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When should a patient with a known thrombophilia or prior venous thromboembolism (VTE) receive low-molecular-
weight heparin (LMWH) prophylaxis during pregnancy and/or the postpartum period? Accurately predicting thrombotic
and bleeding risks and knowing what to do with this information is at the heart of decision-making in these challenging
scenarios. This article will explore the concept of a risk threshold from clinician and patient perspectives and provide
guidance for the use of antepartum and postpartum LMWH prophylaxis in women with a known thrombophilia or prior
VTE. Advice for the management of LMWH prophylaxis use around labor and delivery is also reviewed.

Learning Objectives

• Describe the risk of venous thromboembolism (VTE) among
pregnant womenwith inherited thrombophilia, antiphospholipid
syndrome, and those with prior VTE

• Apply the concept of a VTE risk threshold to make decisions
about anticoagulation prophylaxis in pregnancy and the post-
partum period

Introduction
When should a patient with a known thrombophilia and/or prior
venous thromboembolism (VTE; the term includes both deep vein
thrombosis [DVT] and pulmonary embolism) receive low-molecular-
weight heparin (LMWH) prophylaxis during pregnancy and/or the
postpartum period? Asking the following 2 questions can help us to
approach this problem: (1) At what threshold of VTE risk should
thromboprophylaxis be considered in the antepartum or postpartum
period? and (2) What is the risk of VTE during pregnancy or the
postpartum period for a particular patient? Accurately predicting
thrombotic and bleeding risk and knowing what to do with this in-
formation is at the heart of decision-making in these challenging
scenarios.

At what threshold of VTE risk should
thromboprophylaxis be considered in the antepartum
or postpartum period?
The clinicians’ perspective: a calculated approach
Randomized trials that evaluate thromboprophylaxis in pregnancy or
the postpartum period have been challenging to conduct.1 Instead,
recommendations are based on estimating baseline VTE risk and
the presumed risk and benefit of thromboprophylaxis. LMWH is the
anticoagulant of choice in pregnancy because of its superior safety
profile; unfractionated heparin has a higher risk of heparin-induced
thrombocytopenia and osteoporosis with prolonged use, and war-
farin and the direct oral anticoagulants (DOACs) carry a potential

risk of congenital malformations.2 Using LMWH prophylaxis is
warranted when the benefits of treatment outweigh the risks or when
LMWH prevents more important thrombotic events more often than
it causes important bleeding. Although this balance seems obvious,
it raises the following question: What is an important outcome? One
major challenge when setting a threshold is that not all VTE and
bleeding events have equivalent outcomes. The proportion of fatal
VTE or bleeding events, also known as VTE or bleeding case fatality
rates, should also be considered.3

VTE and bleeding case fatality rates have been reported in the
nonpregnant population, but less data are available for those who are
pregnant. In a meta-analysis of orthopedic surgery patients who
received prophylactic anticoagulation, the proportion of fatal bleeds
was 2 to 3 times higher than the proportion of fatal VTEs (3.6% [95%
confidence interval (CI), 3.2%-3.9%] vs 1.4% [95% CI, 0.9%-
2.2%]).4 Similarly, fatal bleeding occurred 3 times more often than
fatal VTE among patients who were not pregnant and who received
anticoagulation therapy for VTE.5 In studies of pregnant women, the
proportion of fatal VTE ranges from 0% to 1.91%, with a pooled
VTE case fatality rate of 0.68% (95% CI, 0.41%-0.96%)6; however,
not enough data are available to estimate the risk of fatal bleeding
with LMWH prophylaxis in pregnancy. Hemorrhage, an important
cause of maternal mortality, was attributed to 11.4% of pregnancy-
related deaths in the United States between 2011 and 2013, and
important antepartum bleeding may affect fetal viability. Therefore,
based predominantly on data from the nonpregnant population, if we
assume that fatal bleeding with LMWH prophylaxis is 2 to 3 times
more likely than fatal VTE in pregnancy, LMWH prophylaxis would
have to prevent 2 to 3 more VTE events to provide benefit for every
major bleed reported.

Bleeding risk can be overlooked. Clinicians and patients often over-
estimate benefit and underestimate harms of interventions.7 In a meta-
analysis that combined patient level data from 8 randomized trials to
evaluate LMWH prophylaxis for prevention of placenta-mediated
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pregnancy complications, the risk of antepartum major bleeding was
0.2% (1 of 470), and the risk for postpartum major bleeding was 0.6%
(3 of 473) with LMWH prophylaxis.8 In a meta-analysis that evaluated
LMWH safety in 64 studies and 2777 pregnancies, the severe ante-
partum bleeding risk was 0.43% (95% CI, 0.22%-0.75%) and post-
partum bleeding risk (.500mL) was 0.94% (95%CI, 0.61%-1.37%),9

with the risk of bleeding similar to risks reported with prophylactic
doses alone (0.42% and 0.92%, respectively). Unfortunately, the
majority of these studies do not divide out early (,24-hour) vs late
($24-hour) postpartum bleeding, and some studies used LMWH
,24 hours from delivery, which limits our ability to estimate bleeding
risk that is attributed to LMWH prophylaxis. Instead of setting a VTE
risk threshold that matches bleeding risk (antepartum .0.75% or
postpartum .1.37%, using the upper bound of the 95% CIs to be
conservative), setting a VTE risk threshold that is 2 to 3 times higher at
~3% may help counteract the additional risk associated with major
bleeding in pregnancy or the postpartum period.

Differences in a VTE risk threshold will lead to different recom-
mendations for LMWH prophylaxis during pregnancy. For example,
the Society of Obstetricians and Gynecologists of Canada and the
American College of Chest Physicians provide different recom-
mendations for postpartum LMWH prophylaxis based on different
VTE thresholds for postpartum LMWH prophylaxis (.1% and
.3%, respectively).2,10 On the basis of an anonymous vote of in-
ternational thrombosis pregnancy experts, the majority (60%) chose
3% or greater as a VTE risk threshold for antepartum prophylaxis and
3% or greater as a VTE risk threshold for postpartum prophylaxis;
however, not all experts agreed.11 Acknowledging that risk thresholds
differ between guidelines, clinicians, and patients is an important
aspect of managing pregnant patients at risk of VTE.

