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This Journal feature begins with a case vignette highlighting a common clinical problem. Evidence sup-
porting various strategies is then presented, followed by a review of formal guidelines, when they exist.
The article ends with the author’s clinical recommendations.

A 37-year-old primigravid woman presents at 12 weeks of gestation with a painful,
swollen left leg, breathlessness, and lower abdominal pain. She has had hyperemesis
for several weeks. She has no personal history of venous thrombosis, but she reports
a family history of thrombosis in both her mother and her maternal aunt. On exami-
nation, she has a body-mass index (BMI, the weight in kilograms divided by the
square of the height in meters) of 36, and the entire leg is dusky and swollen. No
abnormalities are detected on pulmonary examination, and the oxygen saturation is
normal. How should her case be evaluated and treated?

THE CLINICAL PROBLEM

ENOUS THROMBOEMBOLISM IS A LEADING CAUSE OF MATERNAL MORTAL-
ity and morbidity in the developed world. The risk of these consequences
may be avoided or reduced with improved treatment and prophylaxis.'® As
compared with deep-vein thrombosis in nonpregnant persons, deep-vein throm-
bosis in pregnant women occurs more frequently in the left leg (85%, vs. 55% in
the left leg among nonpregnant persons) and is more often proximal (72% in the
iliofemoral veins, vs. 9% in the iliofemoral veins among nonpregnant persons),*
with a greater risk of embolic complications and the post-thrombotic syndrome.?
Although the absolute incidence of venous thromboembolism in pregnancy is
low (1 or 2 cases per 1000 pregnancies),® this risk is approximately five times as
high as the risk among women who are not pregnant.’ These risks reflect the ve-
nous stasis and procoagulant changes in coagulation and fibrinolysis, which are
considered to be part of physiologic preparation for the hemostatic challenge of
delivery. Thrombotic events occur throughout pregnancy, with more than half oc-
curring before 20 weeks of gestation.®” The risk increases further in the puerpe-
rium (the 6-week period after delivery), probably owing to endothelial damage to the
pelvic vessels that occurs during delivery. Recent data indicate that an increased
relative risk (but low absolute risk) persists until 12 weeks after delivery.® How-
ever, approximately 80% of postpartum thromboembolic events occur in the first
3 weeks after delivery.’
Venous thrombosis is a “multi-hit” disease. One of the strongest risk factors is
a previous pregnancy-related venous thrombosis (the risk of recurrence is approxi-
mately 6 to 9% in a subsequent pregnancy),’® but multiple risk factors often coex-
ist in women in whom venous thromboembolism develops in pregnancy.
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KEY CLINICAL POINTS

VENOUS THROMBOSIS IN PREGNANCY

+ Venous thromboembolism is a leading cause of maternal mortality and morbidity in the developed

world.

« The risk of deep-vein thrombosis is increased in pregnancy and even more so in the puerperium.
« Gestational deep-vein thrombosis, as compared with deep-vein thrombosis that occurs in nonpregnant
persons, usually occurs in the left leg, and it is proximal rather than distal, with an associated increased

risk of embolic complications.

« Compression duplex ultrasonography is indicated in cases of suspected deep-vein thrombosis; if
pulmonary imaging is required, ventilation—perfusion lung scanning is usually the preferred initial test

for evaluation of pulmonary embolism.

« Low-molecular-weight heparins are generally preferred over unfractionated heparin for treatment of
venous thromboembolism in pregnancy, given their better safety profile; they are generally continued
for a minimum of 3 months and until 6 weeks post partum.

« Coumarin anticoagulants are contraindicated in pregnancy but can be used in women, including breast-

feeding mothers, after delivery.

Recognized risk factors in pregnancy include
hyperemesis (owing to associated dehydration and
immobility), a high BMI, immobility,"**® and
thrombophilias (including homozygous factor V
Leiden).”* Postpartum factors associated with an
increased risk of venous thrombosis include hav-
ing undergone a cesarean delivery, especially if it
was performed urgently during labor or was as-
sociated with other factors such as postpartum
hemorrhage, preeclampsia with fetal growth re-
striction, thrombophilia, and postpartum infec-
tion.’® A detailed discussion of the prevention of
thrombosis is beyond the scope of this article,
but prophylaxis is discussed elsewhere.?

