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Anticoagulation in Pregnant Women
With Prosthetic Heart Valves

Uri Elkayam, MD, Harpreet Singh, MD, Adil Irani, MD, and Mohammed W. Akhter, MD

Background: Pregnancy is associated with an increased risk of thrombosis in women with
mechanical prosthetic heart valves. Effective anticoagulation is therefore critical in such
patients but remains problematic, since oral anticoagulation and both unfractionated and low-
molecular-weight heparin may be associated with important fetal and maternal side effects.
Purpose: To review information related to the use of anticoagulation with both warfarin and
heparin and reassess the safety and efficacy of these therapies in pregnant women with
mechanical prosthetic heart valves.

Data source and selection: A MEDLINE search from 1966 to October 2003 for English and
non-English language articles that reported the use of anticoagulation in pregnancy was con-
ducted. Articles were included if they reported use of anticoagulation in pregnancy with
emphasis on those that included women with mechanical prosthetic heart valves.
Conclusions: Anticoagulation prophylaxis with both warfarin and heparin (unfractionated
heparin and low-molecular-weight heparin) may be associated with important fetal and
maternal side effects. Optional regimens for the treatment of low-risk and high-risk patients

are proposed to minimize potential complications.
Key Words: anticoagulation prophylaxis, pregnancy, mechanical prosthetic heart valves.

Pregnancy is associated with an increased risk of
thrombosis in women with mechanical prosthetic
heart valves (1,2). Recent reports have described
thromboembolic events in 7% to 23% (average 13%)
of such cases; in half of them with valve thrombosis,
fatalities were 40% (3-7). Effective anticoagulation is
therefore critical in such patients but remains prob-
lematic since both oral anticoagulation and unfrac-
tionated heparin are associated with important fetal
and maternal side effects (1-13). In this article, we
review new information related to the use of anticoag-
ulation with both warfarin and heparin and reassess
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the safety and efficacy of these therapies in pregnant
women with mechanical prosthetic heart valves.

Unfractionated Heparin

Unfractionated heparin has been traditionally consid-
ered the drug of choice for the prevention and treatment
of thrombotic disorders during pregnancy (1,11-14).
This drug does not cross the placenta and therefore
offers little direct risk to the fetus. The use of unfrac-
tionated heparin, however, is not without problems
and may be associated with adverse effects such as
heparin-induced osteopenia (15) that may lead to
symptomatic vertebral fracture in approximately 2%
of women and thrombocytopenia in a rare minority
(14,15).

In addition, two retrospective surveys conducted in
Europe and a prospective study performed in Mexico
reported a high incidence of valve thrombosis in
patients with mechanical prosthetic heart valves who
were treated with unfractionated heparin (4,5,7).
Although the clinical implications of these data have
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been questioned (11) owing to their retrospective
design, the lack of information related to activated
partial thromboplastin time levels, and the use of old-
generation thrombogenic mechanical valves in most
cases (16), these reports influenced guidelines by the
European Society of Cardiology (17) and the
American Heart Association/American College of
Cardiology (18), both of which declared the use of
unfractionated heparin less safe and advocated the use
of oral anticoagulation during gestation in women
with mechanical prosthetic heart valves.

Woarfarin

Exposure to warfarin during the first 8 to 12 weeks of
gestation, however, is associated with significant risk
to the fetus (19). A recent review of 792 patients with
prosthetic heart valves who received warfarin during
pregnancy reported a high frequency of spontaneous
abortions (25%), warfarin embryopathy (6%), and
fetal wastage (34%) (19). These complications were
markedly reduced by the initiation of heparin prior to
the sixth gestational week.

A recent prospective study by Vitale et al (20) also
reported a high frequency (88%) of fetal complications,
including spontaneous abortions, congenital heart dis-
ease, growth retardation, and warfarin embryopathy, in
women with prosthetic heart valves, who were treated
with warfarin at a dose exceeding 5 mg/day throughout
the pregnancy. Sadler et al (9) reported similar results,
regardless of the warfarin dose.

Use of oral anticoagulation during pregnancy may
also be associated with fatal hemorrhage in the fetus
and central nervous system abnormalities (21). A
study of long-term effects of prenatal warfarin expo-
sure in 274 school-age children showed an increase in
minor neurologic dysfunction and low intelligence
quotients (IQ below 80) (22). Because of these risks,
a consideration of pregnancy termination has been
recommended by the manufacturer (21) in patients
who become pregnant while being treated with war-
farin, and both women and physicians have been
reluctant to use warfarin during the first gestational
trimester (11,18,23).

Low-Molecular-Weight Heparin

Because of the concerns related to the use of both war-
farin and unfractionated heparin, interest has
increased in the use of low-molecular-weight heparin
for thromboprophylaxis of patients with mechanical

prosthetic heart valves during pregnancy (8,11,12).
Similar to unfractionated heparin, low-molecular-
weight heparin does not cross the placental barrier
(24-27). In addition, it has several potential advan-
tages, including fewer bleeding complications, a high-
er resistance to inhibition by activated platelets (25), a
lower frequency of heparin-induced thrombocytope-
nia (28-30), although overall incidence of heparin
induced thrombocytopenia was reported to be rare in
pregnancy according to one study (31); a lower inci-
dence of osteoporosis (28), superior subcutaneous
absorption and bioavailability (14) (90% vs. 10%),
and a twofold to fourfold longer half life. Because
low-molecular-weight heparin does not bind to plas-
ma proteins, it may be associated with a more pre-
dictable dose response (23).