The patients’ perspective: a holistic approach
When making decisions about LMWH prophylaxis, patients may
place different values on preventing thrombosis or bleeding,12 or
they may consider additional factors such as daily injections (up to
400 injections per pregnancy), significant cost (.US$4000 per
pregnancy), medicalization of a pregnancy, and other possible ad-
verse effects.2

An international interview-based study of 123 women with past VTE
who were currently pregnant or planning a pregnancy showed that
patients’ decisions to use LMWH were difficult to predict. The ma-
jority (86.4%) of participants categorized as having a high risk of VTE
recurrence, but importantly not all of them (13.6%), were willing to
use LMWH prophylaxis during their pregnancy. Conversely, among
low-risk participants for whom LMWH is often not recommended,
the majority (60.0%) were willing to use LMWH throughout their
pregnancy.13 Women were also presented with hypothetical scenarios
of various VTE risk thresholds; 65% and 90% of participants were
willing to use antepartum LMWH prophylaxis when they had an
antepartumVTE risk of 4% and 16%, respectively. The only predictive
risk factor for willingness to use antepartum LMWH prophylaxis
was a history of using LMWH for at least 2 weeks in their previous
pregnancies.13

If this same group of womenwas questioned about our calculated VTE
risk threshold of 3%, only 60% to 65% would likely agree (based on
2.5% and 4% risk thresholds, respectively, presented to participants),
further highlighting the importance of individualized decision making.
The best way to communicate VTE risk to patients and help them
make decisions is largely unknown and deserves further study.12

Summary of VTE risk threshold: a balanced approach
In summary, there is likely no net clinical benefit to LMWH pro-
phylaxis when the absolute VTE risk in the antepartum or postpartum
period is,1%, and there is most likely a net clinical benefit when the
absolute VTE risk is.3%. Although I favor use of LMWHwhen the
VTE risk is .3%, I use these numbers as a starting place for my
discussions with patients. Even with knowledge of a higher bleeding
risk in the postpartum period, patients are more likely to accept
a short course of LMWH and a lower VTE risk threshold in the
6-week postpartum period in which the per-day risk of VTE is highest
compared with the ~40-week commitment to LMWH injections.

What is the risk of VTE for pregnant patients with
inherited thrombophilia, antiphospholipid syndrome, or
prior VTE and what are the recommendations for
LMWH prophylaxis?
Inherited thrombophilia
Inherited thrombophilias, a group of hereditary hypercoagulable
blood disorders that predispose to thrombosis,14 increases the risk of
VTE in pregnancy to varying degrees. The incidence of VTE in
the general pregnant population is approximately 1.2 to 1.4 per
1000 deliveries.6,15 Among the general pregnant population,
inherited thrombophilia accounts for almost half (48%) of the VTE
risk seen in the pregnant and postpartum period (Table 1).

Family history is important. There is variation in the risk of VTE
reported for each of the inherited thrombophilias, partly because of
the presence or absence of a family history of VTE and study design.
Studies that investigate relatives of family members with known VTE
and thrombophilia report higher risks of VTE in pregnancy, whereas
studies that are not family based16 and randomized controlled trials that
include patients with inherited thrombophilia3 typically report a lower
risk of VTE. A family history of VTE increases an individual’s VTE
risk as much as 2 to 4 times,17,18 regardless of thrombophilia status.
The family members included in the studies vary from first-degree
relatives only19-22 to any relative,22-25 with little information available
on the VTE event type for family members.19

Before reviewing risk estimates and recommendations for inherited
thrombophilia, it is important to address a few points. Most studies

Table 1. Population-attributable risk of inherited thrombophilia for
VTE in pregnancy and the postpartum period

Inherited thrombophilia Proportion of attributable risk (%)

All inherited thrombophilia 48.3

FVL
Heterozygous 26.7
Homozygous 7.7

PGM
Heterozygous 10.4
Homozygous —*

Compound FVL/PGM —*
PC deficiency 1.9
PS deficiency 1.5
AT deficiency 0.07
No inherited thrombophilia 51.7

Population-attributable risk is calculated on the basis of relative risk of VTE in
pregnancy16 and prevalence of thrombophilia in the general population.69

*Unknown estimates.
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report VTE risk by combining the antepartum and postpartum period,
but in reality, we make decisions by considering the antepartum and
postpartum periods separately (Table 2). Although these risk esti-
mates are static, true risk assessment should be dynamic and should
take place over multiple time points. Although a single transient risk
factor such as immobilization may be associated with a small in-
crease in VTE risk, when it is combined with thrombophilia, pro-
phylaxis may be warranted.

Heterozygous factor V Leiden or prothrombin gene
mutation. Women who are heterozygous for factor V Leiden (FVL)
or prothrombin gene mutation (PGM) with no personal or family
history of VTE have a very low risk of VTE in the antepartum (,1%)
or postpartum period (,1%)17,26,27 (Table 2).

Among women who are heterozygous for FVL or PGM and who have
a family history of VTE, the absolute VTE risk in the antepartum or
postpartum period is somewhere between 1% and 3%11 (Table 2).
Among the FVL and PGM family-based studies, the majority of
pregnancy-related VTE events took place in the postpartum period.19,28

Amore recent case-control study byGerhardt et al17 found no interaction
between family history and VTE risk for heterozygous women with
FVL, with reassuringly low risks of VTE (0.5% [95%CI, 0.23%-0.72%)
reported across the combined pregnancy and postpartum periods.

Recommendations: In women with no personal or family
history of VTE who are heterozygous for FVL or PGM, I do not
recommend routine antepartum or postpartum LMWH prophylaxis
because of the low (,1%) VTE risk. However, I do review the

symptoms of DVT and pulmonary embolism and provide guidance
on when to seek medical attention, along with future reassessment
of risk (clinical vigilance). I may favor a short course of LMWH for
2 to 3 weeks postpartum for individuals with no family history
of VTE who have additional clinical risk factors11 or for patients
with a strong preference, albeit with uncertain benefit. If there
is a family history of VTE, then I recommend 6 weeks of LMWH
postpartum only, acknowledging that the VTE risk without
LMWH in the postpartum period is likely between only 1% and
3% for these women and may be equivalent to the risk of important
bleeding.