STRATEGIES AND EVIDENCE

Limited data are available from randomized trials
involving pregnant women to guide the preven-
tion, diagnosis, and treatment of venous throm-
bosis in pregnancy. Evidence to guide decision
making is derived largely from trials involving
nonpregnant persons and from observational
studies.

DIAGNOSIS

The clinical diagnosis of venous thrombosis is
unreliable in pregnancy. Suggestive symptoms and
signs, such as leg swelling and dyspnea, may be
difficult to differentiate from the physiologic
changes of pregnancy. Extension of proximal
thrombosis into the pelvic veins or venous dis-
tention through the collateral circulation may
cause lower abdominal pain, but this symptom is
also nonspecific. A high degree of clinical aware-
ness is required for diagnosis. Although less than

10% of clinically suspected thromboembolic events
are confirmed,**® objective testing should be per-
formed promptly to minimize the risk of pulmo-
nary embolism.

Suspected deep-vein thrombosis is best as-
sessed by means of compression duplex ultraso-
nographic examination, including examination
of the iliofemoral region (Fig. 1).""'® A prospective
study of single compression ultrasonographic ex-
amination involving 226 pregnant and postpar-
tum women concluded that this test can safely
rule out the diagnosis of deep-vein thrombosis';
among women with negative findings on exami-
nation, only 1.1% (95% confidence interval [CI],
0.3 to 4.0) had a confirmed event on follow-up.
In a prospective cohort study involving more than
200 pregnant women with suspected deep-vein
thrombosis, serial compression duplex ultrasonog-
raphy had a negative predictive value of 99.5%
(95% CI, 96.9 to 100)."° In women with a negative
result on ultrasonography in whom clinical sus-
picion of deep-vein thrombosis is high, it may be
prudent to repeat the test after 3 to 7 days. It ap-
pears to be safe to withhold anticoagulation pend-
ing the results of the repeat test.”

In cases in which iliocaval venous thrombosis
is suspected but ultrasonography cannot detect a
thrombus, magnetic resonance or conventional
x-ray venography may be considered."* However,
in practice, the majority of patients with iliocaval
venous thrombosis have extensive thrombus that
is amenable to diagnosis on the basis of ultraso-
nographic findings.

Chest radiographic findings are normal in the
majority of cases of pulmonary embolism, but
they can show pulmonary features that point to
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Thrombus

Figure 1. Ultrasonographic Image of a Femoral Vein
with Thrombus.

An ultrasonographic venogram shows a transverse
view of the common femoral vein containing a deep-
vein thrombosis in a pregnant woman. Image courtesy
of Dr. Jean-Christophe Gris.

an alternative diagnosis or nonspecific features
of pulmonary embolism such as atelectasis or re-
gional oligemia.” Electrocardiography may also
show tachycardia and nonspecific features of right
ventricular strain that suggest pulmonary embo-
lism? or provide support for alternative diagno-
ses such as myocardial ischemia. Reduced arte-
rial partial pressure of oxygen or oxygen saturation
is uncommon; in a study that included pregnant
and postpartum women with pulmonary embo-
lism, fewer than 3% had an oxygen saturation
below 90%.%

Since deep-vein thrombosis is often present in
patients with pulmonary embolism, ultrasono-
graphic venography is useful in patients who have
possible symptoms or signs of deep-vein throm-
bosis. If deep-vein thrombosis is detected, further
radiologic studies do not have to be performed
to confirm a pulmonary embolism.** However, a
negative result on ultrasonography cannot rule
out pulmonary embolism.*2

In women with normal findings on chest ra-
diography, ventilation—perfusion lung scanning
is often recommended, since it has a high nega-
tive predictive value, owing to the low prevalence

of coexisting pulmonary problems that can re-
sult in indeterminate or false positive test results.
Moreover, the ventilation component can often
be omitted, thereby minimizing the dose of ra-
diation to the fetus.

