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Abstract t 

Hereditaryy deficiencies of the naturally occurring anticoagulants are well-
recognisedd conditions predisposing to recurrent venous thromboembolism. 
Sincee thrombotic phenomena have been implied as a cause of abortion and 
stillbirth,, we hypothesised that these deficiencies increase the risk of fetal 
demise. . 

AA group of 129 female subjects who had been pregnant at least once and who 
hadd a family member with documented venous thrombosis associated with a 
deficiencyy of AT, PC or PS was studied. We first assessed the obstetric his-
toryy and subsequently determined the deficiency status. In the 60 deficient 
subjectss 42 (22.3%) of the 188 pregnancies resulted in miscarriage or still-
birthh as compared to 23 (11.4%) of the 202 pregnancies in the 69 non-
deficientt subjects. The relative risk of abortion and stillbirth per pregnancy 
forr deficient women as compared to non-deficient women was 2.0 (95% CI 1.2-
3.3). . 
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Introduction n 

Antithrombinn (AT), protein C (PC), and protein S (PS) are naturally occur-
ringring inhibitors of coagulation. The function of AT is the blocking of the bio-
logicc activity of mainly the serine protease thrombin and factor X.1 Activated 
PCC degrades activated co-factors VII I and V and may also stimulate fibri-
nolysiss by suppressing the level of the fast-acting inhibitor of plasminogen 
activator.22 PS functions as a co-factor for PC.3 

Ann inherited deficiency of one of these proteins has been associated with an 
increasedd risk of developing venous thromboembolism.4 Pregnancy also 
causess a hypercoagulable state due to increased synthesis of coagulation fac-
tors,, venous stasis and release of tissue thromboplastins. Normally, the 
plasmaa anti-coagulant system of AT, PC, and PS counters this tendency, but 
inn congenital deficiencies this protection may be decreased,5 leading to a po-
tentiallyy greater risk of developing thrombosis.6 

I tt has been suggested that thrombosis in decidual blood vessels may lead to 
fetall  demise and subsequent abortion or stillbirth.7 Recently it has been 
shownn in an animal model that the absence of thrombomodulin, a pivotal 
proteinn in the activation of PC, leads to failure of the embryo to survive mid-
gestation.88 Therefore we hypothesised that the risk of fetal demise might be 
increasedd in female subjects heterozygous for one of the thrombophilic condi-
tionss mentioned above. In the normal population, the incidence of intrauter-
inee fetal death is 10-15% per pregnancy.9 Currently the incidences of abortion 
andd stillbirth in women with a deficiency of AT, PC or PS are unknown. In 
thiss study, we assessed the incidences of abortion and stillbirth in AT-, PC-, 
orr PS-deficient women as compared to that in an appropriate control group of 
non-deficientt women. 

Patientss and methods 

Wee included 210 female family members of unselected male and female pa-
tientss with documented venous thromboembolism and an established defi-
ciencyy of either AT, PC or PS in the study. A medical history with specific 
attentionn to the obstetric history (pregnancies, childbirth and obstetric com-
plicationss such as abortion and stillbirth) was taken by an investigator un-
awaree of the deficiency status of the subject. An abortion was defined as 
beingg the loss of the fetus after the 8th week but before the 25th week since 
thee first day of the last menstruation. A stillbirth was defined as being the 
intrauterinee fetal death after a pregnancy duration of more than 24 weeks. 
Afterr recording of the history, blood was drawn for determination of the defi-
ciencyy status of the subject. AT, PC and PS levels were determined by com-
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merciallyy available tests: AT antigen: Polyclonal Anti-ATII I Antibodies, 
Stago,, France; AT activity: Berichrom-ATIII, Behringwerke, Marburg, Ger-
many;; PC antigen: Asserachrom, Behring AG, Mannheim, Germany; PC ac-
tivity :: COAMATIC-protein C-kit, Chromogenics, Mölndal, Sweden; PS: 
E.L.I.S.A.,, Dako ITK Diagnostics, Denmark. A subject was considered defi-
cientt if after repeated testing, one month apart, subnormal values were found 
usingg the following reference ranges: AT antigen: 0.80- 1.20 U/ml; AT activity 
0.80-1.200 U/ml; PC antigen: 0.70-1.30 U/ml; PC activity: 0.70-1.30 U/ml; PS 
total:: 0.70-1.20 U/ml; PS free: 0.26-1.08 U/ml. The activated partial thrombo-
plastinn time (APTT) and the prothrombin time (PT) were also determined at 
thiss time to exclude a vitamin K deficiency; APTT: ActinFS, Dade, Switzer-
landd (n: 24-36 s); PT: Thromboplastin IS, Dade, Switzerland (n: 10-14 s). 

