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Abstract

The naturally hypercoagulable state occurring during pregnancy and anatomical 
changes and changes in the plasma volume are the main reasons for the increased risk 
of venous thromboembolism (VTE) during pregnancy and puerperium. This risk is par‐
ticularly enhanced in the presence of thrombophilia and a previous history of VTE. The 
cornerstone for treating and preventing VTE is low molecular weight heparin (LMWH). 
There is currently no consensus on the dosing and the need for monitoring treatment 
with LMWH, and varying protocols are used in different clinics. The risk models used to 
stratify the risk for recurrence are based on the presence of factors such as previous VTE, 
familial history and thrombophilia and lead to decisions on the dosing and the duration 
of thromboprophylaxis. Treatment with LMWH is considered safe and effective, with 
low incidence of adverse effects (bleeding, osteoporosis, etc.) and recurrence of VTE. The 
use of direct oral anticoagulants is currently not recommended in this setting, but case 
series have not indicated increased embryopathy. The lack of international guidelines 
and large studies underlines the need for collaboration in order to further improve out‐
comes and patient safety.

Keywords: pregnancy, postpartum, thromboembolism, anticoagulation, 

thromboprophylaxis

1. Introduction: venous thromboembolism

Venous thromboembolism (VTE) is a relatively common disease with an incidence of 104–183 

per 100,000 person‐years among persons of European ancestry [1]. The clinical manifestations 

of VTE are pulmonary embolism (PE) and deep vein thrombosis (DVT), which is most often 

located in the lower extremities [2]. The incidence for PE and DVT ranges from 29 to 78 and 45 
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to 117 per 100,000 person‐years, respectively [3, 4]. VTE is associated with significant mortal‐
ity and morbidity. Sudden death is the initial manifestation for about 25% of patients with PE 

[5], and PE is an independent marker for reduced survival early after its debut [6, 7]. Around 

20–50% of patients with DVT will develop post‐thrombotic syndrome [8] with the symptoms 

varying from mild pain and swelling to severe venous insufficiency and ulcerations [9, 10]. 

About 5% of the patients with PE can develop chronic thromboembolic pulmonary hyperten‐

sion, leading to reduced lung capacity and heart failure [11].

The pathophysiology of VTE is complicated and will not be reviewed here. The basic mecha‐

nism behind the pathogenesis of VTE is likely attributed to the so‐called Virchow's triad: (i) 
changes in blood flow (i.e. stasis), (ii) vascular endothelial injury and (iii) changes in blood 
components (i.e. inherited or acquired hypercoagulable states, thrombophilia) [12].

Venous thromboembolism is a multifactorial disease. The risk for VTE increases in the 

presence of acquired and inherited risk factors, such as thrombophilia [13], immobiliza‐

tion, trauma, recent surgery, cancer, etc. [14, 15]. Additionally, the female sex hormones, 

predominantly oestrogen, affect the coagulation cascade, tipping it towards hypercoagu‐

lability and therefore increasing the risk for thrombosis [16]. For example, the use of com‐

bined oral contraceptives [17] and hormone replacement therapy [18] are well‐established 

risk factors for venous thrombosis, especially if other risk factors are present. Pregnancy 

is a naturally hypercoagulable state, and the risk for thrombosis is increased throughout 

pregnancy and persisting through puerperium [19, 20]. VTE is the seventh leading cause of 

maternal morbidity and mortality in Western countries [21, 22], accounting for ca. 10% of 

all maternal deaths [23]. Considering the burden of the disease and its impact on maternal 

and foetal health, it is imperative to early recognize and effectively treat venous thrombosis 
during pregnancy and postpartum. In this chapter, we describe the mechanisms behind 

the increased thrombotic risk during that period, as well as the principles of treatment and 

prevention of VTE.

2. Risk factors for venous thromboembolism

2.1. Pregnancy as a hypercoagulable state

During pregnancy, the coagulation balance leans towards hypercoagulability, as a means to 

protect the woman from fatal bleeding in the case of a miscarriage and during labour. This is 

mediated mainly by an increase in most procoagulant factors and a decrease in some antico‐

agulant factors, as well as a decrease in fibrinolytic activity [24].

The levels of fibrinogen begin to increase during the first trimester, reaching profoundly high 
levels during late pregnancy [25]. Along with fibrinogen, coagulation factors II, VII, VIII, X, XII 
and XIII increase by 20–200% during pregnancy [26]. Factors V and IX are slightly increased 
during normal pregnancy or unchanged according to some studies [25, 26]. Factor XIII 
increases at the beginning of pregnancy and decreases gradually afterwards, reaching levels 

about 50% of the normal non‐pregnant value at term [25]. Factor XI is the only coagulation 
factor that decreases during pregnancy, with average values at about 60–70% of its normal 
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value (non‐pregnant) [25, 27]. Von Willebrand factor increases during pregnancy. During the 

first half of the pregnancy, it follows the increase in factor VIII, but thereafter increases dis‐

proportionally, increasing the ratio of von Willebrand factor antigen to factor VIII coagulant 

activity from one to about two [25, 28]. Tissue factor does not change during pregnancy [29]. 

The anticoagulant protein S decreases during pregnancy; this decrease is particularly evident 

when measuring free protein S and less evident when measuring total protein S. The decrease 

in protein S persists up to at least 8 weeks postpartum [30]. Protein C remains unchanged [31], 

but pregnancy induces acquired activated protein C (APC) resistance [32]. Antithrombin val‐

ues have previously been regarded as virtually unchanged, but later studies have shown that 

they fall to a level of about 20% of baseline levels [33]. Following partus, antithrombin levels 

fall additionally to 30% below baseline, with the lowest levels noted 12 hours postpartum, and 

return to normal about 3 days after birth [34, 35]. Tissue factor pathway inhibitor and throm‐

bomodulin increase during pregnancy [36, 37].

Pregnancy is characterized by hypofibrinolysis. Fibrinolytic inhibitors such as thrombin activat‐
able fibrinolysis inhibitor (TAFI) and plasminogen activator inhibitor‐1 (PAI‐1), and PAI‐2, which 
is practically non‐existent outside of pregnancy, increase [38]. In particular, PAI‐1 levels increase 

significantly due to production from endothelial cells of the placenta and decidua [27, 30].

