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Summary
Hereditary thrombophilia is associated with an increased risk of fetal loss.
Assuming that fetal loss is due to placental thrombosis, anticoagulant
treatment might improve pregnancy outcome. In an observational family
cohort study, we prospectively assessed the effects of anticoagulant drugs on
fetal loss rates in women with hereditary deficiencies of antithrombin, protein
C or protein S. The cohort contained 376 women (50 probands and 326
deficient or non-deficient relatives). Probands were consecutive deficient
patients with venous tromboembolism. Thromboprophylaxis during
pregnancy was recommended in deficient women, irrespective of prior
venous thromboembolism, and in non-deficient women with prior venous
thromboembolism. Outcome of first pregnancy was analysed in 55 eligible
women. Of 37 deficient women, 26 (70%) received thromboprophylaxis
during pregnancy, compared with three of 18 (17%) non-deficient women.
Fetal loss rates were 0% in deficient women with thromboprophylaxis versus
45% in deficient women without (P ¼ 0Æ001) and 7% in non-deficient
women without thromboprophylaxis (P ¼ 0Æ37). The adjusted relative risk of
fetal loss in women who received thromboprophylaxis versus women who did
not was 0Æ07 (95% confidence interval 0Æ001–0Æ7; P ¼ 0Æ02). Our data suggest
that anticoagulant treatment during pregnancy reduces the high fetal loss rate
in women with hereditary deficiencies of antithrombin, protein C or
protein S.
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Fetal loss is a major problem in human pregnancy. Thrombosis
of the uteroplacental vessels is one of the pathophysiological
mechanisms that are presumed to cause fetal loss (Rai et al,
1996). Changes in blood coagulation and fibrinolysis during
normal pregnancy induce a state of hypercoagulability, which
predisposes to the development of thrombosis (Stirling et al,
1984). Hereditary thrombophilic defects are associated with an
increased risk of venous thromboembolism (Bertina et al,
1994; Poort et al, 1996; Sanson et al, 1999). In combination
with the physiological changes during pregnancy, these defects
may increase the risk of uteroplacental thrombosis and hence
the risk of fetal loss (Kupferminc, 2003). Although the results
from previous studies are contradictory, there is evidence of an
doi:10.1111/j.1365-2141.2006.06480.x

increased risk of fetal loss associated with various thrombophilic defects, including hereditary deficiencies of antithrombin, protein C and protein S, factor V Leiden and prothrombin
G20210A (Sanson et al, 1996; Meinardi et al, 1999; Foka et al,
2000)
Considering uteroplacental thrombosis as a cause of fetal
loss, it is rational to use anticoagulant drugs for its prevention.
A benefit of these drugs might particularly be expected in
women with deficiencies of antithrombin, protein C or protein
S, as these thrombophilic defects are strong risk factors for
thrombosis (Sanson et al, 1999). Of four previously reported
studies (Brenner et al, 2000; Kupferminc et al, 2001; Gris et al,
2004; Vossen et al, 2004), three suggested an improved
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pregnancy outcome in women with various thrombophilic
defects, who received anticoagulant treatment during pregnancy (Brenner et al, 2000; Kupferminc et al, 2001; Gris et al,
2004).
We performed a prospective, observational study to asses the
effects of anticoagulant drug treatment during pregnancy on
the risk of fetal loss in a cohort of women with hereditary
deficiencies of either antithrombin, protein C or protein S.