Whereas computed tomographic (CT) pulmo-
nary angiography (CTPA), with its high sensitiv-
ity and specificity, is usually the first-line test to
detect pulmonary embolism in nonpregnant pa-
tients, it is used less often in pregnant women.
However, it may be valuable in women with ab-
normal findings on chest radiography or indeter-
minate findings on ventilation—perfusion scan-
ning. A study comparing ventilation—perfusion
and low-dose perfusion scanning with CTPA for
the diagnosis of pulmonary embolism in preg-
nancy showed similar negative predictive values
of 100% and 99%, respectively, and similar low
rates of uninformative imaging (i.e., poor image
quality on CTPA or indeterminate results on venti-
lation—perfusion scanning).’>?"** CT scanning may
also identify an alternative diagnosis such as
aortic dissection. However, the maternal radiation
dose to the breast tissue with CT scanning (up
to 20 mGy, depending on breast size and radio-
logic technique) may be 20 to 100 times as high
as the radiation dose with ventilation—perfusion
scanning. Estimates based on modeling have
aroused concern that exposure to 10 mGy of ra-
diation may be associated with a small increase
in the risk of breast cancer®®*?%; however, the use
of bismuth breast shields reduces radiation ex-
posure by up to 40%.” More information on
other imaging techniques such as magnetic reso-
nance pulmonary angiography is required to better
understand their usefulness in detecting pulmo-
nary embolism in pregnancy.*

Some clinicians (and patients) are reluctant to
pursue objective testing for venous thromboem-
bolism because of concern regarding fetal radia-
tion exposure, but this concern is not well found-
ed, especially if there is a potentially fatal condition
in the mother.” The fetal radiation dose from
chest radiography at any gestational age is negli-
gible (<0.1 mGy).”® The estimated fetal radiation
exposure from CTPA (0.1 mGy) is similar to the
estimated fetal radiation exposure from ventila-
tion—perfusion scanning®*® (0.5 mGy); these ex-
posures are well below the thresholds associated
with teratogenesis. Estimates from modeling have
suggested that any potential increase in the risk
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of fatal childhood cancer associated with this ra-
diation is very small (0.006% per mGy of in utero
exposure).2%3°

Despite the usefulness of p-dimer measure-
ments in ruling out venous thromboembolism in
nonpregnant persons, these measurements are not
recommended for evaluation of venous thrombo-
embolism in pregnant women.”® The p-dimer lev-
els increase progressively with advancing gesta-
tion such that by term and the postpartum period,
measurements are “abnormal” in most uncom-
plicated pregnancies.* Levels also increase with
complications of pregnancy such as preeclamp-
sia.* False negative results have also been re-
ported, although their frequency is uncertain.*

The evaluation of pretest probability of deep-
vein thrombosis and pulmonary thromboembo-
lism can be challenging in pregnant women. The
“LEFT” rule is used to assess three variables to
predict the likelihood of a diagnosis of deep-vein
thrombosis in pregnancy: left (L) calf circumfer-
ence (a difference of >2 cm or more from the
right calf is positive), edema (E), and first-trimes-
ter presentation (FT).3* In a validation study in
which data from a study designed with a different
objective was used, the absence of any of these
criteria accurately identified pregnant women who
did not have deep-vein thrombosis, although the
positive predictive value of having at least one of
these findings was low.® The modified Wells
score (which has a range of 0 to 12.5, with higher
scores indicating higher clinical probability) for
risk stratification has also been used to assess the
probability of pulmonary embolism in pregnant
women?#; a score of 6 or higher has been associ-
ated with a positive predictive value of 36% and
a negative predictive value of 100%. More pro-
spective data are needed to better inform the
usefulness of these assessments.

TREATMENT

Anticoagulation in pregnancy typically involves
unfractionated heparin or low-molecular-weight
heparin, which do not cross the placenta or enter
breast milk. In contrast, vitamin K antagonists
such as warfarin are contraindicated in preg-
nancy, since they cross the placenta and their
use is associated with embryopathy, central ner-
vous system abnormalities, pregnancy loss, and
fetal anticoagulation with possible bleeding.'
However, since warfarin crosses minimally into

breast milk, it can be used in breast-feeding wom-
en during the postpartum period.!

