
Pregnancy in women with prosthetic heart
valves

Pregnancy in women with mechanical valve
prostheses has a high maternal complication rate
including valve thrombosis and death. Coumarin
derivatives are relatively safe for the mother with
a lower incidence of valve thrombosis than un-
fractionated and low-molecular-weight heparin,
but carry the risk of embryopathy, which is prob-
ably dose-dependent. The different anticoagulation
regimens are discussed in this review. When valve
thrombosis occurs during pregnancy, thrombolysis
is the preferable therapeutic option. Bioprostheses
have a more favourable pregnancy outcome than
mechanical prostheses but due to the high re-
operation rate in young women they do not con-
stitute the ideal alternative. When women with
native valve stenosis need pre-pregnancy inter-
vention, mitral balloon valvuloplasty is the best
option in mitral stenosis, while the Ross operation
or homograft implantation may be the preferable
surgical regimen in aortic stenosis. (Neth Heart J
2008;16:406-11.)
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Worldwide many prosthetic valves are yearly im-
planted in girls and young women with

rheumatic or congenital heart disease. Sooner or later
many of them wish to become pregnant. Mechanical
prostheses, bioprostheses and native valve disease

each carry specific risks during pregnancy. These may
affect the timing and type of surgical therapy. Pre-
pregnancy counselling as well as adequate monitoring
and treatment when pregnancy is achieved are
challenging tasks for cardiologists who care for these
young women.

Physiological changes during pregnancy
During pregnancy plasma volume and cardiac output
increase by 45 to 50%.1,2 At 16 weeks 80% of the car-
diac output increase has been achieved, mainly due to
an increase in stroke volume. Heart rate starts to rise
early in pregnancy and continues to rise until the 32nd
week of pregnancy, when the maximum increase of
10 to 20 beats per minute is achieved. Echocardio-
graphic cardiac chamber dimensions increase by 2 to
5 mm during pregnancy.3 Systemic vascular resistance
decreases due to the low resistance in the uterine vessels
and elevated levels of vasodilators. This is accompanied
by a fall in systemic blood pressure during the second
trimester.4,5 Renal blood flow and glomerular filtration
rate increase.6 Renin, angiotensin, atrium natriuretic
peptide (ANP) and brain natriuretic peptide (BNP)
levels all increase during normal pregnancy. Pregnancy
induces a hypercoagulable state, due to increased
plasma concentration of fibrinogen, factors VII, VIII,
and X, and plasminogen activator inhibitor. Platelet
adhesiveness is increased as well. In addition, resistance
to activated protein C occurs.7 Also, in supine position
venous blood flow in the legs is reduced due to inferior
caval vein compression by the pregnant uterus, which
further contributes to the tendency for hyper-
coagulation.

Mechanical valve prosthesis
The hypercoagulability of pregnancy causes an in-
creased incidence of mechanical valve thrombosis
(figure 1). With any anticoagulation regimen adequate
anticoagulation is more difficult to achieve during
pregnancy. However, the incidence of valve thrombosis
is lower with oral anticoagulants than with un-
fractionated or low-molecular-weight heparin. On the
other hand, foetal risk is higher with oral anticoagulants
than with heparins. 
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Coumarin derivatives
Coumarin derivatives cross the placenta. Embryopathy
due to coumarin derivative exposure was first recognised
in 1965.8 The congenital abnormalities that have been
described are midfacial hypoplasia as well as stippling
of epiphyses (ectopic calcifications) on X-ray. In add-
ition a wide variety of central nervous system abnormal-
ities have been reported, ranging from hydrocephalus
to optic atrophy. Coumarin derivatives are vitamin K
antagonists and both bone/cartilage and the develop-
ing nervous system contain vitamin K dependant
proteins, which may be a key to understanding the
pathogenesis of the coumarin derivative embryopathy.9
A review describing 17 studies published from 1982
to 1999 describes 979 pregnancies with coumarin ex-
posure.9 Warfarin was used in 33% and acenocoumarol
in 46%; in the remaining women the coumarin derivative
was not specified. In mothers using the coumarin
derivative throughout pregnancy, the prevalence of
skeletal abnormalities was 6% in 394 live-born children.
In the offspring of women who used heparin from the
6th to the 12th week of pregnancy no skeletal
abnormalities were reported.9 In 689 live-born children
the estimated prevalence of central nervous system
malformations was 1%, and 12 of the 13 children with
these abnormalities had been exposed to coumarin
derivatives during organogenesis. One small retro-
spective study of 58 pregnancies suggests that the risk
of coumarin embryopathy may be dose-dependent,
with no embryopathy in 33 children whose mother
was on <5mg warfarin daily, while 2/25 children had
embryopathy when the warfarin dose was >5 mg.10