Protein C and protein S deficiency. Women with protein C (PC)
or protein S (PS) deficiency and no family history of VTE also have
a low estimated risk (,1%) in the antepartum or postpartum
period16,17 (Table 2). Women with more reduced activity levels of
PC (,50%) or PS (,40%) may have an increased risk of VTE;
however, this is based on a small sample size and overlapping CIs.17

Older family-based studies report a slightly higher antepartum or
postpartum risk in the 1% to 3% range.23

PS levels gradually decrease over the course of pregnancy, so any
diagnosis of PS deficiency should be avoided in pregnancy or the
immediate postpartum period. Any low levels should be confirmed
outside of pregnancy and possibly only acted on if they are well
below the reference ranges reported in pregnancy by trimester.29,30

Recommendations: Among women with PC or PS deficiency
with no family history of VTE, I recommend clinical vigilance with no

Table 2. Absolute VTE risk in pregnancy and postpartum in asymptomatic womenwith inherited thrombophilia with and without a family history

Inherited thrombophilia Family history of VTE* Combined antepartum and postpartum risk (%) 95% CI

FVL
Heterozygous No 1.2 0.8-1.8
Heterozygous Yes 3.1 2.1-4.6
Homozygous No 4.8 1.4-16.8
Homozygous Yes 14.0 6.3-25.8

PGM
Heterozygous No 1.0 0.3-2.6
Heterozygous Yes 2.6 0.9-5.6
Homozygous No 3.7 0.2-78.3
Homozygous Yes —

Compound FVL/PGM† 5.5 0-21.92
PC deficiency

No 0.7 0.3-1.5
Yes 1.7 0.4-8.9

0 0-25.9 (total)
0 0-79.4 (no prophylaxis)

PS deficiency
No 0.5 0.2-1.0
Yes 6.6 2.2-14.7

0 0-32.4 (total)
0 0-48.9 (no prophylaxis)

AT deficiency
No 0.7 0.2-2.4
Yes 3.0 0.08-15.8

8.3 1.4-35.4 (total)
14.3 2.6-51.3 (no prophylaxis)

Table adapted from Bates et al11 with calculated risk based on a baseline VTE incidence of 1.4 per 1000 pregnancies from a non–family-based population study.70 The
antepartum and postpartum risks are roughly equal (half the total events occurring antepartum and half postpartum).6,20,26,27 Certain thrombophilias such as heterozygous FVL,
heterozygous PGM, and PS deficiency have a higher VTE risk reported in the postpartum period.19,23,25,28,71

*The definition of family history varies according to each study.
†Based on data from Gerhardt et al,17 which includes a population with and without family history of VTE.
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antepartum or postpartum LMWH prophylaxis. As with women who
are heterozygous for FVL or PGM, I may consider the addition of
postpartum LMWH prophylaxis when additional transient risk factors
are present or when there is strong personal preference. Given the
recent reassuring VTE risk estimates,17 I do not recommend routine
antepartum prophylaxis for pregnant women with PC or PS deficiency
and a family history of VTE unless there are additional risk factors
present, but I still recommend 6 weeks of postpartum prophylaxis.

Homozygous or compound heterozygous FVL and PGM. Patients
who are homozygous for FVL or PGM are at higher risk of VTE during
pregnancy, particularly those with a family history of VTE (ante-
partum or postpartum risk ~7%-8%)11 (Table 2). Estimating VTE
risk among patients who are homozygous for FVL or PGM poses
a unique challenge, because the absence of a family history of VTE is
possible if family members carry only 1 copy of the FVL or PGM
gene mutation. Therefore, lack of a family history of VTE may be
less useful for risk stratification in these patients. Only a few patients
have been reported with homozygous FVL or PGM and without
a family history of VTE, which contributes to the challenges in esti-
mating VTE risk.16 For pregnant women who are compound hetero-
zygous for FVL/PGM, there are mixed reports of an intermediate27,31 or
high17 risk of pregnancy-associated VTE.

Recommendations: In women who are homozygous or
compound heterozygous for FVL and PGM and have no family
history of VTE, I recommend at least 6 weeks of postpartum LMWH
prophylaxis. Given the uncertainty in risk estimates, I do have the
discussion about antepartum LMWH prophylaxis on the basis of
patient values and preferences; estimating their antepartum VTE risk
is uncertain but is likely somewhere in the 1% to 3% range. In women
who are homozygous or compound heterozygous for FVL and PGM
with a family history of VTE, I recommend both antepartum and
postpartum LMWH prophylaxis with risk estimates .3%.

Antithrombin deficiency. The risk among pregnant women with
antithrombin (AT) deficiency is difficult to predict and is affected by
family history and severity of deficiency (Table 2). Among family
cohort studies, the reported VTE risk is 3.0% to 8.3% in the
combined antepartum and postpartum period.22,23 LMWH is de-
pendent on AT activity for its anticoagulant effect, so low levels of
AT have the potential to reduce the effectiveness of LMWH pro-
phylaxis in pregnancy.32

Recommendations: Among women with AT deficiency and
no family history, I suggest 6 weeks of postpartum LMWH pro-
phylaxis, but I focus on patient values and preferences given the lack
of data in this area. Among women with AT deficiency and a family
history of VTE, I recommend both antepartum and postpartum
LMWH prophylaxis, because risk estimates are uncertain but are
likely .3%. On the basis of the possibility of relative heparin re-
sistance in moderate to severe AT deficiency, I use intermediate or
therapeutic doses of LMWH.33

Antiphospholipid syndrome
Antiphospholipid syndrome (APS) is diagnosed if at least 1 labo-
ratory criterion and 1 clinical criterion are present. According to the
laboratory criteria, patients should have at least 1 of the following:
a positive lupus anticoagulant (LAC), anticardiolipin (aCL) anti-
bodies of immunoglobulin G (IgG) and/or IgM isotype .99th
percentile or .40 GPL/MPL, or anti-b2 glycoprotein 1 (anti-
b2GP1) antibodies of IgG and/or IgM isotype .99th percentile on
2 or more occasions at least 12 weeks apart. According to the clinical
criteria, patients should have at least 1 episode of VTE, arterial

thromboembolism, small-vessel thrombosis, or placenta-mediated
pregnancy complications, based on either 3 consecutive pregnancy
losses at ,10 weeks gestation, 1 late ($10 weeks gestation) loss, or
preterm delivery,34weeks because of severe pre-eclampsia, eclampsia,
or placental insufficiency.34