Can low-molecular-weight heparin be used for
thromboprophylaxis in pregnant women with mechan-
ical prosthetic heart valves? Substantial evidence
shows the efficacy and safety of these drugs in the pre-
vention and treatment of thromboembolism during
pregnancy in patients with evidence of deep vein
thrombosis and thrombophilia (25). Clinical informa-
tion is also available on the short-term use of low-
molecular-weight heparin for thromboprophylaxis in
nonpregnant patients with prosthetic heart valves
(32-35). Published data on the use of low-molecular-
weight heparin in women with mechanical prosthetic
heart valves during pregnancy are presently limited to
small groups of patients (8—10,12,36,37) or to isolated
reports (38-44), with several of these cases compli-
cated by valve thrombosis (Table 1).

Although this seemingly high incidence of throm-
botic complications may raise a concern regarding the
safety of low-molecular-weight heparin (46), it proba-
bly reflects a biased reporting of cases with complica-
tions. In addition, most of these cases have been asso-
ciated with an inadequate dose, lack of monitoring, or
subtherapeutic anti-Xa levels (10,36,38,41-43). For
example:

e Lev-Ran et al (41) reported the thrombosis of a
Bicarbon (Sorin Biomedica S.p.A., Via Crescentino,
Italy) valve in the 35th week of gestation with the use
of only 40 mg/day of enoxaparin.

e Berndt et al (38) described thrombosis of a
CarboMedics (Austin, Texas) mitral prosthesis during
the second month of gestation after 1 month of treat-
ment with enoxaparin at 20 mg/day without the mon-
itoring of anti-factor Xa activity.

* Rowan et al (10) reported on 1 of 14 pregnancies
in 11 women with prosthetic heart valves, treated with
enoxaparin, who developed a thrombosis of a St. Jude
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Medical (St. Paul, Minn) mitral prosthesis at 20
weeks. In spite of a relatively high dose (0.93 mg/kg,
twice daily), predose anti-factor Xa level was subther-
apeutic at 0.22 U/mL.

* Arnaout et al (36) reported a 20% incidence of
valve thrombosis in 10 pregnancies of women with
prosthetic heart valves treated with a fixed dose (7500
U, twice daily) of Fraxiparine without the monitoring
of anti-Xa levels.

The Heparin In Pregnancy—Cardiac Valve Thrombo-
prophylaxis (HIP-CAT) study was initiated in South
Africa in 1999 as a multicenter, randomized (but
unblinded) controlled trial designed to compare
enoxaparin with standard therapy of warfarin and
unfractionated heparin in 110 pregnant women with
new-generation prosthetic heart valves from St. Jude
Medical, Medical (Minneapolis, Minn), Medtronic-
Hall (Minneapolis, Minn) or CarboMedics (45).
Enoxaparin (1 mg/kg twice daily) was given subcuta-
neously and was adjusted to maintain a peak (3 hours
postdose) anti-Xa level below 1.2 U/mL. The protocol
however did not adjust for subtherapeutic values.

This study was prematurely discontinued after 2 of
7 patients who were treated with enoxaparin devel-
oped fatal valve dysfunction. The first patient, who
had aortic and mitral Hall-Caster (Medical Inc.,
Minneapolis, Minn) valves, died of valve dysfunction
at 32 weeks after treatment with enoxaparin for 15
weeks. Records of compliance with therapy were not
available, and recorded anti-Xa levels ranged between
0.422 and 0.694 U/mL at trough and 0.644 and 1.07
U/mL at peak. The second patient developed a throm-
bosis of a CarboMedics mitral prosthetic valve at the
14th week after 5 weeks of twice-daily doses of
enoxaparin. Two of three measured predose anti-Xa
levels were subtherapeutic.
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A review of anti-Xa levels in all seven patients
treated with enoxaparin in the HIP-CAT study demon-
strated occasional subtherapeutic trough and peak val-
ues in most of the patients. These findings support
reports of lower anti-factor Xa levels during pregnan-
cy (47,48), possibly owing to the normal increase in
plasma volume and glomerular filtration rate, as well
as increased production of placental heparinase during
pregnancy (47-49) and suggest a need for higher
doses of low-molecular-weight heparin for adequate
treatment. Because of safety concerns, a warning was
issued by the manufacturer of enoxaparin (Aventis
Pharmaceuticals Inc. Bridgewater, New Jersey)
against its use for thromboprophylaxis in both preg-
nant and nonpregnant patients with mechanical pros-
thetic heart valves (50).

A recent detailed review of all three anticoagulation
options for pregnant patients who have prosthetic
heart valves (ie, unfractionated heparin, low-molecu-
lar-weight heparin, and oral anticoagulants) has, how-
ever, concluded that all three regimens were under-
studied and that low-molecular-weight heparin could
in fact be the best available option (51). More recent-
ly, the initial warning by the manufacturer has been
rephrased to the “use of Lovenox for thromboprophy-
laxis in pregnant women with mechanical prosthetic
heart valves has not been adequately studied,” and
recommendations for dose adjustment guided by a fre-
quent monitoring of peak and trough anti-factor Xa
levels have been added (52).