This study, however, is too small to draw definite con-
clusions. The embryopathy incidence of 6% mentioned
in several reviews9,11 possibly overestimates the current
risk, as higher coumarin doses were used in the USA
in the 1960s and 1970s and many of the included
pregnancies took place in that period. More recent
studies tend to report a lower incidence.12

Foetal loss appears to be high both when coumarin
derivatives are used throughout pregnancy and with

substitution of heparin during the first trimester, and
differs from 25 to 70%, with a mean incidence of 34%
in a large review.11 It must be noted that foetal loss is
also high when heparin is used throughout pregnancy.

There have been concerns about a higher incidence
of neurological dysfunction in children with coumarin
exposure. In a large cohort study investigating the
long-term neurological development of children with
coumarin derivative exposure during pregnancy, only
minor neurological dysfunctions were found more
frequently compared with non-exposed children (OR
1.9, 95% CI 1.1 to 3.4).9

Thromboembolic complications were reported in
a large systematic review by Chan et al. in 3.9% (788
pregnancies) with oral coagulants throughout pregnancy
and in 9.2% (229 pregnancies) with substitution of
unfractionated heparin in the first trimester;11 maternal
mortality with these regimens was 1.8 and 4.2%,
respectively, and in the majority valve thrombosis was
the cause of death. 

Unfractionated heparin
Unfractionated heparin does not cross the placenta.
Therefore, the risk of embryopathy is eliminated with
the use of heparin. Heparin is, however, associated
with more maternal complications than warfarin.
Thrombocytopenia may occur. In pregnant women
using heparin for a mean duration of 17 weeks osteo-
porotic vertebral fractures occurred in 2.2%.13 In
women with mechanical prosthetic valves the main
concern is valve thrombosis. In the systematic review
mentioned above the incidence of thromboembolic
events was 33% in 21 women who used unfractionated
heparin throughout pregnancy.11 However, both for
these 21 women and for the 229 women using heparin
in the first trimester, the high rates of valve thrombosis
were possibly related to inadequate dosing. Another
limitation of this review is the non-contemporary high
number of patients with older types of more thrombo-
genic valve prostheses. Both subcutaneous and
intravenous heparin were used in the studies of this
review.

Another study reported 92 pregnancies, in 31
pregnancies dose-adjusted subcutaneous heparin was
given in the first trimester (APTT twice the control
level at four hours after dosing).14 Thromboembolic
episodes were observed in four of these pregnancies,
but these were all minor transient cerebral events and
no obstructive valve thrombosis occurred. With warfarin
throughout pregnancy only two minor episodes
occurred in 61 pregnancies. Foetal loss was comparable
with both regimens. This study indicates that adequate
heparin dosing may reduce the number of serious
thromboembolic events.

Low-molecular-weight heparins
The concerns about embryopathy with coumarin
derivatives and about mechanical valve thrombosis with
unfractionated heparin have raised interest in the use of
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Figure 1. Björk Shiley mechanical valve with large thrombus.
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low-molecular-weight heparins (LMWH) in pregnant
women with mechanical valves. LMWH do not cross the
placenta and outside pregnancy stable anticoagulation
is more easily achieved than with unfractionated
heparin. Other advantages of LMWH may be a lower
incidence of osteoporosis and thrombocytopenia
compared with unfractionated heparin.

