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Of the potential clinical emergencies an obstetrician/gynecologist will
confront, venous thromboembolism, which includes deep venous thrombo-
sis and pulmonary embolus, has been associated with the highest risk for
maternal and fetal morbidity and mortality. In the most recent Centers
for Disease Control and Prevention data available, thromboembolism was
shown to be responsible for 19.6% of pregnancy-related deaths in the
United States as compared with 17.2% for hemorrhage [1]. Venous throm-
boembolism is estimated to complicate between 0.5 and 1 in 1000 pregnan-
cies per year in the United States [2–10]. More recent evidence suggests that
the risk is evenly divided among each of the trimesters [3,11], with an even
higher risk in the postpartum period [12,13]. In addition, cesarean delivery
confers a five- to ninefold higher risk over vaginal delivery [13,14].

Essentially, every pregnant patient is at risk for a venous thromboem-
bolic event and the risk is estimated to be five- to 10-fold higher than for
the nonpregnant patient. From a teleological perspective, the adaptation
of the maternal hemostatic system to pregnancy (to prevent hemorrhage
at the time of delivery) predisposes women to an increased risk of thrombo-
embolism. Particular women seem to be at yet an even higher risk for venous
thromboembolism in pregnancy. These women include multiparous
patients, obese gravidas, women who have postpartum endometritis, and
those with a history of venous thromboembolism or underlying thrombo-
philia. It is estimated that the recurrence risk in pregnancy is between 5%
and 16% for women with a history of a venous thromboembolism [11,15]
and may be related to the presence or absence of underlying maternal
thrombophilia [16]. Others have demonstrated a 7.5% recurrence risk in
pregnancy if the first venous thromboembolism was unprovoked, related
to pregnancy, or related to use of oral contraceptives [17]. In contrast, there
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was no recurrence if the first venous thromboembolism was related to other
transient risk factors [17]. Therefore, one must consider routine thrombo-
prophylaxis in selected obstetrical patients [15,17–19].

However, despite prophylaxis, venous thromboembolism can occur in
pregnancy and clinicians must have a heightened surveillance for this poten-
tial emergency. Diagnostic tests must be readily available and there should
be no delay in initiating treatment when appropriate [20]. Treatment goals
should include preclusion of further thrombus propagation and pulmonary
embolism and prevention of recurrent venous thromboembolism and long-
term complications, including venous insufficiency, pulmonary hyperten-
sion, right-sided heart failure, and ‘‘post-thrombotic syndrome’’ [21].

This article focuses on the clinical emergency posed by deep venous
thrombosis and pulmonary embolism in pregnancy. The article begins
with a brief review of the physiologic changes that predispose pregnant
women to a thrombotic event. The article then reviews the signs and symp-
toms that should alert the clinician to the possibility of a thromboembolic
event, and then presents an algorithm outlining specific diagnostic tests
that guide the clinician to the correct diagnosis. The article then reviews rec-
ommended treatment regimens while attempting to resolve some of the con-
troversies regarding optimal anticoagulation therapy in pregnancy. The
article ends with a brief look at future directions, including innovative diag-
nostic tests that may be safer and easier to perform than current ones.

Physiology and pathophysiology of hemostasis in pregnancy

The adaptation of the maternal hemostatic system to pregnancy predis-
poses women to an increased risk of venous thromboembolism. Pregnancy
produces the components of Virchow’s triad, including an increase in vascu-
lar stasis, changes in the coagulation system, and vascular injury. Other risk
factors for thrombosis involve inherited thrombophilias, including mutations
in the factor V Leiden and prothrombin genes; deficiencies in protein C,
protein S, and antithrombin III; and acquired maternal thrombophilias,
such as the condition known as antiphospholipid antibody syndrome
[12,22,23]. It is estimated that an underlying thrombophilia is present in
at least 50% of those who develop a deep venous thrombosis or pulmonary
embolism in pregnancy [23]. Therefore, a thorough understanding of the
coagulation and fibrinolytic systems and their inhibitors with specific
relation to pregnancy is essential.

Physiology

Platelet aggregation and vasoconstriction are the initial responses to hem-
orrhage following vascular disruption and endothelial damage. By limiting
the size of the requisite plug required to obstruct blood flow through the
vascular defect, vasoconstriction limits blood flow to promote platelet
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plug formation. Integrins bound to platelet membranes adhere to subendo-
thelial laminin, fibronectin, and vitronectin, and circulating von Wille-
brand’s factor mediates platelet attachment by binding to both platelet
GPIb/IX/V receptors and subendothelial collagen in damaged vessels [24].
Platelet adhesion then triggers calcium-dependent protein kinase C activa-
tion, which induces thromboxane A2 (TXA2) synthesis and platelet granule
release. The a-granules contain von Willebrand’s factor and various clotting
factors while dense-granules contain adenosine diphosphate and serotonin,
which together with thromboxane A2 (TXA2), exacerbate vasoconstriction
and platelet activation. The latter process activates platelet GPIIB/IIIa
receptors to promote aggregation by forming inter-platelet fibrinogen, fibro-
nectin, and vitronectin bridges [25]. Epinephrine, arachidonic acid, and
platelet activating factor can also activate platelets.

