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INTRODUCTION

Venous thromboembolism (VTE) is responsible for 3% of all maternal deaths worldwide 

according to data from the World Health Organization.1 Data from the developed world 

suggest that death rates from VTE are significantly higher, as VTE remains one of the 

leading causes of maternal deaths.1,2 Recent analysis of maternal mortality in the United 

States showed that VTE accounted for 15% of all maternal deaths between 2003 and 2011.3 

Sub-standard care occurred in more than half of all deaths4 from pulmonary embolism (PE) 

in the confidential enquiry into maternal deaths in the United Kingdom, highlighting the 

importance of understanding and overcoming challenges in the care of this condition in 

pregnancy. A clinician who does not treat pregnant women on a regular basis may not 

routinely consider many of the pregnancy-specific risk factors for VTE. Pretest probability is 

also quite complicated in pregnancy, as pretest probability rules have not been validated in 

this population, compelling the clinician to rely more heavily on imaging tests. Diagnostic 

procedures are also fraught with concerns about diagnostic accuracy in this population, as 

well as concerns for fetal safety, teratogenicity, and oncogenicity. Treatment strategies are 

complex, and providers need to balance efficacy while considering fetal safety, 

teratogenicity, pharmacodynamics, the unexpected nature of labor and delivery, and the 

subsequent need to weigh the risk of anticoagulation with the risk of clot recurrence 

perinatally. In this review, we examine the pregnancy-specific nuances in the risk assessment 

pretest probability, diagnostic evaluation, and therapeutic considerations.
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Epidemiology

The risk of peripartum VTE is increased, with the postpartum period conferring a higher 

day-to-day risk than the antepartum period. The risk of VTE is estimated at 5 to 12 per 

100,000 pregnancies antepartum compared with age-matched nonpregnant women, 

translating into a 0.1% absolute risk.5,6 Although the absolute risk of VTE is lower in the 

postpartum period compared with the antepartum period, estimated at 0.05%,7,8 the day-to-

day risk is significantly higher when considering the significantly shorter postpartum period. 

The risk for VTE is highest in the first 6 weeks postpartum. Although previous data had 

suggested that the epidemiologic risk9,10 and the biochemical hematological changes11,12 

that occur in pregnancy return to baseline at 6 weeks postpartum, recent claims data have 

shown a twofold increase in the risk of venous thrombosis (odds ratio [OR] 2.2, 95% 

confidence interval [CI] 1.4–3.3) from 7 to 12 weeks postpartum compared with the same 

time period a year later.13

Pathophysiology of Thromboembolic Disease in Pregnancy

Venous stasis, vascular injury, and hypercoagulable state (Virchow triad) are all responsible 

for the increased risk of VTE in pregnancy. Inherited thrombophilias and other risk factors 

also contribute to the development of VTE in pregnancy.

Venous stasis—In pregnancy, through progesterone-induced veno-dilation,14 renal 

vasodilation occurs simultaneously with systemic vasodilation and leads to 30% to 50% 

increase in renal blood flow and glomerular filtration rate (GFR). This rise in GFR increases 

distal sodium delivery, allowing for escape from the sodium-retaining effect of aldosterone. 

The volume expansion secondary to aldosterone increases the atrial natriuretic peptide, 

which in turn inhibits sodium reabsorption in the distal tubules leading to an increase in 

systemic volume and Na retention.15 The increase in total body blood volume leads to an 

increase in blood volume in the lower extremities, from 94.7 ± 27.3 mL in nonpregnant 

individuals to 110.1 ± 30.2 mL in pregnancy. There is also an increase in the diameter of the 

common femoral vein from 10.14 ± 1.24 mm to 12.72 ± 2.27 mm, as well as proportional 

increases in the saphenous and popliteal vein diameters.16 This rise in venous blood volume 

and pressure, along with resulting distension of the vessels, leads to stasis and increased 

lower extremity edema. However, it has been proposed that, unlike VTE in the general 

population, VTE in pregnancy may start in the pelvis17 rather than the lower extremities, as 

the percentage of isolated pelvic deep venous thrombosis is significantly higher in 

pregnancy.18 As the right common iliac artery crosses over the left common iliac vein, a 

pulsatile compression of the left-sided venous system ensues. This compression is 