Monitoring of Anticoagulation
During Pregnancy

The anticoagulant effect of unfractionated heparin is
most commonly monitored by the activated partial

Table 1. Cases of Valve Thrombosis in Pregnant Patients with Mechanical
Prosthetic Heart Valves Treated with Low-Molecular-Weight Heparin

Anti-Xa Activity

Author Drug Dose Predose Peak Level Type of Valve Position

1. Lev-Ran (41) Enoxaparin 40 mg/QD NM NM Sorin Bicarbon Mitral

2. Berndt (38) Enoxaparin 20 mg/QD NM NM Carbon-Medics Mitral

3. Oles (42) Enoxaparin 1 mg/Kg BID NM NM St. Jude Mitral

4. Rowan (10) Enoxaparin 0.93 mg/KG 0.22 U/mL NA St. Jude Mitral

5. Arnaout (36) Fraxiparine 7500 U/BID NM NM St. Jude Mitral

6. Arnaout (36) Fraxiparine 7500 U/BID NM NM NA NA

7. HIP-CAT (45) Enoxaparin 80 mg/BID 0.4-0.7 U/mL 0.6-1.1 U/mL Hall-Caster Aortic & Mitral
8. HIP-CAT (45) Enoxaparin 80 mg/BID 0.26-0.67 U/mL 0.47-1.2 U/mL Carbo-Medics Mitral

NM = not measured.
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thromboplastin time, which is a measure of thrombin,
factor Xa, and factor IXa inhibition (53). The thera-
peutic range for activated partial thromboplastin time
value has been traditionally considered to be 1.5 to 2.5
times the control value. However, the different com-
mercial activated partial thromboplastin time reagents
vary in their sensitivity to heparin, and any fixed acti-
vated partial thromboplastin time is unreliable. For
this reason it has been recommended that each institu-
tion establish a therapeutic activated partial thrombo-
plastin time range by calibrating it against the heparin
concentration from blood samples of patients who are
receiving heparin (53,54).

It should also be noted that the activated partial
thromboplastin time becomes short (to a variable
degree) during pregnancy as a result of the elevation
of procoagulant clotting factors (1). The reported acti-
vated partial thromboplastin time ratio may therefore
be misleading and needs to be validated periodically
by the use of specific heparin assays such as anti-Xa
levels (1).

Low-molecular-weight heparin has an excellent
bioavailability when it is administered subcutaneous-
ly and therefore, laboratory monitoring is not required
when it is when used for prophylaxis or the treatment
of venous thromboembolisms. However, in patients at
high risk of thrombotic events who are receiving low-
molecular-weight heparin for prolonged periods of
time, monitoring of anticoagulation level using an
anti-Xa activity has been recommended (55,56).

Although the antithrombotic effect of low-molecu-
lar-weight heparin includes inhibition of thrombin
generation (anti-Ila activity) and platelet aggregation,

as well as release of tissue factor pathway inhibitor, its
primary therapeutic effect is through the inhibition of
coagulation factor Xa. For this reason measurement of
anti-Xa concentration has been the method currently
recommended (53-56) and most widely used for the
assessment of therapeutic anticoagulation with low-
molecular-weight heparin. This assay has been shown
to correlate with other blood tests that evaluate over-
all anticoagulation, such as HEPTEST and thromboe-
lastography (57,58), and has been helpful in determin-
ing the level of anticoagulation with low-molecular-
weight heparin during high-risk pregnancies (59) and
in nonpregnant patients with cardiovascular condi-
tions that increase their risk for thromboembolic com-
plications (34,60,61).

Published Guidelines

The American College of Cardiology/American Heart
Association Task Force report published guidelines
for the Management of Patients with Valvular Heart
Disease in 1998 and included recommendations for
anticoagulation during pregnancy in patients with
mechanical prosthetic valves (18) (Table 2). These
recommendations preferred the use of warfarin, espe-
cially in high-risk women (a history of thromboem-
bolism or an older-generation mechanical prosthesis
in the mitral position) through week 35, when it
should be substituted with unfractionated heparin in
anticipation of labor.

These recommendations also recognized that for
many women, the risk of warfarin embryopathy (4%

Table 2. ACC/AHA Recommendation for Anticoagulation During Pregnancy
in Patients with Mechanical Prosthetic Valves*

1. The decision whether to use heparin during the first trimester or to continue oral anticoagulation throughout pregnancy should be made after full
discussion with the patient and her partner; if she chooses to change to heparin for the first trimester, she should be made aware that heparin is
less safe for her, with a higher risk of both thrombosis and bleeding, and that any risk to the mother also jeopardizes the baby.

2. High-risk women (a history of thromboembolism or an older-generation mechanical prosthesis in the mitral position) who choose not to take
warfarin during the first trimester should receive continuous unfractionated heparin intravenously in a dose to prolong the midinterval (6 hours
after dosing) activated partial thromboplastin time to 2 to 3 times control. Transition to warfarin can occur thereafter.