In 2004 a review reported 81 pregnancies in 75
women.15 In 21 pregnancies LMWH were used during
the first trimester, in the other pregnancies LMWH
were used throughout pregnancy. In 51 pregnancies
dose adjustment to maintain therapeutic anti-Xa levels
was performed; a fixed dose was used in 30 pregnancies.
In ten pregnancies thromboembolic events were
reported, seven of these were valve thromboses in
bileaflet valves. Nine of these ten thromboembolic
events occurred in the 30 pregnancies with a fixed
LMWH dose and only one in the 51 pregnancies with
adjusted LMWH dose. All thromboembolic episodes
occurred in women with mitral valves. Older studies
with other anticoagulation regimens also reported a
higher risk in mitral than in aortic valves. A South-
African randomised controlled trial comparing un-
fractionated heparin with enoxaparin was prematurely
discontinued because two women in the enoxaparin
group died from valve thrombosis. Anti-Xa levels were
monitored but no dose adjustment was performed for
subtherapeutic levels.16 This study caused the manu-
facturer of enoxaparin to issue a warning against the
use of enoxaparin in patients with mechanical valve
prosthesis. This warning was later changed to a de-
claration that the use of enoxaparin in pregnant women
with mechanical valves has not been adequately
studied. 

It appears from the above-mentioned studies that
LMWH may be safe if dose adjustment according to
anti-factor Xa levels is performed. It has been shown
that dalteparin requirements increase in pregnancy. In
11 of 13 pregnancies, upward dosage adjustments were
necessary to maintain adequate peak levels, and trough
levels were in the therapeutic range only 9% of the time
despite these dose adjustments.17 LMWH are cleared
renally, therefore the increased glomerular filtration
rate occurring in pregnancy contributes to the ex-
planation of higher dose requirements. Another factor
is probably the increase in plasma volume. A regimen
of three rather than two daily dosages may be necessary
in many women to achieve therapeutic peak and
trough levels.

Aspirin
During pregnancy low-dose aspirin is a safe drug.
Limited evidence suggests that in selected patients with
mechanical valves outside pregnancy the addition of
low-dose aspirin to coumarin derivatives results in less
thromboembolic complications.18 Therefore it has
been advocated that the addition of aspirin to coumarin
derivatives or heparin can be considered in high-risk
pregnant women with mechanical valves.19,20

Anticoagulation in women with mechanical valves:
summary and current guidelines
– The use of coumarin derivatives throughout

pregnancy carries a risk of embryopathy of about
6%;

– This risk is possibly lower with a warfarin dose <5
mg daily but no definite conclusions can be drawn;
(a warfarin dose <5 mg daily probably corresponds
with an acenocoumarol dose <2.5 mg but this may
differ between individuals, therefore presumably a
safe daily dose of acenocoumarol may be <2.0 mg);21
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Table 1. Anticoagulation regimen in pregnant women with
mechanical prosthetic valves.

Pre-pregnancy
– Discuss anticoagulation regimen with the patient
– Continue coumarin derivative until pregnancy is achieved
– When menstruation does not occur at expected day,

perform pregnancy tests every 3 days until positive or until
menstruation, in order to detect pregnancy at early stage

– Instruct patient to contact physician responsible for anti-
coagulation as soon as pregnancy is achieved

– Give patient and physician responsible for anticoagula-
tion written instructions about anticoagulation regimen
during pregnancy

6th to 12th week of pregnancy
– If warfarin daily dose is <5 mg or acenocoumarol dose

<2.0 mg, consider continuation of coumarin derivative
throughout pregnancy

– Otherwise, substitute coumarin derivative with sub-
cutaneous LMWH twice daily

– Adjust LMWH dose to achieve peak anti-Xa levels of 0.7
to 1.2 U/l ml 4 hours post dose

– If trough levels are subtherapeutic with therapeutic peak
levels, dose 3 times daily

– Check anti-Xa levels weekly

13th to 35th week of pregnancy
– Resume coumarin derivative

36th week of pregnancy
– Substitute coumarin derivative with subcutaneous LMWH

twice daily
– Adjust LMWH dose to achieve peak anti-Xa levels of 0.7

to 1.2 U/l ml 4 hours post dose
– If trough levels are subtherapeutic with therapeutic peak

levels, dose 3 times daily
– Check anti-Xa levels weekly

Alternatively, dose-adjusted unfractionated heparin to
achieve APTT ≥ twice the control levels can be used
instead of LMWH  
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– Substitution of coumarin derivatives with un-
fractionated or low-molecular-weight heparin from
the 6th to the 12th week of pregnancy eliminates the
risk of embryopathy;

– Coumarin derivatives appear to be safer for the
mother with a lower incidence of thromboembolic
events than unfractionated or low-molecular-weight
heparin;

– Required dosages during pregnancy for all anti-
coagulants can differ from dosages outside pregnancy.
The risk of valve thrombosis with unfractionated or
low-molecular-weight heparin is probably lower
when aggressive dose-adjustment takes place, based
on monitoring of APTT or anti-Xa levels; 

– All anticoagulation regimens are understudied and
large prospective comparison is necessary.