Patients who received anticoagulation for past VTE or arterial
thromboembolism are switched to LMWH when they become
pregnant, often at an intermediate or therapeutic dose of LMWH,
to prevent recurrent thrombosis during pregnancy. However, how to
treat women with only obstetrical manifestations of APS is largely
unknown, with little data available to guide practice for VTE pre-
vention. The use of antepartum aspirin and LMWH prophylaxis to
prevent pregnancy loss or placenta-mediated pregnancy complica-
tions is controversial, based on mixed trial data with small sample
sizes and methodologic limitations, and is beyond the scope of this
article.2,35 The remaining discussion will focus on recommendations
for VTE prevention only, which may be different than recommen-
dations for prevention of recurrent pregnancy loss.2,10

In a pooled analysis of all randomized controlled trials of women
with positive LAC or aCL and obstetrical complications, there were
no episodes of antepartum VTE reported in the aspirin or placebo study
arms (0% [95%CI, 0%-1.2%]) (Table 3). None of the trials reported on
postpartum VTE events or included patients with positive anti-b2GP1
antibodies. The majority of trials excluded patients with past systemic
lupus erthematosus36-40 or past VTE.37-42 In the Thrombophilia in
Pregnancy Prophylaxis Study (TIPPS), 1 patient with APS of 22 (4.5%)
developed an antepartum VTE. That patient had a prior history of
provoked DVT and was receiving antepartum prophylaxis.43

The only data available to predict VTE risk in the postpartum period
for women with obstetrical APS is extrapolated from antepartum risk
estimates (Table 3) and retrospective data. In a retrospective cohort
study of 87 patients with positive LAC and/or aCL IgG antibodies
and recurrent pregnancy loss, only 4 patients received LMWH
prophylaxis postpartum.44 The reported postpartum VTE risk was
1.1% (95%CI, 0.2%-6.2%): 1 patient with high titer (.51 GPL) aCL
and positive LAC developed a DVT postpartum while receiving
LMWH prophylaxis.44 Lupus anticoagulant and higher titer aCL
antibodies (.33-40 GPL) are associated with a first episode of
thrombosis in the nonpregnant population.45 In a case-control study
of pregnancy-associated VTE, there was no difference in the
prevalence of positive antibodies between those with or without
pregnancy-associated VTE, but there was a nonsignificant trend
favoring multiple antibody positivity among women with VTE.46

Recommendations. Among women with APS and prior ob-
stetrical complications, I would not routinely prescribe antepartum
LMWH for VTE prevention during pregnancy unless additional risk
factors were present or there was a prior history of VTE. I suggest
postpartum LMWH prophylaxis among patients with LAC, higher-
titer aCL IgG or IgM antibodies, multiple positive antibodies/LAC,
or if additional risk factors such as systemic lupus erthematosus (odds
ratio 8.7)11 is present, with a focus on individualized management, given
the limited data available. In the absence of data on the risk of thrombosis
in obstetrical APS for women with positive anti-b2GP1 antibodies,
I make an individualized decision based on the presence of LAC or aCL
antibodies and on whether additional risk factors are present.

Prior VTE
Women with a past unprovoked or estrogen-associated VTE are
at increased risk of thrombosis during pregnancy (Table 4). For
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pregnant women with a prior provoked VTE resulting from a major
risk factor such as trauma, surgery, or prolonged immobilization, the
risk of antepartum VTE recurrence seems lower (1%).33 Data are
limited regarding whether thrombophilia increases the risk of pro-
voked VTE.47-49 Even less data are available regarding the risk of
VTE for patients with a past history of superficial or distal DVT, with
a possible increased risk of VTE seen in the postpartum period in
the TIPPS trial.43 Only limited data are available for the risk of
recurrent VTE among women with a past history of unusual-site
thrombosis. Among 59 women with a prior history of cerebral
vein thrombosis (the majority of which were estrogen associated),
antepartum and postpartum prophylaxis were effective at preventing
recurrent VTE.50.

Recommendations. I recommend antepartum and postpartum
LMWH prophylaxis for all women with a past unprovoked or
estrogen-associated VTE. For women with a provoked VTE
resulting from a major provoking risk factor, I recommend only
postpartum LMWH prophylaxis. For women with a provoked VTE

and a thrombophilia, I make an individualized decision based on
the type of provoked event, thrombophilia, and patient values and
preferences.

Practical considerations for using LMWH prophylaxis
Recommended LMWH dosing strategies vary,51 and a clinical trial
is underway that is evaluating prophylactic vs intermediate doses
of LMWH (NCT01828697; Comparison of Low and Intermediate
Dose Low-Molecular-Weight Heparin to Prevent Recurrent Venous
Thromboembolism in Pregnancy [Highlow]). I use the dosing
regimen from the TIPPS clinical trial for patients who are not already
receiving anticoagulation: a prophylactic dose of LMWH once per
day until 20 weeks gestation (eg, dalteparin 5000 IU once per day,
enoxaparin 40 mg, and tinzaparin 4500 IU once per day), with an
increase to a twice-per-day regimen after 20 weeks gestation until
delivery as a result of changes in the volume of distribution and
increased renal clearance in pregnancy, leading to earlier trough
levels of anti–Factor Xa activity.52,53 Because there is no change in
bone mineral density with this regimen, I do not routinely prescribe
calcium or vitamin D.54

In patients who are already receiving anticoagulants or who have
potent thrombophilias, such as those with moderate to severe AT
deficiency or APS with past thrombosis, I use a 75% or therapeutic
dose of LMWH throughout pregnancy. Patients already receiving
warfarin before pregnancy are transitioned to LMWH before 6 weeks
gestation (ie, with a first positive pregnancy test) to avoid warfarin
embryopathy. Warfarin embryopathy typically occurs between 6 and
12 weeks gestation with nasal hypoplasia and stippled epiphyses;
limb hypoplasia is also present in a proportion of cases.2 Because
of the lack of teratogenicity data for patients receiving DOACs,55 I
prefer to temporarily switch patients to warfarin or transition to
LMWH before conception56 instead of continuing to receive a DOAC
until pregnancy is confirmed.57 As more data become available about
the type and timing of potential DOAC teratogenicity, this recom-
mendation may change.