implicated in the increase in left-sided DVTs in pregnant women, with an occurrence of 90% 

on the left side compared with 55% of the time in nonpregnant individuals.19,20

Vascular dysfunction and injury—In normal pregnancy there are circulating cytokines 

and growth factors that may contribute to the breakdown of the endothelial monolayer. This 

can lead to vascular dysfunction and injury by degrading or removing cell junctional 

proteins.21 Endothelial injury also can occur during normal labor, as well as during surgical 

delivery.22 In addition, the increase in blood volume and diameter of vessels causes sheer 

stress on the vessels, potentially leading to vascular damage.21
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Hypercoagulable state—During pregnancy, the blood becomes hypercoagulable with 

increases in procoagulation factors V, VII, VIII, IX, X, and XII and von Willebrand factor. 

Factor VII increases up to 10-fold, whereas fibrinogen rises 2-fold.23 Von Willebrand and 

factor VIII are elevated in late gestation and factor XI tends to decrease during pregnancy. 

There is also a decrease in anticoagulant activity with a decrease in protein S with 

gestational age, whereas protein C activity remains unchanged.23 Fibrinolysis is reduced in 

pregnancy as a result of an enhanced activity of plasminogen activator inhibitor type I and II 

and a decreased activity of tissue plasminogen activator.24

Inherited thrombophilias—Up to 40% of women who develop VTE while pregnant are 

found to have an inherited thrombophilia.19 In addition, a reported OR of 51.8 (95% CI 

38.7–69.2) for thrombophilia was described in women with VTE in a study of the National 

Inpatient Sample evaluating risk factors for VTE.25 Inherited thrombophilias associated with 

increased risk of VTE in pregnancy include factor V Leiden, Prothrombin G20210 A 

mutation, antithrombin deficiency, protein C deficiency, and protein S deficiency.26 

Estimates of reported thrombophilias vary in the literature and are based on populations 

studied.27–29 Heterozygous factor V Leiden is associated with an absolute risk of up to 3% 

and has been observed in up to 40% of VTE cases occurring during pregnancy. Homozygous 

factor V Leiden is not as common, but carries a significantly higher absolute risk, reported to 

be up to 14%, whereas the absolute risk of VTE among women with protein C or protein S 

deficiency has been reported to be up to 6%. Prothrombin G20210 A mutation has a 

prevalence of 3% and has been reported in up to 17% of VTE cases in pregnancy. 

Antithrombin deficiency has a prevalence of up to 0.6% with a 25-fold increased risk for 

VTE. Protein C deficiency has a prevalence of 0.2% to 0.3% with a risk for VTE of 2% to 

7%, whereas protein S deficiency has a prevalence of less than 0.1% with a risk for VTE of 

6% to 7%.30

Other risk factors—Additional risk factors for VTE in pregnancy include the same risk 

factors for VTE in the general nonpregnant population, as well as risk factors that are 

specific to pregnancy itself. Nonpregnancy-related risk factors29 include age older than 35, 

obesity, varicose veins, paraplegia, sickle cell disease, and heart disease, along with other 

medical comorbidities such as nephrotic syndrome, systemic lupus erythematosus, and 

inflammatory bowel disease. Prior VTE carries an OR for subsequent VTE of 24.8 (95% CI 

17.1–36).25 Some risk factors are specific for the antepartum period, whereas others are 

specific for the postpartum period.

Risk factors associated with antepartum VTE include immobility, assisted reproductive 

technique, smoking, obesity, and antepartum hemorrhage.29 Risk factors for postpartum 

VTE include immobility, placenta abruption, preeclampsia, growth restriction, Cesarean 

delivery,31 postpartum infection, postpartum hemorrhage, and obesity.29 More recently, a 

UK-based registry has developed a postpartum VTE risk prediction model. This model was 

then validated in a Sweden-based registry and showed that the most predictive risk factors 

included varicose veins, stillbirth, preeclampsia, postpartum infection, emergency Cesarean 

delivery, and medical comorbidities. Of note, this model did not assess thrombophilia or past 

VTE.8 In addition, some risk factors have a synergistic effect in pregnancy. For instance, 

Dado et al. Page 3

Clin Chest Med. Author manuscript; available in PMC 2021 April 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



strict antepartum immobilization for at least a week in women with an elevated body mass 

index at the first prenatal visit is associated with a 62-fold risk for antepartum VTE and a 

40-fold risk for postpartum VTE.32

DIAGNOSIS

Signs and symptoms of VTE in pregnancy are similar to those in nonpregnant individuals. 