3. In patients receiving warfarin, international normalized ratio should be maintained between 2.0 and 3.0 with the lowest possible dose of warfarin,

and low-dose aspirin should be added.

4. Women at low risk (no history of thromboembolism, newer low-profile prosthesis) may be managed with adjusted-dose subcutaneous heparin
(17,500 to 20,000 U twice daily to prolong the midinterval (6 hours after dosing) activated partial thromboplastin time to 2 to 3 times control.

5. Warfarin should be stopped no later than week 36 and heparin substituted in anticipation of labor.

6. If labor begins during treatment with warfarin, a caesarian section should be performed.

7. In the absence of significant bleeding, heparin can be resumed 4 to 6 hours after delivery and warfarin begun orally.

*See reference 17.
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to 10%) was unacceptable and recommended continu-
ous unfractionated heparin intravenously during the
first trimester to women who chose not to take war-
farin. The report recognized the potential advantages
of low-molecular-weight heparin over unfractionated
heparin, but stated that there were no data to guide
their use in pregnant women with mechanical pros-
thetic heart valves.

More recent recommendations published in 2001 as
part of the Sixth American College of Chest Physician
(ACCP) Consensus on antithrombotic therapy are
shown in Table 3 (62). These recommendations do not
differentiate between low-risk and high-risk patients
and include the option of the use of adjusted dose low-
molecular-weight heparin either throughout pregnan-
cy or during the first trimester and second part of the
third trimester.

Summary and Recommendations

Pregnancy in patients with mechanical prosthetic
heart valves is associated with an increased risk of
thromboembolic complications that requires effective
anticoagulation (Fig. 1) Because of the lack of con-
trolled trials, present recommendations have to rely on
available—albeit incomplete—information. Decisions
on the choice of therapy should be made both by
physicians and patients, who should be fully informed
of the potential risks that are associated with various
therapeutic options.

Thromboembolic prophylaxis in high-risk patients
(older-generation prosthetic heart valves in the mitral
position, atrial fibrillation, and history of thromboem-
bolic events) seems to be best achieved with oral anti-
coagulation for the first 35 weeks. One study showed
that warfarin at a daily dose of 5 mg or less was asso-

Anticoagulation in Pregnancy <+ Elkayam etal. |11

ciated with a lower incidence of adverse effects (20);
however, this result could not be confirmed in others
studies (8,9).

The recent ACCP consensus conference on
antithrombotic therapy recommended a target interna-
tional normalized ratio of 3.0 (2.5 to 3.5) in nonpreg-
nant patients with mechanical prosthetic heart valves
and additional risk factors (63). These recommenda-
tions should also be applied to pregnancy, since it is
associated with increased risk. Because of the high
incidence of premature labor in women with prosthet-
ic heart valves (7,11), warfarin should be substituted
with heparin at the 35th gestational week to avoid
onset of labor while the patient on warfarin therapy.
Delivery, even by cesarean section, places a fully anti-
coagulated, preterm infant (< 32 weeks) at high risk
for intracranial hemorrhage (64,65); therefore, earlier
substitution with heparin should be considered in
women with a higher likelihood for a premature deliv-
ery (history of previous preterm delivery, shortened
and dilated cervix, cardiac surgery during pregnancy,
and multiple gestations).

Heparin (either unfractionated heparin or low-
molecular-weight heparin) is an alternative therapy
for women who elect to avoid warfarin during the
first trimester and should also be used in the last 5
weeks of pregnancy. To assure adequacy of anticoag-
ulation during the change from warfarin to heparin,
it should preferably be done in the hospital with
close monitoring.

Because of the reports of possible resistance to
moderate doses of unfractionated heparin in high-risk
women with mechanical prosthetic heart valves, a
high heparin dose should be started (starting dose
7500 to 20,000 U, every 12 hours) (66) and adjusted
to a midinterval activated partial thromboplastin time
ratio of = 2 times control in lower and > 2.5 times in

Table 3. Recommendations of the Sixth ACCP Consensus Conference on Antithrombotic
Therapy for Prophylaxis in Patients with Mechanical Heart Valves*

1. Aggressive adjusted-dose unfractionated heparins, given every 12h subcutaneously throughout pregnancy; midinterval activated partial thrombo-
plastin time maintained at > 2 times control levels, or anti-Xa heparin level maintained at 0.35 to 0.70 IU/mL

2. Low molecular weight heparins throughout pregnancy, in doses adjusted according to weight or as necessary to maintain a 4-h postinjection anti-

Xa heparin level of about 1.0 IU/mL.

3. Unfractionated heparins or low molecular weight heparins, as above, until the 13th week; change to warfarin until the middle of the third
trimester, then restart unfractionated heparins or low molecular weight heparins therapy until delivery.