Given the additional challenge that LMWHprophylaxis adds to labor
and delivery, a written plan shared by a multidisciplinary team is
needed. I discuss 3 possible options with patients who are receiv-
ing prophylactic doses of LMWH to arrive at a decision that is
individualized and largely driven by patient preference. The options are
to (1) stop LMWHwhen labor begins, with the possibility that a patient
may not be able to receive epidural analgesia; (2) stop LMWHearly (ie,
at 37 weeks gestation) with exposure to a small risk of VTE during this
time; or (3) plan to induce labor and stop the LMWH 12 to 24 hours
after the last dose, based on local anesthesiology practice guidelines.
An alternative strategy in some centers is to switch from LMWH to
unfractionated heparin at term (37 weeks gestation), which is based on
insufficient evidence and expert opinion.10 Patient characteristics, such

Table 4. Absolute VTE risk in pregnancy and postpartum in women with prior unprovoked VTE, estrogen-associated VTE, and provoked VTE

Past VTE

Antepartum risk* Postpartum risk†

% 95% CI % 95% CI

Unprovoked VTE 3.6 1.4-8.9 3.1 0.5-15.7
Estrogen-associated VTE 6.4 3.9-10.4 11.7 5.8-22.2
Provoked VTE (non-estrogen associated) 1.0 0.19-5.7 7.1 1.9-22.6

VTE includes deep vein thrombosis and pulmonary embolism.
*Antepartum risk estimates are derived from pooled proportions among women with no antepartum prophylaxis use.3

†Postpartum risk estimates are limited to 1 study without postpartum prophylaxis use (n 5 120).48

Table 3. Pooled proportion of VTE amongwomenwho did not receive
antepartum prophylaxis, in randomized trials of pregnant patients
with positive antiphospholipid antibodies and obstetrical
complications

Reference VTE

Antepartum
risk (aspirin
or placebo)

% 95% CI

Prior pregnancy loss
Silver et al72 0/22*
Kutteh et al36 0/25
Laskin et al73 0/46
Rai et al37 0/45
Pattison et al38 0/40
Farquharson et al39 0/47
Goel et al74 0/39
Laskin et al42 0/20
Subtotal 0/284 0 0-1.3

Prior placenta-mediated
pregnancy complications
Rodger et al43 0/10†
van Hoorn et al40 0/16
Subtotal 0/26 0 0-27.8
Total 0/310 0 0-1.2

Placenta-mediated pregnancy complications include pre-eclampsia, placental abruption,
small-for-gestational-age neonate, and late pregnancy loss. The postpartum VTE risk
was not reported in any of the included studies.
*Included 1 patient with a prior history of VTE.
†One patient with APS and prior provoked VTE had an antepartum VTE at 11 weeks
of gestation while receiving LMWH prophylaxis (LMWH data not shown).
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as previous deliveries (multiparous) or short duration of previous labor,
may affect a patient’s chance of receiving an epidural. With respect to
stopping LMWH prophylaxis early, study results are mixed regarding
whether the VTE risk is equal throughout pregnancy (ie, antepartum
risk divided by 280 days for a per-day risk),48,49,58 or whether risk
increases in the third trimester.6,59 In my experience, patients are often
committed to preventing VTE after completing several months of
injections and are reluctant to stop early for this small risk of VTE.
Finally, a planned induction allows for using epidural analgesia while
minimizing the risks of VTE and bleeding. Although earlier studies
reported an increased risk of cesarean delivery with induction of labor,
the results were likely confounded by the indication for induction and
the methodologic flaw of comparing induction of labor to spontaneous
labor rather than expectant management.60-65 Randomized trials are
ongoing to clarify the risk of cesarean delivery with induction of labor.
For women receiving a once-per-day 75% or therapeutic dose of
LMWH, I favor a planned induction to minimize the risk of bleeding
and allow for possible use of an epidural. Postpartum, LMWH is re-
sumed 12 to 24 hours after delivery on the basis of patient risk factors.
If patients were previously receiving 75% or full doses of LMWH,
I typically start with prophylactic doses and escalate to a higher twice
daily dose in hospital to minimize bleeding postpartum. When there is
a contraindication to anticoagulation in the postpartum period, I use
mechanical prophylaxis and favor intermittent pneumatic compression
over elastic compression stockings if available.2,66Warfarin and LMWH
are safe while breastfeeding2; any DOACs should be avoided in
breastfeeding.67,68

Correspondence
Leslie Skeith, Division of Hematology, Department of Medicine,
The Ottawa Hospital–General Campus, 501 Smyth Rd, Box 201,
Ottawa, ON K1H 8M2, Canada; e-mail: leslie.skeith@gmail.com.

References
1. Rodger MA, Phillips P, Kahn SR, James AH, Konkle BA; PROSPER

Investigators. Low-molecular-weight heparin to prevent postpartum
venous thromboembolism. A pilot randomised placebo-controlled trial.
Thromb Haemost. 2015;113(1):212-216.

2. Bates SM, Greer IA,Middeldorp S, Veenstra DL, Prabulos AM, Vandvik
PO. VTE, thrombophilia, antithrombotic therapy, and pregnancy:
Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American
College of Chest Physicians Evidence-Based Clinical Practice Guidelines.
Chest. 2012;141(suppl 2):e691S-e736S.

3. Rodger M. Pregnancy and venous thromboembolism: ‘TIPPS’ for risk
stratification. Hematology Am Soc Hematol Educ Program. 2014;
2014(1):387-392.

4. Lazo-Langner A, Rodger MA, Barrowman NJ, Ramsay T, Wells PS,
Coyle DA. Comparing multiple competing interventions in the absence
of randomized trials using clinical risk-benefit analysis. BMC Med Res
Methodol. 2012;12:3.