These include shortness of breath, tachycardia, leg pain or swelling, pelvic discomfort, and 

chest pain. Shortness of breath is the most common presenting symptom (34.7%), followed 

by tachycardia (30.4%), leg pain or weakness (9.6%), and chest pain (13%).33 In addition to 

history and physical examination findings, multiple laboratory and imaging tests are used in 

the general population to help guide and diagnose VTE in pregnancy. These tests include D-

dimer, brain natriuretic peptide (BNP), troponin, chest radiographs (CXR), multidetector 

computed tomography with pulmonary angiogram (CTPa), compression Doppler 

ultrasonography (CUS), and ventilation perfusion scan (V/Q scan).

Clinical Pretest Probability Rules

In the general population, pretest probability tools are used to determine likelihood of PE. 

These tests can then further guide the diagnostic approach toward imaging or D-dimer 

testing. Pretest probability rules have not been validated in pregnancy, and although some 

studies have suggested good correlation between rules, such as the modified Wells score and 

the diagnosis of PE, these rules have not been validated to date. The existing rules do not 

consider pregnancy and pregnancy-specific risk factors, and include some factors that may 

not be relevant or applicable to the pregnant population. Although sensitivity and negative 

predictive value appear to be excellent in retrospective cohorts using the Wells’ criteria in 

peripartum women, these studies are limited by their retrospective design, the lack of 

combining the tool with D-dimer testing in their diagnostic approach, and the small number 

of patients.34,35

Diagnostic and Prognostic Laboratory Testing

D-dimer is a fibrin degradation product that is detected in the blood following blood clot 

degradation. D-dimer levels increase in pregnancy with the highest levels in the third 

trimester in one study.36 Levels return to baseline approximately 6 weeks postpartum.37 In 

general, normal D-dimer levels in pregnancy are less than 0.95 μg/mL in the first trimester, 

less than 1.29 μg/mL in the second trimester, and less than 1.7 μg/mL during the third 

trimester.36 Sensitivity of D-dimers has varied in different retrospective studies from 73% to 

100%.38 However, D-dimers remain nonvalidated in prospective diagnostic cohort studies in 

pregnancy and cannot safely exclude the diagnosis of PE.39

BNP is commonly used to identify patients with PE that are at high risk of clinical 

deterioration. In a longitudinal sample, BNP levels were similar across 3 trimesters and 

postpartum; however, perinatal levels were approximately twice as high as those of 

nonpregnant controls.40 These findings were demonstrated with other studies.41 In patients 

with preexisting heart disease, BNP levels increase throughout pregnancy and the 

postpartum period.42 A BNP level of less than 100 pg/mL was shown in one study to have a 
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negative predictive value of 100% for identifying decompensation of heart disease42; 

however, the study did not examine right heart strain as it relates to BNP. The utility of using 

BNP to risk stratify women with PE needs to be evaluated further.

Troponin I (TnI) is another marker commonly used in the risk stratification of patients with 

PEs. The use of TnI in risk stratifying pregnant women with PE has not been studied and 

requires validation.43

Imaging

Although the use of ionizing radiation is best minimized in pregnancy due to the potential 

risk of teratogenicity and oncogenicity, this small risk needs to be weighed against the risk 

of missing a PE, which could have deleterious effects on both the mother and the fetus. A 

false-positive diagnosis is associated with unnecessary risk of therapeutic anticoagulation 

during the index pregnancy, which complicates labor and delivery, unneeded prophylactic 

anticoagulation in future pregnancies, and slimmer contraceptive options. Imaging used to 

diagnose a PE in pregnancy includes CUS, CXR, V/Q scans, and CTPa.

