status of their first-degree
family members. In 19 of the 48 patients (39.6%),
one prothrombotic risk factor was diagnosed, and
in 27 of the 48 subjects (56.3%) at least two prothrombotic defects/alleles. In the majority of cases
with SVT, the FV G1691A mutation was involved
either with a second mutated allele or combined
with elevated Lp(a), the 4G/4G genotype of the
PAI -1 promoter polymorphism, and the T677T
MTHFR genotype. The rate of combined prothrombotic risk factors was significantly higher in
childhood patients compared with their parents
(p⫽0.0004). In conclusion, based on the data presented here we suggest that early-onset SVT in
childhood patients is mainly caused by combinations of at least two prothrombotic risk factors.
 2000 Elsevier Science Ltd. All rights reserved.
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ince the recent discovery of activated protein
C resistance [1], in the majority of cases due
to the factor (FV) G1691A gene mutation
[2], evidence has been accumulating that venous
thromboembolism is a multigenetic disorder [3].
Besides antithrombin deficiency and deficiencies
within the protein C pathway, the 20210A allele
within the 3⬘-untranslated region of the prothrombin (PT) gene is discussed as a common but mild
risk factor of venous thrombosis in children and
adults [4,5]. Finally, the C677T mutation in the
methylenetetrahydrofolate reductase (MTHFR)
gene facilitates the manifestation of hyperhomocysteinemia especially in individuals with low folate
intake. Its involvement in arterial vascular disease
as well as venous thromboembolism has been discussed [6,7]. The latter is still a matter of controverse discussion [8]. Combinations between the established prothrombotic risk factors mentioned
greatly increase the risk of thrombosis in adults
[7,9–13].
Pediatric venous thromboembolism is being increasingly viewed as a multifactorial disorder as well
[14]; however, information on the role of combined
hemostatic defects in childhood thrombosis is limited. Very recently we have shown elevated lipoprotein (Lp)(a), the heterozygous state for the FV
G1691A mutation and the prothrombin G20210A
mutation, deficiencies of protein C and antithrombin to be risk factors of childhood thromboembolism [5,14–17]. A decreased fibrinolysis due to
enhanced levels of the plasminogen activator inhibitor (PAI)-1 concomitant with low activity of
tissue-type plasminogen activator has moreover
been shown in childhood carriers of the FV G1691A
gene mutation who suffered a thrombotic event
[18]. In addition, evidence shows that elevated
PAI-1 levels are associated with the 4G/4G genotype of the recently described deletion/insertion
4G/5G polymorphism in the PAI-1 gene [19–21].
The present multicenter study has been undertaken to unravel the hypothesis that genetic prothrombotic risk profiles in children with early onset
spontaneous venous thromboembolism (SVT) differ from the carrier status of their first-degree family members, especially if relatively mild thrombophilic polymorphisms not leading to thrombosis
in the parents cause a more severe clinical expression when coinherited with an established pro-

thrombotic risk factor. This question not only raises
a scientific issue. It is also of interest with respect
to ethical backgrounds and to what extent a screening of genetic factors is justified in symptomatic
patients during childhood and adolescence not associated with a positive family history of a disease.
Of particular interest is whether this screening
should be performed also in siblings not suffering
from a symptomatic disease to date.

1. Patients, Materials, and Methods
1.1. Ethics
The present study is part of a prospective multicenter case-control study. It was performed in accordance with the ethical standards laid down in a
relevant version of the 1964 Declaration of Helsinki and approved by the medical ethics committee at the Westfälische Wilhelms-University, Münster, Germany.