*See reference 62.
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Pregnancy in a patient with mechanical heart valve

Higher Risk

First generation prosthesis (e.g.,
Starr-Edwards, Bjork Shiley) in the
mitral position, A-fib, Hx of TE

Lower Risk

Second generation prosthesis (e.g., St. Jude Medical,
Medtronic-Hall) and any mechanical prosthesis in the
aortic position

Coumadin (INR 2.5 - SC UFH (aPTT >2.5)
3.5) for 35 weeks or LMWH (predose
followed by IV UFH anti Xa ~0.7) for 12
{aPTT of weeks
2.5 -3.5)
+
ASA 80-100 mg qd Coumadin &INR 2.5-

SC UFH (aPTT 2.0-
3.0) for 12 weeks or
LMWHs (predose
anti Xa ~0.6)

Coumadin (INR 2.5-

SC UFH (aPTT 2.0-
3.0) throughout
pregnancy or
LMWHs (predose
anti Xa ~0.6)

3.5) to 35 week

v

IV UFH (aPTT >2.5)
or LMWHs (predose
anti Xa ~0.7) + ASA

80-100 mg qd

3.0) to 35" week

v

SC UFH (aPTT 2.0-
3.0) or LMWHSs
(predose anti Xa
~0.6)

Fig. 1. Recommended approach for anticoagulation prophylaxis in women with mechanical prosthetic heart valves during pregnancy.

higher risk patients, respectively (11,12,63). Unfrac-
tionated heparin has a relative short duration of action,
therefore, predose activated partial thromboplastin
time values should be measured to determine a poten-
tial need of dosing every 8 hours. Since there is no
evidence for an increased risk of thromboembolism
with unfractionated heparin in low-risk patients
(prosthetic valve in the aortic position and new gen-

eration prosthetic valves), adjusted-dose heparin
throughout pregnancy (midinterval activated partial
thromboplastin time 2.0 to 3.0 times control) may be
adequate (12).

The use of warfarin during weeks 13 to 35 is an
alternative regimen in cases where self-injection of
heparin is not desirable. The change of subcutaneous
unfractionated heparin to in-hospital intravenous
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administration, prior to elective delivery may be
advisable, since it allows the discontinuation of thera-
py 4 hours before the delivery is expected (67).

To detect heparin-induced osteoporosis, bone densit-
ometry has been recommended after delivery in women
who have been treated with unfractionated heparin
throughout pregnancy, so that dietary, life-style, and
therapeutic modifications can be made if needed (14).

Low-molecular-weight heparin has been recom-
mended as an alternative to unfractionated heparin in
the recently published Sixth American College of Chest
Physicians Consensus Conference on Antithrombotic
Therapy (63). These recommendations call for the use
of adjusted-dose low-molecular-weight heparin given
subcutaneously every 12 hours, aiming at peak anti-fac-
tor Xa heparin levels of around 1.0 U/mL.

Recent work by Barbour et al (68), however,
showed that with the use of low-molecular-weight
heparin during pregnancy, trough levels were in the
therapeutic range of 0.5 U/mL in only 16% of cases at
peak levels between 0.75 and 1.0 U/mL. This infor-
mation, and the evidence of risk of valve thrombosis
with subtherapeutic predose anti-Xa levels, suggests
the importance of routine measurements of trough lev-
els that should be maintained at the upper therapeutic
range (0.6 to 0.7 U/mL).

In addition, peak values should be measured to pre-
vent excessive levels (ie, > 1.5 U/mL), which have
been shown to be associated with an increased rate of
bleeding in patients with other cardiac conditions
(60,61). To assure patient compliance and to maintain
therapeutic levels during pregnancy, which requires
dose adjustment (68,69), anti-factor Xa activity
should be measured at least every 2 weeks. Because of
its longer half-life and in order to prevent complica-
tions associated with epidural anesthesia, catheter
placement within 10 to 12 hours of the last low-mole-
cular-weight heparin dose is not advised (24). For this
reason, low-molecular-weight heparin should be with-
drawn 18 to 24 hours before an elective delivery and
substituted with intravenous unfractionated heparin.

A number of studies have shown a substantial
reduction in the incidence of systemic embolization or
death when low-dose aspirin is added to warfarin in
patients with mechanical prosthetic heart valves
(70-72). Since a small dose of aspirin (60 to 150
mg/day) is safe during pregnancy (11,62,63), it may
be used in addition to anticoagulation to maximize the
antithrombotic effect (Fig. 1).

The need for anticoagulation in pregnant women
with mechanical prosthetic heart valves presents a dif-
ficult choice for patients and their physicians (58).
Data are insufficient to reliably predict efficacy and
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safety, and all anticoagulation options are associated
with some risks. These risks can be minimized by a
strong commitment by both physicians, as well as
patients, to a strict compliance with therapy and a
close follow-up. It is also recommended that this
group of high-risk patients be managed by practition-
ers at institutions with expertise and experience in this
clinical area.

More information will be needed before final rec-
ommendations can be made. For this reason, we are
presently conducting a national survey of pregnancies
in women with mechanical prosthetic heart valves that
will possibly provide answers to the existing questions
regarding anticoagulation in this patient population. In
addition, a strong plea should be made for the design
of a large, prospective study, or a registry, to further
evaluate the risks that are associated with currently
used mechanical prosthetic heart valves during preg-
nancy and the efficacy, as well as, safety of various
anticoagulation regimens and their appropriate moni-
toring in the thromboprophylaxis of such women.

