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INTRODUCTION

Pregnant women who require antithrombotic therapy,

especially those who have prosthetic heart valves, pose

a therapeutic dilemma because of the relative paucity of

data regarding the safety of antithrombotic agents in preg-

nancy.

From the maternal perspective, warfarin therapy is cur-
rently the safest and most efficacious regimen to prevent
thromboembolic events; it is considered safer than heparin
therapy or combined regimens.1 However, warfarin has
well-documented teratogenic effects2,3 and in Canada is
contraindicated during pregnancy because of these fetal
concerns. On the other hand, heparin has significant mater-
nal side effects (e.g., major and minor bleeding, heparin-
induced thrombocytopenia, and osteoporosis) and may be
less effective than warfarin for prevention of
thromboembolic events.4

Some experts, mostly from Europe, advocate the use of
warfarin throughout pregnancy. This recommendation is
based on warfarin’s superiority to other anticoagulant regi-
mens in terms of maternal safety and effectiveness and on
their impression that the risk of warfarin embryopathy
(WE) is overstated.5,6 In their opinion, there is no risk of
teratogenicity in fetuses whose mothers are exposed during
pregnancy to low doses of the drug (up to 5 mg/day).7

CASE PRESENTATION

The following is not a single case counselled by Motherisk,
but a composite that illustrates a typical presentation.

A 29-year-old primigravid woman developed a sagittal sinus
thrombosis and was subsequently found to have Factor V
Leiden mutation, the most common genetic thrombophilic
disorder. Following this thrombotic event, she was treated
with warfarin 5 mg daily and her progress was monitored by
a hematologist. During this time she conceived, but initially
was not aware of her pregnancy. She first presented for pre-
natal care at 18 weeks’ gestation. Warfarin therapy was dis-
continued at that point, and her treatment was changed to
dalteparin sodium (Fragmin, Pfizer), a low molecular
weight heparin, in a daily dose of 5000 units subcutane-
ously. The patient was given opposing opinions regarding
the safety of warfarin in pregnancy.

At this point, five months after the initial thrombosis, she
called Motherisk. Motherisk referred her for prenatal diag-
nosis, but the patient elected not to undergo an
ultrasonographic evaluation and instead decided to termi-
nate the pregnancy. The termination was performed using
misoprostol induction at 21 weeks’ gestation.

The postmortem examination showed a male fetus with
findings consistent with WE. These included (1) flattened
nasal bridge (Figures 1 and 2); (2) abnormally large tooth
buds (Figure 2); (3) radiograph evidence of chondroid
dysplasia (key findings were premature ossification of the
hyoid bone, irregular ossification of cervical and sacral ver-
tebrae, additional ossifications at the dorsal neural arches of
the cervical and sacral vertebrae, delayed ossification of
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pubic bones, ossification abnormalities of hands, and pre-
mature ossification of the calcaneus) (Figures 2 and 4); (4)
mild coarctation of the aorta; (5) bi-lobed right lung (Figure
3); (6) left ventricle non-compation; and (7) mild macera-
tion of lower extremities. Central nervous system examina-
tion did not reveal any abnormalities.

DISCUSSION

Warfarin sodium, a coumarin anticoagulant, has been in
clinical use for more than 50 years. It depresses synthesis of
vitamin K-dependent clotting factors (factors II, VII, IX,
and X) by blocking reduction of the epoxide form of vita-
min K. It is a potent and effective drug, used in the manage-
ment of a variety of thromboembolic disorders and in
patients at significant risk of thrombus formation. It has a
low molecular weight and readily crosses the placenta,
achieving clinically significant levels in the fetus.8

Warfarin is more effective than heparin in preventing
thromboembolic events in the pregnant woman and has
fewer bleeding complications.1,4,9 From the maternal per-
spective, using warfarin throughout pregnancy provides the
lowest risk of thromboembolism from either peripheral
thrombosis or a mechanical heart valve4 (a rate of valve
thrombosis of 3.9% compared to 9.2% with use of heparin
only at 6 to 12 weeks’ gestation). Heparin alone is com-
monly used close to term (i.e., in the last two weeks of
pregnancy) in order to avoid delivery of an anticoagulated
newborn.1 However, in pregnant women, the effective pro-
tection warfarin provides against thromboembolism is off-
set by its well-recognized teratogenicity.

Warfarin Embryopathy

A specific pattern of congenital anomalies known as WE, or
congenital coumarin syndrome, is well recognized in chil-
dren born to mothers who have been treated with warfarin
during the first trimester of pregnancy.8,10–12 The two most
consistent fetal anomalies in WE are nasal hypoplasia and
chondroplasia punctata (epiphyseal and vertebral stip-
pling).8,10 Nasal hypoplasia involves stunted growth of the
septum, resulting in a depressed nasal bridge (Figures 1 and
2). Chondroplasia punctata is manifest as diffuse bone stip-
pling seen on X-ray of the proximal epiphyseal growth area
(Figures 2 and 4). The calcifications are usually seen in the
axial skeleton, vertebrae, wrists, calcaneous bones, and
epiphyses of the long bones, particularly of the femur.8,12

The malformations associated with WE are summarized in
the Table.

