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Abstract t 

Thee risk of spontaneous or risk-period related venous thromboembolism in 
familyy members of symptomatic carriers of antithrombin (AT), protein C (PC) 
orr protein S (PS) defects, as well as of the Factor V Leiden mutation is still 
undefined.. We performed a retrospective cohort study in family members 
(n=793)) of unselected patients with a documented venous thromboembolism 
andd one of these deficiencies to make an estimate of this risk. The annual in-
cidencess of total and spontaneous venous thromboembolic events in carriers 
off  AT, PC or PS defects (n=181) were 1.01% and 0.40%, respectively, as com-
paredd to 0.10% and 0.04% in non-carriers, respectively (relative risks both 
10.6).. In carriers of Factor V Leiden (n=224), the annual incidences of total 
andd spontaneous venous thromboembolism were 0.28% and 0.11%, respec-
tively,, as compared to 0.09% and 0.04% in non-carriers, respectively (relative 
riskss 2.8 and 2.5). Additional risk-periods (immobilisation, surgery and 
trauma;; oral contraceptive use; and pregnancy / postpartum period) in-
creasedd the risk of thrombosis in carriers of AT, PC and PS defects as com-
paredd to non-carriers (relative risks 8.3, 6.4 and 8.2, respectively). Oral 
contraceptivee use and pregnancy / post-partum period increased the risk of 
thrombosiss in carriers of Factor V Leiden 3.3-fold and 4.2-fold, respectively, 
whereass other risk factors had only a minor effect. 

Thesee data lend some support to the practice of screening family members of 
symptomaticc carriers of an AT, PC and PS deficiency. For family members of 
symptomaticc carriers of Factor V Leiden, screening does not seem to be justi-
fiedd except for women at a fertile age. 
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Introduction n 

Theree is convincing evidence that a number of hereditary abnormalities of 
thee coagulation system are associated with an increased risk for both sponta-
neouss and risk-period related venous thromboembolism.114 Antithrombin 
(AT),, protein C (PC) and protein S (PS) defects and resistance to activated 
proteinn C (APC-R) due to the R506Q mutation in the gene for Factor V (Fac-
torr V Leiden) are the most widely recognised causes of hereditary thrombo-
philia.. In contrast with the extensive documentation available on the 
prevalencee of these coagulation defects in patients with established venous 
thromboembolism,, littl e is known about the incidence of venous thromboem-
bolicc events in asymptomatic family members. This information is essential 
forr the assessment whether screening families of a symptomatic carrier of a 
thrombophilicc defect should be recommended. 
Currently,, the best estimate of the incidence of venous thromboembolism in 
inheritedd AT, PC and PS deficient family members is based on a pooled 
analysiss of available cross-sectional family studies.15 In deficient subjects 
abovee the age of 15 years, the annual incidence of venous thromboembolism 
hass been reported to be approximately 2%. This figure is likely to be inflated 
duee to selective publication of families, the lack of objective diagnostic criteria 
andd non-blinded assessment in most studies. Furthermore, the influence of 
transientt risk-periods was not systematically investigated. Only one prospec-
tivee cohort study in a limited number of asymptomatic patients with PC and 
PSS deficiency has been published indicating an annual incidence of venous 
thromboembolismm of 2.5% and 3.5% for PC and PS deficient patients, respec-
tively.14 4 

Despitee the high prevalence of APC-R due to Factor V Leiden in patients 
withh thrombotic manifestations,1213 the risk of venous thromboembolism in 
familyy members of symptomatic carriers of this abnormality has been evalu-
atedd in only one retrospective study that reported an incidence of 0.45% per 
year.166 In contrast, another recent study suggests that the overall thrombotic 
riskk in carriers of Factor V Leiden is similar to that shown in carriers of PC 
defects.17 7 

We,, therefore, performed a large retrospective cohort study among unselected 
familiess in order to estimate the incidence of both spontaneous and risk-
periodd related venous thromboembolism in family members of symptomatic 
patientss with either inherited AT, PC or PS deficiency or the Factor V Leiden 
mutation.. The carrier status of the family members was determined after the 
medicall  history had been carefully recorded applying predefined criteria. 
Hence,, an appropriate group of family members who were not carriers of the 
defectss was available for comparison. 
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Methods s 

Patients Patients 
Familyy members of unselected patients referred to the Thrombosis Units of 
thee Institute of Medical Semeiotics in Padua and the Academic Medical Cen-
terr in Amsterdam with documented venous thromboembolism and an estab-
lishedd inherited deficiency of AT, PC or PS (Padua and Amsterdam) or the 
Factorr V Leiden mutation (Padua) were enrolled in the study. Al l eligible 
subjectss were asked to provide informed consent. The probands were ex-
cludedd from the analysis. 