1.2. Patients and First-degree Family Members
Inclusion criteria: Infants and children aged neonate to ⬍18 years with first onset SVT confirmed
by standard imaging methods (venography, compression sonography, computed tomography, magnetic resonance imaging), and whose biological parents were both available for a complete diagnostic
work-up including prothrombotic risk factors, were
defined as study patients. From September 1995–
September 1999, 48 consecutive Caucasian patients
(median age at first thrombotic onset 0.5 years,
range neonate to ⬍18 years, male/female ratio
1:1.1) with clinically and imaging-confirmed SVT
were prospectively recruited from different geographic catchment areas of Germany [5,16].
Exclusion criteria: Childhood patients with potential triggering-acquired risk factors (i.e., malignancies, central venous lines, immobilization, surgery, trauma, plaster casts, rheumatic diseases,
severe infections, and use of oral contraceptives)
were not enrolled in the present study.
At acute onset of SVT the majority of patients
presented with isolated vascular occlusion of the
inferior caval vein (n⫽9), combined femoral and
iliac vein thrombosis (n⫽8), cerebral vein throm-
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bosis (n⫽8), isolated calf thrombosis (n⫽5), renal
venous thrombosis (n⫽5), femoral vein thrombosis
concomitant with pulmonary embolism (n⫽4), intracardial thrombus formation (n⫽4), femoral vein
thrombosis (n⫽3), and vascular thrombosis of the
portal vein (n⫽2), respectively.
Ninety-six biological parents with a median
(range) age of 32 years (23–51 years) were investigated with their informed consent. No thromboembolism has occurred so far in 70 of the 72
first-degree family members with at least one prothrombotic gene mutation or thrombophilic polymorphism. However, in a 32-year-old woman with
elevated Lp(a) and protein C deficiency type I,
first venous thrombosis occurred during pregnancy. Deep venous thrombosis with pulmonary
embolism was noted in a 23-year-old male with
antithrombin deficiency type I concomitant with
immobilization and severe nicotine abuse.

1.3. Blood Samples
With informed parental consent, blood samples
were collected 6 weeks—3 months after the acute
SVT by peripheral venipuncture into plastic tubes
containing 1/10 by volume of 3.8% trisodium citrate or into plastic tubes without additives, respectively (Sarstedt, Nümbrecht, Germany). Citrated
blood was placed immediately on melting ice.
Platelet poor plasma and serum were prepared by
centrifugation at 3000 g for 20 minutes at 4⬚C, or
at room temperature, respectively, aliquoted in
polystyrene tubes, stored at –70⬚C, and thawed immediately before the assay procedure. For genetic
analysis we obtained venous blood in EDTAtreated sample tubes (Sarstedt, Nümbrecht, Germany), from which cells were separated by centrifugation at 3000 g for 15 minutes. The buffy coat
layer was then removed and stored at –70⬚C pending DNA extraction by a spin column procedure
(Quiagen, Hilden, Germany).

1.4. Laboratory Analyses
The MTHFR C677T, the FV G1691A, and the
prothrombin G20210A genotypes were determined by polymerase chain reaction and analysis of
restriction fragments as previously reported [2,4,6].
The PAI-1 4G/5G genotype was detected by allelespecific polymerase chain reaction [20].
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Amidolytic protein C and antithrombin activities
were measured on an ACL 300 analyzer (Instrumentation Laboratory, Munich, Germany) using
chromogenic substrates (Chromogenix, Mølndal,
Sweden). Free protein S antigen, total protein S,
and protein C antigen were measured using commercially available ELISA assay kits (Stago,
Asnières-sur-Seine, France). Partigen plates (radial
immunodiffusion) used to determine antithrombin
concentrations were purchased from Behring Diagnostics, Marburg, Germany. In addition, crossed
immunoelectrophoresis (Behring Diagnostics, Marburg, Germany; Dako, Denmark) was performed
in patients with antithrombin deficiency. Lp(a) was
determined with the COALIZA Lp(a) assay kit
(Chromogenix, Mølndal, Sweden). The laboratory
staff was blind to whether the blood samples originated from a patient or from a first-degree family member.
A heterozygous type I deficiency state (protein
C, antithrombin) was diagnosed when functional
plasma activity and immunological antigen concentration of a protein were below 50% of normal of
the lower age-related limit [14]. A homozygous state
was defined if activity levels and antigen concentrations were less than 10% of normal. A type II
deficiency was diagnosed with repeatedly low functional activity levels along with normal antigen concentrations. The diagnosis of protein S deficiency
was based on reduced free protein S antigen levels
combined with decreased or normal total protein
S antigen concentrations, respectively. Criteria for
the hereditary nature of a haemostatic defect were
its presence in at least one further first- or seconddegree family member and/or the identification of
a causative gene mutation [4,14,16].