Plasminogen and tissue‐type plasminogen activator increase [39]. The urokinase‐type plas‐

minogen activator is also increased during normal pregnancy [40]. Thrombin cleavage 

products such as D‐dimer and fibrin monomers increase, suggesting ongoing and active 
coagulation [41, 42].

Platelet counts remain within the range of normal values in most pregnancies but can be 

lower in about 5% of pregnancies (gestational thrombocytopenia) [43, 44], whereas the mean 

platelet volume is unchanged [45] or increased [46]. Gestational thrombocytopenia is usu‐

ally mild and occurs during the third trimester. It resolves spontaneously following deliv‐

ery and platelet counts continue to increase for the first 3–4 weeks postpartum as a marker 
for increased inflammatory activity. Thereafter, platelet counts return to normal values [47]. 

Although increased platelet aggregation has been reported during pregnancy [48], the issue 

of increased platelet activation in an uncomplicated pregnancy is still controversial [49, 50].

Following delivery, there is increased inflammatory activity; C‐reactive protein, fibrinogen, 
antithrombin and platelet counts increase during the first week postpartum [27]. Blood coag‐

ulation returns to normal in the first 6–8 weeks postpartum [30, 35].

2.2. Other risk factors for thromboembolism

Along with the haemostatic changes mentioned in Section 1.1, increased venous capacitance 

and compression of large veins, such as inferior vena cava and iliac vein, by the growing 

uterus cause stasis [51] and additionally increase the thrombotic risk.

In addition to pregnancy‐specific factors, the thrombotic risk increases in the presence of 
other elements such as thrombophilia. Both acquired (antiphospholipid syndrome) and 

inherited (such as factor V Leiden, prothrombin gene mutation G20210A, protein S defi‐

ciency, protein C deficiency, antithrombin deficiency) thrombophilic conditions are among 
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the factors taken into consideration when calculating the individual thrombotic risk [52–54]. 

The grade to which these factors contribute varies depending on the specific thrombophilia. 
There is also evidence that women with thrombophilia have a greater risk of pregnancy com‐

plications such as placental abruption, pre‐eclampsia, foetal growth restriction, stillbirth and 

possibly recurrent miscarriage [55].

Other factors that increase the risk for thrombosis, in both pregnant and non‐pregnant popula‐

tion, are a medical history of previous VTE, positive familial history for VTE, immobilization, 

obesity, etc. [56]. Some of those factors are very important when stratifying the individual risk 

for VTE during pregnancy and deciding on appropriate treatment strategy.

3. Venous thromboembolism in pregnancy and postpartum

3.1. Incidence and type of venous thromboembolism

The risk for VTE during pregnancy is increased, with rates varying from 4 to 50 times higher 

than in the non‐pregnant population. However, despite the increased risk for VTE during 

pregnancy, the incidence is rather low. In the United States, venous thrombosis occurs in 

about 1 in 500–2000 pregnancies [57, 58], with DVT being 3–4 times more usual than PE 

[19, 59]. In Europe the incidence is about 0.71 per 72,000 deliveries, with two‐thirds occur‐

ring prenatally and the remaining one‐third postnatally [60]. The risk for VTE is most pro‐

nounced during the postpartum period. Most studies show that the antenatal risk for DVT 

is equally distributed among the three trimesters [57, 58, 61], whereas PE occurs more often 

(up to 60%) 4–6 weeks postpartum [62]. During pregnancy, the thrombotic risk is addition‐

ally enhanced by the presence of factors such as multiple births, inflammation, infection and 
diabetes [63, 64]. On the other hand, during the postpartum period, the risk increases in the 

presence of factors such as caesarean section, obstetric bleeding, pre‐eclampsia/eclampsia 

and infection [20, 64], indicating that the risk factors for thrombosis during puerperium are 

different compared to the risk factors during pregnancy.

Pelvic vein thrombosis is a rare event outside of pelvic surgery and pregnancy. However, its 

incidence increases from accounting for less than 1% for all DVT events to 10% of all DVT cases 

during pregnancy [65]. Additionally, pregnancy‐associated pelvic thrombosis is believed to 

be isolated and not originating from a distal part of the leg [66]. The majority (ca. 90%) of DVT 
during pregnancy is located in the left leg, probably as a result of the compression of the left 

iliac artery by the right iliac artery and the inferior vena cava by the growing uterus [58, 67].

3.2. Anticoagulant treatment

Despite the differences in dose recommendations among different committees, the preferred 
drug for treating VTE during pregnancy is unanimously low molecular weight heparin 

(LMWH), replacing the previous recommendation on the use of unfractionated heparin 

(UFH) [68, 69]. LMWH has been shown to cause less bleeding episodes and has a lower 

risk of causing heparin‐induced thrombocytopenia (HIT) and osteoporosis compared to 

UFH [70, 71]. In contrast to vitamin K antagonists that cross the placenta and can cause 
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teratogenicity, LMWH does not cross the placenta, is easy to administer and has a consis‐

tent bioavailability [72]. Fondaparinux does not cross the placenta either, but its use during 

pregnancy has not been studied extensively; it is primarily recommended for patients with 

allergy to heparin or HIT [62].

Considering the significant morbidity and mortality associated with VTE during pregnancy 
and postpartum, prompt diagnosis and treatment of thrombosis is essential to ensure a good 

maternal and foetal outcome. Although there have not been any major studies on the safety of 
treating pregnant patients with DVT as outpatients, data from the treatment of non‐pregnant 

patients suggest that this is safe as long as the patient's condition allows it [62]. On the other 

hand, the safety of treating patients with PE at home, especially on the first days following 
the event, is more uncertain.