Low-molecular-weight heparins have largely
replaced unfractionated heparin for the manage-
ment of venous thromboembolism in pregnancy.
This use is based on extrapolation of efficacy data
from trials involving nonpregnant persons,® com-
bined with substantial observational data indi-
cating the safety and efficacy of low-molecular-
weight heparins in pregnancy.®%

Typical agents include dalteparin (at a dose of
200 IU per kilogram of body weight daily or
100 IU per kilogram twice daily), enoxaparin
(1.5 mg per kilogram daily or 1 mg per kilogram
twice daily), and tinzaparin (175 units per kilo-
gram daily).’*? In cases in which low-molecular-
weight heparin is provided in a prefilled syringe,
the dose closest to the patient’s weight is admin-
istered®; either early or current pregnancy weight
is used, since data are lacking to support the use
of one weight over the other. Doses are adjusted
in patients with clinically significant renal com-
promise. Monitoring of anti—factor Xa levels is
not recommended in routine practice, given un-
certainties regarding the relationship between
this variable and clinical end points of bleeding
or thrombosis and regarding the accuracy and
reliability of the measurements.!

In nonpregnant patients, low-molecular-weight
heparins are more effective than unfractionated
heparin for the treatment of deep-vein thrombo-
sis and are associated with lower risks of bleed-
ing and death.!® Low-molecular-weight heparins
are not associated with an increased risk of se-
vere postpartum hemorrhage.®>¥3® Although it is
uncertain whether once-daily or twice-daily dos-
ing is most appropriate for treatment,'® pharma-
cokinetic and observational data suggest similar
efficacy and safety.1035373

To minimize the risk of bleeding and allow the
option of neuraxial anesthesia, it is prudent to
plan delivery in women who are receiving hepa-
rin therapy and to discontinue heparin 24 hours
before scheduled delivery.”®*® Women should be
advised to discontinue injections of heparin if
labor starts or is suspected. Neuraxial anesthe-
sia is usually deferred until at least 24 hours after
the last dose, given a small risk of epidural he-
matoma associated with administration of neur-
axial anesthesia before that time. After delivery,
low-molecular-weight heparin should not be ad-
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ministered for at least 4 hours after spinal anes-
thesia or removal of an epidural catheter.”® After
delivery, anticoagulant treatment is continued for
at least 6 weeks, with a minimum total duration
of 3 months.

Data are limited regarding the use of fonda-
parinux in pregnancy. The data that are available
are derived from case reports or case series,
mostly in later pregnancy, involving women who
have had severe adverse reactions to heparin, such
as heparin-induced thrombocytopenia.’® Small
quantities of fondaparinux have been detected in
fetal blood after treatment of the mother.!**°

Oral direct thrombin inhibitors such as dabi-
gatran and anti—factor Xa inhibitors such as ri-
varoxaban should generally be avoided during
pregnancy. These agents may cross the placenta
with possible adverse fetal effects.1%4

Graduated elastic compression stockings re-
duce the pain and swelling associated with deep-
vein thrombosis. However, a recent randomized
trial did not show a benefit from these stockings
in preventing the post-thrombotic syndrome.*

Thrombolysis in pregnancy is reserved for mas-
sive life-threatening pulmonary embolism with
hemodynamic compromise or for proximal deep-
vein thrombosis that is threatening leg viability;
in the latter case, catheter-directed thrombolysis
may be preferred. Case reports and case series of
thrombolytic therapy in pregnant women have
suggested that the risk of bleeding complications
is similar to that among nonpregnant persons.?**

Caval filters are sometimes used in women who
have recurrent pulmonary embolisms despite ad-
equate anticoagulation or in whom anticoagula-
tion is contraindicated, or in women in whom
acute deep-vein thrombosis has developed close
to the time of delivery.” In nonpregnant patients,
filters reduce the risk of pulmonary embolism
but increase the risk of deep-vein thrombosis,*
with no meaningful change in the overall risk of
venous thrombosis. Moreover, hazards of caval
filters include migration (in >20% of patients),
fracture (in approximately 5%), and perforation
of the inferior vena cava (in up to 5%).*

AREAS OF UNCERTAINTY

High-quality evidence to guide the management
of venous thromboembolism during pregnancy is
limited. The role of b-dimer testing and of estab-
lished scoring systems to assess the pretest prob-

ability of venous thrombosis in pregnancy remains
unclear. Data are lacking to inform maternal and
fetal risks associated with radiation-based tests to
detect pulmonary embolisms in pregnant women.