1.5. Statistics
Prevalences of prothrombotic risk factors in childhood patients and first-degree relatives were compared by the chi-square test. The significance level
was set at 0.05. All statistical analyses were performed using the MedCalc software package (MedCalc, Mariakerke, Belgium).

2. Results
Forty-six of the 48 symptomatic childhood patients
were carriers of prothrombotic risk factors, whereas
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Table 1. Single prothrombotic risk factors in childhood patients and their first-degree
family members. In all cases, protein deficiencies were type I
Prothrombotic risk factor
Factor V G1691A
Prothrombin G20210A
PAI-1 4G/4G
MTHFR T677T
Lipoprotein (a)⬎30 mg/dl
Protein C deficiency
Protein S deficiency
Antithrombin deficiency
Total

Patients
n⫽48
3
2
3
1
10

(6.3%)
(4.2%)
(6.3%)
(2.1%)
(20.8%)
—
—
—
19 (39.6%)

no thrombophilia could be detected in two of them
so far. In 19 of the 48 childhood patients (39.6%),
one single risk factor was found compared with
55 subjects of the 96 first-degree family members
(57.3%). Single prothrombotic risk factors in childhood patients and their first-degree family members are shown in Table 1.
Twenty-seven of the 48 patients (56.3%) had
two or more genetic risk factors compared with 17
double defects found in the 96 first-degree family
members (17.7%). More than two defective alleles
(i.e., the homozygous FV A1691A genotype combined with the PT G20210A variant, elevated Lp(a)⬎
30 mg/dl along with the PT G20210A variant and
the MTHFR T677T genotype, and the homozygous
PT A20210A genotype with the MTHFR T677T
variant, elevated Lp(a) and protein S type I deficiency) were found in 3 further symptomatic subjects. The overall rate of two or more prothrombotic risk factors/polymorphisms (Table 2) was
significantly higher in symptomatic childhood patients compared with their parents (p⫽0.0004).

3. Discussion
Results of the present family study show that symptomatic children with spontaneous venous thromboembolism have a significantly higher rate of combined genetic prothrombotic risk factors than their
first-degree family members. Established prothrombotic risk factors such as the factor V gene
G1691A mutation, the prothrombin G20210A variant, deficiency states of protein C, protein S or

Father
n⫽48
5
2
8
5
7
1

(10.4%)
(4.2%)
(16.7%)
(10.4%)
(14.6%)
(2.1%)
—
1 (2.1%)
29 (60.4%)

Mother
n⫽48
6
1
4
2
11
1

(12.5%)
(2.1%)
(8.3%)
(4.2%)
(23%)
(2.1%)
—
1 (2.1%)
26 (54.2%)

Both Parents
n⫽96
11
3
12
7
18
2

(11.5%)
(3.1%)
(12.5%)
(7.3%)
(18.8%)
(2.1%)
—
2 (2.1%)
55 (57.3%)