There is no international consensus on the optimal dose for treatment of VTE during preg‐

nancy. LMWH is predominantly eliminated renally, and in the non‐pregnant population 

with a glomerular filtration rate (GFR) of more than 30 mL/min, e.g. no severe renal function 
impairment, there is no need to adjust the dose or monitor the treatment. However, in preg‐

nant women, due to increased plasma volume and subsequent heparin clearance, as well as 

weight increase [73], the need for both dose adjustment and monitoring can arise, though 
expert opinions dissent on that. The initial dose depends on the maternal weight according 

to the guidelines for non‐pregnant patients [69]. The following dosages are recommended 

for the most commonly used LMWH: dalteparin 200 units/kg once daily or 100 units/kg 
every 12 hours, tinzaparin 175 units/kg once daily, enoxaparin 1 mg/kg every 12 hours and 

nadroparin 86 units/kg every 12 hours or 171 units/kg once daily [69]. In Sweden, the recom‐

mended start dose of LMWH (dalteparin) is 125 units/kg twice daily or 250 units/kg once 

daily, since pregnant women need more (25–30%) of LMWH compared to non‐pregnant 

women [74]. The twice‐daily protocol is usually preferred in Sweden since clinical observa‐

tions have indicated a lower bleeding risk.

There is no consensus on whether LMWH should be given once or twice daily, either. Some 

physicians choose the twice‐daily regimen in order to better accommodate the changes in the 
plasma volume and renal clearance of LMWH during late pregnancy. However, it has been 

shown [75, 76] that the risk of recurrence does not increase with once‐daily anticoagulant 

regimens in pregnant patients. This, combined with the simplicity of the once‐daily treatment 

and the need for good compliance, makes it an attractive alternative for many physicians and 
patients.

There are different approaches for the rest of the treatment, following the initial dose, mainly 
on whether the dosage should be adjusted. In some centres, the dose remains unchanged 
throughout pregnancy [77]. If an adjustment is deemed necessary, it can be performed either 
according to the patient's increasing weight [77, 78] or by periodically measuring anti‐Xa 
LMWH levels [69, 73]. The target level is most commonly set to 0.6–1.0 units/mL for a bid 

regimen and higher for a once‐daily regimen, measured 4–6 hours following administration 

[62]. There are, however, data suggesting that those adjustments are not necessary in most 
women receiving therapeutic dose of anticoagulants [79–81] showing neither an increase in 

safety and efficacy of treatment nor a decrease in bleeding complications. The tests currently 
utilized for the measurement of anti‐Xa LMWH are costly and have been reported to be not 
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always reliable [69]. As such, there is no general recommendation on the use of such tests for 

dose adjustments, but such tests can be useful in patients with renal impairment and extreme 
low or high body weight [69].

A review by Gandara E et al. [82] on studies where women who were treated with full‐dose 

anticoagulation for up to 6 weeks following diagnosis of VTE (predominantly DVT) and then 

changed to a dose somewhat lower than 75% of full dose but higher than prophylactic dose, 

showed that the risk for recurrence was low (ca. 0.65%). In the American College of Chest 

Physicians (ACCP) Evidence‐Based Clinical Practice Guidelines from 2012, dose reduction is 

named as an alternative approach, especially in patients with high risk of complications, such 

as osteoporosis and bleeding [62].

Unfractionated heparin can be used as alternative to LMWH in some cases, for example, in 

patients with severe renal impairment as well as when thrombolysis is considered or when 

urgent surgery or delivery is planned. When UFH is given, the recommended regimen is 

twice daily, with doses adjusted to prolong activated partial thromboplastin time (aPTT) into 
therapeutic range as measured 6 hours following administration [69]. Caution is advised 

since it is known that aPTT measurement during pregnancy is not as reliable as in non‐preg‐

nant patients. The increased levels of factor VIII and of heparin‐binding protein observed dur‐

ing pregnancy lead to corresponding decreases in aPPT and increased UFH requirement. It 

is unclear whether the attenuation in dosage leads to significant bleeding complications [77].

Data on thrombolysis during pregnancy, including data on maternal and foetal safety, is very 

limited. As such, thrombolytic treatment should be discussed only in the setting of life‐threat‐
ening PE or in cases of severe DVT where there is a risk of losing a limb [62, 69].

Choosing a delivery option for women on anticoagulation should optimally have been dis‐

cussed in advance by a multidisciplinary team of coagulation experts, obstetricians and 

anaesthesiologists. The decision should be based on factors such as the patient's risk profile 
for both bleeding and thrombosis, the time elapsed since diagnosis of VTE and the actual 

dosage of anticoagulants, as well as the patient's own preferences. Planned labour induction 
can be successful in preventing anticoagulation‐associated bleedings during partus. In order 

to ensure patient safety, it is recommended to discontinue anticoagulant treatment 24 hours 

prior to delivery or neuraxial anaesthesia [62].

The optimal duration of anticoagulation is under discussion. Considering the fact that the 

increased risk for thrombosis persists throughout pregnancy and puerperium, the current 

recommendation is that anticoagulation continues for the duration of pregnancy for at least 

6 weeks postpartum for a minimum time period of 3 months [62, 69].

3.3. Efficacy and safety of anticoagulant treatment: therapeutic dose

The major adverse effect of treatment with anticoagulants is bleeding. According to the ACCP 
guidelines from 2012 [62], major nonfatal maternal haemorrhage is defined as a symptomatic 
bleeding complication into a critical site (intracranial, intraspinal, retroperitoneal, pericardial, etc.), 

under pregnancy or within 6 weeks postpartum that results in a fall in haemoglobin level of 20 g/L 

and to transfusion of two or more units of whole blood or red cells [83].
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According to a study from 1989, the risk for major antepartum bleeding in pregnant women 
under anticoagulation with UFH is about 1%, e.g. comparable to the rates noted for non‐preg‐

nant patients [72]. LMWH, the drug of choice for treatment and prevention of VTE during 

pregnancy, has an even milder bleeding complication profile compared to UFH [71, 84]. A 

review by Greer IA et al. [85] reported bleeding rates of 0.43% (for antepartum haemorrhage) 

and 0.94% for postpartum haemorrhage (PPH). PPH is defined as blood loss exceeding 500 
ml (vaginal delivery) or 1000 ml (caesarean delivery) and is divided into primary PPH, occur‐

ring within the first 24 hours after partus, and secondary, occurring between 24 hours up to 
12 weeks after partus [86]. Primary PPH has been reported to occur in 1.9% of women receiv‐

ing treatment dose of anticoagulants [84]. In a study by the authors (unpublished data) on 39 

patients with antenatal pelvic vein thrombosis treated with full (adjusted)‐dose LMWH, the 
risk for PPH (<1000 ml) was somewhat increased; however, the risk for severe PPH (>1000 ml) 

was not increased compared to women without anticoagulation therapy [87], and the rates 

were comparable to other studies [86]. In the majority of those patients, LMWH was discon‐

tinued 24 hours prior to delivery. Knol et al. [86] did not observe an increase in the number of 

transfused red blood cell units in a population receiving full‐dose anticoagulation, suggesting 

that the majority of observed PPH lacked major clinical significance and the treatment should 
be deemed safe.