AssessmentAssessment of venous thromboembolism 
AA detailed medical history was obtained by an investigator unaware of the 
carrierr status of the subject. Specific attention was paid to previous risk-
periodss for venous thromboembolism (i.e. immobilisation, surgery, trauma, 
orall  contraceptive treatment, pregnancy and the postpartum period) and the 
occurrencee of venous thromboembolic events (i.e. deep vein thrombosis of the 
upperr or lower limb, pulmonary embolism, venous thrombosis at unusual 
sites).. Superficial vein thrombosis was not considered. If deemed necessary, 
patientt files were reviewed in order to confirm the venous thromboembolic 
event. . 
AA reported venous thromboembolic event was accepted as such if it had been 
confirmedd by objective diagnostic testing. For deep vein thrombosis this could 
bee compression ultrasonography, impedance plethysmography, contrast ve-
nography,, or Doppler ultrasound. For pulmonary embolism this could be 
pulmonaryy angiography or ventilation-perfusion scanning, while for throm-
bosiss at unusual sites angiography, computed tomography scanning or mag-
neticc resonance imaging were accepted diagnostic methods. In the absence of 
objectivee diagnostic testing at the time of the event, the diagnosis was ac-
ceptedd if one of the following conditions was met: 1) an abnormal compression 
ultrasoundd in the femoral or popliteal veins, and/or a venous reflux in the 
popliteall  vein at the time of inclusion18 or 2) anticoagulant treatment had 
beenn administered for at least three months after the reported event. 
Afterr recording the history, blood samples were collected into plastic syringes 
containingg 3.8% (wt/vol) sodium citrate in a ratio of 0.1:0.9 (vol/vol) antico-
agulantt to blood. 

CoagulationCoagulation assays 
Platelett poor plasma was obtained by centrifugation at 2,000 g for 20 min-
utess and stored at -80°C until it was analysed. The same materials and 
methodss and criteria for diagnosis of AT, PC and PS defects were used in 
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bothh centres as previously reported.19 Activated partial thromboplastin time 
wass measured by using ActinFS (Dade, Miami, Florida, USA) (normal range, 
111 to 14 s). Antithrombin antigen concentrations were measured using the 
Asseraplatee Antithrombin II I Ki t (Boehringer Mannheim, Mannheim, Ger-
many);; antithrombin activity was measured using Berichrom ATII I (Be-
hringwerke,, Marburg, Germany). Protein C antigen concentrations were 
measuredd with enzyme-linked immunosorbent assays (ELISA) using rabbit 
anti-proteinn C polyclonal antibody (DAKO, Glostrup, Denmark) as catching 
antibody.. Rabbit anti-protein C polyclonal horseradish peroxidase conjugated 
antibodyy (DAKO) was used as the second antibody according to the manufac-
turer'ss instructions. Protein C activity was measured using the Protein C 
Reagentt Ki t (Behringwerke, Germany). Concentrations of total and free pro-
teinn S were measured by ELISA using rabbit anti-protein S polyclonal anti-
bodyy (DAKO). The 15C4 anti-protein S monoclonal antibody (Serbio, 
Gennevilliers,, France) was used as catching antibody, and the rabbit anti-
proteinn S polyclonal horseradish peroxidase conjugated antibody (DAKO), 
dilutedd 1:1000, was used as the second antibody. The 15C4 anti-protein S 
monoclonall  antibody recognised only free protein S antigen. Protein S activ-
ityy was measured using the Protein S IL-Ki t (Instrumentation Laboratories, 
Milan,, Italy). The following reference values were used: antithrombin antigen 
concentration,, 0.80 to 1.20 U/ml; antithrombin activity, 0.80 to 1.20 U/ml; 
proteinn C antigen concentration, 0.70 to 1.30 U/ml; protein C activity, 0.70 to 
1.300 U/ml; total protein S concentration, 0.70 to 1.20 U/ml; and free protein S 
concentration,, 0.26 to 1.08 U/ml. 