Acknowledgments

We are indebted to Linda A. Barbour, MD, University
of Colorado Health Science Center; Jaweed Fareed,
PhD, Loyola University of Chicago; T. Murphy
Goodwin, MD and Gladys Mitani, PharmD,
University of Southern California, Keck School of
Medicine, Los Angeles; James A. Thorp, MD,
University of Florida at Pensacola; and Uri Seligson,
MD, Sackler Faculty of Medicine Tel-Aviv University
Israel for their helpful comments.

References

1. McGehee W. Anticoagulation in pregnancy. In Elkayam U,
Gleicher N, (eds), Cardiac Problems in Pregnancy, 3rd edi-
tion. New York: Wiley-Liss, 1998, pp 407-417

2. Elkayam U, Khan SS. Pregnancy in the patient with an
artificial heart valve. In Elkayam U, Gleicher N, (eds),
Cardiac Problems in Pregnancy, 3rd edition. New York:
Wiley-Liss, 1998, pp 61-78

3. Born D, Martinez EE, Almeida PA, et al. Pregnancy in
patients with prosthetic heart valves: The effects of antico-
agulation on mother, fetus and neonate. Am Heart J
124:413-417, 1992

4. Sbarouni E, Oakley CM. Outcome of pregnancy in women
with valve prostheses. Br Heart J 71:196-201, 1994

5. Hanania G, Thomas D, Michel PL, et al. Pregnancy in
patients with heart valve prosthesis. A French retrospective
cooperative study (155 cases). Arch Mal Coeur
87:429-437, 1994

Downloaded from http://cpt.sagepub.com at UNIV OF SOUTHERN CALIFORNIA on January 17, 2008
© 2004 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.


http://cpt.sagepub.com

114 Journal of Cardiovascular Pharmacology and Therapeutics

6.

10.

11.

12.

13.

14.

18.

19.

20.

21.

22.

23.

24.

Lee CN, Wu CC, Lin PY, et al. Pregnancy following car-
diac prosthetic valve replacement. Obstet Gynecol
83:353-356, 1994

Salazar E, Izaguirre R, Verdejo J, et al. Failure of adjusted
doses of subcutaneous heparin to prevent thromboembolic
phenomena in pregnant patients with mechanical cardiac
valve prostheses. J Am Coll Cardiol 27:1698-1703, 1996
Meschengieser SS, Fondevila CG, Santarelli MT, et al.
Anticoagulation in pregnant women with mechanical heart
valve prostheses. Heart 82:23-26, 1999

Sadler L, McCowan L, White H, et al. Pregnancy out-
comes and cardiac complications in women with mechan-
ical, bioprosthetic and homograft valves. Br J Obstet
Gynecol 107:245-253, 2000

Rowan JA, McCowan LM, Raudkivi PJ, et al. Enoxaparin
treatment in women with mechanical heart valves during
pregnancy. Am J Obstet Gynecol 185:633-637, 2001
Elkayam U. Anticoagulation in pregnant women with
prosthetic heart valves: A double jeopardy. J Am Coll
Cardiol 27:1704-1706, 1996

Elkayam U. Pregnancy through a prosthetic heart valve.
J Am Coll Cardiol 33:1642-1645, 1999

Hung L, Rahimtoola SH. Prosthetic heart valves and preg-
nancy. Circulation 107:1240-1246, 2003

Barbour LA, Pickard J. Controversies in thromboembolic
disease during pregnancy: A critical review. Obstet
Gynecol 86:621-633, 1995

. Dahlman TC. Osteoporotic fractures and the recurrence of

thromboembolism during pregnancy and the puerperium in
184 women undergoing thromboprophylaxis with heparin.
Am J Obstet Gynecol 168:1265-1270, 1993

. Vongpatanasin W, Hillis LD, Lange RA. Prosthetic heart

valves. N Engl J Med 335:407-416, 1996

. Gohlke-Barwolf C, Acar J, Oakley C, et al. Guidelines for

prevention of thromboembolic events in valvular heart dis-
ease. Study group of the working group on valvular heart
disease of the European Society of Cardiology. Eur Heart
J 16:1320-1330, 1995

Bonow RO, Carabello B, DeLeon AC, et al. ACC/AHA
guidelines for the management of patients with valvular
heart disease. ] Am Coll Cardiol 32:1486-1588, 1998
Chan WS, Anand S, Ginsberg JS. Anticoagulation of preg-
nant women with mechanical heart valves. A systemic
review of the literature. Arch Intern Med 160:191-196, 2000
Vitale N, De Feo M, De Santo LS, et al. Dose-dependent
fetal complications of warfarin in pregnant women with
mechanical heart valves. J Am Coll Cardiol 33:1637-1641,
1999

Physician’s Desk Reference 2001, Medical Economics
Company, Inc. New Jersey, p 1138

Wesseling J, Van Driel D, Heymans HS, et al. Coumarins
during pregnancy: Long-term effects on growth and devel-
opment of school-age children. Thrombosis Hemost
85:609-613, 2001

Evans W, Laifer SA, McNanley TJ, et al. Management of
thromboembolic disease associated with pregnancy.
J Maternal Fetal Med 6:21-27, 1997