The risk for both HIT and osteoporosis is lower with LMWH compared to UFH [88, 89]. 

Long‐term treatment with UFH has been reported to cause osteoporotic fractures in 2–3% of 

patients [90], with the rate increasing to 15% in older populations for UFH but being lower for 

LMWH (3%) [91]. The risk for HIT in patients with UFH has been reported to vary from 0.8% 

[92] to 2.7% [70] with the respective rates for patients with LMWH being 0% (70). However, 

antibodies developed in patients with HIT under treatment with UFH have a high risk of 

cross‐reacting with LMWH if such treatment is given [93].

No recurrent thrombosis was recorded for the remainder of their pregnancies in women with 

pelvic vein thrombosis in the study by the authors mentioned earlier (unpublished data). 

Similarly, in other studies, the recurrence rates for patients receiving anticoagulant treatment 

were low [75], indicating a high efficacy of treatment.

4. Thromboprophylaxis in pregnancy and postpartum

The cornerstone of the pharmacological treatment for prevention of recurrent or first‐time VTE 
is LMWH [69]. The grade of the recurrence risk depends on the risk factors for thrombosis, such 

as previous VTE, thrombophilia and family history, and the patients are treated accordingly.

4.1. Risk stratification for recurrent venous thromboembolism during pregnancy and 
postpartum

A history of previous thrombosis is the strongest risk factor to predict recurrence risk [94]. 

Among studies of different designs, the risk for recurrent VTE in women not receiving throm‐

boprophylaxis ranges from 2.4% [95] to 6% [96]. Despite the relatively low recurrence rate, 
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the potentially catastrophic implications of an antenatal or postpartum VTE for mother and 

foetus have to be considered.

In order to evaluate the risk for thrombotic recurrence and decide on the type of recom‐

mended prophylaxis, the patients can be divided into four groups of increasing risk accord‐

ing to the following suggestion: (a) low risk (previous VTE provoked by a transient risk 
factor), (b) intermediate risk (spontaneous VTE or VTE associated with hormonal treatment 

or pregnancy), (c) high risk (multiple previous VTE or permanent risk factors for thrombosis) 

and (d) very high risk (patients with previous VTE and indication for continuing treatment 

with anticoagulants) [62, 69]. Postpartum (6 weeks following delivery) thromboprophylaxis 

with LMWH or vitamin K antagonists should be considered for all groups, and the need for 

additional antenatal prophylaxis should be carefully assessed for groups b–d [62, 69]. These 

recommendations are subject to change, and the patient can be recommended ante‐ and/or 
postpartum prophylaxis depending on the concomitant presence of additional risk factors 

[68, 69, 97]. If antenatal prophylaxis is given, it should be introduced early upon confirmation 
of pregnancy [69].

4.1.1. Risk stratification for first‐time venous thromboembolism during pregnancy according to 
family history and thrombophilia

The risk for VTE in individuals with thrombophilia varies, with the highest risk observed on 

patients with homozygosity for factor V Leiden and prothrombin gene G20210A mutation, 

whereas the corresponding heterozygotes had considerably lower risks [98]. Familial history 

of VTE further increases the risk for a first‐time thrombosis during pregnancy by two‐ to 
fourfold [99].

Similarly to Section 3.1.1, women with thrombophilia and heredity for VTE without previous 

VTE are divided into different risk groups: (a) women with family history who are homo‐

zygous for factor V Leiden or prothrombin gene G20210A mutation, (b) women with family 

history and all other thrombophilias, (c) women without family history who are homozy‐

gous for factor V Leiden or prothrombin gene G20210A mutation and (d) women with all 

thrombophilias except for those mentioned in (a) without family history. Antenatal and post‐

partum prophylaxis is recommended for group a, whereas groups b and c are thought to 

benefit from 6 weeks postpartum thromboprophylaxis. No drug treatment is required for 
women in group d, unless in the presence of other risk factors, most significantly caesarean 
section [62, 69]. A special mention should be made to antithrombin deficiency, which is the 
only other thrombophilia, except for those mentioned in (a) that could warranty antepartum 

prophylaxis [69].

4.1.2. Risk stratification for first‐time venous thromboembolism during pregnancy according to 
clinical factors

Factors such as BMI > 25 (prior to pregnancy), immobility, caesarean section and co‐morbidi‐

ties (e.g. systemic lupus erythematosus, sickle cell disease) increase the risk for thrombosis 

independently of the presence of thrombophilia and family history [64, 100]. The extent to 
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which the thrombotic risk is increased by those factors individually is unclear, but is generally 

considered as modest [62]. However, when antepartum immobility is combined with co‐mor‐

bidities, the clinician should consider administering thromboprophylaxis during pregnancy 

and shortly postpartum (7 days) [69].

4.2. Type of thromboprophylaxis

The optimal dose of LMWH thromboprophylaxis is unclear, since studies that compare the 

different dosages are lacking. For patients with previous VTE who have intermediate or high 
risk for recurrent thrombosis during pregnancy (see 3.1), it is recommended to use prophylac‐

tic or intermediate‐dose LMWH. Examples of prophylactic dose LMWH are dalteparin 5000 

units subcutaneously every 24 hours, tinzaparin 4500 units subcutaneously every 24 hours, 

nadroparin 2850 units subcutaneously every 24 hours or enoxaparin 40 mg subcutaneously 

every 24 hours [62, 96, 101]. Examples of intermediate‐dose LMWH include dalteparin 5000 

units subcutaneously every 12 hours or enoxaparin 40 mg subcutaneously every 12 hours 

[62]. The aforementioned dosages can be adjusted depending on body weight and/or renal 
function [62].