5. Carrier M, Le Gal G, Wells PS, Rodger MA. Systematic review: case-
fatality rates of recurrent venous thromboembolism and major bleeding
events among patients treated for venous thromboembolism. Ann Intern
Med. 2010;152(9):578-589.

6. Kourlaba G, Relakis J, Kontodimas S, Holm MV, Maniadakis N.
A systematic review and meta-analysis of the epidemiology and burden
of venous thromboembolism among pregnant women. Int J Gynaecol
Obstet. 2016;132(1):4-10.

7. Hoffmann TC, Del Mar C. Patients’ expectations of the benefits and
harms of treatments, screening, and tests: a systematic review. JAMA
Intern Med. 2015;175(2):274-286.

8. Rodger MA, Gris JC, de Vries JIP, et al; Low-Molecular-Weight Heparin
for Placenta-Mediated Pregnancy Complications Study Group. Low-
molecular-weight heparin and recurrent placenta-mediated pregnancy

complications: a meta-analysis of individual patient data from randomised
controlled trials. Lancet. 2016;388(10060):2629-2641.

9. Greer IA, Nelson-Piercy C. Low-molecular-weight heparins for throm-
boprophylaxis and treatment of venous thromboembolism in pregnancy:
a systematic review of safety and efficacy. Blood. 2005;106(2):401-407.

10. Chan WS, Rey E, Kent NE, et al; VTE in Pregnancy Guideline Working
Group; Society of Obstetricians and Gynecologists of Canada. Venous
thromboembolism and antithrombotic therapy in pregnancy. J Obstet
Gynaecol Can. 2014;36(6):527-553.

11. Bates SM, Middeldorp S, Rodger M, James AH, Greer I. Guidance for
the treatment and prevention of obstetric-associated venous thrombo-
embolism. J Thromb Thrombolysis. 2016;41(1):92-128.

12. Eckman MH, Alonso-Coello P, Guyatt GH, et al. Women’s values and
preferences for thromboprophylaxis during pregnancy: a comparison
of direct-choice and decision analysis using patient specific utilities.
Thromb Res. 2015;136(2):341-347.

13. Bates SM, Alonso-Coello P, Tikkinen KAO, et al. Women’s values and
preferences and health state valuations for thromboprophylaxis during
pregnancy: A cross-sectional interview. Thromb Res. 2016;140:22-29.

14. Middeldorp S. Inherited thrombophilia: a double-edged sword. Hema-
tology Am Soc Hematol Educ Program. 2016;2016:1-9.

15. MengK, Hu X, Peng X, Zhang Z. Incidence of venous thromboembolism
during pregnancy and the puerperium: a systematic review and meta-
analysis. J Matern Fetal Neonatal Med. 2015;28(3):245-253.

16. Robertson L, Wu O, Langhorne P, et al; Thrombosis: Risk and Economic
Assessment of Thrombophilia Screening (TREATS) Study. Thrombo-
philia in pregnancy: a systematic review. Br J Haematol. 2006;132(2):
171-196.

17. Gerhardt A, Scharf RE, Greer IA, Zotz RB. Hereditary risk factors for
thrombophilia and probability of venous thromboembolism during
pregnancy and the puerperium. Blood. 2016;128(19):2343-2349.

18. Sonnevi K, Bergendal A, Adami J, Lärfars G, Kieler H. Self-reported
family history in estimating the risk of hormone, surgery and cast related
VTE in women. Thromb Res. 2013;132(2):164-169.

19. Middeldorp S, Henkens CMA, Koopman MMW, et al. The incidence of
venous thromboembolism in family members of patients with factor V
Leiden mutation and venous thrombosis. Ann Intern Med. 1998;128(1):
15-20.

20. Middeldorp S, Libourel EJ, Hamulyák K, Van derMeer J, Büller HR. The
risk of pregnancy-related venous thromboembolism in women who are
homozygous for factor V Leiden. Br J Haematol. 2001;113(2):553-555.

21. Couturaud F, Kearon C, Leroyer C, et al; Groupe d’Etude de la
Thrombose de Bretagne Occidentale (G.E.T.B.O). Incidence of venous
thromboembolism in first-degree relatives of patients with venous
thromboembolism who have factor V Leiden. Thromb Haemost. 2006;
96(6):744-749.

22. Mahmoodi BK, Brouwer JLP, Ten Kate MK, et al. A prospective cohort
study on the absolute risks of venous thromboembolism and predictive
value of screening asymptomatic relatives of patients with hereditary
deficiencies of protein S, protein C or antithrombin. J Thromb Haemost.
2010;8(6):1193-1200.

23. Friederich PW, Sanson BJ, Simioni P, et al. Frequency of pregnancy-
related venous thromboembolism in anticoagulant factor-deficient
women: implications for prophylaxis. Ann Intern Med. 1996;125(12):
955-960.

24. Simioni P, Sanson BJ, Prandoni P, et al. Incidence of venous throm-
boembolism in families with inherited thrombophilia. Thromb Haemost.
1999;81(2):198-202.

25. Simioni P, Tormene D, Prandoni P, et al. Incidence of venous throm-
boembolism in asymptomatic family members who are carriers of factor
V Leiden: a prospective cohort study. Blood. 2002;99(6):1938-1942.

26. Jacobsen AF, Dahm A, Bergrem A, Jacobsen EM, Sandset PM. Risk of
venous thrombosis in pregnancy among carriers of the factor V Leiden
and the prothrombin gene G20210A polymorphisms. J ThrombHaemost.
2010;8(11):2443-2449.

27. Martinelli I, De Stefano V, Taioli E, Paciaroni K, Rossi E, Mannucci PM.
Inherited thrombophilia and first venous thromboembolism during pregnancy
and puerperium. Thromb Haemost. 2002;87(5):791-795.

Hematology 2017 165

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2017/1/160/1250108/hem
00022.pdf by guest on 04 M

ay 2024

mailto:leslie.skeith@gmail.com


28. Tormene D, Simioni P, Prandoni P, et al. Factor V Leiden mutation and
the risk of venous thromboembolism in pregnant women. Haemato-
logica. 2001;86(12):1305-1309.

29. Clark P, Brennand J, Conkie JA, McCall F, Greer IA, Walker ID.
Activated protein C sensitivity, protein C, protein S and coagulation in
normal pregnancy. Thromb Haemost. 1998;79(6):1166-1170.