Results s 

Off  the 210 women, 129 had been pregnant at least once. Of them, 60 (46.5%) 
weree found to be deficient: AT (13 subjects; 21.7%); PC (19 subjects, 31.7%); 
PSS (28 subjects; 40.6%). The other 69 (53.5%) women were non-deficient. In 
total,, there were 188 pregnancies in deficient subjects and 202 in non-
deficientt subjects. The number of pregnancies and the proportion that ended 
inn either miscarriage or stillbirth per pregnancy per group is shown in Table 
1. . 

Tablee 1. The number of pregnancies and the proportion per pregnancy that 
endedd in either abortion or stillbirth in deficient and non-deficient women. 

Non-deficientt All deficient AT PC PS 

Pregnanciess 202 188 36 61 91 

Abortionss and 23 42 10 17 15 

stillbirths s 

11.4%% 22.3% 27.8% 27.9% 16.5% 

Inn the non-deficient group 20 abortions and 3 stillbirths occurred in the 202 
pregnancies.. The total risk of fetal demise was therefore 11.4% per preg-
nancy.. In the 188 pregnancies which took place in the deficient group 36 
abortionss and 6 stillbirths occurred. The total risk in this group was therefore 
22.3%% per pregnancy. The relative risk of abortion and stillbirth in deficient 
womenn as compared to non-deficient women is 2.0 (95% CI 1.2 to 3.3 
p<0.003).. The differences are more marked among subjects with an AT or PC 
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deficiencyy (relative risk 2.5), as compared to subjects with a PS deficiency 
(relativee risk 1.5), although all are well within the range of the overall 95% 
CI.. Repeated abortions occurred in 10 of the 60 deficient women as compared 
too 5 of the 69 non-deficient women. 
Inn the non-deficient group 8 of the 202, and in the deficient group 8 of the 188 
pregnanciess were complicated by a premature onset of labour, i.e. onset of la-
bourr before the 36th week of gestation. Hypertension developed during 6 
pregnanciess in the non-deficient group and during 7 pregnancies in the defi-
cientt group. Two pregnancies in the non-deficient group and 3 in the deficient 
groupp were complicated by a period of pre-eclampsia. In the non-deficient 
groupp one case of diabetes of gravidity was recorded while none were re-
cordedd in the deficient group. 

Discussion n 

Wee have studied female family members of patients who had presented to us 
withh documented deep-vein thrombosis and an established deficiency of ei-
therr AT, PC or PS. The proportion of pregnancies that ended in an abortion 
orr in a stillbirth observed in the non-deficient group was well within the 
rangee known for the normal population. We observed a statistically signifi-
cantt and clinically important increase of this proportion among deficient fe-
malee subjects. Although due to the retrospective character of this study a 
systematicc search for other causes of abortion and stillbirth was not per-
formed,, it is reasonable to assume that these are equally distributed among 
thee groups. Among the normal population a relatively small proportion of 
spontaneouss abortions and stillbirths is attributed to primary thrombotic 
phenomenaa within the placenta vessels.9 We hypothesise that the increase in 
fetall  demise among deficient females could be explained by an increase of 
thesee thrombotic events, although the exact pathophysiology as well as the 
therapeuticc consequences remain unknown. 
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