The recommended dose for patients at very high risk for recurrent VTE is higher (adjusted 
dose or 75% of therapeutic dose) [69]. Adjusted LMWH dose is the dose required in order to 
maintain a peak level of anti‐factor Xa LMWH of 0.2–0.6 units/mL [102] or a trough level of 

0.1–0.2 U/ml [103]. For women without a history of VTE who require thromboprophylaxis, 

it is recommended to administer prophylactic or intermediate‐dose LMWH [62]. However, 

the decision on the optimal dosage is individual, and factors such as risk for complications 

(bleeding) and patient preferences should be weighed in.

4.3. Efficacy and safety of anticoagulant treatment: prophylactic dose

The risk of bleeding with prophylactic dose of LMWH is generally low and the treatment is 

considered safe. Most studies in the field do not make a distinction between high‐ and nor‐

mal‐dose thromboprophylaxis, which makes the results difficult to interpret and the bleeding 
rates cannot be surely attributed to one type of treatment. In a recent study the bleeding rates 
were very low according to data derived from 10 studies where the patients were given nor‐

mal‐dose thromboprophylaxis, with overall antepartum rates for severe bleeding (ISTH defi‐

nition [83]) reported as low as 0% and postpartum rates as 0.3% [104]. In a study by Lepercq 

et al. that was not included in the meta‐analysis in [94], a bleeding incidence of 11.5% was 

reported; however, in this study, patients with both high and normal prophylaxis doses were 

included [105]. In a study by the authors, the incidence of bleeding during pregnancy was 

12% (n = 6) and postpartum haemorrhage had an overall incidence of 20% (n = 10) in a cohort 

of 49 patients treated with high‐dose thromboprophylaxis at the Department of Obstetrics 

and Gynaecology at Karolinska University Hospital in Solna for a time period from 2004 to 

2014 (unpublished data). In the same cohort, the incidence of VTE was 2% (n = 1, unpublished 

data). In a study by Pettilä et al. where the patients were treated with normal‐dose thrombo‐

prophylaxis (UFH or dalteparin), the VTE incidence was 0% [106].
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The mean bone density of patients treated with prophylactic doses of LMWH (dalteparin) 

did not differ from that of patients treated with placebo whereas for patients treated with 

UFH it was significantly decreased [107]. Similarly, in another study, no difference in bone 
density was observed between patients receiving prophylactic doses of LMWH and placebo 

[88]. There are, however, some case reports confirming LMWH‐associated osteoporosis [62], 

and the risk for each patient should be evaluated individually.

5. Future perspectives

5.1. Direct oral anticoagulants

Pregnant and lactating women were excluded from the clinical trials on direct oral anticoagulants 

(DOAC), e.g. dabigatran, rivaroxaban, apixaban and edoxaban, as there is data suggesting that 

they may cross the placenta with unclear effects [108]. A recent article [109] identified 233 cases 
where pregnant women had been exposed to DOAC, with the majority having been exposed 
to rivaroxaban. The authors did not report an increased risk for embryotoxicity; however, the 

number of patients was small and the reports were incomplete and diverse [109]. There are cur‐

rently no guidelines recommending the use of DOAC during pregnancy and breast‐feeding.

5.2. Studies

Despite the effectiveness and safety of anticoagulant treatment during pregnancy and postpar‐

tum, issues such as the optimal way to adjust and monitor the therapeutic dose of LMWH but 
also the ideal dose and duration of thromboprophylaxis are yet to be conclusively addressed. 

Additionally, although there are guidelines from different work groups, differences in local 
practice remain. There is a need for studies on larger cohorts under international collabora‐

tions in order to further advance treatment efficacy and ensure patient safety.

Author details

Roza Chaireti1,2* and Katarina Bremme3

*Address all correspondence to: roza.chaireti@ki.se

1 Department of Haematology, Karolinska University Hospital, Solna, Sweden

2 Department of Molecular Medicine and Surgery, Karolinska Institute, Solna, Sweden

3 Department of Women's and Child's Health, Karolinska Institute, Solna, Sweden

References

[1] Heit JA, Spencer FA, White RH. The epidemiology of venous thromboembolism. J 
Thromb Thrombolysis 2016;41:3–14. DOI: 10.1007/s11239‐015‐1311‐6

Embolic Diseases - Unusual Therapies and Challenges16



[2] Roussin A Effective management of acute deep vein thrombosis: direct oral anticoagu‐

lants. Int Angiol 2015;34:16–29

[3] Cushman M, Tsai AW, White RH, Heckbert SR, Rosamond WD, Enright P et al. Deep 
vein thrombosis and pulmonary embolism in two cohorts: the longitudinal inves‐

tigation of thromboembolism etiology. Am J Med 2004; 117:19–25. DOI: 10.1016/j.
amjmed.2004.01.018

[4] Heit JA. Epidemiology of venous thromboembolism. Nat Rev Cardiol 2015;12:464–474. 
DOI: 10.1038/nrcardio.2015.83

[5] Poli D, Palareti G. Assessing recurrence risk following acute venous thromboembolism: use 
of algorithms. Curr Opin Pulm Med 2013;19:407–412. DOI: 10.1097/MCP.0b013e328363ed7c

[6] Naess IA, Christiansen SC, Romundstad P, Cannegieter SC, Rosendaal FR, Hammerstrøm 
J. Incidence and mortality of venous thrombosis: a population‐based study. J Thromb 
Haemost 2007;5:692–699. DOI: 10.1111/j.1538‐7836.2007.02450

[7] Goldhaber SZ, Visani L, De Rosa M. Acute pulmonary embolism: clinical outcomes 
in the international cooperative pulmonary embolism registry (ICOPER). Lancet 
1999;353:1386–1389

[8] Prandoni P, Kahn SR. Post‐thrombotic syndrome: prevalence, prognostication and need 
for progress.Br J Haematol 2009;145:286–295. DOI: 10.1111/j.1365‐2141.2009.07601