30. Szecsi PB, JørgensenM, Klajnbard A, AndersenMR, Colov NP, Stender
S. Haemostatic reference intervals in pregnancy. ThrombHaemost. 2010;
103(4):718-727.

31. Martinelli I, Legnani C, Bucciarelli P, Grandone E, De Stefano V,
Mannucci PM. Risk of pregnancy-related venous thrombosis in carriers of
severe inherited thrombophilia. Thromb Haemost. 2001;86(3):800-803.

32. Patnaik MM, Moll S. Inherited antithrombin deficiency: a review.
Haemophilia. 2008;14(6):1229-1239.

33. De Stefano V, Finazzi G, Mannucci PM. Inherited thrombophilia: patho-
genesis, clinical syndromes, andmanagement.Blood. 1996;87(9):3531-3544.

34. Wilson WA, Gharavi AE, Koike T, et al. International consensus statement
on preliminary classification criteria for definite antiphospholipid syndrome:
report of an international workshop. Arthritis Rheum. 1999;42(7):
1309-1311.

35. Skeith L, Rodger M. Anticoagulants to prevent recurrent placenta-
mediated pregnancy complications: Is it time to put the needles away?
Thromb Res. 2017;151(suppl 1):S38-S42.

36. Kutteh WH. Antiphospholipid antibody-associated recurrent pregnancy
loss: treatment with heparin and low-dose aspirin is superior to low-dose
aspirin alone. Am J Obstet Gynecol. 1996;174(5):1584-1589.

37. Rai R, Cohen H, Dave M, Regan L. Randomised controlled trial of
aspirin and aspirin plus heparin in pregnant women with recurrent
miscarriage associated with phospholipid antibodies (or antiphospholipid
antibodies). BMJ. 1997;314(7076):253-257.

38. Pattison NS, Chamley LW, Birdsall M, Zanderigo AM, Liddell HS,
McDougall J. Does aspirin have a role in improving pregnancy outcome
for women with the antiphospholipid syndrome? A randomized con-
trolled trial. Am J Obstet Gynecol. 2000;183(4):1008-1012.

39. Farquharson RG, Quenby S, Greaves M. Antiphospholipid syndrome in
pregnancy: a randomized, controlled trial of treatment. Obstet Gynecol.
2002;100(3):408-413.

40. van Hoorn ME, Hague WM, van Pampus MG, Bezemer D, de Vries JIP;
FRUIT Investigators. Low-molecular-weight heparin and aspirin in the
prevention of recurrent early-onset pre-eclampsia in women with anti-
phospholipid antibodies: the FRUIT-RCT. Eur J Obstet Gynecol Reprod
Biol. 2016;197:168-173.

41. Cowchock S, Reece EA. Do low-risk pregnant women with anti-
phospholipid antibodies need to be treated? Organizing Group of the
Antiphospholipid Antibody Treatment Trial. Am J Obstet Gynecol. 1997;
176(5):1099-1100.

42. Laskin CA, Spitzer KA, Clark CA, et al. Low molecular weight heparin
and aspirin for recurrent pregnancy loss: results from the randomized,
controlled HepASA Trial. J Rheumatol. 2009;36(2):279-287.

43. Rodger MA, Hague WM, Kingdom J, et al; TIPPS Investigators.
Antepartum dalteparin versus no antepartum dalteparin for the prevention
of pregnancy complications in pregnant women with thrombophilia
(TIPPS): amultinational open-label randomised trial.Lancet. 2014;384(9955):
1673-1683.

44. Clark CA, Spitzer KA, Crowther MA, et al. Incidence of postpartum
thrombosis and preterm delivery in women with antiphospholipid an-
tibodies and recurrent pregnancy loss. J Rheumatol. 2007;34(5):992-996.

45. Galli M, Luciani D, Bertolini G, Barbui T. Lupus anticoagulants are
stronger risk factors for thrombosis than anticardiolipin antibodies in the
antiphospholipid syndrome: a systematic review of the literature. Blood.
2003;101(5):1827-1832.

46. Bergrem A, Jacobsen EM, Skjeldestad FE, Jacobsen AF, Skogstad M,
Sandset PM. The association of antiphospholipid antibodies with
pregnancy-related first time venous thrombosis–a population-based case-
control study. Thromb Res. 2010;125(5):e222-e227.

47. Brill-Edwards P, Ginsberg JS, Gent M, et al; Recurrence of Clot in This
Pregnancy StudyGroup. Safety of withholding heparin in pregnant womenwith
a history of venous thromboembolism.NEngl JMed. 2000;343(20):1439-1444.

48. De Stefano V, Martinelli I, Rossi E, et al. The risk of recurrent venous
thromboembolism in pregnancy and puerperium without antithrombotic
prophylaxis. Br J Haematol. 2006;135(3):386-391.

49. Pabinger I, Grafenhofer H, Kaider A, et al. Risk of pregnancy-associated
recurrent venous thromboembolism in women with a history of venous
thrombosis. J Thromb Haemost. 2005;3(5):949-954.

50. Martinelli I, Passamonti SM, Maino A, et al. Pregnancy outcome after
a first episode of cerebral vein thrombosis. J Thromb Haemost. 2016;
14(12):2386-2393.

51. Roeters van Lennep JE, Meijer E, Klumper FJ, Middeldorp JM,
Bloemenkamp KW, Middeldorp S. Prophylaxis with low-dose low-
molecular-weight heparin during pregnancy and postpartum: is it ef-
fective? J Thromb Haemost. 2011;9(3):473-480.

52. Barbour LA, Oja JL, Schultz LK. A prospective trial that demonstrates that
dalteparin requirements increase in pregnancy to maintain therapeutic
levels of anticoagulation. Am J Obstet Gynecol. 2004;191(3):1024-1029.

53. Lebaudy C, Hulot JS, Amoura Z, et al. Changes in enoxaparin phar-
macokinetics during pregnancy and implications for antithrombotic
therapeutic strategy. Clin Pharmacol Ther. 2008;84(3):370-377.