Laurent P, Dussarat GV, Bonal J, et al. Low molecular
weight heparins: A guide to their optimum use in pregnan-
cy. Drugs 62:463-477, 2002

25

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Vol.9 No.2 2004

. Ensom MH, Stephenson MD. Low-molecular-weight
heparins in pregnancy. Pharmacotherapy 19:1013-1025,
1999

Omri A, Delaloye JF, Andersen H, et al. Low molecular
weight heparin Novo (LHN-1) does not cross the placenta
during the second trimester of pregnancy. Thromb Hemost
61:55-56, 1989

Harenberg J, Schneider D, Heilmann L, et al. Lack of anti-
factor Xa activity in umbilical cord vein samples after sub-
cutaneous administration of heparin or low molecular mass
heparin in pregnant women. Haemostasis 23:314-320,
1993

Weitz JI. Low-molecular-weight heparins. N Engl J Med
337:688-698, 1997

Melandri G, Semprini F, Cervi V, et al. Comparison of effi-
cacy of low molecular weight heparin (parnaparin) with
that of unfractionated heparin in the presence of activated
platelets in healthy subjects. Am J Cardiol 72:450-454,
1993

Warkentin TE, Levine MN, Hirsh J, et al. Heparin-induced
thrombocytopenia in patients treated with low molecular-
weight heparin or unfractionated heparin. N Engl J Med
332:1330-1335, 1995

Fausett MB, Vogtlander M, Lee RM, et al. Heparin-
induced thrombocytopenia is rare in pregnancy. Am J
Obstet Gynecol 185:148-152, 2001

Spandorfer JM, Lynch S, Weitz HH, et al. Use of enoxa-
parin for the chronically anticoagulated patient before and
after procedures. Am J Cardiol 84:478-480, 1999

Galla JM, Fuhs BE. Outpatient anticoagulation protocol
for mechanical valve recipients undergoing non-cardiac
surgery. J Am Coll Cardiol. 135:531A, 2000

Montalescot G, Polle V, Collet JP, et al. Low molecular
weight heparin after mechanical heart valve replacement.
Circulation 101:1083-1086, 2000

Johnson J, Turpie AG. Temporary discontinuation of oral
anticoagulants: Role of low molecular weight heparin
[abstract]. Thromb Haemost 2323, 2001

Arnaout MS, Kazma H, Khalil A, et al. Is there a safe anti-
coagulation protocol for pregnant women with prosthetic
valves? Clin Exp Obst Gyn 25:101-104, 1998

Lee LH, Liauw PC, Ng AS. Low molecular weight heparin
for thromboprophylaxis during pregnancy in 2 patients
with mechanical mitral valve replacement. Thromb
Haemost 76:628-630, 1996

Berndt N, Khan I, Gallo R. A complication in anticoagula-
tion using low-molecular weight heparin in a patient with
a mechanical valve prosthesis. A case report. J Heart Valve
Dis 9:844-846, 2000

Ellison J, Thomson AJ, Walker ID, et al. Use of enoxaparin
in a pregnant woman with a mechanical heart valve pros-
thesis. Br J Obstet Gynecol 108:757-759, 2001

Idir M, Madonna F, Roudant R. Collapse and massive pul-
monary edema secondary to thrombosis of a mitral
mechanical heart valve prosthesis during low-molecular
weight heparin therapy. J Heart Valve Dis 8:303-304, 1999
Lev-Ran O, Kramer A, Gurevitch J, et al. Low-molecular-
weight heparin for prosthetic heart valves: Treatment fail-
ure. Ann Thorac Surg 69:264-266, 2000

Downloaded from http://cpt.sagepub.com at UNIV OF SOUTHERN CALIFORNIA on January 17, 2008
© 2004 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.


http://cpt.sagepub.com

42.

43.

44.
45,
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Oles D, Berryessa R, Campbell K, et al. Emergency redo
mitral valve replacement in a 27-year-old pregnant female
with a clotted prosthetic mitral valve, preoperative fetal
demise and postoperative ventricular assist device: A case
report. Perfusion 16:159-164, 2001

Tenconi PM, Gatti L, Acacia B. Low molecular weight
heparin in pregnant women with mechanical heart valve
prosthesis: A case report [abstract]. Thromb Haemost 734,
1997

Naqvi TZ, Foster E. Anticoagulation during pregnancy.
Curr Womens Health Rep 2:95-104, 2002

Data on file, Aventis Pharmaceuticals

Leyh RT, Fischer S, Ruhparwar, et al. Anticoagulant ther-
apy in pregnant women with mechanical heart valves. Arch
Gynecol Obstet 268:1-4, 2003

Brennand JE, Walker ID, Greer IA. Anti-activated factor X
profiles in pregnant women receiving antenatal thrombo-
prophylaxis with enoxaparin. Acta Haematol 101:53-55,
1999

Casele HL, Laifer SA, Woelkers DA, et al. Changes in the
pharmacokinetics of low-molecular-weight heparin enoxa-
parin sodium during pregnancy. Am J Obstet Gynecol
181:1113-1117, 1999