[9] Kahn SR. Post thrombotic syndrome. Hematol Am Soc Hematol Educ Progr 2016; 
2016(1):413–418. DOI: 10.1182/asheducation‐2016.1.413

[10] Busuttil A, Lim CS, Davies AH. Post thrombotic syndrome. Adv Exp Med Biol 2017;906:363–
375. DOI: 10.1007/5584_2016_126

[11] Tapson VF, Platt DM, Xia F, Teal SA, de la Orden M, Divers CH et al. Monitoring for 
pulmonary hypertension following pulmonary embolism: the inform study. Am J Med 
2016;129:978.e2–985.e2. DOI: 10.1016/j.amjmed.2016.03.006

[12] Bagot CN, Arya R. Virchow and his triad: a question of attribution. Br J Haematol 
2008;143:180. DOI: 10.1111/j.1365‐2141.2008.07323

[13] Dahlbäck B Advances in understanding pathogenic mechanisms of thrombophilic disor‐

ders. Blood 2008;112:19–27. DOI: 10.1182/blood‐2008‐01‐077909

[14] Goldhaber SZ. Risk factors for venous thromboembolism. J Am Coll Cardiol 2010;56:1–7. 
DOI: 10.1016/j.jacc.2010.01.05

[15] Heit JA, O'Fallon WM, Petterson TM, Lohse CM, Silverstein MD, Mohr DN et al. Relative 
impact of risk factors for deep vein thrombosis and pulmonary embolism: a population‐
based study. Arch Intern Med 2002;162:1245

[16] James AH. Prevention and treatment of venous thromboembolism in pregnancy. Clin 

Obstet Gynecol 2012;55:774–787. DOI:10.1097/GRF.0b013e31825cfe7b

Risk Factors, Treatment and Prevention of Venous Thromboembolism During Pregnancy and Postpartum
http://dx.doi.org/10.5772/67709

17



[17] Bloemenkamp KW, Rosendaal FR, Helmerhorst FM, Vandenbroucke JP. Higher risk of 
venous thrombosis during early use of oral contraceptives in women with inherited clot‐

ting defects. Arch Intern Med 2000;160:49–52

[18] Cushman M, Kuller LH, Prentice R, Rodabough RJ, Psaty BM, Stafford RS et al, Women's 
Health Initiative Investigators. Estrogen plus progestin and risk of venous thrombosis. 

JAMA 2004;292:1573–1580. DOI: 10.1001/jama.292.13.1573

[19] Kourlaba G, Relakis J, Kontodimas S, Holm MV, Maniadakis N. A systematic review 
and meta‐analysis of the epidemiology and burden of venous thromboembolism among 

pregnant women. Int J Gynaecol Obstet 2016;132:4–10. DOI: 10.1016/j.ijgo.2015.06.054

[20] Kamel H, Navi BB, Sriram N, Hovsepian DA, Devereux RB, Elkind MS. Risk of a throm‐

botic event after the 6‐week postpartum period. N Engl J Med 2014; 370:1307–1315. DOI: 
10.1056/NEJMoa1311485

[21] Lindqvist PG, Torsson J, Almqvist A, Bjorgell O. Postpartum thromboembolism: severe 
events might be preventable using a new risk score model. Vasc Health Risk Manag 
2008;4:1081–1087

[22] Chang J, Elam‐Evans LD, Berg CJ, Herndon J, Flowers L, Seed KA et al. Pregnancy‐related 

mortality surveillance–United States, 1991–1999. MMWR Surveill Summ 2003;52:1–8

[23] James AH, Jamison MG, Biswas MS, Brancazio LR, Swamy GK, Myers ER. Acute myo‐

cardial infarction in pregnancy: a United States population‐based study. Circulation 
2006;113: 1564–1571. DOI:10.1161/CIRCULATIONAHA.105.576751

[24] James AH. Pregnancy and thrombotic risk. Crit Care Med 2010;38(2 Suppl):S57–S63. 
DOI: 10.1097/CCM.0b013e3181c9e2bb

[25] Bremme KA. Haemostatic changes in pregnancy. Best Pract Res Clin Haematol 2003; 
16:153–168

[26] Hellgren M. Hemostasis during normal pregnancy and puerperium. Semin Thromb 

Hemost 2003;29:125–130. DOI: 10.1055/s‐2003‐38897

[27] Hellgren M, Blombäck M. Studies on blood coagulation and fibrinolysis in pregnancy 
during delivery and in the puerperium. I. Normal condition. Gynecol Obstet Investig 

1981;12:141–154

[28] Stirling Y, Woolf L, North WRS, Seghatchian MJ, Meade TW. Haemostasis in normal 
pregnancy. Thromb Haemost 1984;52:176–182

[29] Bellart J, Gilabert R, Fontcuberta J, Cerreras E. Miralles F, Cabero L. Coagulation and 
fibrinolysis in normal pregnancy and in gestational diabetes. Am J Perinatol 1998;15:479–
486. DOI: 10.1055/s‐2007‐994069

[30] Kjellberg U, Andersson N‐E, Rosén S, Tengborn L, Hellgren M. APC resistance and 
other haemostatic variables during pregnancy and puerperium. Thromb Haemost 

1999;81:527–531

Embolic Diseases - Unusual Therapies and Challenges18



[31] Clark P, Brennand J, Conkie JA, McCall F, Greer IA, Walker ID. Activated protein C sen‐

sitivity, protein C, protein S and coagulation in normal pregnancy. Thromb Haemost 

1998;79:1166

[32] Shu H, Wramsby M, Bokarewa M, Blombäck M, Bremme K. Decrease in protein C 
inhibitor activity and acquired APC resistance during normal pregnancy. J Thromb 

Thrombolysis 2000;9:277–281

[33] James AH, Rhee E, Thames B, Philipp CS. Characterization of antithrombin levels in preg‐

nancy. Thromb Res 2014;134:648–651. DOI: 10.1016/j.thromres.2014.07.025

[34] Cerneca F, Ricci G, Simeone R, Malisano M, Alberico S, Guaschino S. Coagulation 
and fibrinolysis changes in normal pregnancy. Increased levels of procoagulants and 
reduced levels of inhibitors during pregnancy induce a hypercoagulable state, combined 

with a reactive fibrinolysis. Eur J Obstet Gynecol Reprod Biol 1997;73:31–36

[35] Dahlman T, Hellgren M, Blombäck M. Changes in blood coagulation and fibrinolysis in 
the normal puerperium. Gynecol Obstet Investig 1985;20:37–44

