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A B S T R AC T

Background. We investigated the risk and outcome of
anticoagulation in pregnant women who had a mechanical
valve.

Materials and Methods. This retrospective study was
undertaken for 41 pregnancies (27 women, 33.1 ± 4.7 years
old) from January 1990 to December 2005. Patients were
divided into 3 groups: group I (n = 5) took warfarin through-
out the pregnancy, group II (n = 18) took heparin throughout
the pregnancy, and group III (n = 18) took heparin in the 1st
trimester and warfarin from a gestational age of 12 to 
20 weeks.

Results. Twenty-three pregnancies (56.1%) resulted in
live births, 11 (26.8%) in stillbirths, and 8 (19.5%) in sponta-
neous abortions (SA). In group I, there were 2 live births
(40.0%), 2 stillbirths (40.0%), and 1 SA (20.0%); in group II,
there were 10 live births (55.6%), 1 stillbirth (5.6%), and 
7 SA (38.9%); and in group III, there were 10 live births
(55.6%), 8 stillbirths (44.4%), and no SA. No significant dif-
ference was observed between the 3 groups in terms of suc-
cessful delivery rates (P = .826).

Conclusion. The probability of successful delivery was
low. No single reliable anticoagulation protocol in pregnant
patients with mechanical valves emerged from the collated
data.

I N T R O D U C T I O N

Whereas the management of pregnant women who have a
tissue valve is relatively clear, anticoagulation for pregnant
patients who have a mechanical valve presents many problems;
for example, it was found that warfarin is safer for pregnant
women but that heparin is safer for the fetus [Sbarouni 1994].
However, no randomized controlled trial data is available to

guide adequate anticoagulation treatment decision making.
Prospective randomized trials are needed to resolve this issue,
but clinical research in pregnant patient presents serious ethi-
cal and medico-legal issues.

Recent estimates of mortality in pregnant patients with
prosthetic valves range from 1% to 4% [Vitale 1999], and the
overall risk of thromboembolic complications is 4% to 24%
[Iturbe-Alessio 1986]. Other risks during pregnancy include
the effect of anticoagulants on the developing fetus and the
association of both warfarin and heparin with high rates of
fetal loss (16% to 44%) because of spontaneous abortion (SA)
or stillbirth [Sareli 1989; Salazar 1996]. In addition, exposure
to warfarin during the first trimester has been associated
specifically with embryopathy, characterized by stippled epi-
physes and nasal and limb hypoplasia [Hirsh 1991], and war-
farin exposure throughout pregnancy has been associated
with rare developmental abnormalities of the central nervous
system and eyes [Hall 1980]. Moreover, the effectiveness of
heparin at preventing valve thrombosis has been brought into
question with respect to therapy failures and adverse maternal
outcomes [Elkayam 1996; Chan 1999].

Currently, the recommended regimens are: (1) warfarin
throughout pregnancy, (2) the replacement of warfarin with
unfractionated heparin between gestation weeks 6 and 12 and
near term, and (3) unfractionated heparin throughout preg-
nancy [Ginsberg 1989]. Although the USA guideline is the
most popularly accepted regimen, some authors have sug-
gested that oral anticoagulation is preferable, especially in
countries with certain socioeconomic backgrounds [Hall
1980]. A previous systemic review of the literature [Hirsh
1991] provides estimates of maternal and fetal risks associated
with these 3 regimens, but does not offer an ideal therapy. In
this study, we sought to evaluate risks and outcomes in preg-
nant women with mechanical valves who were treated with
the above 3 regimens.

M AT E R I A L S  A N D  M E T H O D S

A retrospective study was conducted of 41 pregnancies in
27 women with mechanical valves who registered at our insti-
tution between January 1990 and December 2005. Average
patient age was 33.1 ± 4.7 years (range, 23 to 44 years). The
replaced valves were mitral (70.7%), aortic (7.3%), or both
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(22.0%). The mechanical valves used are listed in Table 1, and
Table 2 provides details of multiple pregnancies.

Methods of Anticoagulation
Pregnancies were divided into 3 groups according to the

anticoagulation regimen used. Physicians explained the
advantages and disadvantages of warfarin and heparin for
mothers and fetuses. After detailed discussion, patients indi-
vidually selected one of the 3 regimens.

Group I. Oral anticoagulants were given throughout preg-
nancy (until just before delivery), including the 1st trimester
with a target international normalized ratio (INR) of 2.0 to
3.0. No significant oscillations in INRs were noticed in this
group, which included 5 pregnancies. The patients of group I
did not know that they were pregnant and the physician did
not detect pregnancy until the 1st trimester.

Group II. Eighteen pregnancies with heparin administra-
tion throughout pregnancy were included. Subcutaneous
unfractionated heparin was used in 11 patients and low
molecular weight heparin (LMWH) in 7.

Group III. For the remaining 18 pregnancies, oral anticoag-
ulant (warfarin) was replaced by heparin when pregnancy was
confirmed. Heparin doses were adjusted according to acti-
vated partial thromboplastin times, which were maintained at
twice the control level. Heparin was replaced with warfarin
before delivery, and warfarin was stopped no later than the
end of the 36th gestational week and replaced with heparin.