Thee criteria used for the classification of AT, PC and PS defects were in ac-
cordancee with those reported in the current literature.20,21 Type I AT defects 
weree considered if concomitant low functional and immunological antithrom-
binn levels were found. Among type II AT defects (variant antithrombin) both 
defectss of the reactive site as well as those producing pleiotropic effect were 
takenn into account. Patients affected by defects of heparin binding site only 
weree excluded from this study. Type I PC deficiencies (quantitative defi-
ciency)) were identified when both antigen and activity were low. Type II 
(qualitativee deficiency) were characterised by reduced PC coagulometric ac-
tivit yy (with or without reduction of amidolytic activity) in the presence of 
normall  antigen levels. Three types of PS defects were defined, type I being 
characterisedd by low total and free PS antigen and low PS activity, type II by 
normall  total and free antigen and low PS activity (PS variant), and type II I 
byy normal or sub-normal total PS antigen and low free antigen and PS activ-
ity. . 

Thee APC resistance test has been performed on ACL 3000plus (IL, Milan, It-
aly)) according to the method previously reported.22 Briefly, fifty  microliters of 
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undilutedd plasma was incubated with 50 ul Cephotest (Nycomed Pharma, 
Oslo,, Norway) for 360 s at 37°C. Clot formation was started either by addi-
tionn of 50 ul of 33mM calcium-chloride, 25 mM Tris-HCl (pH 7.5), 50 mM 
NaCll  and 0.05% ovalbumin (aPTT-APC) or by 50 ul of the same reagent con-
tainingg also 1.0 ug/ml (final concentration) of human APC (Enzyme Research 
Laboratory,, South Bend, Indiana, USA) (aPTT+APC). An "APC sensitivity 
ratio""  (APC-SR) was calculated dividing the aPTT+APC (s) by the aPTT-APC 
(s).. The APC-SR was then normalised (n-APC-SR) to the ratio obtained with 
aa reference plasma. Resistance to APC was defined by n-APC-SR less than 
0.84.. A n-APC-SR between 0.45 and 0.70 was consistent with the presence of 
heterozygouss Factor V Leiden mutation whereas the diagnosis of a homozy-
gouss defect was made if the n-APC-SR was <0.45. Values of n-APC-SR be-
tweenn 0.70 and 0.84 are consistent with both normal individuals and 
heterozygouss patients for Factor V Leiden mutation. 

DNADNA analysis for Factor VLeiden mutation 
Highh molecular weight DNA was extracted from 5<?1 of peripheral blood using 
aa binding matrix (Biorad Lab, Hercules, CA, USA). DNA analysis was per-
formedd as previously described23 with minor modifications. Briefly, the 220 
bpp fragment of Factor V exon 10/intron 10 was amplified by PCR using 2 oli-
goprimerss (synthesised by Primm, Milan, Italy). Sequences of selected oligo-
nucleotidess were: 5'-TGCCCAGTGCTTAACAAGACCA-3' (5' x 3') and 5'-
CTTGAAGGAAAATGCCCCCATTA-3'' (3' x 5'). Taq polymerase and oligo-
primerss were added following "hot start" procedure in order to obtain im-
provedd yield and specificity. Amplification involved 36 cycles of 94°C (1 min), 
55°CC (1 min) and 72°C (1 min). Subsequently the 220 bp fragment was di-
gestedd during 16 h by 0.4 U Mnll at 37°C. Mnll digests the 220 bp fragment 
off  the normal Factor V allele in the three fragments of 37, 67 and 116 bp 
each.. The Factor V Leiden allele is cleaved in only two fragments at 67 and 
1533 bp, respectively. Finally the digestion products were separated by elec-
trophoresiss on ethidium bromide stained 2% agarose gels for 30 min at 150V. 