[36] Sandset PM, Hellgren M, Uvebrandt M, Bergström H. Extrinsic coagulation pathway 

inhibitor and heparin co‐factor II during normal and hypertensive pregnancy. Thromb 

Res 1989;55:665–670

[37] De Moerloose P, Mermillod N, Amiral J, Reber G. Thrombomodulin levels during nor‐

mal pregnancy, at delivery and the postpartum: comparison with tissue‐type activator 
and plasminogen activator inhibitor‐1. Thromb Haemost 1998;79:554–556

[38] Ku DH, Arkel YS, Paidas MP, Lockwood CJ. Circulating levels of inflammatory cyto‐

kines (IL‐1 beta and TNF‐alpha), resistance to activated protein C, thrombin and fibrin 
generation in uncomplicated pregnancies. Thromb Haemost 2003;90:1074. DOI: 10.1160/
TH03‐02‐0119

[39] Bonnar J, McNicol GP, Douglas AS. Fibrinolytic enzyme system and pregnancy. Br Med 

J 1969;3:387–389

[40] Nakashima A, Kobayashi T, Terao T. Fibrinolysis during normal pregnancy and severe 

preeclampsia relationships between plasma levels of plasminogen activators and inhibi‐

tors. Gynecol Obstet Investig 1996;42:95–101

[41] Bremme K, Ostlund E, Almqvist I, Heinonen K, Blombäck M. Enhanced thrombin gener‐

ation and fibrinolytic activity in normal pregnancy and the puerperium. Obstet Gynecol 
1992;80:132–137

[42] Chabloz P, Reber G, Boehlen F, Hohlfeld P, de Moerloose P. Br TAFI antigen and D‐
dimer levels during normal pregnancy and at delivery. J Haematol 2001;115:150–152

[43] Matthews JH, Benjamin S, Gill DS, Smith NA. Pregnancy‐associated thrombocytopenia: 
definition, incidence and natural history. Acta Haematol 1990;84:24–29

[44] Rouse DJ, Owen J, Goldenberg RL. Routine maternal platelet count: an assessment of a 
technologically driven screening practice. Am J Obstet Gynecol 1998;179:573–576

Risk Factors, Treatment and Prevention of Venous Thromboembolism During Pregnancy and Postpartum
http://dx.doi.org/10.5772/67709

19



[45] Howarth S, Marshall LR, Barr AL, Evans S, Pontre M, Ryan N. Platelet indices during 
normal pregnancy and preeclampsia. Br J Biomed Sci 1999;56:20–22

[46] Fay RA, Hughes AO, Farron NT. Platelets in pregnancy—hyperdestruction in preg‐

nancy. Obstet Gynecol 1983; 61: 238–240

[47] Saha P, Stott D, Atalla R. Haemostatic changes in the puerperium ‘6 weeks postpartum’ 
(HIP Study)—implication for maternal thromboembolism. BJOG 2009;116:1602–1612. 
DOI: 10.1111/j.1471‐0528.2009.02295

[48] Louden KA, Broughton Pipkin F, Heptinstall S, Fox SC, Mitchell JR, Symonds EM. A 
longitudinal study of platelet behaviour and thromboxane production in whole blood in 

normal pregnancy and the puerperium. Br J Obstet Gynecol 1990;97:1108–1114

[49] Konijnenberg A, Stokkers EW, van der Post JAM, Schaap MC, Boer K, Bleker OP 
et al. Extensive platelet activation in preeclampsia compared with normal preg‐

nancy: enhanced expression of cell adhesion molecules. Am J Obstet Gynecol 
1997;176:461–469

[50] Star J, Rosene K, Ferland J, Dileone G, Hogan J, Kestin A. Flow cytometric analysis of 
platelet activation throughout normal gestation. Obstet Gynecol 1997;90:562–568. DOI: 
10.1016/S0029‐7844(97)00299‐8

[51] Gyselaers W, Mesens T, Tomsin K, Peeters L. Doppler assessment of maternal central 

venous hemodynamics in uncomplicated pregnancy: a comprehensive review. Facts, 
Views & Vision in ObGyn 2009;1:171–181

[52] Hotoleanu C. Genetic risk factors in venous thromboembolism. Adv Exp Med Biol 

2017;906:253–272. DOI: 10.1007/5584_2016_120

[53] Garcia‐Horton A, Kovacs MJ, Abdulrehman J, Taylor JE, Sharma S, Lazo‐Langner A. 

Impact of thrombophilia screening on venous thromboembolism management practices. 

Thromb Res 2017;149:76–80. DOI: 10.1016/j.thromres.2016.11.023

[54] Pengo V, Bison E, Zoppellaro G, Padayattil Jose S, Denas G, Hoxha A et al. APS—diag‐

nostics and challenges for the future. Autoimmun Rev 2016;15:1031–1033. DOI: 10.1016/j.
autrev.2016.07.028

[55] Alfirevic Z, Roberts D, Martlew V. How strong is the association between maternal 
thrombophilia and adverse pregnancy outcome? A systematic review. Eur J Obstet 

Gynecol Reprod Biol 2002;101:6–14

[56] Goldhaber SZ, Tapson VF. A prospective registry of 5451 patients with ultrasound‐con‐

firmed deep vein thrombosis. Am J Cardiol 2004;93:259–262

[57] Marik PE, Plante LA. Venous thromboembolic disease and pregnancy. N Engl J Med 

2008;359:2025–2033. DOI: 10.1056/NEJMra0707993

[58] Greer IA. Thrombosis in pregnancy: maternal and fetal issues. Lancet 1999;353:1258. 
DOI: 10.1016/S0140‐6736(98)10265‐9

Embolic Diseases - Unusual Therapies and Challenges20



[59] Heit JA, Kobbervig CE, James AH, Petterson TM, Bailey KR, Melton LJ 3rd. Trends in 
the incidence of venous thromboembolism during pregnancy or postpartum: a 30‐year 
population‐based study. Ann Intern Med 2005;143:697–706