The biggest concerns regarding exposure of the fetus to radiation are teratogenicity and 

oncogenicity. The minimum dose of radiation associated with an increased risk of 

teratogenicity in humans is yet to be firmly established. Animal studies in mice and rats have 

shown that a minimum exposure to radiation at levels of 0.05 to 0.25 Gy is needed to cause 

teratogenicity. Current guidelines suggest an exposure greater than 0.1 Gy at any time during 

gestation as the threshold beyond which congenital abnormalities are possible.24 To place 

this information into context, performing one CXR, a V/Q scan, and a CT of the chest 

exposes the fetus to significantly less than 0.01 Gy.44 Despite the relative safety of these 

studies in terms of teratogenicity, the clinician should work with the radiology team and 

their institution’s physicists to take necessary steps to minimize the dose of radiation with 

every imaging study that exposes to ionizing radiation. These steps may include modifying 

imaging protocols,45 performing ventilation scans only if perfusion scans are abnormal, 

frequent voiding to avoid pooling of radioactive material in the bladder, and the use of 

abdominal and breast shielding.

Imaging Diagnostic Approach

In 2011, the American Thoracic Society (ATS) published guidelines regarding diagnostic 

testing for PE in pregnancy that were based on low-quality, and very low quality, evidence,46 

and, hence, not universally adopted.47 The recommendations from this document are quite 

different from the current standard of care in the nonpregnant population for many reasons 

that extend beyond the risk of teratogenicity. Technical limitations with enhanced studies in 

pregnancy constitute a major challenge48 due to the significant increase in plasma volume, 

heart rate, and cardiac output potentially diluting contrast and reducing vascular 

enhancement. These limitations depend on injection protocol as well as dose of contrast 

medium used, and may be minimized with protocol modifications.45,49 Breast radiation dose 

is significantly higher in CT studies compared with V/Q scans50 and could potentially 

translate into a higher risk of developing breast cancer during a woman’s lifetime, especially 

in younger women.51,52 However, breast shields, which are now being used for imaging of 
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any body part in women, can reduce the amount of breast radiation without significantly 

affecting resolution of chest studies.53 Lastly, the use of iodine-containing contrast media, 

which are known to cross the placenta, is another concern with CT imaging, given the 

potential to interfere with thyroid function at birth. However, a study of nearly 350 newborns 

born to women exposed to iodinated contrast during pregnancy showed no significant effect 

on neonatal thyroid function.54

The ATS/Society of Thoracic Radiology (STR) guidelines recommend CUS as the first 

imaging for pregnant women with lower extremity symptoms. CUS is noninvasive and has 

no radiation exposure. In the nonpregnant population, the number needed to test to avoid 

further diagnostic workup is 11.55 In a randomized diagnostic noninferiority trial comparing 

CT/D-dimer approach with a CUS/CT/D-dimer approach, DVT was diagnosed by CUS in 

9% of patients suspected of PE who were randomized to this approach.55 These statistics 

may be even lower in pregnancy, with the number needed to test being significantly higher, 

as isolated pelvic DVTs are more common17 and the ability of this test to detect pelvic 

DVTs suboptimal.43 In addition, this diagnostic modality may not be an adequate first-line 

test in critically ill patients with hemodynamic instability, and chest imaging may be a better 

approach (Fig. 1). However, in symptomatic patients, if the CUS reveals evidence of a lower 

extremity VTE, no further imaging is required and treatment for VTE can be initiated.

If the patient does not have any lower extremity symptoms or the CUS is negative for any 

signs of VTE, then a CXR should be the first imaging test.46 The approximate dose of 

radiation the fetus is exposed to with a maternal CXR is 0.000001 Gy. If the CXR is 

abnormal and explains the clinical picture and the clinician is no longer concerned for VTE, 

it is reasonable to withhold additional imaging and treat the underlying condition diagnosed 

by CXR. However, if a clinical suspicion for VTE remains despite an abnormal CXR, a 

CTPa should be obtained. On the other hand, if the CXR is normal, V/Q scan is an 

appropriate next imaging study.