Materials and methods
Study population
Subjects were recruited from a previous large family cohort
study, which was designed to estimate the risk of venous
tromboembolism in relatives with deficiencies of either
antithrombin, protein C or protein S, when compared with
non-deficient relatives (Brouwer et al, 2006). In that study,
probands were consecutive patients with documented proximal deep vein thrombosis or pulmonary embolism in whom
one of these deficiencies was demonstrated. They were
referred with clinically suspected venous thromboembolism
to our thrombosis out-patient clinic over a period of 12 years.
First-degree relatives 15 years of age or older were identified
by pedigree analysis. As the number of antithrombin-deficient
probands was small, second degree relatives from a deficient
parent were also identified. Probands and relatives were
enroled after informed consent was obtained. Detailed
information on episodes of venous thromboembolism, external risk factors for thrombosis, anticoagulant treatment and,
in women, their obstetric history, was collected using a
standardised questionnaire (Frezzato et al, 1996) and by
reviewing medical records. Blood samples for testing on
thrombophilic defects were taken after clinical data had been
collected.
In the present study, female probands and relatives were
followed prospectively from the time they were classified as
deficient or non-deficient. The data recorded during the
follow-up period included episodes of venous thromboembolism, use of anticoagulants, number of pregnancies and
pregnancy complications. Women were evaluable if they
became pregnant before the end of study. Women with only
terminated or ectopic pregnancies were excluded from analysis. Thromboprophylaxis during pregnancy and the 6-week
period after delivery was recommended in all women with a
deficiency, regardless of prior venous thromboembolism, and
in non-deficient women only if they had a history of venous
thromboembolism. Thromboprophylaxis was started as soon
as a pregnancy test was positive. It consisted of unfractionated
(UF) or low-molecular-weight (LMW) heparin before
16 weeks and after 36 weeks of gestation, and a vitamin K
antagonist between 16 and 36 weeks and after delivery. Over
time, LMW heparin therapy during the entire pregnancy and
puerperium became common practice. Doses were used as in
the treatment of venous thromboembolism.

In contrast to heparins, vitamin K antagonist cross the
placenta and can lead to embryopathy and fetal bleeding.
Embryopathy includes nasal hypoplasia, stippled epiphysis and
central nervous system abnormalities, such as optic atrophy.
To prevent these effects, vitamin K antagonists are replaced by
heparins (Bates et al, 2004). LMW heparins are preferred to
UF heparin because the former are rarely associated with
heparin-induced thrombocytopenia and osteoporosis. Both
heparins and vitamin K antagonists are not excreted in breast
milk and can be safely given to nursing mothers (Bates et al,
2004).
Fetal loss was defined as early fetal loss if it occurred within
22 weeks of gestation, or as late fetal loss after more than
22 weeks of gestation, according to the criteria of the World
Health Organization (Stirrat, 1990). This study was approved
by the institutional review board of our hospital.

Laboratory studies
Protein C and protein S antigen levels were measured by
enzyme-linked immunosorbent assay (ELISA) (reagents
obtained from DAKO, Glostrup, Denmark), activity of protein
C (Berichrom Protein C; Dade Behring, Marburg, Germany)
and antithrombin (Coatest; Chromogenix, Mölndal, Sweden)
by chromogenic substrate assays. Normal ranges [mean ± 2
standard deviations (SD)] were determined in 393 healthy
blood donors, who had no (family) history of venous
thromboembolism and were neither pregnant, nor had used
oral contraceptives for at least 3 months. Blood donors were
balanced for age and sex. Antithrombin deficiency was defined
by lowered levels of antithrombin activity (<74 IU/dl), protein
C deficiency type I and type II by lowered levels of either
protein C antigen (<63 IU/dl) and/or activity (<64 IU/dl), and
protein S deficiency type I was defined by lowered total
(<67 IU/dl) and free protein S levels (<65 IU/dl). Deficiencies
were considered inherited if confirmed at repeated measurement of samples collected at 3-month intervals and demonstrated in at least two family members, while acquired
conditions were excluded. A deficiency was considered
acquired and due to oral contraception or pregnancy, unless
it was confirmed at least 3 months after discontinuation of oral
contraception and delivery respectively. Factor V Leiden and
the prothrombin G20210A mutation were demonstrated by
polymerase chain reactions (Bertina et al, 1994; Danneberg
et al, 1998). Factors VIII:C, IX:C and XI:C were measured by
one-stage clotting assays (Amelung GmbH, Lemgo, Germany)
and were increased at levels above 150 IU/dl (Bank et al,
2005). Lupus anticoagulant was demonstrated by abnormal
dilute Russell viper venom time, activated partial thromboplastin time and tissue thromboplastin inhibition, that normalised
by adding phospholipids (Miyakis et al, 2006). Fasting and postmethionine-loading levels of homocysteine were measured by
high performance liquid chromatography (Den Heijer et al,
1995). Hyperhomocysteinaemia was defined as a fasting level
above 18Æ5 lmol/l and/or a post-methionine-loading level
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>58Æ8 lmol/l, as described in the Dutch population (Den
Heijer et al, 1996).
In probands and relatives who had venous thromboembolism, blood samples were collected at least 3 months after the
event had occurred. If they were still treated at that time with
vitamin K antagonists, samples were taken after this therapy
had been interrupted for at least 2 weeks, meanwhile nadroparin was given subcutaneously.

