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Abstract: Normal pregnancy is accompanied by changes in coagu-

lation that have likely evolved to protect women from the bleeding 

challenges of miscarriage and childbirth. Consequently, pregnant 

women are at an increased risk of thrombosis. The most important risk 

factors are thrombophilia and a history of thrombosis. Most throm-

boses in pregnancy occur in the left lower extremity, but pelvic vein 

thromboses are not uncommon. Thrombophilia increases not only 

the risk of maternal thrombosis but also the risk of poor pregnancy 

outcome. All pregnant women should be asked about a personal or 

family history of thrombosis and the details of their obstetrical history. 

Some women should undergo laboratory testing, particularly those 

with a personal history of thrombosis or a history of poor pregnancy 

outcome. The purpose of testing is to help determine which women 

should receive anticoagulation therapy, which is used not only to 

treat venous thromboembolism, but also to prevent thromboembo-

lism and reduce the risk of poor pregnancy outcome in women with 

thrombophilia. Low-molecular-weight heparins are preferred over 

unfractionated heparin because they have a longer half-life and are 

presumed to have fewer side effects. Their longer half-life is a disad-

vantage around the time of delivery when unfractionated heparin, 

with its shorter half-life, is easier to manage. The risk of thrombosis is 

higher postpartum than during pregnancy, so anticoagulation therapy 

is usually continued for at least 6 weeks after delivery. 

Women are 5 times more likely to suff er a thromboembolic event 
when pregnant than when not.1 Venous events are 4 times 
more common than arterial events, and of these venous events, 

79% are deep vein thromboses (DVT) and 21% are pulmonary emboli 
(PE).2 Th e overall risk for venous thromboembolism (VTE) is 1.72 per 
1,000 births.2 VTE accounts for 1 death per 100,000 births.2 Women 
are at risk not only for the immediate morbidity and mortality associated 
with DVT and PE, but also the long-term morbidity associated with post-
thrombotic syndrome. In fact, the majority of these women ultimately 
develop sequelae that range from edema and skin changes to recurrent 
thromboses and ulceration.3-5

Th is predisposition to thrombosis results from the hypercoagulable 
state of pregnancy, which has likely evolved to protect women from hem-
orrhage during miscarriage and childbirth. Indeed, the leading cause of 
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maternal death in the developing world is hemorrhage,6 but in 
Western Europe and the United States, where hemorrhage is 
successfully treated or prevented, the leading cause of maternal 
death is embolic disease.7

Th rombophilia, an acquired or inherited tendency to 
develop thrombosis, in a pregnant woman increases the risk of 
thrombosis from 1.72 in 1,000 births to as high as 1 in 2.8-

10 Th e utero-placental-fetal as well as the maternal circulation 
may be aff ected. Women with thrombophilia are more likely 
to experience placental abruption, preeclampsia, fetal growth 
restriction, stillbirth, and, possibly, recurrent miscarriage.11-13

Th romboprophylaxis for pregnant women with thrombophilia 
has been shown to reduce maternal morbidity and mortality14 and 
improve pregnancy outcome in those with the antiphospholipid 
syndrome15 and those with inherited thrombophilia and a his-
tory of fetal loss.16 Th romboprophylaxis for the treatment or 
prevention of VTE in pregnancy, however, is not without risk, 
to both the mother and the fetus, especially with agents that 
cross the placenta barrier.

Th e purpose of this paper is to review the changes in coagu-
lation during pregnancy, the risk factors for VTE, the maternal 
and fetal issues associated with thrombophilia, and the indica-
tions and strategies for anticoagulation during pregnancy and 
the postpartum period.

Virchow’s Triad 

Th e 19th century German pathologist Rudolf Virchow is cred-
ited with describing the 3 factors contributing to thrombosis: 
hypercoagulability, vascular injury, and stasis.17 Pregnant women 
are at an increased risk for venous stasis as a result of hormon-
ally induced decreased venous capacitance and decreased venous 
outfl ow,18,19 possibly as a result of mechanical obstruction by the 
uterus20 and, questionably, as a result of decreased mobility.21-24

However, these factors, along with vascular injury,20 appear to 
be less important during pregnancy than postpartum. During 
pregnancy, the important factor is hypercoagulability. 