Oral anticoagulants (warfarin) were recommenced 24
hours after delivery when bleeding stopped, and the patients
were kept in hospital for 3 or 4 days until INRs were within
the therapeutic range.

All clinical results were analyzed according to the guide-
lines for reporting morbidity and mortality after cardiac valve
surgery suggested by Ian and associates [2006]. Clinical
outcomes were reviewed retrospectively.

Statistical Analysis
Statistical analysis was performed using a commercially

available software package (SPSS for Windows, version 11.01,
SPSS, Chicago, IL, USA). Descriptive statistics are reported
as mean ± SD for continuous variables and as frequencies and
percentages for categorical variables, unless otherwise stated.
The significances of differences were assessed using the
unpaired Student t test, the χ2 test, or the Fisher exact test. 
P values less than .05 were considered statistically significant.

R E S U LT S

Twenty-two pregnancies (56.1%) resulted in live births, 11
(26.8%) in stillbirths, and 8 (19.5%) in SA. Gestational age
for SA averaged 7.8 ± 1.3 weeks. With the exception of 2
cases, stillbirths occurred in the 2nd trimester and 10 patients
were receiving warfarin at diagnosis.

In group I, there were 2 live births (40.0%), 2 stillbirths
(40.0%), and 1 SA (20.0%); in group II, 10 live births (55.6%),
1 stillbirth (5.6%), and 7 SA (38.9%); and in group III, 10 live
births (55.6%), 8 stillbirths (44.4%), and no SA. Outcomes 
for the 3 groups are listed in Table 3. The successful delivery
rates of the 3 groups were not significantly different (P = .826,
the Fischer exact test). The mean gestational age of live births
was 38.5 weeks (range, 34 to 42 weeks). Gestational age distri-
butions are listed in Table 4. There were 12 pregnancies
resulting in live births (54.5%) before the 39th week of
gestational age.

There were no premature or low–birth weight babies
(below 2.4 kg) among the live births. In group I, there was 
1 fetal ventriculomegaly due to cerebral palsy. In group II,
there was 1 fetal pleural effusion. In this case, induction deliv-
ery was performed at a gestational age of 36 weeks, and the
baby is currently in good condition. In group III, there were 
1 fetal ventriculomegaly and 2 fetal intracranial hemorrhages,
which resulted in stillbirths. There were no maternal deaths.
In group II, valve thrombosis requiring re-replacement of a
pre-existing mechanical valve occurred in 1 patient and post-
partum bleeding was found in another patient. There were no
maternal complications in the other groups.
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Table 1. List of Mechanical Valve Types

Valve Brands Number of Replaced Valves

Carbomedics (bileaflet)* 20

St. Jude (bileaflet)† 22

Duromedics (bileaflet)‡ 1

On-X (bileaflet)§ 2

Total 45

*Carbomedics, Austin, TX, USA.

†St. Jude Medical, St. Paul, MN, USA.

‡Baxter, Chicago, IL, USA.

§MCRI, Austin, TX, USA.

Table 2. Multiplicity of Pregnancies

Number of Pregnancies Number of Patients

1 18

2 5

3 3

4 1

Total 27

Table 3. The Outcomes of Pregnancies in 3 Different Groups*

Live Birth Stillbirth SA

Group I 2/5 (40.0%) 2/5 (40.0%) 1/5 (20.0%)

Group II 10/18 (55.6%) 1/18 (5.6%) 7/18 (38.9%)

Group III 10/18 (55.6%) 8/18 (44.4%) 0/18 (0%)

Total 22/41 (53.7%) 11/41 (26.8%) 8/41 (19.5%)

*P = .826. P values were calculated using the Fisher exact test for live

births for the 3 groups. SA indicates spontaneous abortion.



D I S C U S S I O N

The anticoagulant treatment for pregnant women with a
mechanical valve remains a dilemma for patients and doctors.
Physicians have been treating these women with warfarin
and/or heparin during pregnancy; however, no adequate
prospective randomized trial has been conducted to resolve
this issue. Some authors [Hirsh 1991; Elkayam 1996; Chan
1999; Choi 2000] have suggested heparin during the 1st
trimester, warfarin until full term, and a return to heparin just
before delivery, whereas others [Al-Lawati 2002; Conti 2003]
have recommended warfarin only after having considered
socioeconomic statuses and medical circumstances in their
countries. LMWH was considered to be a potential alterna-
tive to warfarin, and it has been shown to be safe and effective
[Nelson-Percy 1997]. But recently, Rainer et al reported on
the treatment failure of LMWH for anticoagulation in a
pregnant woman with a mechanical valve [Rainer 2002].
There was only little evidence regarding the effect of
LMWH for long-term anticoagulation in pregnant women
with mechanical heart valves [Berndt 2000; Lev-Ran 2000].