Recommendations about the management of anti-
coagulation in pregnant women with mechanical heart
valves are included in recent guidelines of the American
College of Cardiology/American Heart Association
(ACC/AHA)19 and of the European Society of
Cardiology (ESC).20 The level of evidence of these
guidelines is C (i.e. based on consensus of experts
and/or retrospective/small studies).

Both guidelines recommend continuing coumarin
derivatives until pregnancy is achieved. The risks of
different anticoagulation regimens must be considered
and discussed. Treatment options when pregnancy is
achieved include continuation of coumarin derivatives
throughout pregnancy as well as dose-adjusted sub-
cutaneous or intravenous unfractionated heparin
between the 6th and the 12th week or throughout
pregnancy with an APTT at least twice the control
level. The ACC/AHA but not the ESC guidelines
include the option of LMWH instead of unfractionated
heparin with anti-Xa levels between 0.7 and 1.2 U/ml
four hours after administration. Both guidelines include
the advice to substitute coumarin derivatives a few
weeks before planned delivery with unfractionated
heparin. When delivery starts under oral anticoagu-
lation Caesarean section is indicated because of the risk
of intracranial bleeding in the anticoagulated baby with
vaginal delivery. Table 1 provides a schedule with the
most preferable regimen, in our opinion.

Diagnosis and treatment of mechanical valve
thrombosis during pregnancy
Presentation with dyspnoea or with an embolic event
in patients with prosthetic valves must raise the
suspicion of valve thrombosis. Immediate transthoracic
echocardiography is indicated (figure 2); additional
transoesophageal echocardiography (TEE) is usually
necessary.22 If these examinations do not clearly con-
firm or rule out the diagnosis, fluoroscopy must be
performed.22 Fluoroscopy can be regarded as relatively
safe because the radiation dose for the foetus is very
limited and unlikely to have adverse effects.23 Shielding
of abdomen and pelvis is recommended. The 2007

ESC guidelines do not specify treatment of valve
thrombosis in pregnancy. Outside pregnancy, the
guidelines reserve fibrinolysis for critically ill patients
when surgery is not immediately available and for
patients with high surgical risk; in other cases surgery
is advised as treatment of choice. Several authors,
however, recommend fibrinolysis as the first choice in
all patients with valve thrombosis.24,25 The ESC guide-
lines recommend that in selected cases (non-critically
ill patients with recent inadequate anticoagulation or
small non-obstructive thrombi) anticoagulation can
be optimised first and if the thrombus disappears no
further treatment is necessary.20 In pregnant women the
risk of cardiac surgery for the mother is comparable
with the risk outside pregnancy. However, there is a
considerable risk of foetal loss (20 to 30%) associated
with cardiopulmonary bypass.26,27 Thrombolysis has
been used successfully in pregnant women with valve
thrombosis without negative effects on the foetus, but
only limited data are available.28 In pregnant women
fibrinolysis is probably a safer option than surgery in
most patients and should be considered. Streptokinase
(100,000 U/h after a bolus of 250,000 U) or urokinase
(4400 U/kg/h) can be given for a maximum of 72
hours, with three hourly transthoracic Doppler
echocardiographic monitoring of thrombus resolve-
ment. TEE should be performed after 24 hours and,
if necessary, repeated at 48 and 72 hours.29 When
surgery is necessary, deep hypothermia should be
avoided whenever possible, because it is associated with
foetal loss. Uterine contractions during surgery also
predict foetal loss, therefore continuous monitoring
of uterine contractions as well as of foetal heart rate is
recommended.30