Changes in Coagulation During 
Normal Pregnancy

Normal pregnancy is accompanied by increased concentrations 
of factors VII, VIII, and X and von Willebrand factor and by 
pronounced increases in fi brinogen.25 Factors II, V, and IX are 
relatively unchanged.25 Free protein S, the active, unbound 
form, is decreased during pregnancy secondary to increased 
levels of its binding protein, the complement component C4b.25

Plasminogen activator inhibitor type 1 (PAI-1) levels increase 
5-fold.25 All of these changes favor coagulation and may con-
tribute to the hypercoagulable state of pregnancy. Th ese changes 
begin with conception, as does the risk of thrombosis. In a 
meta-analysis by Ray et al,26 21.9% of events during pregnancy 
occurred during the fi rst trimester. In our review of 53 cases of 
peripartum DVT, we found that 44% of events during preg-
nancy occurred in the fi rst trimester.27

Th e changes in the coagulation system do not return to 
baseline until more than 8 weeks postpartum.25 Venous capaci-
tance and venous outfl ow are only moderately improved at 

6 weeks postpartum and are not signifi cantly improved until 
3 months postpartum. Compared to the risk during pregnancy, 
the risk of thrombosis is even higher after delivery. In the meta-
analysis by Ray et al,26 34.5% of events occurred postpartum, 
as did 36% of events in our review of 53 cases.27 Half of the 
postpartum cases occurred within the fi rst 2 weeks after delivery, 
suggesting that the risk is highest immediately postpartum. 

Risk Factors for Thrombosis 
During Pregnancy

In the same review of 53 cases of peripartum DVT, the 2 
most important risk factors during pregnancy were diagnosed 
thrombophilia, present in 24% of cases, and a history of throm-
bosis, present in 15% of cases.27 Other statistically signifi cant 
medical risk factors for VTE during pregnancy from our analysis 
of 14,334 records from the Nationwide Inpatient Sample2 were 
anemia, heart disease, sickle cell disease, lupus, and obesity. 
Pregnancy and delivery complications that increased the risk 
were hyperemesis, fl uid and electrolyte imbalance, antepartum 
hemorrhage, cesarean delivery, postpartum infection, and trans-
fusion. Th e relative risks for these factors are given in Table 1.2

Sites of VTE in Pregnancy

When DVT occurs, it is most likely to be proximal, massive,4

and occur in the left lower extremity. In their meta-analysis, 
Ray et al26 reported that 82.2% of DVTs occurred in the left 
lower extremity. Th is left-sided predominance is associated 
with proximal thromboses.28,29 Although distal thromboses 
are as likely to occur on the right as on the left side, proximal 
thromboses occurring under the infl uence of estrogen27,28 are 

Table 1. Risk Factors for Peripartum Venous 
Thromboembolism2

Risk Factor
Odds 
Ratio

Confi dence 
Interval

Heart disease 7.1 6.2, 8.3

Th rombophilia (including a 
history of thrombosis and the 
antiphospholipid syndrome) 27.9 22.6, 34.3

Sickle cell disease 6.7 4.4, 10.1

Lupus 8.7 5.8, 13.0

Obesity 4.4 3.4, 5.7

Anemia 2.6 2.2, 2.9

Hyperemesis 2.5 2.0, 3.2

Fluid and electrolyte imbalance 4.9 4.1, 5.9

Antepartum hemorrhage 2.3 1.8, 2.8

Postpartum infection 4.1 2.9, 5.7

Transfusion 7.6 6.2, 9.4

Cesarean delivery 2.1 1.8, 2.4
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more likely to occur on the left side. Th e predominance of left-
sided proximal or ileo-femoral thromboses is thought to be due 
to a relative stenosis of the left common iliac vein where it lies 
between the lumbar vertebral body and the right common iliac 
artery,30 but the mechanism is unknown.31

Pelvic vein thrombosis, a rare event outside of pregnancy or 
pelvic surgery, accounted for 11% of cases among pregnant or 
postpartum patients in our review27postpartum patients in our review27postpartum patients in our review  but less than 1% of all cases 
of DVT in a large multicenter registry.32

Diagnosis of DVT and PE in Pregnancy

Th e 2 most common initial symptoms of peripartum DVT, 
present in more than 80% of cases, are pain and swelling.27

When DVT is suspected, the fi rst test recommended is com-
pression ultrasonography of the proximal veins.33 When results 
are equivocal or an iliac vein thrombosis is suspected, magnetic 
resonance venography (MRV) may be used.34 MRV does not 
carry the radiation risk of contrast venography. Th e diagnosis 
of PE in pregnant patients is similar to that in nonpregnant 
patients. Ventilation/perfusion scanning gives relatively low 
radiation exposure to the fetus.34 In the case of indeterminate 
results in a woman without DVT, a confi rmatory test such as 
angiography or spiral computed tomography (CT) is necessary 
to prevent unnecessary exposure to anticoagulants during preg-
nancy, at delivery, or in future pregnancies.34