We usually discuss this situation with these patients and
explain advantages and disadvantages of warfarin and
heparin. Clearly, warfarin is safer for the patient in terms of
preventing valve thrombosis and fatal valve-related compli-
cations, but heparin is safer for the fetus because of the risk
of warfarin-related embryopathy during the 1st trimester and
the risk of fetal hemorrhage throughout pregnancy. The
ACC/AHA guidelines recommend full discussion with
patients and partners before choosing an anticoagulation
strategy, the guidelines state, “If a patient chooses to change
to heparin for the first trimester, she should be made aware
that heparin is less safe for her and presents a higher risk of
thrombosis and bleeding, and that any risk to the mother
also jeopardizes the baby.” Many obstetricians and cardiolo-
gists/cardiac surgeons have different ideas concerning
regimen choice, which is a reflection of the lack of a recog-
nized safest regimen. Our data also show similar successful
live birth rates for the 3 study groups. In the present study,
we used 3 anticoagulation regimens, and the regimen

adopted in any particular case was decided upon after
thorough discussion with the patient concerned.

SA was more frequent in group II and stillbirth more fre-
quent in group III. All patients in these 2 groups received hep-
arin. Ginsberg et al [1989a] reported that the complication rate
for heparin for pregnant patients was similar to that for healthy
pregnancies and that bleeding complications were predomi-
nant in mothers rather than fetuses. They emphasized the
safety of heparin, but its bioavailability may have differed from
that in the present study, and in their study SA was also more
predominant in the heparin-only group. Whereas warfarin
presents a substantial risk of bleeding in the anticoagulated
fetus, especially at the time of delivery, heparin does not cross
the placenta, and thus has not been associated with the terato-
genic effects of fetal bleeding [Ginsberg 1989b; Dahlman
1990]. The disadvantages of heparin include the need for
twice-daily subcutaneous injections and the development of
osteoporosis [Ginsberg 1989a]. LMWH heparin may be an
attractive option for heparin therapy during pregnancy. How-
ever, because of limited data, management remains controver-
sial about the substitution of LMWH for unfractionated
heparin [Ian 2006]. In our study, we used LMWH in 7 patients
and we intend to analyze these data to clarify the effects of
LMWH after collecting more cases. Many physicians recom-
mend tissue valves in these patients; however, even after tissue
valve replacement [Lee 1999], if a patient has atrial fibrillation
or history of thromboembolism, warfarin should be prescribed.

Premature labor frequently occurs in women with
mechanical cardiac valves. Salazar et al [1996] reported that
36% of neonates were born before the 37th gestational week,
and 1 neonate died of a cerebral hemorrhage that occurred
during labor due to warfarin medication. This data suggest
the need for heparinization no later than gestation weeks 35
or 36 to avoid the onset of labor during warfarinization. Our
study revealed 4 pregnancies (18.2%) that concluded before
the 37th gestation week.

If a patient has been administered warfarin during the first
trimester, most doctors favor changing to heparin. Our data
showed single cases of ventriculomegaly in groups I and III,
and 2 fetal intracranial hemorrhages in group III. The
ventriculomegaly fetus in group I was found to have cerebral
palsy after successful caesarean section, and the pregnancies
with fetal ventriculomegaly or fetal intracranial hemorrhage
concluded with stillbirths. In our series, the patients of group I
did not know that they were pregnant and the physician did
not detect pregnancy until the 1st trimester.

There were limitations in our analysis such as age factors,
small numbers in each group, and patient selection. Age fac-
tors should be considered when assessing abortion data and
we did not correct the age-related bias. The small number
was an important limitation of this study, especially because
there were only 5 patients in group I. More patients are
required to gain statistical power. We decided on delivery
based only on the obstetrician’s decisions, and did not attempt
caesarean sections because of the lower risk of bleeding
during vaginal delivery.

One valve thrombosis occurred in group II and required
urgent valve re-replacement. Although the occurrence of
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Table 4. Distribution of Gestational Ages in Live Births

Gestational Age, wk Number of Babies

34 1

35 1

36 2

37 5

38 3

Total 12/22 (54.5%)

39 4

40 4

41 1

42 1

Total 10/22 (45.5%)
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valve thrombosis during heparin medication was low in the
present study (5.6%, 1/18), the frequent monitoring of thera-
peutic levels is required to lower the risk of valve thrombosis.
Moreover, practically, it is difficult to achieve adequate and
constant anticoagulation using subcutaneous heparin because
of its narrow therapeutic window.

In the present study, the probability of successful delivery
for women with a bileaflet mechanical cardiac valve was found
to be low. Our results show that the 3 anticoagulation regi-
mens had similar outcomes in terms of successful delivery. In
the heparin group, abortion and stillbirth were more fre-
quent, and in the warfarin group 1 embryopathy occurred.
Although there was no statistical significance, warfarin ther-
apy during the 1st trimester was very dangerous in terms of
the low success rate (40%) of live birth.

In conclusion, our data show that anticoagulation during
pregnancy in patients with mechanical valve replacement
remains difficult and falls short of enabling us to recommend
a single reliable anticoagulation protocol. But the avoidance
of warfarin during 1st trimester is mandatory. The use of
LMWH instead of warfarin during the 1st trimester is worth
consideration.
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