Other risks
Thromboembolic episodes and embryopathy are not the
only risks that must be faced by women with mechanical
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Figure 2. Thrombosis of a St Jude aortic valve in a 28-week pregnant
30-year-old woman. Transthoracic parasternal long-axis view. Note
the narrow eccentric narrow systolic flow through the valve (left) and
the eccentric turbulent valvular regurgitant flow (right). Peak
pressure gradient was 70 mmHg.
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valves contemplating pregnancy. Symptomatic heart
failure has been reported in patients with depressed
systemic ventricular function and in patients who
developed arrhythmias during pregnancy.31 Patient-
prosthesis mismatch may also contribute to heart
failure: both in aortic and mitral valve prosthesis a
relation with heart failure was reported outside
pregnancy.32,33 In addition a case of heart failure during
pregnancy in a patient with patient-prosthesis mis-
match was recently published.34 The risk of foetal
complications including prematurity, low birth weight
and mortality is also increased.35

Bioprosthesis
The risks of embryopathy and of valve thrombosis with
considerable maternal mortality (estimated at 1 to 4%
per pregnancy) raises the question whether mechanical
valves should be implanted in girls and young women
who need valve surgery. Is valve replacement with a
bioprosthesis a better option in these patients? Maternal
mortality during pregnancy is considerably lower in
women with bioprostheses because the risk of valve
thrombosis is avoided.36 Foetal outcome also appears
to be better. The risk of heart failure and arrhythmias
is probably comparable.37 However, young women with
a bioprosthesis will almost certainly need re-operation,
which is associated with a 4 to 9% mortality.35 This
may well outweigh the risk of maternal mortality during
pregnancy with a mechanical valve, especially because
the rate of structural bioprosthetic valve degeneration
is high in young women leading to the necessity for re-
operation of 60 to 80% after ten years.12,35 The issue
whether or not pregnancy accelerates the rate of
structural valve deterioration has not been completely
resolved due to conflicting study results. The high
incidence of valve degeneration that has been reported
during pregnancy could be due to the young age of
the population.35 Structural valve deterioration rates
are higher in mitral than in aortic bioprosthesis.12

Homografts probably have the advantage of better
haemodynamics and lower valve deterioration rates.38,39

Maternal and foetal pregnancy complications also
appear to be lower in women with homografts com-
pared with heterografts.37 Only few pregnancies have
been reported in women with a Ross operation, but
cardiac complications seem to be limited.40,41 The re-
operation rate with this procedure is lower than with
aortic bioprosthesis, but higher than with mechanical
valves. The Ross operation is complex and operation
mortality was initially high, but is acceptable in later
series. In experienced surgical hands, the Ross pro-
cedure can be an attractive alternative in women of
child-bearing age with severe aortic valve disease. 

Pre-pregnancy intervention in native valve disease
When a woman with native valve disease presents with
the desire to become pregnant, a risk assessment must
be performed in order to decide whether intervention
is necessary before pregnancy. Stenotic lesions carry a

higher maternal risk than regurgitant lesions. Pregnancy
has a favourable maternal outcome in mild mitral
stenosis. Moderate and severe mitral stenosis, however,
are associated with maternal complications in 40 to
70%,42,43 but mortality is rare. Mild and moderate aortic
stenosis is well tolerated. In severe aortic stenosis
cardiac complications are reported in at least 10% with
low mortality.44,45 However, though mitral and aortic
stenosis are well recognised predictors of maternal
adverse outcome,46 mechanical prosthesis has been
reported to be an even stronger predictor of maternal
complications in the Dutch ZAHARA study (results
reported at the ESC congress 2007 by W. Drenthen).
Bioprostheses are not an ideal alternative because of the
mortality risk associated with the re-operation that is
inevitable at young age. Women with severe mitral
stenosis and symptomatic moderate mitral stenosis
contemplating pregnancy should preferably be treated
with percutaneous mitral balloon valvuloplasty before
pregnancy.47 In aortic stenosis the Ross operation or
homograft implantation may be a better option than
a bioprosthesis. Mechanical valve implantation should
be avoided whenever possible. In patients with severe
mitral regurgitation surgical valvuloplasty should be
considered; when the valve is not suitable for valvulo-
plasty and in aortic regurgitation pre-pregnancy surgery
is usually not advisable.47 ■
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