Thrombophilia and Maternal Thrombosis

Both acquired and inherited thrombophilia increase the risk of 
maternal thrombosis. Several studies have compared the preva-
lence of inherited thrombophilia in women who experienced 
VTE in pregnancy versus those who did not.35-39 Th e odds 
ratios for these studies are listed in Table 2. Factor V Leiden and 
the prothrombin gene mutation each confer an approximately 
10-fold increased risk of VTE in pregnancy. Combined they 
confer a risk increased by approximately 100-fold,36 similar to 
the risk associated with homozygosity of factor V Leiden.40

Th e risk of VTE during pregnancy in women with 
antithrombin, protein C, and protein S defi ciency is hard to quan-
tify. Th ere are few studies and the defi nition of defi ciency varies 
from study to study. Gerhardt et al,36 using cutoff s of 75% activ-
ity for protein C, 65% for protein S, and 80% for antithrombin, 
analyzed them together and found a risk increased by only 
13.1 (5.0–34.5) times. McColl et al,37 on the other hand, using a 

cutoff  of 50% activity for antithrombin, found an increased risk 
of 28 (5.5–142) times for type I defi ciency (a quantitative defect 
with reduced activity and reduced antigen) and an increased 
risk of 282 (31–2,532) times for type II defi ciency (a qualitative 
defect with reduced activity and normal antigen). Th e absolute 
risk to the untreated woman with antithrombin defi ciency has 
been reported to be as high as 40–68%.8-10 Th e absolute risk to 
the untreated woman with protein C or S defi ciency has been 
reported to range from 0% to 22%.41 Homozygosity, let alone 
heterozygosity, for the methylenetetra-hydrofolate reductase 
(MTHFR) C677T polymorphism does not appear to confer any 
increased risk of VTE in pregnancy. Th e odds ratios for VTE 
in women with inherited thrombophilia are summarized in 
Table 2. 

Th e risk of VTE in pregnancy in women with the 
antiphospholipid syndrome has been reported to be 30%.42

Th ere is some controversy as to whether women who have not 
had a thrombosis and are diagnosed solely on the basis of poor 
pregnancy outcome are at the same risk. Evidence suggesting 
that they are was reported by Erkan et al,43 who found an event 
rate of 7.4 per 100 patient-years in women who did not receive 
thromboprophylaxis after delivery. 

Thrombophilia and Pregnancy Outcome

Th e relationship between antiphospholipid antibodies and poor 
pregnancy outcome has been recognized since the late 1980s. Th e 
antiphospholipid syndrome has been associated with recurrent 
miscarriage, abruption of the placenta, stillbirth, fetal growth 
restriction, and preeclampsia. In 1995, Dekker et al44 reported a 
study of 85 women with severe preeclampsia who were tested for 
both acquired and inherited thrombophilias. A high prevalence 
of defects was noted. Subsequently, in 1996, using data from 
the European Prospective Cohort on Th rombophilia (EPCOT), 
Preston et al45 reported on the association between inherited 
thrombophilia and fetal loss. Data were obtained retrospectively, 
by questionnaire, from 571 cases and 541 controls. Fetal loss was 
greater among women with thrombophilia. Th e odds ratio for 
stillbirth (3.6) was higher than that for miscarriage (1.27). Th e 
highest odds ratio for stillbirth was in women with combined 
defects (14.3). 

Since these fi rst studies, multiple others demonstrating—as 
well as others refuting—the association between poor pregnancy 
outcome and thrombophilia have been published. Alfi revic 
et al12 reviewed the association between maternal thrombophilia 

Reference

Risk Factors (95% Confi dence Interval)

Factor V Leiden Prothrombin Gene MTHFR C677T
Grandone et al35 16.3 (4.8–54.9) 10.2 (4.0–25.9) 2.1 (1.0–4.5)

Gerhardt et al36 9.3 (5.1–16.9) 15.2 (4.2–52.6) —

McColl et al37 4.5 (2.1–14.5) 4.4 (1.2–16) 0.45 (0.13–1.58)

Dilley et al38 18.3 (2.7–432) — 1.3 (0.3–3.1)