Analysis Analysis 
Inn a recent literature review the odds ratios for venous thromboembolism as-
sociatedd with an AT, PC or PS deficiency were similar.15 The data dealing 
withh each defect were first analysed separately and thereafter they were 
combined,, based on the data from literature including this review. Factor V 
Leidenn was considered separately. The annual incidence of the first episode of 
venouss thromboembolism (total, spontaneous or risk-period related) was cal-
culatedd in the carrier and non-carrier groups, and was expressed in incidence 
perr years. This incidence was calculated for the age groups 0 to 15, 16 to 30, 
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311 to 45, 45 to 60 and above 60 years. In addition, the annual incidence was 
calculatedd for AT, PC and PS defects separately. The relative risk for the de-
velopmentt of both spontaneous and risk-period related venous thromboem-
bolismm was calculated by dividing the incidence rate in carriers by the 
incidencee rate in non-carrier family members. The 95% confidence intervals 
andd p-values were calculated according to the normal approximation of the 
binomiall  distribution or using the exact procedure where appropriate. 

Results s 

StudyStudy population 
AA total of 844 family members, identified via 145 probands, were screened. Of 
these,, 51 were excluded for the following reasons: the presence of a double 
defectt (n=30), cancer at the time of venous thromboembolism (n=14), or re-
fusall  of consent (n=7). Among the 793 family members enrolled in the study, 
4055 (51%) were identified as carriers of inherited defects; 34 were heterozy-
gouss carriers of AT, 73 of PC, and 74 of PS defects and 224 had a Factor V 
Leidenn mutation (10 homozygous and 214 heterozygous). 
Thee demographic details are summarised in Table 1 (upper part). At the time 
off  enrolment, the mean age of the carrier and the non-carrier groups was 
similar. . 

VenousVenous thromboembolic events 
Amongg 415 individuals from families with AT, PC and PS defects, 48 (21 
males,, 27 females) had experienced at least one episode of venous thrombo-
embolism.. Of these, 42 (34 deep-vein thrombosis, 8 pulmonary embolism) 
belongedd to the group of 181 deficient subjects (AT=7; PC=8; PS=27), and 6 to 
thee group of 234 non-deficient subjects. In the deficient group, 26 (62%) of the 
venouss thromboembolic events were related to an identifiable risk-period, 
whereass 16 (38%) occurred spontaneously. In the non-deficient group, risk-
periodd related venous thromboembolism occurred in 4 subjects (67%), whilst 
22 (33%) had spontaneous venous thromboembolism. The deficient subjects 
sufferedd their first venous thromboembolism at an on average younger age 
(333 3 years; mean  SD) than their non-deficient counterparts (40 years
20)) (p>0.2). 
Amongg 378 subjects from families with the Factor V Leiden mutation, 21 had 
experiencedd at least one episode of venous thromboembolism. Of these, 17 (15 
deep-veinn thrombosis, 2 pulmonary embolism) belonged to the group of 224 
carrierss and 4 to the group of 154 non-carriers. Of the 10 homozygous sub-
jectss 1 experienced a venous thromboembolic event and of the 214 heterozy-
gouss subjects 16 experienced a venous thromboembolic event. In the carrier 
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Tablee 1. S tudy populat ion and incidence and relat ive r isk of tota l, spontane-

ouss and risk-period re la ted VTE. 

AT,, PC and PS Defects 

n=4155 (65 families) 

Factorr V Leiden 

n=3788 (80 families) 

Male/female e 

Meann age (range), y 

Totall  VTE* , n 

Observationn years 

Annuall  incidence, % 

Relativee risk (95% CI) 

Spontaneouss VTE, n 

Annuall  incidence, % 

Relativee risk (95% CI) 

VTEE associated with surgery, 

t raumaa or immobilisation, n 

Episodes,, n 

Incidencee %/period (95% CI) 

Relativee risk (95% CI) 

VTEE associated with oral 

contraceptivee use, n 

Durationn of use, y 

Annuall  incidence %, 

(95%CI) ) 

Relativee risk (95% CI) 

VTEE associated with preg-

nancyy and post-partum, n 

Pregnancies,, n 

Incidencee %/preg. (95% CI) 

Relativee risk (95% CI) 

Deficient t 

n=181 1 

80/101 1 

(ATT 12/22; PC 

39/34;; PS 29/45) 