The period of greatest vulnerability to develop the warfarin
embryopathy following exposure is between the sixth and
twelfth weeks of gestation.4 It has been suggested that WE

develops as a result of fetal overcoagulation, leading to fetal
bleeding and WE manifestations.5

Additional adverse effects may develop after exclusive sec-
ond or third trimester exposure to warfarin in about 3% of
cases,8,12 presenting most frequently as central nervous sys-
tem (CNS) abnormalities. They are partially related to hem-
orrhagic episodes and may include intraventricular hemor-
rhages, microcephaly, hydrocephalus, cerebellar and cere-
bral atrophy, eye and vision abnormalities (optic atrophy,
cataracts, blindness, microphthalmia),8,13,14 seizures, and
growth and mental retardation.8,10,15 Some of these CNS
abnormalities were also reported after first trimester expo-
sure. Kaplan et al.16 described a full-term infant, exposed to
warfarin in utero, who developed Dandy Walker
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Malformations associated with warfarin embryopathy

Classical features

Nasal hypoplasia
8,10

Chondrodysplasia punctata (epiphyseal and vertebral bone
stippling)

8,10

Common malformations

Cleft lip and (or) palate
21,27

Choanal stenosis/atresia
11,32

Less frequent malformations

Intraventricular hemorrhage
2,14,21

Hydrocephalus
14,21

Cervical spine myelopathy
33,34

Finger and toe defects
21,35,36

Rare malformations described following first trimester exposure
to warfarin

Dandy Walker malformation
11,16

Holoprosencephaly
37

Schizencephaly
38

Solitary maxillary incisor
36

Situs inversus
39

Coarctation of aorta
11

Laryngeal or tracheal calcification
40

Bi-lobed right lung
11

Gastroschisis
11

Malformed ears
10,21

Urinary tract anomalies
41



malformation, agenesis of the corpus callosum, ocular
anomalies, seizure disorder and scoliosis, but no other
stigmata of WE.

This report of CNS anomalies occurring as a result of first
trimester exposure to warfarin may argue against the
hypothesis that the CNS anomalies arising in the second
and third trimester are due only to the disturbance of nor-
mal CNS development resulting from hemorrhages and
fibrosis, because use of the drug was discontinued before
the appearance in the fetus of clotting factors that are sus-
ceptible to vitamin K antagonists.16 Recent evidence sug-
gests that warfarin inhibits arylsulfatase E, leading some

researchers to suggest a similar pathogenic mechanism with
recessive chondroplasia punctata.17 Bone calcifications usu-
ally disappear within the first few months of life, but there
may be subsequent abnormal bone development in the
epiphyses and vertebrae.18

Prevalence of Warfarin Embryopathy

The reported incidence of WE ranges from 0% to almost
30% of exposed pregnancies.19,20 This reflects the inade-
quate nature of the relevant studies, most of which are ret-
rospective with an unclear denominator. Several small stud-
ies, mostly reported in the European literature, did not find
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Figure 3. A bi-lobed right lung. Figure 4. Lateral view X-ray showing calcifications and

irregular ossification of lumbar and sacral vertebrae,

consistent with warfarin embryopathy.

Figure 1. Lateral view of a 21-week stillborn with

warfarin embryopathy. Note the extreme nasal

hypoplasia.

Figure 2. Lateral X-ray of a 21-week stillborn showing

hypoplastic nasal bone, abnormally large tooth buds,

abnormal early ossification of hyoid bone, and irregular

ossification of cervical vertebrae.



WE cases in their series.5,21–23 Other series of similar size
reported typical birth defects in up to 30% of fetuses
exposed to coumarin derivatives.19,24 Two literature
reviews, of 350 and 779 live births, found an incidence of
WE of 5.7% and 7.4% respectively.20,25 A recent systematic
review of prospective and retrospective cohort studies esti-
mated the risk for WE in women with prosthetic valves
who were exposed to warfarin throughout their pregnancy
to be 6.4% of live births.4 It was found that substituting
heparin for warfarin at or prior to 6 weeks’ gestation, and
continuing heparin until 12 weeks, appears to eliminate this
risk.