Martinelli et al39 10.6 (5.6–20.4) 2.9 (1.0–8.6) —

Table 2. Odds Ratios for Venous Thromboembolism Among Women With Inherited Thrombophilia in Pregnancy
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Maternal Risk Factors

Pregnancy Outcome

Abruption
(4 studies)110-113

Stillbirth
(4 studies)110,114-116

IUGR
(3 studies)110,115,117

Preeclampsia
(18 studies)44,115,117-130

Factor V Leiden homozygote 16.9 (2–141.9) — — 3.7 (0.9–15.6)

Factor V Leiden heterozygote 6.7 (2–21.6) 6.1 (2.8–13.2) 0.8 (0.3–2.3) 1.6 (1.2–2.2)

Prothrombin gene mutation 28.9 (3.5–236.7) 0.6 (0.2–2.4) 5.7 (1.2–27.4) —

MTHFR C677T homozygote 2.2 (0.4–11.6) 1.4 (0.9–2.1) 5 (1.8–13.8) 2.4 (1.2–4.7)

MTHFR C677T 
heterozygote — 1 (0.7–1.3) — 1.2 (0.9–1.6)

Homocysteinemia 3.5 (1.5–8.1) — — 2.2 (0.9–5.2)

Antithrombin defi ciency 4.1 (0.3–49.9) — — 7.1 (0.4–117.4)

Protein C defi ciency — 1 (0.1–11.1) — 21.5 (1.1–414)

Protein S defi ciency 0.3 (0–70.1) 16.2 (5–52.3) 10.2 (1.1–91) 12.7 (4–39.7)

Activated protein C resistance 6.6 (2.3–19) 5 (2–12.4) — 4.6 (2.8–7.6)

Anticardiolipin antibody IgG 20.8 (2.5–175.8) 5.6 (2.6–11.7) 33.9 (1.6–736) 4 (0.4–44.5)

Anticardiolipin antibody IgM — — — —

Lupus anticoagulant — 3.2 (1.2–9) — 0.1 (0–6.8)

IUGR = intrauterine growth restriction. 

Table 3. Pooled Odds Ratios With 95% Confidence Intervals for Thrombophilia and Poor Pregnancy Outcome12 

and adverse pregnancy outcome. Controlled and cohort studies 
were included that tested for antithrombin defi ciency, protein C 
defi ciency, protein S defi ciency, activated protein C resistance, 
anticardiolipin immunoglobulin (Ig) G, anticardiolipin IgM, 
the lupus anticoagulant, factor V Leiden, the prothrombin 
G20210A polymorphism, the MTHFR C677T polymorphism, 
or homocysteinemia. Th e systematic review is summarized in 
Table 3. With the exception of the MTHFR C677T polymor-
phism, inherited thrombophilias, as well as antiphospholipid 
antibodies, were associated with abruption, stillbirth (fetal 
death in the second and third trimesters), intrauterine growth 
restriction (IUGR), and preeclampsia. Subsequent to the review, 
studies have been published confi rming the association between 
thrombophilia and abruption46 and between thrombophilia and 
IUGR47IUGR47IUGR ; however, 2 other published studies did not fi nd an 
association between thrombophilia and IUGR.48,49 A large mul-
ticenter study sponsored by the US Centers for Disease Control 
and Prevention’s Division of Hereditary Blood Disorders is cur-
rently underway to further investigate the relationship between 
thrombophilia and IUGR.

Th ere is also a strong association between the presence 
of antiphospholipid antibodies and recurrent miscarriage. Fif-
teen percent of women with recurrent miscarriage have either 
the lupus anticoagulant (9.1%) or anticardiolipin antibodies 
(5.5%)50 compared to 2% in the general obstetric popula-
tion.51,52 Among women with these antibodies, up to 90% of 
conceptions may be miscarried.50

Although there is evidence for an association between 
abruption, stillbirth, IUGR, preeclampsia and inherited 
thrombophilia, as well as for an association between the 

antiphospholipid syndrome and early recurrent fi rst trimes-
ter loss, the evidence for an association between inherited 
thrombophilia and fi rst trimester loss is inconclusive.13 Two 
meta-analyses found a positive association between inherited 
thrombophilia and recurrent fetal loss, but both included fi rst 
and second trimester losses.53,54 Among the studies included 
in the 2 meta-analyses that examined the relationship between 
inherited thrombophilia and recurrent fi rst trimester loss, 2 
found evidence of an association,55 but 5 did not.56-61

Screening for Thrombophilia 

Because of the increased risk of maternal thrombosis or poor 
pregnancy outcome, particularly after the fi rst trimester, every 
pregnant woman or woman planning a pregnancy should be 
screened for thrombophilia. Information about the patient’s per-
sonal or family history of thrombosis and details of her obstetri-
cal history should be gathered. Some women should undergo 
laboratory testing, particularly those with a personal history of 
thrombosis or a history of poor pregnancy outcome. Figure 1 
illustrates an algorithm we use at our institution to decide which 
patients to test.