The approximate amount of radiation exposure for the fetus in a V/Q scan is 0.00028 to 

0.00051. This is slightly higher but comparable to the amount of radiation exposure of a 

CTPa. As noted in the 2011 ATS/STR guidelines,46 most evidence in the literature is based 

on retrospective studies, hence limiting the ability to ascertain the diagnostic capabilities of 

various approaches. Both V/Q scans and CTPa appear to safely exclude PE based on these 

studies; however, as the incidence of PE in pregnant patients suspected of PE is quite low 

(close to 3%),56–58 larger studies are needed to confirm diagnostic accuracy of these 

imaging approaches. Based on retrospective data, women with a normal CXR are more 

likely to achieve a diagnosis when evaluated using a V/Q scan as opposed to a CTPa.59 The 

rate of nondiagnostic test for PE in a pregnant patient with a normal CXR is 30% for CTPa 

versus 5.6% when using a V/Q scan.59 However, the rate of nondiagnostic CTPa studies 

decreases from 30.0% to 16.4% when initial CXR is abnormal, and the rate of nondiagnostic 

test in V/Q scan increases from 5.6% to 40.0%.59

Though the previously suggested approach (see Fig. 1) is feasible and reasonable when the 

patient is being evaluated in a hospital setting, deciding on the next available diagnostic 

study following a CXR may prove to be a logistical challenge in patients being evaluated in 

Dado et al. Page 6

Clin Chest Med. Author manuscript; available in PMC 2021 April 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



an outpatient setting. In most cases, we opt for referring a patient for CTPa. In addition, 

given the better availability of CT imaging compared with nuclear studies, especially after 

hours, and that CT may offer an alternative diagnosis when PE is not present in a population 

with low incidence of PE among suspected patients, many, including the authors, prefer 

starting with a multidetector CT. Imaging with CT may also be advantageous in patients 

with severe hypoxemia or hemodynamic instability.

TREATMENT

In hemodynamically stable patients, acute treatment consists of anticoagulants as the first-

line treatment. Low molecular weight heparin (LMWH) and unfractionated heparin (UFH) 

can both be used safely in pregnancy, as they do not cross the placental barrier (Table 1). 

However, LMWH is the anticoagulant of choice for antenatal VTE due to its better 

bioavailability,60 low risk of bleeding,61–63 and low rates of heparin-induced 

thrombocytopenia61 and osteopenia.64,65 The standard dose of enoxaparin is 1 mg/kg 

subcutaneous injection every 12 hours given insufficient data on once-daily dosing in 

pregnancy. Dosing and monitoring of LMWH remains open to debate.29,66 Plasma volume 

changes significantly in pregnancy and weight is a dynamic entity in pregnancy, and thus 

volume of distribution of drugs, including heparins, differs significantly. Although recent 

guidelines do not recommend monitoring,29 we perform anti-Xa monitoring weekly for 2 to 

3 weeks at initiation, and then once per trimester. Anti-Xa levels 4 hours after injection with 

goal anti-Xa level of 0.5 to 1.1 units/mL are generally used,66 although those levels have not 

been linked to better clinical outcomes or lower risk of recurrence.

UFH is still used in pregnancy in areas of the world where LMWH is not available. It is also 

preferred in cases of renal dysfunction and is used intravenously66 in patients with high 

burden of thrombosis possibly requiring thrombolysis, or around labor and delivery or an 

anticipated procedure, as it has a short half-life and is readily reversible. Because of changes 

in volume of distribution and bioavailability of this drug during pregnancy and the poor 

reliability of activated partial thromboplastin time levels, dosing should be monitored with 

heparin levels.61,67

The duration of treatment for VTE in pregnancy is not well studied, therefore 

recommendations for nonpregnant patients are followed.68 Given that the postpartum 

patients are high risk for recurrent VTE, it is recommended that therapy be extended for at 

least 6 weeks postpartum.69

Warfarin, an oral vitamin K agonist (VKA), is not used in pregnancy, as it crosses the 

placenta and can be teratogenic. The risk of congenital abnormalities with VKAs is 3.7% to 

6.4%.66 Given that LMWH and UFH are similarly efficacious but safer in pregnancy, the use 

of VKAs in pregnancy cannot be justified.70 In the postpartum period, coumadin has been 

detected in breast milk in tiny amounts (Table 2) but is generally considered safe to use 

while breast feeding.71 Postpartum patients on therapeutic anticoagulation may need to be 

bridged from LMWH or UFH to warfarin so as not to significantly increase their risk of 

recurrent VTE.72 The risk of recurrence needs to be weighed against the risk of bleeding 
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following an intervention and timing of the bridging carefully considered, especially in the 

case of a surgical delivery.