41(2-80) ) 

40 0 

3952 2 

1.01 1.01 

Non-deficient t 

n=234 4 

123/111 1 

388 (3-83) 

5 5 

5218 8 

0.10 0 

10.66 (4.0-23.6) 

16 6 

0.40 0 

2 2 

0.04 4 

10.6(2.7-41.2) ) 

14» » 

173 3 

8.1(4.5-13.2) ) 

2* * 

220 0 

0.9(0.1-3.2) ) 

8.3(1.9-36.1) ) 

5 5 

117 7 

4.33 (1.4-9.7) 

1 1 

150 0 

0.77 (0.0-3.7) 

6.4(1.0-41.1) ) 

7 7 

169 9 

4.1(1.7-8.3) ) 

1 1 

198 8 

0.55 (0.0-2.8) 

8.22 (1.2-184) 

Carrier r 

n=224 4 

105/119 9 

422 (6-95) 

17 7 

6114 4 

0.28 8 

Non-carrier r 

n=154 4 

84/70 0 

433 (4-85) 

4 4 

4401 1 

0.09 9 

2.8(1.1-8.6) ) 

7 7 

0.11 1 

2 2 

0.04 4 

2.55 (0.6-10.6) 

5 5 

209 9 

2.44 (0.8-5.5) 

2 2 

122 2 

1.66 (0.0-5.8) 

1.3(0.3-6.4) ) 

2 2 

98 8 

2.00 (0.3-7.2) 

0 0 

65 5 

0.00 (0.0-5.5) 

3.33 (0.4-120) 

3 3 

157 7 

1.99 (0.4-5.5) 

0 0 

93 3 

0.00 (0.0-3.9) 

4.22 (0.5-148) 

**  VTE in age group above 15 years 

§§ including 2 episodes in age group < 15 yrs. 

tt including 1 episode in age group < 15 yrs. 
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group,, 10 (58.8%) had venous thromboembolism related to an identifiable 
risk-period,risk-period, whereas 7 (41.2%) exhibited spontaneous venous thromboembo-
lism.. In the non-carrier group, 2 (50%) venous thromboembolic events were 
risk-periodrisk-period related and 2 (50%) occurred spontaneously. The mean age of the 
subjectss at the time of the first thrombotic event in the carrier group (42 5 
years;; mean  SD) was similar to that in the non-carrier group (43  16 
years). . 

AnnualAnnual incidence of venous thromboembolism 
Thee annual total incidences of venous thromboembolism in relation to age 
andd defect are given in Table 2. The incidence of venous thromboembolism 
beforee the age of 15 was negligible regardless of the type of defect. Above the 
agee of 15 years, the total annual incidence was 1.01% in the AT, PC and PS 
deficientt subjects and 0.10% in the non-deficient subjects resulting in a rela-
tivee risk of 10.6 (95% CI 4.0 to 23.6). The annual incidences for the deficien-
ciess separately were 0.87%, 0.43% and 1.65% in the AT, PC and PS groups 
respectively.. For the Factor V Leiden mutation, these incidences were 0.28% 
inn carriers and 0.09% in non-carriers resulting in a relative risk of 2.8 (95% 
CII  1.1 to 8.6). 
Thee annual incidence of spontaneous venous thromboembolism above the age 
off  15 was 0.40% and 0.04% in AT, PC and PS deficient and non-deficient 
subjects,, respectively (relative risk 10.6; 95% CI 2.7 to 41.2). For the Factor V 
Leidenn these incidences were 0.11% and 0.04%, respectively (relative risk 2.5; 
95%% CI 0.6 to 10.6). 

Risk-periodRisk-period related venous thromboembolism 
Inn Table 1 (lower part) the incidence of venous thromboembolism in relation 
too the presence or absence of a defect and type of risk-period is shown. As can 
beenn seen, during risk-periods, AT, PC and PS deficient subjects had a mark-
edlyy increased risk of developing venous thromboembolism as compared to 
theirr non-deficient family members. The risk of venous thromboembolism 
wass also increased in carriers of Factor V Leiden during use of oral contra-
ceptivess and pregnancy, although not statistically significant. However, the 
increasee of risk in carriers of Factor V Leiden seemed minimal for immobili-
sation,, surgery and trauma. 
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Tablee 2. Observat ion years, total number of VTE and annual incidence shown 

perr age group. 