Screening should include assays for both acquired and 
inherited thrombophilia. Since protein S activity falls during 
pregnancy, a cutoff  of 35% activity is suggested.13 Activated pro-
tein C resistance (APC-R), independent of factor V Leiden, has 
been associated with thrombosis and poor pregnancy outcome, 
so testing for APC-R is recommended. Hyperhomocysteinemia 
is associated with thrombosis and possibly with poor pregnancy 
outcome; therefore, the recommended treatment is folic acid, 
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vitamin B12, and vitamin B6.
13 Homozygosity for the MTHFR 

C677T polymorphism may or may not be associated with 
thrombosis or poor pregnancy outcome, but again the recom-
mended treatment is folic acid, vitamin B12, and vitamin B6.

13

We do not test for hyperhomocysteinemia or the MTHFR 
polymorphism, as we prescribe prenatal vitamins that include 
folic acid and the B vitamins. Th e 4G/5G PAI-1 polymorphism, 
specifi cally homozygosity for 4G, was associated with poor 
pregnancy outcome in 1 retrospective study62 but has not been 
studied suffi  ciently to be included in testing.

We recommend testing for:

• lupus anticoagulant
• anticardiolipin antibodies
•  activated protein C resistance with factor V Leiden if 

abnormal
• prothrombin G20210A polymorphism
• protein C activity
• protein S activity
• antithrombin activity.

Anticoagulation Therapy

Th e purpose of screening is to determine who requires 
anticoagulation. Th e purpose of anticoagulation, besides treat-
ment of DVT or PE, is to reduce the risk of maternal thrombosis 
in women at risk and to improve the outcome of pregnancy. 
Unique aspects of anticoagulation in pregnancy include both 
maternal and fetal issues. During pregnancy, there is an increase 
in blood volume of 40–50%18 and an increase in the volume 
of distribution. An increase in glomerular fi ltration18 results in 
increased renal excretion. Additionally, there is an increase in 
protein binding of heparin.

Fetal and neonatal issues include unintended pregnancies. 
Th e critical period for organogenesis is from the fourth week to 
the eighth week after conception.63 Since 45% of pregnancies 
are unintended,64 many women do not realize that they are preg-
nant. Warfarin taken during this period carries up to a 30% risk 
of congenital anomalies.65-71 Placental transfer of warfarin later 
in pregnancy can result in fetal bleeding71,72 or stillbirth.66,68,69,73

Even thrombolytics that do not cross the placental barrier, such 
as urokinase, streptokinase, and recombinant tissue plasminogen 
activator, can potentially jeopardize the fetus if bleeding occurs 
in the retroplacental space74 or results in hypovolemia or mater-
nal death.75

Th e preferred agents for anticoagulation in pregnancy 
are heparin compounds.76 Th e main advantage of heparin 
compounds is that there is no transplacental passage.77,78 Dis-
advantages of unfractionated heparin include the necessity 
of parenteral administration, a 2% risk of major bleeding,79

osteoporosis with a 17–36% reduction in bone density,80,81 a 
2% risk of vertebral fracture,82 and a risk of heparin-induced 
thrombocytopenia (HIT).76 While the risk of HIT is low in 
pregnancy, and may be lower than in nonpregnant patients,83

the actual risk is unknown.76

Th ere are no large comparative studies in pregnant women, 
but in nonpregnant patients, low–molecular-weight heparins 
(LMWHs) have been associated with fewer side eff ects than 

unfractionated heparin.76 While parenteral administration is still 
required, potential advantages of LMWHs over unfractionated 
heparin are less bleeding, less bone loss, a more predictable 
response, a lower risk of HIT, and a longer half-life.76 A disad-
vantage is that LMWHs are more expensive. Also, their longer 
half-life may be a problem at the time of delivery.