Tissue factor, a glycoprotein bound to cell membranes, is the primary ini-
tiator of hemostasis and the coagulation cascade. Tissue factor is expressed
constitutively by epithelial, stromal, and perivascular cells throughout the
body. Tissue factor is also expressed, particularly in pregnancy, in endome-
trial stromal cells and uterine decidua [26,27]. Clotting is initiated by the
binding of tissue factor to factor VII after vascular injury and can be exter-
nally activated by thrombin, factor IXa, factor Xa, or factor XIIa [26,27].
The coagulation cascade is initiated and, ultimately, thrombin cleaves fibrin-
ogen to fibrin monomers, which self-polymerize and are cross-linked via
thrombin-activated factor XIIIa.

The counterpoise of the hemostatic system is the anticoagulant system.
The tissue factor pathway inhibitor is the first agent in this system and
acts on the factor-Xa–tissue factor–factor-VIIa complex to inhibit tissue-
factor–mediated clotting [28]. However, factor XIa can bypass this block
and sustain clotting for some time. As a result, additional endogenous anti-
coagulant molecules are required to avoid thrombosis, including activated
protein C, protein S, and protein Z.

Fibrinolysis is initiated by tissue-type plasminogen activator (tPA), which
cleaves plasminogen to generate plasmin. Plasmin, in turn, cleaves fibrin
into fibrin degradation products (FDPs). These FDPs can also inhibit
thrombin action, a favorable result when limited, but when generated in
excess can contribute to disseminated intravascular coagulation. Inhibitors
of fibrinolysis include a-2-plasmin inhibitor and type-1 and -2 plasminogen
activator inhibitors (PAI-1 and -2), which inactivate tPA. The endothelium
and uterine decidua are primary sources of PAI-1, while the placenta pro-
duces PAI-2 [29]. The thrombin-activatable fibrinolysis inhibitor modifies
fibrin to render it resistant to inactivation by plasmin [30].

Pathophysiology

Changes in decidual and systemic hemostatic systems occur in pregnancy,
likely to meet the hemorrhagic challenges poised by implantation,
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placentation, and the third stage of labor. Decidual tissue factor and PAI-1
expression increase in response to progesterone, providing a potent local
system of hemostasis to prevent hemorrhage. In addition, levels of placental
PAI-2, circulating levels of fibrinogen, and levels of factors VII, VIII, IX, X,
and XII and of von Willebrand’s factor increase considerably in gestation
[29–32]. While these mechanisms serve to generally prevent puerperal hem-
orrhage following significant uterine vascular trauma at the time of delivery,
they predispose to thrombosis, a tendency aggravated by maternal
thrombophilias.

Inherited thrombophilias refer to a genetic tendency to venous thrombo-
embolism. Disorders include the factor V Leiden and prothrombin gene
G20210A mutations, antithrombin deficiency, and protein C and S defi-
ciencies. Acquired thrombophilias include the antiphospholipid antibody
syndrome, which is characterized by the presence of antibodies directed
against plasma proteins bound to anionic phospholipids.

The antiphospholipid antibody syndrome is responsible for 14% of ve-
nous thromboembolism in pregnancy [33,34]. The lifetime prevalence of
arterial or venous thrombosis is approximately 30%, with an event rate of
1% per year [35]. The risks of venous thromboembolism are highly depen-
dent upon the presence of other predisposing factors, including pregnancy,
estrogen exposure, surgery, and infection. There is a 5% risk of a thrombotic
event in pregnancy even with prophylaxis [36].

The inherited thrombophilias are a heterogeneous group of genetic disor-
ders often associated with a personal or family history of venous thrombo-
embolism. Such a history is an important modifier of projected risk.
Thrombophilias are divided into high-risk thrombophilias and low-risk
thrombophilias based on the overall risk of venous thromboembolism. Be-
cause of the association between thrombophilias and recurrent venous
thromboembolism in pregnancy, the authors routinely obtain a comprehen-
sive thrombophilia evaluation on patients diagnosed with venous thrombo-
embolism in pregnancy. However, because functional levels of protein C,
protein S, and antithrombin are altered in pregnancy, abnormally low levels
should be confirmed 6 weeks postpartum before a diagnosis of a deficiency is
made.