Statistical analysis
The effect of thromboprophylaxis on the fetal loss rate was
assessed by comparing the outcome of the first pregnancy after
enrolment in deficient and non-deficient women who received
thromboprophylaxis versus deficient and non-deficient women
who did not.
Random effects logistic regression was used to adjust for
clustering of women in families. In addition, covariates
(age > 35 years, a history of fetal loss prior to enrolment)
were considered in multivariate analysis if univariate analysis
showed an association at a P-value <0Æ20. Continuous variables
were expressed as mean values and SD or median values and
ranges, and categorical data as counts and percentages.
Differences between groups were evaluated by the Student’s
t-test or Mann–Whitney U-test for continuous data and by
Fisher exact test for categorical data, depending on the
normality of data. A two-tailed P-value <0Æ05 was considered
to indicate statistical significance. Statistical analyses were
performed using SAS software, version 9.1 (SAS-Institute Inc.,
Cary, NC, USA)

Results
Overall, of 50 female probands and 326 female relatives, 286
were eligible i.e. alive and 15 years of age or older (Table I).

Consent was refused or not obtained due to geographic
reasons in 12 relatives (response rate 96%) and 219 women
were excluded because they had no pregnancies (218) or only
terminated pregnancies (1). The remaining 55 women were
evaluable, of whom 37 were deficient and 18 non-deficient.
Their characteristics are summarised in Table II. Fourteen of
37 deficient women and eight of 18 non-deficient women had
been pregnant and two women in each group had fetal loss
prior to enrolment. Venous thromboembolism had occurred
prior to enrolment in 57% of deficient women, compared with
6% of non-deficient women (P < 0Æ001).
Of 37 deficient women, 26 (70%) received thromboprophylaxis during pregnancy (18/21 with previous venous thromboembolism and 8/16 without a history of venous
thromboembolism), compared with three of 18 (17%) nondeficient women (one with a history of venous thromboembolism and two without an obvious reason for thromboprophylaxis) (Table II). Thromboprophylaxis was refused by
11 deficient women; eight had no history of venous thromboembolism and nine had not been pregnant before. Median age
(range) at first pregnancy was 23 years (16–31 years) in these
women, compared with 28 years (19–33 years) in deficient
women who received thromboprophylaxis (P ¼ 0Æ04). In nondeficient women, the median age was 26 years (21–30 years)
(with thromboprophylaxis) versus 29 years (22–37 years)
(without thromboprophylaxis).
Sixty-nine per cent of all women had one or more other
thrombophilic defects. These included prothrombin G20210A
in 8% of deficient versus 0% of non-deficient women, factor V
Leiden in 19% vs. 14%, increased factor VIII levels in 43%
versus 62%, increased factor IX levels in 9% vs. 7%, increased
factor XI levels in 3% vs. 7% and hyperhomocysteinaemia in
12% vs. 15%. The prevalences of these defects were higher in
both deficient and non-deficient women than expected in the
normal population, except for high factor IX and XI levels in

Table I. Recruitment of study population.

Female probands
Female relatives
All females
Eligible females
No consent
Geographic reasons
Refusal
No pregnancy
Only terminated pregnancies
Evaluable females
Deficient
Protein levels, IU/dl; mean (SD)
Non-deficient
Protein levels, IU/dl; mean (SD)

Antithrombin-deficient
families (n ¼ 12)

Protein C-deficient
families (n ¼ 40)

Protein S-deficient
families (n ¼ 39)

Total
(n ¼ 91)

7
95
102
73

21
120
141
115

22
111
133
98

50
326
376
286

1
2
53
0
17
12
55 (8)
5
95 (8)

2
3
87
1
22
13
55 (16)
9
100 (18)

0
4
78
0
16
12
50 (9)
4
84 (7)

3
9
218
1
55
37
53 (11)
18
96 (15)

SD, standard deviation.
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Table II. Characteristics of women with hereditary deficiencies of either antithrombin, protein
C or protein S and their non-deficient female
relatives.