The direct oral anticoagulants (DOACs) are newer non–vitamin K oral anticoagulants 

(NOACS) that directly inhibit clotting factors. Their use has become widespread in the 

nonpregnant population. The largest clinical trials for DOACs excluded pregnant women. 

DOACs cross the placenta,73,74 and animal studies have shown an elevated risk of 

anomalies, hemorrhage, and embryopathies (reprotox.org). Case reports and cohorts of 

pregnant women exposed to DOACs in pregnancy show an elevated risk of congenital 

anomalies and increased maternal bleeding.75 Hence, DOACs should be avoided throughout 

pregnancy or in women trying to conceive until there are better data and better 

understanding of their risks.76,77 Nonpregnant women receiving DOACs need to have proper 

contraceptive counseling, because use of contraceptives is complicated by history of VTE.

Pregnant women who are hemodynamically unstable or severely hypoxemic should be 

treated with thrombolysis if there are no contraindications. Data on managing pregnant 

patients in shock from VTE with other interventions besides systemic anticoagulation are 

limited to case reports. There are case reports of the administration of thrombolytics to 

pregnant patients with no resulting complications to the mother or the newborn,78 and tissue 

plasminogen activator (t-PA) appears to be the best thrombolytic agent. In one case series, 

however, the fetal fatality rate in the setting of thrombolytics was 8%.79 The overall risk of 

thrombolytic administration in pregnancy for decompensating patients is similar to 

nonpregnant patients80,81 and is best described in the management of acute stroke.82 The 

main risk of thrombolysis is maternal bleeding, which has been reported to occur in 8% of 

patients treated, with no reported cases of intracranial hemorrhage reported.81 Although 

reported cases of fetal death may be related to thrombolytics, it is as likely that they may be 

related to a hemodynamically unstable PE. Although catheter-based thrombolytic 

administration may have lower complication risk, as lower medication dosages are used than 

systemic lysis, there are currently no data to support its use in pregnancy.83

Other salvage therapies have been described in pregnant patients with hemodynamically 

unstable PE, which theoretically may have less bleeding risk than systemic thrombolytics 

and include extracorporeal membrane oxygenation (ECMO) and surgical thrombectomy. 

One recent case series described 2 cases of veno-arterial extracorporeal life support as an 

alternative to thrombolysis to restore hemodynamic stability in pregnant patients with 

massive PE.84 As ECMO is used in severe life-threatening conditions, it is hard to withhold 

this therapy from pregnant patients because of safety concerns; however, a decision to use 

such therapy should be weighed against efficacy, safety, and availability of other options. 

Surgical thrombectomy is another alternative to systemic thrombolysis and also may be 

considered when thrombolytic therapy has failed. Limited data suggested that although 

maternal survival may be high after surgical thrombectomy, fetal death rates can be elevated. 

In one case series, of eight cases reviewed there were no maternal deaths; however, 3 fetal 

deaths (37.5%) and 4 preterm deliveries (50.0%) were described.80 Temporary intravenous 

filters have also been successfully used in pregnancy in cases in which anticoagulation is 

contraindicated or to manage the risk of clot recurrence around labor and delivery when clot 

occurs at term. Given the impact of pregnancy on inferior vena cava (IVC) anatomy, filters 

Dado et al. Page 8

Clin Chest Med. Author manuscript; available in PMC 2021 April 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://reprotox.org


are usually placed suprarenally. A recent systematic review, which included 124 pregnancies 

with IVC filters placed, found no fatal PEs in women with IVC filters placed along with no 

recorded fetal morbidity or mortality.85 There is, however, concern for more complicated 

retrieval of the filter in pregnancy, possibly due to angulation and distortion of the filter by 

the gravid uterus.86

Peripartum Anticoagulation

Management of VTE during the peripartum period can be challenging. Several clinical 

questions need to be addressed, including the duration of an anticoagulation window and 

whether an IVC filter is an option in high-risk patients. The biggest challenge for 

anticoagulation during the peripartum period is balancing the risk of postpartum hemorrhage 

with the risk of clot recurrence and the need for neuraxial analgesia.