Diagnosis of deep vein thrombosis

Clinicians must have a high baseline index for suspicion of deep venous
thrombosis in pregnancy because many of the common clinical signs and
symptoms, such as lower extremity edema, are also common findings in nor-
mal pregnancy. A timely diagnosis of deep venous thrombosis is crucial be-
cause up to 24% of patients with untreated deep venous thrombosis will
develop a pulmonary embolism [37]. A life-threatening pulmonary embo-
lism usually originates from a clot in the deep veins of the pelvis and legs,
including the internal iliac, femoral, and popliteal veins [7].
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Common clinical features of deep venous thrombosis include lower ex-
tremity edema, pain, difficulty with ambulation, warmth, and erythema.
However, the diagnostic sensitivity of these clinical signs and symptoms
is at best 50% and the diagnosis of deep venous thrombosis is confirmed
in less than a third of patients with these complaints [38,39]. Therefore, pa-
tients who present with any of these complaints warrant a full diagnostic
workup. Diagnostic tests for evaluation of suspected deep venous throm-
bosis include D-dimer assays, venous color Doppler ultrasound, magnetic
resonance venography, CT, and, less commonly, contrast venography
[40,41].

D-dimer assays

D-dimer assay testing may be used as a screening test and/or in combina-
tion with venous ultrasound to facilitate diagnosis and prediction of
a thromboembolic event. D-dimer is a product of the degradation of fibrin
by plasmin. Therefore, elevated levels indicate increased thrombin activity
and increased fibrinolysis following fibrin formation [42]. The assay employs
monoclonal antibodies to detect D-dimer fragments. Commercial assays
available include at least three accurate and reliable products: two rapid en-
zyme lined immunosorbent assays and a rapid whole-blood assay.

Though quite reliable in the exclusion of deep venous thrombosis in the
nonpregnant patient [43,44], the value of D-dimer testing in pregnancy is
somewhat controversial because D-dimer levels increase with gestational
age and, in the postpartum period, even in the absence of venous thrombo-
embolism [45–48]. This makes it difficult to assign a ‘‘normal’’ cutoff. Most
studies report a sensitivity ranging from 85% to 97% but a specificity of
only 35% to 45% [21,49]. In addition, there appears to be a wide variation
in D-dimer assay results depending on the specific test used. These factors
have led some investigators to conclude that the literature does not support
the general use of D-dimer assays as a stand-alone test for the diagnosis of
deep venous thrombosis in pregnancy [50]. However, others argue that
D-dimer testing is likely to have a higher negative predictive value in preg-
nancy and therefore it has a role in the initial triage of patients with sus-
pected deep venous thrombosis. In patients with a negative D-dimer assay
and a low clinical probability of deep venous thrombosis, further testing
may be unnecessary (Fig. 1). Several elaborate scoring systems (not vali-
dated in pregnancy) have been proposed to help classify patients as either
low or high risk for deep venous thrombosis [51,52]. Another approach is
to categorize patients as low risk if there is another reasonable clinical expla-
nation for their symptoms and there are no major risk factors, such as re-
cent major abdominal surgery, late pregnancy and postpartum, varicose
veins, malignancy, and reduced mobility [53]. In addition, there may be a
role for D-dimer testing to identify women at high risk for recurrent venous
thrombosis [42].
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Venous ultrasound

Compression ultrasound aided by color flow Doppler imaging involves
the use of firm pressure applied to the ultrasound transducer to detect an
intraluminal filling defect of the major venous systems of the legs, including
the common femoral, superficial femoral, greater saphenous, and popliteal
veins. Noncompressibility of the venous lumen is the most accurate ultra-
sound criteria for thrombosis [38]. Venous ultrasound to detect deep venous
thrombosis has been well studied in pregnancy [54]. It is noninvasive, easy to
perform, and can be repeated if necessary without any restrictions. Sensitiv-
ity and specificity of venous ultrasound in the detection of proximal deep
venous thrombosis is estimated at 95% and 96%, respectively [41,55]. There
is a slightly lower sensitivity (75%–90%) in detecting more distal thrombosis
in the leg [41,56].