Fetal Wastage

The incidence of spontaneous abortion reported in women
taking warfarin throughout pregnancy varies widely, from
4.2% to almost 50%.4,23,26,27 The risk for fetal wastage
(spontaneous abortions, stillbirths, and neonatal deaths)
was estimated in women with prosthetic heart valves who
took warfarin throughout their pregnancy. The risk with use
of warfarin was 29.7%, compared to 16.3% in pregnant
women who were switched from warfarin to heparin
between 6 and 12 weeks of gestation, and 37.7% when war-
farin was used beyond 6 weeks and switched to heparin
later.4 The authors concluded that heparin substitution for
warfarin between 6 and 12 weeks’ gestation is pivotal, since
the continued exposure to warfarin resulted in a significant
risk of fetal wastage.4 The risk of this regimen is an
increased rate of thromboembolism, compared to the pro-
tection provided by coumarin agents.9

Prenatal Diagnosis of Warfarin Embryopathy

Since the two most consistent effects of fetal exposure to
warfarin are nasal hypoplasia and stippled vertebral and
femoral epiphyses, warfarin embryopathy is likely to be
identifiable on targeted ultrasonography, with special atten-
tion to the facial profile and a thorough bone survey.12

Other common sonographic findings include brain abnor-
malities such as ventriculomegaly. However, even high
detail ultrasonographic evaluation during the second or
third trimester has diagnostic limitations and may fail to
detect the prenatal defects seen in WE.12 Moreover, some
abnormalities (e.g., intraventricular hemorrhage) may
develop towards the end of pregnancy.

Warfarin Dose in Pregnancy

A recent retrospective assessment of complications in 58
fetuses found a close correlation between warfarin dose and
the risk of fetal complications.6 Of 25 fetuses whose moth-
ers were treated during pregnancy with more than 5 mg of
warfarin daily, 22 (88%) had complications (comprising 18
miscarriages, 2 WE, 1 stillbirth, and 1 ventriculoseptal
defect). In contrast, of 33 fetuses whose mothers received

up to 5 mg of warfarin daily, only five (15%) had complica-
tions (comprising 4 miscarriages and 1 intrauterine growth
retardation; none had WE). The women who delivered
newborns with WE took 6.5 mg or 7.5 mg of warfarin daily.
In a subsequent publication, the same authors concluded
that “these findings may confidently suggest a clinical
approach to these patients. Those patients whose (daily)
warfarin intake is 5 mg with an international normalized
ratio (INR) within therapeutic range may continue to take
warfarin during the entire pregnancy.”7 However, there
have been other well-documented case reports of newborns
with WE following maternal exposure to low doses of war-
farin (2.5–5 mg/day) throughout pregnancy.28–30 All of
these newborns had classic features of WE, such as bone
stippling and nasal hypoplasia.

In contrast to the approach commonly taken in Europe6,7

(i.e., using warfarin as the preferred anticoagulant agent
during pregnancy despite the fact that the drug monograph
considers use in pregnancy to be an absolute contraindica-
tion), the American College of Chest Physicians recently
issued guidelines stating that warfarin use should be
avoided between 6 weeks and 12 weeks’ gestation and advo-
cating a more conservative approach from the fetal perspec-
tive.1 The guidelines suggest using one of three optional
regimens: (1) aggressive adjusted-dose therapy using
unfractionated heparin; (2) low molecular weight heparin
(LMWH) therapy throughout pregnancy; or (3) use of one
of these two agents until the thirteenth week of pregnancy,
switching to warfarin therapy until the middle of the third
trimester, and then switching back to use of unfractionated
heparin or LMWH.

The Society of Obstetricians and Gynaecologists of Canada
(SOGC) practice guidelines on secondary prevention of
venous thromboembolism during pregnancy31 suggest one
of the following optional regimens: (1) use of
unfractionated heparin (5000 units twice daily) throughout
pregnancy; (2) unfractionated heparin (5000 units twice
daily in the first trimester, 7500 units twice daily in the sec-
ond trimester, and 10 000 units twice daily in the third tri-
mester); or (3) use of a LMWH (dalteparin or enoxaparin)
once daily throughout pregnancy.

Clinicians should bear in mind that all of the above regi-
mens significantly reduce the risk of WE, but may subject
the mother to an increased risk of a thromboembolic event.

CONCLUSION

No currently available antithrombotic regimen is optimal
during pregnancy. Expert opinion varies regarding when
and how to use antithrombotic agents in pregnant
women.31 Typical manifestations of warfarin embryopathy
develop after exposure to the drug in the first trimester,
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even at low doses. Other fetal adverse effects, such as CNS
and eye abnormalities, may occur following exposure in the
second or third trimester. Fetal complications of warfarin
are dose-dependent, although warfarin-induced birth mal-
formations may develop after exposure to low doses of the
drug.

Clinicians should carefully assess the risks and benefits
associated with currently available antithrombotic regimens
in order to provide women who require treatment with the
best individualized advice. In any case, patients should be
presented with the advantages and risks of each of the regi-
men options so they can make an informed decision about
therapy.
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