Depending on the gestational age at which VTE has occurred (Table 3), several management 

options (eg, intravenous heparin, with-holding anticoagulation, placement of IVC filter) are 

available,87 but may vary based on institutional preferences.

PREVENTION

Pharmacologic thromboprophylaxis is usually initiated when the absolute risk of VTE 

exceeds a certain threshold and the benefit of thromboprophylaxis exceeds the risk 

associated with such therapy. However, risk assessment methods that estimate the risk of 

VTE are lacking in the perinatal population, and although it is clear that each additional risk 

factor increases the relative risk of VTE, the absolute risk estimate remains a challenge. This 

knowledge gap partly explains the discrepancies in recommendations for 

thromboprophylaxis by various societies.28,88,89

Risk stratification for VTE should be undertaken before consideration of preventive strategy; 

however, recommendations are mainly based on expert opinion rather than high-quality 

trials.90 Possible risk factors include age older than 35, obesity, parity greater than 3, 

previous VTE, gross varicose veins, paraplegia, medical comorbidities, and inheritable 

thrombophilias.91 One recent meta-analysis concluded that the thrombophilias associated 

with the highest risk in pregnancy were antithrombin deficiency, protein C deficiency, 

protein S deficiency, and homozygous factor V Leiden deficiency.92 Prothrombin gene 

mutation has also been considered a high-risk thrombophilia.28 Hence, guidelines have 

differed in their recommendations for pharmacotherapy, especially in the antepartum period 

(Table 4). Although most recommend thromboprophylaxis with LMWH for homozygous 

factor V Leiden or prothrombin gene mutation, recommendations for protein C, S, or 

antithrombin deficiency are debated.28,88,92 Postpartum pharmacoprophylaxis is 

recommended for most patients with inherited thrombophilia, including those with weak 

thrombophilias, especially those with a family history of VTE or additional risk factors, and 

obviously in all women with thrombophilias associated with a high risk for VTE.28,88 The 

Royal College of Obstetricians and Gynecologists also recommends thromboprophylaxis in 

patients with class 3 obesity and any woman with at least 2 persisting risk factors 

postpartum for at least 10 days.89
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In low-risk patients, early mobilization and graduated elastic compression stockings are 

advised. Patients with high risk factors, including previous VTE or thrombophilic disorder, 

should be offered chemical prophylaxis.92 The pharmacologic prophylaxis of choice for 

antenatal and postnatal thromboprophylaxis is LMWH, as it does not cross the placenta.90 

There is no evidence for the routine use of aspirin. For patients who are intolerant to heparin, 

fondaparinux may be used (see Table 2), especially in cases of heparin-induced 

thrombocytopenia.22

SUMMARY

The diagnosis and treatment of PE in pregnancy is complicated by pregnancy physiology. 

Much research is needed to develop pregnancy-specific pretest clinical pretest probability 

rules and to examine the negative predictive power of a given cutoff of D-dimers in 

diagnostic cohort studies. In addition, prospective research is needed to examine the positive 

and negative predictive value of imaging studies in confirming or excluding PE, and to 

determine the imaging study of choice in pregnancy from a cost-effectiveness and radiation-

exposure standpoint, while examining pregnancy-specific imaging protocols. There are also 

numerous gaps in preventive and treatment strategies: mainly duration of therapy, 

appropriate dosing, adequacy of therapeutic levels in reducing recurrence, and in 

determination of risk assessment tools to use in prevention.
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KEY POINTS

• Venous thromboembolism (VTE) is responsible for 3% of all maternal deaths 

worldwide and 15% in the United States.

• The increased risk of VTE in pregnancy peaks immediately postpartum and 

may continue up to 12 weeks postpartum.

• The increased risk is attributed to the Virchow triad, inherited thrombophilias, 

as well as other common risk factors.

• The algorithm for diagnosing VTE differs during and immediately after 

pregnancy due to physiologic factors and fear of teratogenicity.

• Low molecular weight heparin and unfractionated heparin are medications of 

choice, as warfarin is teratogenic and novel oral anticoagulants have increased 

rates of bleeding and congenital anomalies.
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Fig. 1. 
Diagnostic approach to suspected PE in pregnancy. MDCT, multidetector computed 

tomography.
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