AT,, PC and PS Defects 

n=4155 (65 families) 

Factorr V Leiden 

N=3788 (80 families) 

Agee Groups, y Deficient t 
n=181 1 

Non-deficient t 

n=234 4 
Carrierr Non-

n=2244 carrier 

n=154 4 

<15 5 

16-30 0 

31-45 5 

46-60 0 

>60 0 

>15 5 

Observationn years 

Totall  VTE, n 

Annuall  Incidence, % 

Observationn years 

Totall  VTE, n 

Annuall  Incidence, % 

Observationn years 

Totall  VTE, n 

Annuall  Incidence, % 

Observationn years 

Totall  VTE, n 

Annuall  Incidence, % 

Observationn years 

Totall  VTE, n 

Annuall  Incidence, % 

Observationn years 

Totall  VTE, n 

Annuall  Incidence, % 

2624 4 

2 2 

0.08 8 

2115 5 

20 0 

0.94 4 

1095 5 

15 5 

1.37 7 

558 8 

3 3 

0.54 4 

184 4 

2 2 

1.09 9 

3952 2 

40 0 

1.01 1 

3251 1 

1 1 

0.03 3 

2663 3 

1 1 

0.04 4 

1643 3 

2 2 

0.12 2 

727 7 

1 1 

0.14 4 

185 5 

1 1 

0.54 4 

5218 8 

5 5 

0.10 0 

3265 5 

0 0 

0.00 0 

2754 4 

5 5 

0.18 8 

1895 5 

5 5 

0.26 6 

1053 3 

4 4 

0.38 8 

412 2 

3 3 

0.73 3 

6114 4 

17 7 

0.28 8 

2252 2 

0 0 

0.00 0 

1919 9 

1 1 

0.05 5 

1420 0 

1 1 

0.07 7 

741 1 

2 2 

0.27 7 

321 1 

0 0 

0.00 0 

4401 1 

4 4 

0.09 9 

D i s c u s s i o n n 

O urr analys is provides est imates of the incidence of venous thromboembolic 

even ts,, in re lat ion to age and the exposure to r isk-periods, in family members 

off  symptomat ic pa t ien ts w i t h a thrombophi l ic defect. We observed t h at the 
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relativee risks for both spontaneous and risk-period related venous thrombo-
embolismm for carriers versus non-carriers of an AT, PC or PS defect were ap-
proximatelyy 10, while they were approximately 3 for carriers of the Factor V 
Leidenn mutation. The absolute annual incidence of venous thromboembolic 
eventss observed in family members who were carriers of the defect was lower 
thann reported in previous studies.1416 In carriers of AT, PC and PS defects 
thiss annual incidence was 1.01% and in carriers of Factor V Leiden mutation 
i tt was 0.28%. 
Inn approximately 30% of cases venous thromboembolism occurred in relation 
too immobilisation, surgery or trauma, while another 30% of cases occurred 
duringg use of oral contraceptives or pregnancy and the post-partum period. 
Thuss the annual incidence of spontaneous thromboembolic events in carriers 
off  AT, PC and PS defects and Factor V Leiden mutation was only 0.40% and 
0.11%% respectively. I t is reassuring that the estimates of annual incidence of 
venouss thromboembolism in the non-carrier family members (0.1%) were 
consistentt within the study and similar to estimates provided in the litera-
ture.16'244 Moreover, the observed relative risks for venous thromboembolism 
inn carriers versus non-carriers of AT, PC and PS defects are comparable to 
thee odds ratios reported earlier.15 Likewise, the estimate for carriers of the 
Factorr V Leiden mutation is comparable to that observed in a recent study.16 

Severall  methodological aspects of this large study in family members of 
thrombophilicc patients with more than 19,000 observation years, require 
comment.. Since one of our aims was to gain insight in the usefulness of 
screeningg of family members, probands were excluded from analysis. In addi-
tion,, we limited the potential for bias, due to the retrospective design, by 
takingg a standardised history from each participant before the carrier status 
wass assessed. Therefore, inaccuracy of identifying previous thromboembolic 
eventss applied to both the carrier and non-carrier groups, thus creating an 
unbiasedd estimate of the relative risk. Moreover, we used a priori defined 
stringentt criteria to diagnose a previous episode of venous thromboembolism. 
Thiss might explain the lower estimates, in comparison to some earlier re-
ports.9'25-26 6 