Treatment during pregnancy with a full-dose (adjusted 
dose) heparin compound is recommended for women with76,84:

• current thrombosis
• a need for life-long anticoagulation
•  antiphospholipid syndrome with a history of thrombosis.

Full-dose (adjusted dose) heparin or an intermediate or moder-
ate dose is suggested for women with76,84:

• antithrombin defi ciency
•  homozygosity for factor V Leiden, prothrombin 

G20210A polymorphism, or compound heterozygosity 
for these polymorphisms.

Th romboprophylaxis with low-dose anticoagulation is recom-
mended for women with a history of 13,76:

• unprovoked thrombosis
•  antiphospholipid syndrome with poor pregnancy out-

come as the only clinical criteria
• thrombophilia and poor pregnancy outcome.

Close observation is recommended for women with a history of:

• thrombosis in the setting of transient risk factors76

• thrombophilia with no history of thrombosis.

�����������������������������
����������

����������
���� ���������� �������������
����������
����������������������
��������������������
�������������������������������
���������
�����������������������

�������������������

����������

�������������������
������

�
���������������

���������������

�������������������

����������
���������������������������
����������������������������������
��������������
���������������������

��

���

���

���

��

��

Figure 1. An algorithm to decide which patients to 
test for thrombophilia.

FGR = fetal growth restriction; SAb = spontaneous abortion; VDRL = venereal 
disease research laboratory. 
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Anticoagulation during pregnancy is accomplished with 
unfractionated heparin or LMWH; enoxaparin is the LMWH 
that has been studied and prescribed most in pregnancy. A 
Medline search of LMWHs in pregnancy revealed 5 articles 
about reviparin, 9 about tinzaparin, 14 about nadroparin, 37 
about dalteparin, and 61 about enoxaparin. Neither hepa-
rin85,77,78 nor LMWH77,78 crosses the placental barrier, and both 
are considered safe in pregnancy.79,86

Th e recommendations from the 7th American College of 
Chest Physicians Conference on Antithrombotic and Th rombo-
lytic Th erapy76lytic Th erapy76lytic Th erapy  as well as the protocol from our institution are 
included in Table 4. Our protocol refl ects the increasing require-
ments for both heparin and LMWH as pregnancy progresses.87-90

Other anticoagulants are used in special circumstances. Th e 
indications, route of administration, placental transfer, and fetal 
eff ects of these other anticoagulants are summarized in Table 5.

Initiating Anticoagulation

Heparin administration is begun in the early fi rst trimester 
after ultrasound demonstrates a live embryo and is continued 
throughout pregnancy and usually the fi rst 6 weeks postpartum. 
It is debated whether full anticoagulation is required in the 
antiphospholipid syndrome if poor pregnancy outcome is the 
only clinical criteria. In a study of women without a history of 
thrombosis, low doses of anticoagulants were associated with a 
71% live-birth rate.91 Low-dose aspirin is usually used in con-

junction with heparin,92 which is not required in cases of low 
levels of anticardiolipin antibodies as these are of questionable 
signifi cance.93 Because in 1 study aspirin alone was shown to 
compare favorably with aspirin plus LMWH in the treatment 
of women with the antiphospholipid syndrome (a 72% versus a 
78% live birth rate—not a statistically signifi cant diff erence),94

low-dose aspirin alone may be an acceptable alternative for 
women who have no history of thrombosis or poor pregnancy 
outcome but who have lupus, the lupus anticoagulant, or mod-
erate to high levels of anticardiolipin antibodies. 

Until very recently, there were only case reports and case 
series demonstrating the effi  cacy of heparin in the improvement 
of pregnancy outcome in inherited thrombophilia, but a recent 
report from Gris et al16 found improved outcomes in women 
with inherited thrombophilia and a history of a single fetal loss at 
greater than 10 weeks gestation. Sixty-nine out of 80 women who 
took enoxaparin (Lovenox, Aventis) 40 mg per day had a healthy 
live birth, compared with 23 out of 80 who took low-dose aspirin. 
Although some experts would recommend thromboprophylaxis 
for all pregnant women with inherited thrombophilia, we do 
not routinely recommend anticoagulation for women with 
inherited thrombophilia and no history of thrombosis or poor 
pregnancy outcome (except those with antithrombin defi ciency, 
homozygosity for factor V Leiden, the prothrombin G20210A 
polymorphism, or compound heterozygosity for these 2 
polymorphisms); in these women, we believe the unknown ben-
efi ts of anticoagulation are outweighed by the risks. 