Other modalities

It is estimated that in up to 3% of patients, venous ultrasound is not tech-
nically possible [57], and in some patients, despite negative ultrasound re-
sults, clinical suspicion remains high. Magnetic resonance venography and
CT of the pelvis and lower extremities may be a viable alternative in these
patients. Magnetic resonance direct thrombus imaging was shown in
a blinded study of nonpregnant patients to have a sensitivity of 94% to
96% and specificity of 90% to 92% for the detection of deep venous throm-
bosis with similar results for calf deep venous thrombosis. MRI was well tol-
erated and interpretation was highly reproducible [58–60]. The reported

Clinical Suspicion of DVT

Negative VUS

Therapy

Abnormal VUS

D-dimer AND Venous Ultrasound

Repeat VUS in 1 week

AbnormalNormal

No Therapy

Negative D-dimer
Negative VUS

End of
workup

high clinical 
suspicion

low clinical
 suspicion

MR Venogram

Abnormal

Fig. 1. Diagnostic algorithm for deep venous thrombosis. DVT, deep venous thrombosis;

MR, magnetic resonance; VUS, venous ultrasound.
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experience with MRI as a diagnostic modality for pregnant patients with
deep venous thrombosis is extremely limited [61] and there is only limited
safety data [62]. Thus, while magnetic resonance venography is promising,
additional studies are needed before it can be routinely recommended. In
the nonpregnant patient, CT of the pelvis and lower extremities to diagnose
deep venous thrombosis is a useful modality with a reported sensitivity and
specificity similar to ultrasound [63–65]. However, there is no reported expe-
rience with this modality in pregnancy and the natural preference during
gestation is to test with ultrasound, which does not involve a risk of radia-
tion exposure to the fetus.

Contrast venography involves the injection of radio-opaque dye into the
vein below the site of the suspected thrombus. Imaging is then used to iden-
tify a filling defect [66]. However, the relative ease and noninvasive nature of
compression ultrasound has made this more invasive test somewhat obsolete
[21].

Workup of patients with suspected deep venous thrombosis

A diagnostic algorithm is presented in Fig. 1 to guide the clinician in the
workup of a pregnant patient with a suspected deep venous thrombosis.

Diagnosis of pulmonary embolus

Timely diagnosis of pulmonary embolus in pregnancy is critical because
of the potential for a catastrophic maternal and fetal outcome if overlooked.
If the clinical suspicion is high, consideration should be given to empiric an-
ticoagulation until the workup is completed [7]. Likewise, a precise diagnosis
is vital to prevent unnecessary treatment of pulmonary embolism because
treatment is associated with side effects for both the mother and fetus. Ac-
curate imaging is essential, but fetal radiation exposure during diagnostic
procedures often provokes unfounded anxiety for the clinicians involved
[67].

An array of clinical, biochemical, and radiological tests is available to aid
in the investigation of pulmonary embolism in pregnancy. Because, accord-
ing to estimates, 70% of patients with proven pulmonary embolism have
a proximal deep venous thrombosis, the basic workup begins with compres-
sion venous ultrasound if there are any signs or symptoms of thrombosis of
the lower extremities. If a deep venous thrombosis is confirmed, then pulmo-
nary embolism can be assumed, and treatment can be initiated without fur-
ther workup [7,68]. If venous ultrasound is nondiagnostic or not performed,
traditional teaching (based on older research) focused on the ventilation–
perfusion (VQ) scan as the primary modality to diagnose pulmonary embo-
lism in pregnancy. However, more recent studies support CT pulmonary
angiography (CTPA) as the favored diagnostic tool. In fact, the most recent
guidelines from the British Thoracic Society recommend CTPA as the initial
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lung imaging modality in pregnancy for nonmassive pulonary embolism
[53].

Clinical signs and symptoms

Traditional clinical hallmarks of pulmonary embolism, including dysp-
nea, tachycardia, tachypnea, pleuritic chest pain, and syncope or near-syn-
cope are present in up to 90% of patients found to have a pulmonary
embolus. However, these clinical signs and symptoms lack specificity and
generate a broad differential diagnosis [69,70]. Other more objective mea-
sures, such as low oxygen saturation on pulse oximetry, abnormal arterial
blood gas (ABG), abnormal chest radiograph, abnormal EKG, and abnor-
mal echocardiogram, have also been proposed.

Low oxygen saturation on pulse oximetry or ABG has a limited role in
the assessment of pregnant patients with suspected pulmonary embolism.
These tests are useful in elderly populations, but lack diagnostic accuracy
in younger patients, including pregnant patients [71]. Studies have shown
that up to 20% of patients with a documented pulmonary embolism, had
PO2 measurements on ABG greater than 85 mm Hg [70]. The alveolar-
arterial gradient may be a more sensitive indicator of pulmonary embolism
in nonpregnant patients with 86% of patients with documented pulmonary
embolism having an alveolar-arterial gradient greater than 20 [70]. How-
ever, 58% of pregnant women with documented pulmonary embolism had
a normal alveolar-arterial gradient [72].