Deficient
(n ¼ 37)
Prior to enrolment
Pregnant, n (%)
Fetal loss, n (%)
Venous thromboembolism, n (%)
Follow-up
Age at enrolment, median (range), years
Follow-up period, median (range), years
Age at first pregnancy, median (range), years
Thromboprophylaxis, n (%)
LMW heparin, n
UF heparin and vitamin K antagonists, n
LMW heparin and vitamin K antagonists, n

14 (38)
2 (5)
21 (57)
30
7Æ6
29
26
10
2
14

(18–37)
(0Æ5–24)
(21–37)
(70)

Non-deficient
(n ¼ 18)

8 (44)
2 (11)
1 (6)
25
8Æ5
27
3
1
1
1

(15–47)
(0Æ07–24)
(16–33)
(17)

P-value

0Æ8
0Æ6
<0Æ001
0Æ1
0Æ8
0Æ06
<0Æ001

UF, unfractionated; LMW, low molecular weight.

deficient and non-deficient women, and prothrombin
G20210A in non-deficient women (expected: prothrombin
G20210A 1–2%; factor V Leiden 5%; increased factor VIII
25%; increased factor IX and factor XI, and hyperhomocysteinaemia, each 10%). None of the differences were statistically significant. Thrombophilic defects were equally
distributed among subgroups of women who received thromboprophylaxis or did not (data not shown). Lupus anticoagulant was not found in deficient or non-deficient women.
None of 26 deficient women (0%) with thromboprophylaxis
experienced fetal loss, in contrast to five of 11 deficient women
(45%) without thromboprophylaxis (P ¼ 0Æ001) (Table III).
Fetal loss rates were comparable in deficient women with
thromboprophylaxis (0%) and non-deficient women without
thromboprophylaxis (7%) (P ¼ 0Æ37). The relative risk of fetal
loss in women who received thromboprophylaxis compared to
women without thromboprophylaxis, adjusted for clustering
of women in families, was 0Æ07 [95% confidence interval (CI),
0Æ01–0Æ7]. Fetal loss rates when women with and without
thromboprohylaxis were compared, were: 0% vs. 63% in
antithrombin-deficient women; 0% vs. 50% in protein
C-deficient women; and 8% vs. 57% in protein S-deficient

Table III. Fetal loss in deficient and non-deficient women, who did or
did not receive thromboprophylaxis during pregnancy.
Deficient

Non-deficient

Thromboprophylaxis

Yes

No

Pregnancies, n
Fetal loss, n (%)
Women, n
Fetal loss, n (%)*

45
19
1 (2)
11 (58)
26
11
0 (0)
5 (45)
P ¼ 0Æ001

Yes

No

4
1 (25)
3
1 (33)
P ¼ 0Æ37

20
1 (5)
15
1 (7)

*Only first pregnancy analysed.
Compared with deficient women on thromboprophylaxis.

women. In all cases, fetal loss occurred before 22 weeks of
gestation.
Three women experienced venous thromboembolism related to the first pregnancy after enrolment. All were antithrombin-deficient and had received thromboprophylaxis. Two
events were recurrences of venous thromboembolism. Only
one woman, who was protein S-deficient, experienced pregnancy-induced hypertension. Complications related to the use
of anticoagulants (major bleeds) were not observed.