ACCP Protocol76 Duke Protocol

Unfractionated Heparin

Mini-dose “low dose” • 5,000 U SC every 12 hr
• 5,000 U SC every 12 hr <8 wk
• 7,500 U SC every 12 hr 8–28 wk
• 10,000 U SC every 12 hr >28 wk

Moderate-dose “low dose” •  Every 12 hr to target antifactor Xa level 
of 0.1–0.3 U/mL

Adjusted dose “full dose” •  Every 12 hr to target mid-interval aPTT 
in therapeutic range

•  Every 8 or 12 hr to target mid-interval aPTT 
in therapeutic range

Low–Molecular-Weight Heparin

Prophylactic dose “low dose”
• Enoxaparin 40 mg daily
• Dalteparin 5,000 U daily
• Tinzaparin 4,500 U daily

•  Enoxaparin 40 mg daily or 30 mg twice-daily 
before 28 wk, then enoxaparin 40 mg twice-
daily after 28 wk

Intermediate dose • Enoxaparin 40 mg every 12 hr
• Dalteparin 5,000 U every 12 hr

Weight-adjusted dose “full dose”

•  Enoxaparin 1 mg/kg twice-daily or 1.5 
mg/kg daily

•  Dalteparin 100 U/kg every 12 hr or 200 
U/kg every 24 hr

• Tinzaparin 175 mg U/kg daily

•  Enoxaparin 1 mg/kg twice-daily with target of 
antifactor Xa level of 0.5–1.0

ACCP = American College of Chest Physicians; SC = subcutaneously; aPTT = activated partial thromboplastin time.

Table 4. Protocols for Thromboprophylaxis in Pregnancy
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Agent Indication
Route of 

Administration
Placental 
Transfer

Fetal 
Outcome

Warfarin Mechanical heart 
valves76 Oral Yes

Miscarriage: 14.6–56%66-69,73,131

Stillbirth: 5–33%66,68,69,73

Congenital anomalies: 0–30%65-71

Fetal or neonatal intracranial 
hemorrhage: 2%71,72

Adverse neurological outcome: 
14%132

Low IQ: 4%132

Unfractionated 
heparin

Treatment or 
prophylaxis76

Intravenous or 
subcutaneous None85,77,78 No increase in adverse fetal 

outcome in 100 pregnancies79

Low–molecular-
weight heparins

Treatment or 
prophylaxis76 Subcutaneous None77,78,133,134 No increase in adverse fetal 

outcome in 624 pregnancies86

Danaparoid Heparin allergy135-138

or HIT99-102,136 Subcutaneous

Low placental perme-
ability101

No evidence of anti-Xa 
activity in placental 

blood139

No adverse fetal outcome reported 
in numerous cases; not available 

in the United States

Recombinant hirudin Heparin allergy104 or 
HIT101,103

Intravenous or 
subcutaneous

Low placental transfer in 
dogs140

<2% of maternal levels 
detected in plasma of fetal 

rabbits139

No adverse fetal outcome in 2/2 
cases103,104

Fondaparinux Heparin allergy105,141

or HIT141 Subcutaneous

No transfer in in-vitro 
placental model142,143

10% of maternal levels 
detected in umbilical cord 

blood105

No adverse fetal outcome in 5/5 
cases105

Low-dose aspirin

Supplemental 
therapy in women 
with mechanical 
heart valves144 or 
women with the 
antiphospholipid 

syndrome92

Oral Yes
No adverse fetal outcome in 

meta-analyses of large randomized 
trials145,146

Other antiplatelet 
agents

History of myocar-
dial infarction or risk 

factor for arterial 
thrombosis including 
supplemental therapy 

in women with 
mechanical heart 

valves

Oral

No data for dipyridamole, 
clopidogrel, or 

ticlopidine.
A small amount of 

abciximab was detected 
on the fetal side of an 

in vitro placental model

No adverse fetal outcome with 
dipyridamole in numerous cases; 

no adverse fetal outcome with 
clopidogrel in 2/2 cases147,148; 
no adverse fetal outcome with 
ticlopidine in 2/2 cases148,149; 

no adverse fetal outcome with 
abciximab in 1 case148

Th rombolytics Life-threatening 
thromboembolism Intravenous No

Fetal loss: 5.8%75

Hemorrhage: 8.1%75

Maternal mortality: 1.2%75

Reports of subchorionic hemato-
mas,74 abruptio placentae150

IQ = intelligence quotient; HIT = heparin-induced thrombocytopenia.