Abnormalities on EKG, including the classic S1-Q3-T3 changes, may be
present in 70% to 90% of patients with pulmonary embolism but are con-
sidered nonspecific findings [73,74]. Other EKG findings, such as new-onset
atrial fibrillation and right bundle branch block or right axis deviation, are
typically later findings after pulmonary embolism and are more suggestive
of significant cardiopulmonary compromise. Absence of abnormal EKG
findings should not reassure a clinician who has a reasonable suspicion of
pulmonary embolism [75].

Initial imaging modalities

The chest radiograph may be abnormal in up to 85% of affected patients.
Common findings include effusions, infiltrates, and atelectasis. The ‘‘classic’’
wedge-shaped infiltrate (Hampton’s hump) or decreased vascularity (West-
ermark’s sign) are, in fact, rare findings [70,76]. Chest radiograph may be
helpful in excluding other competing diagnoses, including pneumonia, pul-
monary edema, pleural effusions, and pneumothorax.

Echocardiographic abnormalities of right ventricular size and function
are present in a significant number of patients with acute large pulmonary
embolism. Typical findings include a dilated and hypokinetic right ventricle
and tricuspid regurgitation. Transesophageal imaging may enhance diag-
nostic accuracy [77–79]. A recent observation is that the release of cardiac
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troponins can detect acute right heart strain from right ventricular muscle
damage in major pulmonary embolism. However, the role of cardiac tropo-
nins in decision-making is limited and they are of no diagnostic value in
nonmassive pulmonary embolism [80–83].

D-dimer

As with the evaluation of patients with suspected deep venous thrombo-
sis, D-dimer is a sensitive, but not specific test for pulmonary embolism. In
nonpregnant patients, a negative D-dimer has a negative predictive value of
95%, but only a 25% specificity [76]. However, as mentioned previously in
the discussion regarding the diagnosis of deep venous thrombosis, abnormal
cutoffs are difficult to assign in pregnancy because D-dimer levels increase
with gestational age, and in the postpartum period, even in the absence of
venous thromboembolism [45–48]. A negative D-dimer probably has
a role in the exclusion of pulmonary embolism in patients with a low clinical
suspicion (see description of risk assessment above), but the assay should
not be performed in those with high clinical probability of pulmonary
embolism [53].

Pulmonary angiogram

For many years the ‘‘gold standard’’ in diagnosing an acute pulmonary
embolism was pulmonary arteriography. Sensitivity approaches 100%,
though the ability to detect segmental and subsegmental lesions is consid-
ered diminished. The procedure involves catheterization of the pulmonary
artery via a femoral or internal jugular approach and noting a filling defect
via radiograph or fluoroscopy. This procedure carries significant risk,
including 0.5% mortality risk and 3% complication rate, primarily due to
the risks of contrast injection and catheter placement. Complications
include groin hematoma, cardiac perforation, renal failure, and respiratory
failure [69,84–86]. This apparent potential for morbidity led to an intensive
effort over the past several years to identify a diagnostic modality that
would be safer and easier to perform without sacrificing sensitivity.

Ventilation–perfusion scan

VQ imaging is a well-established diagnostic modality in the workup of
a suspected pulmonary embolus in pregnancy and for many years it was
the most frequently employed test in this subgroup of patients [67]. The
test involves comparative imaging of the pulmonary vascular beds and air-
spaces using radiolabeled markers injected intravenously and as inhaled
gases. Patients are then categorized into different diagnostic probability cat-
egories, including low, intermediate, high, normal, and indeterminate [38].
Any outcome other than high probability or normal requires further testing.
Radiation dose can be minimized in pregnancy by using a half-dose perfu-
sion scan and only using ventilation imaging if the perfusion scan is



490 ROSENBERG & LOCKWOOD
abnormal [87]. Unfortunately, VQ scans are time-consuming and the sensi-
tivity varies widely depending on the degree of clinical suspicion [7].

The Prospective Investigation of Pulmonary Embolism Diagnosis
(PIOPED) study looked at the diagnostic accuracy of VQ scans in nearly
1000 nonpregnant patients with suspected pulmonary embolism. High-
probability VQ scans correlated with pulmonary embolism in 87.2% of
cases. However, only 41% of patients with pulmonary embolism had
high-probability scans, yielding a sensitivity of 41% and a specificity of
97% [74]. In addition, it is estimated that over 10% of patients with
a low-probability scan were found to have a pulmonary embolus on subse-
quent imaging. In the largest published study of VQ scans in pregnancy [68],
fewer than 5% of pregnant patients had high-probability scans, almost 25%
had indeterminate scans that required further evaluation, and more than
70% had normal scans. This is quite different than in the nonpregnant pop-
ulation where 40% to 70% of scans are nondiagnostic [67].