Whatt are the implications of our results for the approach to asymptomatic 
familyy members of probands with a venous thromboembolic event and a de-
fectt of AT, PC, PS or the Factor V Leiden mutation? Potential benefits for an 
identifiedd carrier include counselling for signs and symptoms of venous 
thromboembolismm (aimed at enabling rapid referral when they occur), the use 
off  continuous prophylaxis (aimed at preventing spontaneous events), coun-
sellingg for risk-periods (aimed at a lower threshold for starting thrombopro-
phylaxis,, or avoiding these risk periods). Unfortunately, the efficacy of these 
measuress is unknown and currently the approach wil l have to be based on 
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incidencee data and the appraised efficacy of measures taken. Moreover, based 
onn the difference in relative risks between AT, PC and PS defects and Factor 
VV Leiden mutation, i t is likely that the answers wil l differ for these condi-
tions. . 
Forr AT, PC, and PS defects screening of family members seems warranted 
basedd on the high risks of venous thromboembolism associated with risk-
periods.. Counselling could lead to the avoidance (or informed acceptance) of 
thee risk associated with use of oral contraceptives (4.3% per year), and the 
usee of prophylaxis during pregnancy and post-partum period. In addition, 
benefitt could be obtained by adequate prophylaxis during periods of immobi-
lisation,, surgery or trauma, even if the type of period is generally regarded as 
associatedd with only a low risk for venous thromboembolism. Currently, 
basedd on the low absolute risk of spontaneous venous thromboembolism, 
theree seems to be no basis for the continuous use of any accepted prophylactic 
regimen. . 

Forr carriers of the Factor V Leiden mutation the situation is more compli-
cated.. A lower absolute risk of venous thromboembolism is present in com-
parisonn to carriers of the other defects. As a consequence, benefits of 
screeningg family members for this defect are likely to be more modest. The 
incidencee of venous thromboembolism related to pregnancy and post-partum 
periodd was 1.9% in our analysis and 2.1% in another cohort.16 Likewise, the 
incidencess of venous thromboembolism during use of oral contraceptives were 
2.0%% per year and 0.5% per year, respectively. In the absence of further evi-
dence,, the decision to screen female family members for Factor V Leiden mu-
tationn is largely dependent on the appraised usefulness of counselling in each 
particularr situation. For immobilisation, surgery and trauma the risk of ve-
nouss thromboembolism was only marginally increased. Accordingly, in-
creasedd emphasis on thromboprophylaxis during such periods might not be 
necessaryy in these individuals. 

Inn summary, we observed a low absolute annual incidence of spontaneous 
thromboembolicc events in carriers of AT, PC and PS defects and Factor V 
Leidenn mutation of 0.40% and 0.11% respectively. The absolute risks of 
thromboembolicc events associated with risk-periods was relatively high for 
carrierss of AT, PC and PS defects and lower for carriers of the Factor V Lei-
denn mutation. Therefore, the results of this study lend some support to the 
practicee of screening systematically the family members of symptomatic car-
rierss of AT, PC and PS defects who are older than 15 years. In contrast, 
screeningg of family members of index cases who are carriers of Factor V Lei-
denn is probably not justified, in view of the low absolute risk of venous 
thromboembolism.. A possible exception could be made for female family 
memberss at a fertile age, who might reconsider the use of oral contraceptive 
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treatmentt and could be carefully followed for signs and symptoms of venous 

thromboembolismm during pregnancy. Although we believe that these conclu-

sionss are based on the best data available so far, confirmative, preferentially 

prospectivee studies of asymptomatic carriers of AT, PC and PS defect, as well 

ass of carriers of Factor V Leiden mutation are necessary. In addition, analy-

siss of the cost effectiveness of screening in these situations and the develop-

mentt of generally accepted guidelines on the management of identified 

carrierss during risk-periods should be stimulated. 
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