Discussion
Our study showed that thromboprophylaxis resulted in
a 15-fold reduction in fetal loss rate. In deficient women on
thromboprophylaxis, fetal loss rate was significantly lower than
in deficient women without prophylaxis (0% vs. 45%,
P ¼ 0Æ001), while it was comparable with the fetal loss rate
in non-deficient women without prophylaxis (0% vs. 7%,
P ¼ 0Æ37). The number of non-deficient women on thromboprophylaxis was too small to allow analysis.
Thus far, four studies addressed the effects of anticoagulants
on the outcome of pregnancy in women with various
thrombophilic defects (Brenner et al, 2000; Kupferminc et al,
2001; Gris et al, 2004; Vossen et al, 2004). In the first study, 50
women with unexplained fetal loss and single or combined
thombophilic defects [protein S deficiency, factor V Leiden,
prothrombin G20210A and methylenetetrahydrofolate reductase (MTHFR)] received LMW heparin during their next
pregnancy (Brenner et al, 2000). The fetal loss rate dropped to
25%. In the second study, 33 women with a history of either
fetal loss, pre-eclampsia, abruptio placentae or intrauterine
growth retardation, and a thrombophilic defect (protein S
deficiency, factor V Leiden, prothrombin G20210A or
MTHFR), were treated with a prophylactic dose of LMW
heparin and low dose aspirin (100 mg/d) during the next
pregnancy (Kupferminc et al, 2001). Recurrent events in the
next pregnancy were reported in only 9% of the women. The
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third study compared a prophylactic dose of LMW heparin to
low dose aspirin in 160 women with one prior unexplained
fetal loss after 10 weeks of gestation and a thrombophilic
defect (protein S deficiency, factor V Leiden or prothrombin
G20210A) (Gris et al, 2004). Fetal loss rates in this randomised
trial, without an untreated or placebo-treated control group,
were 14% and 77% in women who were treated with LMW
heparin and aspirin respectively. No benefit of anticoagulant
treatment was demonstrated in the fourth study (Vossen et al,
2004). Twenty-one women with a deficiency of antithrombin,
protein C or protein S or factor V Leiden, received heparin or
vitamin K antagonists. Indications for this treatment were
venous thromboprophylaxis, prevention of fetal loss or
unknown. Fetal loss rates were 24% in women with anticoagulant treatment compared with 27% in controls (adjusted
relative risk 0Æ7: 95% CI, 0Æ2–3Æ2).
A comparison of these studies with our study is difficult, due
to differences in design, selection criteria and thrombophilic
defects. The women in our study were not selected for a
compromised obstetric history. We recommended treatment
with high doses of anticoagulants during pregnancy and
puerperium in all deficient women, considering that they were
at high risk of venous thromboembolism. This assumption was
confirmed by our finding that 57% of deficient women already
had experienced venous thromboembolism before they were
enroled at a median age of 30 years, compared with 6% of
non-deficient women. Moreover, 5% of deficient women had
pregnancy-related venous thromboembolism after enrolment
despite thromboprophylaxis. For the same reason, a randomised placebo-controlled clinical trial to assess the effects of
anticoagulant drug therapy on fetal loss was, in our opinion,
unethical. Nevertheless, one-third of deficient women preferred not to be treated with anticoagulants. As a majority of
these women, who were of younger age, had no history of
venous thromboembolism, their reluctance to thromboprophylaxis was understandable. However, they showed an
excessively high fetal loss rate (45%), suggesting that deficient
women are at high risk of both venous thromboembolism and
fetal loss. A possible explanation for the high risk is the
concomitance of one or more other thrombophilic defects,
observed in 69% of deficient and non-deficient women. Single
or multiple mild thrombophilic defects, in addition to
hereditary deficiencies of antithrombin, protein C and protein
S, known as strong thrombotic risk factors, might increase the
risk of fetal loss due to placental thrombosis, as we previously
demonstrated for the risk of venous thromboembolism
(Brouwer et al, 2006).
Small numbers of women did not allow reliable estimates of
fetal loss rates associated with specific combinations of
deficiencies and concomitant thrombophilic defects. As concomitant thrombophilic defects were equally distributed
among deficient women who received thromboprophylaxis
and deficient women who did not, it is likely that the difference
in fetal loss rates would be attributed to thromboprophylaxis.
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Other causes of fetal loss, like abnormal karyotype, congenital anomalies and uterine malformation were not investigated.
However, these were probably equally distributed among
women on thromboprophylaxis and women who did not
receive thromboprophylaxis, while an effect of thromboprophylaxis on these conditions is not plausible.
Small numbers of women and a non-randomised design are
the main limitations of this study. Whether a randomised
clinical trial on fetal loss is feasible in women who are at high
risk of venous thromboembolism, remains a matter of debate.
It may be easier to perform such a clinical trial in women with
more prevalent, mild thrombophilic defects. However, as the
risk of venous thromboembolism, as well fetal loss is lower in
these women, the potential benefit of anticoagulant drug
therapy, and consequently its clinical impact, may be limited.
In conclusion, our data suggest that strong thrombophilic
defects, like hereditary deficiencies of antithrombin, protein C
and protein S, and combinations of these deficiencies with
other, mild thrombophilic defects, are associated with a high
risk of fetal loss. This risk seems to be reduced by anticoagulant
drug therapy during pregnancy.
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