CT pulmonary angiography

CTPA employs intravenous contrast injection to highlight the pulmonary
vasculature while using the latest generation of fast multislice scanners
[53,76]. Much of the reluctance to use CTPA in pregnancy revolves around
potential radiation exposure to the fetus. In fact, the authors’ radiology col-
leagues often cite unfounded concerns regarding radiation exposure as a rea-
son to refuse to perform CT scan and to promote VQ as the primary
imaging modality.

In a recent study, Winer-Muram and colleagues [88] calculated the mean
fetal radiation dose from helical chest CT by using maternal–fetal geome-
tries obtained from healthy pregnant women and comparing the calculated
CT doses with the doses reported with VQ scan. They found that the aver-
age fetal radiation dose is higher with VQ scan than with CT scan in all tri-
mesters of pregnancy. As a corollary, in a survey of health professionals to
determine their knowledge of dositometry in the workup of pulmonary em-
bolism, only 58% appreciated correctly that a VQ scan delivers a higher fe-
tal dose of radiation than that delivered by CT pulmonary angiography [89].
Interestingly, the survey population included medical trainees, radiologists,
nuclear physicians, medical physicists, and pulmonologists. Lastly, in a sur-
vey of the PIOPED II investigators, only 31% recommended CT as the pri-
mary imaging test [90], but 75% of respondents in a conflicting study use CT
angiography in pregnant patients [91].

CTPA is a well-validated diagnostic modality with a sensitivity and spec-
ificity between 94% and 100%. In a systematic review of available studies,
the negative likelihood ratio of pulmonary embolism (pulmonary embolism
confirmed by additional imaging) after a negative or inconclusive CT was
0.07; and the negative predictive value was 99.1%. The investigators con-
clude that the clinical validity of CTPA to diagnose pulmonary embolism
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is similar to the clinical validity of pulmonary angiography [92], and missed
diagnoses are rare [93]. Others have suggested that in patients with a low
clinical suspicion of pulmonary embolism, CTPA has a greater discrimina-
tory power than VQ scanning, but in patients with a high clinical suspicion,
CTPA and VQ scan perform similarly [94].

CT is not only safe during pregnancy but also accurate for the diagnosis
of pulmonary embolism in main, lobar, and segmental pulmonary arteries
[88]. The latest CT technology and techniques are more accurate than VQ
technology in identifying peripheral thrombus [53]. CT was also found to
be the most cost-effective modality in diagnosing pulmonary embolism in
pregnancy with a cost of $17,208 per life saved, compared with $35,906
per life saved for a VQ scan [95].

Given the safety data presented above and the relative ease in obtaining
a CT versus a VQ scan, the authors prefer CTPA as the initial diagnostic ap-
proach to suspected pulmonary embolism in pregnancy.CTPA is easier to per-
form, is readily available even in off hours, and rarely requires any follow-up
imaging. In fact,many radiology departments have sufficient confidence in the
sensitivity of their CT imaging to also forgo formal contrast pulmonary angi-
ography. Another advantage to CT over VQ scan is the ability to detect other
disorders that may be responsible for the patient’s symptoms, including pul-
monary edema, pneumonia (consolidation), and pleural effusions [53].

Magnetic resonance angiography

Magnetic resonance angiography (MRA) uses gadolinium injection dur-
ing magnetic resonance scanning to visualize the pulmonary vasculature.
Newer generation MRI with faster imaging acquisition times have enabled
the use of this technique. While initial studies were promising with report-
edly high sensitivity and specificity [96], in a prospective study of 141
patients with suspected pulmonary embolism, the overall sensitivity was
only 77% when compared with pulmonary angiography [97]. Still, others
have proposed a combination of chest MRI and lower extremity magnetic
resonance venogram as a way to detect 13% more cases of thromboembo-
lism [98]. Unfortunately, no reported studies have examined the use of mag-
netic resonance to diagnose pulmonary embolism in pregnancy.

Workup of patients with suspected pulmonary embolism

A diagnostic algorithm is presented in Fig. 2 to guide the clinician in the
workup of a pregnant patient with a suspected pulmonary embolism.