Blomback M, Bremme K, Hellgren M, et al. A pharmaco-
kinetic study of dalteparin (Fragmin) during late pregnan-
cy. Blood Coagul Fibrinolysis 9:343-350, 1998
Lovenox injection  (package insert).
Pharmaceuticals, 2002

Anticoagulation and enoxaparin use in patients with pros-
thetic heart valves and/or pregnancy. Clinical Consensus
Reports 3:1-20, 2002
Lovenox  injection
Pharmaceuticals, 2003
Hirsh J, Warkentin TE, Raschke R, et al. Heparin and low-
molecular-weight heparin: Mechanisms of action, pharma-
cokinetics, dosing considerations, monitoring, efficacy,
and safety. Chest 114:489S-510S, 1998

Volles DF, Ancell CJ, Michael KA, et al. Establishing an
institution-specific therapeutic range for heparin. Am J
Health Syst Pharm 55:2002-2006, 1998

Laposata M, Green D, Van Cott EM, et al. College of
American Pathologists Conference XXXI on laboratory
monitoring of anticoagulation therapy: The clinical use
and laboratory monitoring of low-molecular-weight
heparin, danaparoid, hirudin and related compounds, and
argatroban. Arch Pathol Lab Med 122:799-807, 1998
Duplaga BA, Rivers CW, Nutescu E. Dosing and monitor-
ing of low-molecular-weight heparins in special popula-
tions. Pharmacotherapy 21:218-234, 2001

Campbell PJ, Tirvengadum MA, Pickering W, et al. HEP-
TEST: A suitable method for monitoring heparin during
pregnancy. Clin Laboratory Haematol 21:193-199, 1999
Klein SM, Slaughter TF, Vail PT, et al. Thrombo-
elastography as a perioperative measure of anticoagulation
resulting from low molecular weight heparin: A compari-
son with anti-Xa concentrations. Anesth Analg.
91:1091-1095, 2000

Aventis

(package insert).  Aventis

Anticoagulation in Pregnancy

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Elkayam et al. 115

Nelson-Piercy C, Letsky EA, de Swiet M. Low-molecular-
weight heparin for obstetric thromboprophylaxis:
Experience of sixty-nine pregnancies in sixty-one women
at high risk. Am J Obstet Gynecol 176:1062-1068, 1997
Collet JP, Montalescot G, Lison L, et al. Percutaneous
coronary intervention after subcutaneous enoxaparin pre-
treatment in patients with unstable angina pections.
Circulation 103:658-663, 2001

Anonymous. Dose-ranging trial of enoxaparin for unstable
angina: Results of TIMI 11A. The Thrombolysis in
Myocardial Infarction (TIMI) 11A Trial Investigators. J
Am Coll Cardiol 29:1474-1482, 1997

Ginsberg JS, Greer I, Hirsh J. Use of antithrombotic agents
during pregnancy. Sixth Consensus Conference on
antithrombotic therapy. Chest 119:1225-131S, 2001

Stein PD, Alpert JS, Bussey HI, et al. Antithrombotic ther-
apy in patients with mechanical and biological prosthetic
heart valves. Chest 119:220S-2278S, 2001

Thorp JA, White RD, Westergom KL, et al. Intracranial
hemorrhage (ICH) in premature infants. Epidemiology and
Prevention. CNS Drugs 1999

Thorp JA, Poskin MF, McKenzie DR, et al. Perinatal fac-
tors predicting severe intracranial hemorrhage. Am J
Perinatal 14:631-636, 1997

Ginsberg JS, Chan WS, Bates SH, et al. Anticoagulation of
pregnant women with mechanical heart valves. Arch Int
Med 163:694-698, 2003

Anderson DR, Ginsberg JS, Burrows R, et al.
Subcutaneous heparin therapy during pregnancy: A need
for concern at the time of delivery. Thromb Haemost
65:248-250, 1991

Barbour L, Lehahal P, Oja J, et al. A prospective trial
demonstrating dalteparin requirements increase in preg-
nancy to maintain therapeutic levels of anticoagulation.
Am J Obstet Gynecol (in press).

Bombeli T, Raddatz Mueller P, Fehr J. Evaluation of an
optimal dose of low-molecular-weight heparin for thrrom-
boprophylaxis in pregnant women at risk of thrombosis
using coagulation activation markers. Haemostasis
31:90-98, 2001

Turpie AG, Gent M, Laupacis A, et al. A comparison of
aspirin with placebo in patients treated with warfarin after
heart-valve replacement. N Engl J Med 329:524-529,
1993

Cappelleri JC, Fiore LD, Brophy MT, et al. Efficacy and
safety of combined anticoagulant and antiplatelet therapy
versus anticoagulant monotherapy after mechanical heart-
valve replacement: A metaanalysis. Am Heart J
130:547-552, 1995

Meschengieser SS, Fondevila CG, Frontroth J, et al. Low-
intensity oral anticoagulation plus low-dose aspirin versus
high-intensity oral anticoagulation alone: a randomized
trial in patients with mechanical prosthetic heart valves.
J Thorac Cardiovasc Surg 113:910-916, 1997

Downloaded from http://cpt.sagepub.com at UNIV OF SOUTHERN CALIFORNIA on January 17, 2008
© 2004 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.


http://cpt.sagepub.com