Low-molecular-weight heparin is currently the
preferred therapy for venous thromboembolism,
but the most appropriate regimen has not been
established, including the dosing schedule (once-
daily vs. twice-daily), the duration of treatment,
and the possibility of dose reduction after initial
treatment, nor has the value of monitoring low-
molecular-weight heparin activity (anti—factor Xa
activity) been determined. The efficacy of and risks
associated with newer anticoagulant agents dur-
ing pregnancy remain to be established. It is un-
clear how best to prevent the post-thrombotic
syndrome.

GUIDELINES

National and international guidelines inform the
evaluation and management of venous thrombo-
embolism that occurs during pregnancy.!®204-4
Key points from the guidelines for which there
is consensus are summarized in Table 1. The rec-
ommendations in this review are consistent with
these guidelines.

CONCLUSIONS
AND RECOMMENDATIONS

The woman described in the vignette has mul-
tiple risk factors for venous thromboembolism,
including a family history (raising the possibility
of thrombophilia), a high BMI, age older than 35
years, and probably immobility and dehydration
associated with morning sickness. Compression
duplex ultrasonographic examination should be
performed. If this test confirms deep-vein throm-
bosis, as suspected, pulmonary imaging is not
needed, since it would not alter treatment.

The patient should be treated promptly with
a dose of low-molecular-weight heparin accord-
ing to her weight. Although data are lacking to
directly compare once-daily dosing with twice-
daily dosing, and either is acceptable, I prefer
twice-daily administration for the initial manage-
ment (since there is greater clinical experience
with this regimen) and conversion to once-daily
dosing after several weeks.

I would plan delivery with induction at term,
temporarily discontinuing the use of low-molec-
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Table 1. Summary of Recommendations for Which There is Consensus and Uncertainties and Variations in Guidelines
for the Management of Venous Thromboembolism in Pregnancy.*

Recommendations for which there is consensus
Primary diagnostic techniques
Compression duplex ultrasonography
Ventilation—perfusion lung scanning

Anticoagulant treatment

Avoid the use of coumarins in antenatal period

mal deep-vein thrombosis threatening leg viability

both are acceptable

Generally low-molecular-weight heparin (weight-based dose) instead of unfractionated heparin

Low-molecular-weight heparin, unfractionated heparin, and coumarins can be used in breast-feeding mothers
Graduated compression stockings for symptom relief in deep-vein thrombosis
Treatment for a minimum of 3 to 6 mo in total and until at least 6 wk post partum
Monitoring of platelet count for heparin-induced thrombocytopenia

Not recommended in women treated exclusively with low-molecular-weight heparin

Recommended in women treated with unfractionated heparin

Discontinuation of heparin for 24 hr before induction of labor or cesarean section in women receiving treatment doses
to allow delivery and provision of neuraxial anesthesia

Thrombolysis reserved for massive life-threatening pulmonary embolism with hemodynamic compromise or with proxi-

Caval filters restricted to women with recurrent venous thromboembolism despite therapeutic anticoagulation, since
benefits are uncertain, or in women in whom anticoagulation is contraindicated

Uncertainties and variations in guidelines regarding anticoagulant management and monitoring

Whether once-daily or twice-daily low-molecular-weight heparin administration is preferred; all guidelines indicate that

Whether the dose should be adjusted as pregnancy advances; only one guideline specifically recommends dose reduc-
tion to intermediate dose (50 to 75% of full treatment dose) or prophylactic dose after initial (3 mo) treatment

* Data are from Bates et al.,’® Royal College of Obstetricians and Gynaecologists,” James,* Chan et al.,* Royal College of

Obstetricians and Gynaecologists,”” and McLintock et al.*®

ular-weight heparin to minimize the risk of bleed-
ing and permit neuraxial anesthesia if required.
Treatment with low-molecular-weight heparin
should be restarted after delivery and at least
4 hours after the removal of the epidural catheter.
I would continue postpartum anticoagulation for
6 weeks with either low-molecular-weight hepa-
rin or coumarin, according to the patient’s pref-
erence. Despite the patient’s family history, I would
not perform thrombophilia screening, since this

would not influence subsequent care. Pregnancy-
associated venous thromboembolism is a strong
risk factor for recurrence, and I would recommend
thromboprophylaxis in any subsequent pregnan-
cy from the time the pregnancy is detected until
at least 6 weeks post partum.
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Pharma. No other potential conflict of interest relevant to this
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