Treatment of venous thromboembolism in pregnancy

Whether manifested as a deep venous thrombosis or pulmonary embo-
lism, acute venous thromboembolism in pregnancy requires immediate med-
ical therapy. Initial steps in the management of pulmonary embolism
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include oxygen support, blood pressure stabilization, and an assessment of
the patient’s cardiovascular and respiratory status [7,53]. Consultation with
the intensive care unit service may be appropriate and transfer to the inten-
sive care unit should be considered, depending on nursing and physician
resources in the unit where the patient is located. Close monitoring for
evidence of right-sided cardiac failure in cases of massive pulmonary emboli
is warranted [53].

The mainstay of medical treatment is anticoagulation. While conven-
tional treatment recommendations called for unfractionated heparin as
the suggested therapy in pregnancy, low molecular weight heparin
(LMWH) has emerged as the superior alternative based on more recent
studies. Warfarin is seldom a treatment for acute venous thromboembolism
in pregnancy given the drug’s risk of teratogenicity [20,53], though this risk
is greatest between the sixth and 12th weeks of pregnancy. There is also
a risk for fetal hemorrhage with warfarin use.

Unfractionated heparin

Unfractionated heparin promotes anticoagulation by inhibiting platelet
aggregation and by enhancing and increasing antithrombin and factor Xa
inhibitor activity [99]. The initial bolus dose and maintenance dosing are cal-
culated and titrated to achieve an activated partial thromboplastin time
(aPTT) at 1.5- to two-times normal [18,99,100]. Standard nomograms are
readily available from hospital pharmacies. Once therapeutic dosing is
achieved, the aPTT must be periodically monitored to confirm adequate
dosing. The potential side effects from unfractionated heparin include hem-
orrhage, osteoporosis, and thrombocytopenia.

Clinical Suspicion

Suspected Pulmonary Embolus

Low High

CT pulmonary angiography (CTPA)
(or VQ scan if CTPA not available)

D-dimer
negative

Treatment for PE
No Therapy No Therapy

Venous
ultrasound
negative

D-dimer
positive

Venous
ultrasound

positive

CTPA
positive

CTPA
negative

Fig. 2. Diagnostic algorithm for pulmonary embolism. PE, pulmonary embolism.
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Osteoporosis, or clinically significant bone loss, has been traditionally
quoted as an adverse effect of long-term anticoagulation with heparin dur-
ing pregnancy. Dahlman [101] reported that the incidence of vertebral frac-
tures in 184 women treated with unfractionated heparin during pregnancy
was 2.2%. Additionally, the mean duration of heparin prophylaxis in the
women who had osteoporosis and spinal fracture was only 17 weeks (range:
7–27 weeks).

Heparin-induced thrombocytopenia (HIT) occurs in approximately 3%
of patients receiving unfractionated heparin. Type I, or the immediate
form, occurs within days of exposure and is typically self-limited. Type II,
the immunoglobulin type, is rare and usually occurs 5 to 14 days after the
initiation of therapy [102]. The authors therefore typically monitor platelet
counts as follows: complete blood cell count on day 3, then on each of days
7 through 10, and then monthly after starting anticoagulation. A 50% de-
cline in platelet count from the pretreatment level suggests a type II reaction
and is an indication to promptly discontinue the heparin. Consultation with
hematology would then be recommended for acceptable alternative
therapies.

The cumbersome dosing requirements, the need for frequent aPTT mon-
itoring, the need for long-term hospitalization, and concerns regarding side
effects, including osteoporosis, osteopenia, and HIT, have led many author-
ities to recommend LMWH as the primary anticoagulation in pregnancy
(see below) [20,53]. However, in certain rare circumstances, the authors pre-
fer unfractionated heparin over LMWH. These include circumstances in-
volving patients who are hemodynamically unstable due to massive
pulmonary embolism [53], patients at significant risk for bleeding (eg, imme-
diately postoperation patients or patients with antepartum placental abnor-
malities), and patients close to term who may require regional anesthesia
and/or cesarean delivery. These patients are potentially better served by un-
fractionated heparin because of its shorter half-life and ease of reversibility
with such agents as protamine sulfate. Protamine can be given as an intra-
venous infusion and dosing is based on residual circulating heparin.

Low molecular weight heparin

LMWHs, including enoxaparin and dalteparin, have established safety
profiles in pregnancy and are emerging as the anticoagulant of choice for
many indications, including acute venous thromboembolism [20,53,103–
107]. LMWHs have potential advantages over unfractionated heparin
because they have a lower incidence of HIT [102], a more predictable
dose response, and a lower incidence of bone loss related to use. Shefras
and colleagues [108] performed serial bone mineral density measurements
in women treated with LMWH during pregnancy. Mean bone loss was
5.6% and 5.1%, depending on the dose, but this was not statistically differ-
ent from the mean bone loss in the control group of pregnant patients who



494 ROSENBERG & LOCKWOOD
were not exposed to LMWH (3.1%). In a randomized open study of unfrac-
tionated heparin versus LMWH in pregnancy, Pettila [109] showed that
bone mineral density, as measured by serial dual energy x-ray absorptiom-
etry scan up to 3 years postpartum, was significantly lower in the unfractio-
nated heparin group versus the LMWH group. However, there was no
difference between the LMWH group and healthy controls that were not
exposed to heparin therapy.