Table 5. Anticoagulants Used in Pregnancy 
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Women on life-long anticoagulation may be converted 
from warfarin to LMWH before pregnancy or as soon as pos-
sible after conception. Th e problem with conversion prior to 
pregnancy is the inconvenience and discomfort of parenteral 
administration of heparin or LMWH and the risks associated 
with their long-term use. Th e problem with conversion after 
conception is that the half-life of warfarin is 36–42 hours95

and it may remain in the maternal circulation for several days, 
increasing the risk of miscarriage and congenital anomalies. 
Only a few women, including patients with mechanical heart 
valves and certain other unusual conditions, are candidates for 
warfarin rather than heparin therapy during pregnancy. 

Women who are not on life-long anticoagulation but who 
are candidates for thromboprophylaxis in pregnancy should 
start soon after conception. An exception is women who will 
be undergoing ovulation induction. Because hormone therapy, 
including clomiphene, increases the risk of thrombosis,96 these 
women should begin anticoagulation at the time they start ovu-
lation induction. 

Since HIT manifests within the fi rst 5–15 days of expo-
sure,97 platelet counts may be monitored for the fi rst 2–3 weeks 
after initiation of therapy. Although platelet counts usually drop 
by 10% in pregnancy and thrombocytopenia aff ects up to 10% 
of all pregnancies,98 HIT must be considered in women who 
develop thrombocytopenia while taking heparin or LMWHs. 
If the diagnosis is confi rmed, there are little data to guide treat-
ment. Danaparoid has been used most commonly to treat HIT 
in pregnancy,99-102 but it is not available in the United States. 
Th e use of recombinant hirudin has been reported in 1 case of 
HIT103 and 1 case of heparin allergy in pregnancy,104 and the use 
of fondaparinux has been reported in 5 cases of heparin allergy 
in pregnancy105; the use of argatroban (Encysive) in pregnancy 
has not been reported and there are no published data on pla-
cental transfer or fetal eff ects. 

Peripartum Management

We convert patients to unfractionated heparin at 36–37 weeks 
of gestation or sooner if there is preterm labor, preeclampsia, 
fetal (or intrauterine) growth restriction, oligohydramnios, or 
other evidence of imminent delivery. Th e purpose of converting 
women to the shorter-acting unfractionated heparin has less to 
do with any risk of bleeding at the time of delivery than with the 
rare possibility of an epidural or spinal hematoma with regional 
anesthesia.106 Due to this possibility, our anesthesiologists will 
not place a regional anesthetic if a woman has received LMWH 
within 24 hours. Because of the benefi ts of regional analgesia 
and anesthesia over other analgesia and anesthesia for labor and 
delivery,106 we make every eff ort to ensure that women have not 
received LMWH within 24 hours of requiring regional anesthe-
sia. Because women with a history of VTE or thrombophilia are 
at increased risk of poor pregnancy outcome, it is our practice, 
unless the woman has already delivered, to schedule delivery at 
39 weeks. Depending on the risk of thrombosis, we withhold 
the unfractionated heparin for 6–24 hours prior to delivery. 
Should the woman go into labor while taking unfractionated 
heparin, the heparin should clear within 4–6 hours. Although 
the benefi t of pneumatic compression devices for the preven-

tion of peripartum thrombosis has not been studied, we have 
extrapolated from perioperative data107 and order the placement 
of pneumatic compression devices after epidural administration 
in labor or prior to cesarean delivery. 

Postpartum Management

Th e pneumatic compression devices are left in place until the 
patient is ambulatory and until anticoagulation is restarted after 
delivery. To minimize bleeding complications, we wait to restart 
anticoagulation until 12 hours after vaginal delivery, 12 hours 
after epidural removal, or 24 hours after cesarean delivery. 
Unless a woman prefers to remain on unfractionated heparin 
or LMWH, she is bridged to warfarin for 6 weeks postpartum. 
Women who had a thrombotic event during pregnancy will 
be continued on warfarin for at least 3–6 months. Women 
on life-long anticoagulation will be continued indefi nitely. 
Although warfarin is contraindicated during pregnancy, it is not 
contraindicated during breastfeeding. In a study of the transfer 
of warfarin into breast milk, less than 25 ng of warfarin was 
detected per milliliter.108 Th e American Academy of Pediatrics’ 
Committee on Drugs supports breastfeeding in women who 
take warfarin.109
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