54. Rodger MA, Kahn SR, Cranney A, et al; TIPPS investigators. Long-term
dalteparin in pregnancy not associated with a decrease in bone mineral
density: substudy of a randomized controlled trial. J Thromb Haemost.
2007;5(8):1600-1606.

55. Beyer-Westendorf J, Michalski F, Tittl L, et al. Pregnancy outcome in
patients exposed to direct oral anticoagulants - and the challenge of event
reporting. Thromb Haemost. 2016;116(4):651-658.

56. Cohen H, Arachchillage DR, Middeldorp S, Beyer-Westendorf J, Abdul-
Kadir R. Management of direct oral anticoagulants in women of
childbearing potential: guidance from the SSC of the ISTH. J Thromb
Haemost. 2016;14(8):1673-1676.

57. Cohen H, Arachchillage DR, Middeldorp S, Beyer-Westendorf J, Abdul-
Kadir R. Management of direct oral anticoagulants in women of
childbearing potential: guidance from the SSC of the ISTH. [reply]
J Thromb Haemost. 2016;14(8):1673-1676.

58. Gherman RB, Goodwin TM, Leung B, Byrne JD, Hethumumi R,
Montoro M. Incidence, clinical characteristics, and timing of objectively
diagnosed venous thromboembolism during pregnancy. Obstet Gynecol.
1999;94(5 Pt 1):730-734.

59. Jacobsen AF, Skjeldestad FE, Sandset PM. Incidence and risk patterns of
venous thromboembolism in pregnancy and puerperium–a register-based
case-control study. Am J Obstet Gynecol. 2008;198(2):233.e1-233.e7.

60. Mishanina E, Rogozinska E, Thatthi T, Uddin-Khan R, Khan KS, Meads
C. Use of labour induction and risk of cesarean delivery: a systematic
review and meta-analysis. CMAJ. 2014;186(9):665-673.

61. Miller NR, Cypher RL, Foglia LM, Pates JA, Nielsen PE. Elective in-
duction of labor compared with expectant management of nulliparous
women at 39 weeks of gestation: a randomized controlled trial. Obstet
Gynecol. 2015;126(6):1258-1264.

62. Walker KF, Bugg GJ, Macpherson M, et al; 35/39 Trial Group. Ran-
domized trial of labor induction in women 35 years of age or older.
N Engl J Med. 2016;374(9):813-822.

63. Alberico S, Erenbourg A, Hod M, et al; GINEXMAL Group. Immediate
delivery or expectant management in gestational diabetes at term: the
GINEXMAL randomised controlled trial. BJOG. 2017;124(4):669-677.

64. Danilack VA, Dore DD, Triche EW, Muri JH, Phipps MG, Savitz DA.
The effect of labour induction on the risk of caesarean delivery: using
propensity scores to control confounding by indication. BJOG. 2016;
123(9):1521-1529.

65. Wood S, Cooper S, Ross S. Does induction of labour increase the risk of
caesarean section? A systematic review and meta-analysis of trials in
women with intact membranes. BJOG. 2014;121(6):674-685.

66. Gould MK, Garcia DA, Wren SM, et al. Prevention of VTE in non-
orthopedic surgical patients: Antithrombotic therapy and prevention of
thrombosis, 9th ed: American College of Chest Physicians Evidence-Based
Clinical Practice Guidelines. Chest. 2012;141(suppl 2):e227S-e277S.

67. Bapat P, Pinto LSR, Lubetsky A, et al. Examining the transplacental
passage of apixaban using the dually perfused human placenta. J Thromb
Haemost. 2016;14(7):1436-1441.

166 American Society of Hematology

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2017/1/160/1250108/hem
00022.pdf by guest on 04 M

ay 2024



68. Bapat P, Kedar R, Lubetsky A, et al. Transfer of dabigatran and dabi-
gatran etexilate mesylate across the dually perfused human placenta.
Obstet Gynecol. 2014;123(6):1256-1261.

69. Stevens SM,Woller SC, Bauer KA, et al. Guidance for the evaluation and
treatment of hereditary and acquired thrombophilia. J Thromb Throm-
bolysis. 2016;41(1):154-164.

70. Kane EV, Calderwood C, Dobbie R, Morris C, Roman E, Greer IA.
A population-based study of venous thrombosis in pregnancy in
Scotland 1980-2005. Eur J Obstet Gynecol Reprod Biol. 2013;169(2):
223-229.

71. Bank I, Libourel EJ, Middeldorp S, et al. Prothrombin 20210A mutation:
a mild risk factor for venous thromboembolism but not for arterial

thrombotic disease and pregnancy-related complications in a family
study. Arch Intern Med. 2004;164(17):1932-1937.

72. Silver RK, MacGregor SN, Sholl JS, Hobart JM, Neerhof MG, Ragin A.
Comparative trial of prednisone plus aspirin versus aspirin alone in the
treatment of anticardiolipin antibody-positive obstetric patients. Am J
Obstet Gynecol. 1993;169(6):1411-1417.

73. Laskin CA, Bombardier C, Hannah ME, et al. Prednisone and aspirin in
womenwith autoantibodies and unexplained recurrent fetal loss.NEngl J
Med. 1997;337(3):148-153.

74. Goel N, Tuli A, Choudhry R. The role of aspirin versus aspirin and
heparin in cases of recurrent abortions with raised anticardiolipin anti-
bodies. Med Sci Monit. 2006;12(3):CR132-CR136.

Hematology 2017 167

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2017/1/160/1250108/hem
00022.pdf by guest on 04 M

ay 2024


	Preventing venous thromboembolism during pregnancy and postpartum: crossing the threshold
	Introduction
	At what threshold of VTE risk should thromboprophylaxis be considered in the antepartum or postpartum period?
	The clinicians’ perspective: a calculated approach
	The patients’ perspective: a holistic approach
	Summary of VTE risk threshold: a balanced approach

	What is the risk of VTE for pregnant patients with inherited thrombophilia, antiphospholipid syndrome, or prior VTE and wha ...
	Inherited thrombophilia
	Recommendations:
	Recommendations:
	Recommendations:
	Recommendations:

	Antiphospholipid syndrome
	Recommendations.

	Prior VTE
	Recommendations.

	Practical considerations for using LMWH prophylaxis

	Correspondence
	References