antithrombin, and increased levels of Lp(a) were
found along with further genetic polymorphisms
(i.e., the homozygous MTHFR 677TT variant) and
the PAI-1 4G/4G genotype. We wish to point out
that 13 of the 27 combined risk profiles (48%) were
due to different combinations within established
defects of the protein C pathway, the PT gene
variant, antithrombin deficiency, or elevated
Lp(a). The latter recently was shown to be an inherited and independent risk factor of childhood venous thrombosis [16,22]. In contrast, only 6 out
of 17 asymptomatic first-degree family members
(35.3%) had a prothrombotic risk profile of two
defects within the protein C pathway, the PT gene
mutation and elevated Lp(a). Only two healthy
adults showed a profile similar to the affected children. However, no first-degree family member had
more than two combined thrombophilias. A
smaller proportion of children with SVT, 39.6%,
was suffering from only one prothrombotic risk
factor. However, no isolated deficiencies of protein
C, protein S, or antithrombin were diagnosed in
the symptomatic childhood population studied.
Based on various trials, evidence is accumulating
that familial thrombophilia, defined as a genetically
determined tendency to thrombosis, may be due
to a combination of clotting defects [3,7,9–14]. In
particular, evidence shows that inheritance of FV
G1691A combined with deficiencies of protein C
[10], protein S, and antithrombin [9–11], as well as
with the PT G20210A variant [13], the MTHFR
T677T genotype (in some studies [7,12]), the PAI-1
4G/4G variant [19], or enhanced Lp(a) concentrations [15,16] further increases the manifestation
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of early vascular accidents in children and young
adults. We suggest from the data presented here
that the combination of genetic polymorphisms
which are not necessarily independent risk factors
for venous thrombosis (such as the MTHFR T577T
genotype or the homozygous PAI-1 4G/4G polymorphism) and established prothrombotic risk factors further increase the risk of symptomatic vascular accidents in the subjects affected [7,19]. This is
similar to childhood patients suffering at least one
established thrombophilia along with acquired risk
factors (i.e., central venous lines or chemotherapy
in childhood leukemia) [5,16,23,24].
Children not only differ from adults anatomically
and physiologically, they also differ in the types of
diseases from which they suffer and the manifestation of diseases they have in common with adults.
Therefore, it is not only a scientific question but
also an ethical issue of whether a comprehensive
screening of genetic factors is justified in symptomatic childhood patients with a negative family history of a disease, and particularly if this screening is also recommended in non-symptomatic siblings. Data presented here along with results from

recently published controlled studies in childhood
thrombophilia give evidence [16,17,19] that the risk
of a symptomatic thrombotic event during childhood is enhanced in these patients carrying at least
one prothrombotic risk factor. Based on the Mendelian theory of inheritance, siblings of a symptomatic childhood patient affected with a combined
prothrombotic defect carry in approximately 50%
of cases a single thrombophilia and two or more
gene mutations or polymorphisms in 25% of cases,
respectively.
We clearly wish to point out that it is not justified
from the data presented here to recommend longterm anticoagulant therapy in asymptomatic family
members carrying combined prothrombotic risk
factors. However, a short-term primary anticoagulant prophylaxis in situations known to increase the
rate of symptomatic vascular accidents in children
(i.e., immobilization, cancer, central venous lines,
congenital heart disease, or rheumatic diseases)
[5,16,23,24] should be discussed on an individual
basis in offsprings of symptomatic childhood patients, especially when the prothrombotic risk profile is similar to the affected propositus.

Table 2. Combined or homozygous prothrombotic risk factors in childhood patients and their first-degree family members.
In all cases, protein deficiencies were type I.
Prothrombotic risk factors
Factor V G1691A and:
Lipoprotein (a)⬎30 mg/dl
PAI-1 4G/4G
MTHFR T677T
Prothrombin G20210A
Factor V A1691A (homozygous) and:
no further risk factor
Prothrombin G20210A
Lipoprotein (a)⬎30 mg/dl and:
PAI-1 4G/4G
MTHFR T677T
Antithrombin deficiency
Protein C deficiency
Prothrombin G20210A
Protein S deficiency
Prothrombin G20210A & MTHFR T677T
Prothrombin A20210A & MTHFR T677T &
Protein S deficiency
PAI-1 4G/4G and:
Prothrombin G20210A
MTHFR T677T
Total

Patients
n⫽48

Father
n⫽48

Mother
n⫽48

Both Parents
n⫽96

6 (12.5%)
3 (6.3%)
2 (4.2%)
—

—
4 (8.3%)
—
—

2 (4.2%)
2 (4.2%)
—
1 (2.1%)

2 (2.1%)
6 (6.3%)
—
1 (1%)

2 (4.2%)
1 (2.1%)

—
—

—
—

—
—

(12.5%)
(4.2%)
(2.1%)
(2.1%)
—
—
1 (2.1%)

1 (2.1%)
—
—
—
—
1 (2.1%)
—

2 (4.2%)
1 (2.1%)
—
—
2 (4.2%)
—
—

3 (3.1%)
1 (1%)
—
—
2 (2.1%)
1 (1%)
—

1 (2.1%)

—

—

—

—
1 (2.1%)
27 (56.3%)

—
—
6 (12.5%)

1 (2.1%)
—
11 (23.1%)

1 (1%)
—
17 (17.6%)

6
2
1
1
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