Many studies have examined the efficacy of LMWH versus unfractio-
nated heparin. In a prospective observational study, Rodie and colleagues
[110] demonstrated the safety of enoxaparin for the treatment of acute
venous thromboembolism in pregnancy. Few patients needed modification
of the initial dose to maintain a therapeutic anti-Xa activity. Jacobson
and associates [104] found similar results, but suggested that approximately
10% to 20% higher doses of LMWH may be needed in pregnancy. In
a meta-analysis of 11 randomized trials comparing LMWH to unfractio-
nated heparin [103], LMWH reduced mortality rates over 3 to 6 months
of patient follow-up (odds ratio: 0.71), had favorable results with regard
to major bleeding complications, and had equivalent efficacy to unfractio-
nated heparin in preventing thromboembolic recurrences. Other reviews
[106,111] have had similar conclusions. In a decision model, Gould and col-
leagues reported (in nonpregnant patients) LMWH to be more cost-effective
than unfractionated heparin in the treatment of acute deep venous thrombo-
sis [112].

One controversial area with regard to the use of LMWH in pregnancy is
the necessity to monitor therapeutic levels (ie, anti-Xa levels). In nonpreg-
nant patients, monitoring is generally not required because anticoagulant ef-
fects are predictable [111]. However, in pregnancy, the increased glomerular
filtration rate in the kidney may explain the apparent need for increased dos-
ing to maintain therapeutic levels reported in the literature [113]. In addi-
tion, there is a greater variability with regard to binding, distribution, and
metabolism of LMWH in pregnancy.

The authors’ preferred treatment for acute venous thromboembolism in
pregnancy is LMWH. Though some have proposed outpatient therapy as
a viable option outside of pregnancy [114], initial hospitalization is recom-
mended in a gravid patient. The authors start with enoxaparin at a dose
of 1 mg/kg subcutaneously given twice a day. The authors typically follow
anti-Xa levels monthly and adjust the LMWH dosing to achieve a peak anti-
Xa level of 0.6 to 1.0 U/mL (3–4 hours after injection). The authors also
prefer twice-daily over once-daily dosing. It is recommended to continue
therapeutic anticoagulation for at least 20 weeks. If this period expires be-
fore the end of pregnancy or the postpartum period, prophylactic anticoa-
gulation should be initiated unless the patient has another indication for
the continuation of therapeutic anticoagulation, such as a high-risk throm-
bophilia. Prophylactic anticoagulation should be continued for up to 6 weeks
postpartum.
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Though the risk of HIT is lower with LMWH, the authors still monitor
platelet counts by checking a complete blood cell count onday 3, once between
days 7 through 10, and then monthly after starting anticoagulation. Finally,
the authors typically convert patients to unfractionated heparin at 36 weeks
in anticipation of labor and possible regional anesthesia as regional anesthesia
is contraindicated within 18 to 24 hours of therapeutic LMWH administra-
tion. Patients should be advised to hold their anticoagulation at the onset of
labor. Heparin should be discontinued 24 hours before induction of labor
or planned cesarean section. If spontaneous labor occurs in women receiving
unfractionated heparin, careful monitoring of the aPTT is required [20].

In the postpartum period, prophylactic anticoagulation should be re-
started 3 to 6 hours after vaginal delivery and 6 to 8 hours after uncompli-
cated cesarean delivery. The authors either continue enoxaparin (40 mg
daily) or transition to oral anticoagulant therapy with warfarin. Warfarin
should be dosed to achieve an international normalized ratio of 2.0 to 3.0
and enoxaparin must be continued for 5 days and until the international
normalized ratio is therapeutic for 2 days. Because of the need with warfarin
therapy for frequent monitoring of the international normalized ratio, most
patients prefer to simply continue the enoxaparin.

Summary

Venous thromboembolism is one of the most critical clinical emergencies
an obstetrician/gynecologist will confront. An understanding of the physiol-
ogy and pathophysiology of hemostasis and thrombosis in pregnancy is es-
sential and allows the clinician to predict which patients are at highest risk.
Prompt recognition and diagnosis of venous thromboembolism with con-
temporary imaging modalities allow for the timely initiation of appropriate
therapy to prevent further maternal and fetal morbidity.
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