[60] McColl MD, Ramsay JE, Tait RC, Walker ID, McCall F, Conkie JA et al. Risk factors for 
pregnancy associated venous thromboembolism. Thromb Haemost 1997;78:1183

[61] Stein PD, Hull RD, Kayali F, Olson RE, Alshab AK, Meyers FA et al. Venous throm‐

boembolism in pregnancy: 21‐year trends. Am J Med 2004;117:121–125. DOI: 10.1016/j.
amjmed.2004.02.021

[62] Bates SM, Greer IA, Middeldorp S, Veenstra DL, Prabulos A‐M, Vandvik PO. VTE, 

thrombophilia, antithrombotic therapy, and pregnancy: antithrombotic therapy and 
prevention of thrombosis, 9th ed: American college of chest physicians evidence‐based 
clinical practice guidelines. Chest 2012;141;e691S–e736S. DOI: 10.1378/chest.11‐2300

[63] Simpson EL, Lawrenson RA, Nightingale AL, Farmer RD. Venous thromboembolism 
in pregnancy and the puerperium: incidence and additional risk factors from a London 
perinatal database. BJOG 2001;108:56–60

[64] Sultan AA, Tata LJ, West J, Fiaschi L, Fleming KM, Nelson‐Piercy C et al. Risk fac‐

tors for first venous thromboembolism around pregnancy: a population‐based 
cohort study from the United Kingdom. Blood 2013;121:3953–3961. DOI: 10.1182/
blood‐2012‐11‐469551

[65] James AH. Venous thromboembolism in pregnancy. Arterioscler Thromb Vasc Biol 

2009;29:326–331. DOI: 10.1161/ATVBAHA.109.184127

[66] Chan WS, Spencer FA, Ginsberg JS. Anatomic distribution of deep vein thrombosis in 

pregnancy. CMAJ 2010;182:657–660. DOI: 10.1503/cmaj.091692

[67] Ginsberg JS, Brill‐Edwards P, Burrows RF, Bona R, Prandoni P, Büller HR et al. Venous 
thrombosis during pregnancy: leg and trimester of presentation. Thromb Haemost 
1992;67:519–520

[68] Royal College of Obstetricians and Gynaecologists (2015) Green‐top guideline No. 37a. 
Reducing the risk of thrombosis and embolism during pregnancy and the puerperium

[69] Bates SM, Middeldorp S, Rodger M, James AH, Greer I. Guidance for the treatment and 
prevention of obstetric‐associated venous thromboembolism. J Thromb Thrombolysis 

2016:41:92–128. DOI: 10.1007/s11239‐015‐1309‐0

[70] Warkentin TE, Levine MN, Hirsh J, Horsewood P, Roberts RS, Gent M et al. Heparin 
induced thrombocytopenia in patients treated with low molecular weight hepa‐

rin or unfractionated heparin. N Engl J Med 1994;332:1330–1335. DOI: 10.1056/
NEJM199505183322003

[71] Sanson BJ, Lensing AWA, Prins MH, Ginsberg JS, Barkagan ZS, Lavenne‐Pardonge E et 

al. Safety of low‐molecular‐weight heparin in pregnancy: a systematic review. Thromb 
Haemost 1999;81:668–672

Risk Factors, Treatment and Prevention of Venous Thromboembolism During Pregnancy and Postpartum
http://dx.doi.org/10.5772/67709

21



[72] Ginsberg JS, Kowalchuk G, Hirsh J, Brill‐Edwards P, Burrows R. Heparin therapy dur‐

ing pregnancy: risks to the fetus and mother. Arch Intern Med 1989;149:2233–2236

[73] Barbour LA, Oja JL, Schultz LK. A prospective trial that demonstrates that dalteparin 
requirements increase in pregnancy to maintain therapeutic levels of anticoagulation. 

Am J Obstet Gynecol 2004;191:1024–1029. DOI: 10.1016/j.ajog.2004.05.050

[74] Essential guide to blood coagulation 2nd edition, 2013. Eds Antovic J, Blombäck M. 
Wiley‐Blackwell, Oxford, UK. ISBN: 978‐1‐118‐28879‐5

[75] Voke J, Keidan J, Pavord S, Spencer HN, Hunt BJ, on behalf of the British Society of 

Haematology Obstetric Haematology Group. The management of antenatal venous 

thromboembolism in the UK and Ireland: a prospective multicentre observational study. 
Br J Haematol 2007;139:545–558

[76] Knight M, on behalf of UKOSS. Antenatal pulmonary embolism: risk factors, manage‐

ment and outcomes. BJOG 2008;115:453–461. DOI: 10.1111/j.1471‐0528.2007.01622

[77] Bates SM, Ginsberg JS. How we manage venous thromboembolism during pregnancy. 

Blood 2002;100:3470–3478. DOI: 10.1182/blood‐2002‐03‐0965

[78] Crowther MA, Spitzer K, Julian J, Ginsberg J, Johnston M, Crowther R et al. Pharmacokinetic 
profile of a low‐molecular weight heparin (reviparin) in pregnant patients. A prospective 
cohort study. Thromb Res 2000;98:133–138

[79] Rey E, Rivard GE. Prophylaxis and treatment of thromboembolic diseases during preg‐

nancy with dalteparin. Int J Gynaecol Obstet 2000;71:19–24

[80] Smith MP, Norris LA, Steer PJ, Savidge GF, Bonnar J. Tinzaparin sodium for thrombosis 

treatment and prevention during pregnancy. Am J Obstet Gynecol 2004;190:495–501

[81] McDonell BP, Glennon K, McTiernan A, O'Connor HD, Kirkham C, Kevane B et al. 
Adjustment of therapeutic LMWH to achieve specific target anti‐FXa activity does 
not affect outcomes in pregnant patients with venous thromboembolism. J Thromb 
Thrombolysis 2017;43:105. DOI: 10.1007/s11239‐016‐1409‐5

[82] Gandara E, Carrier M, Rodger MA. Intermediate doses of low‐molecular weight‐hepa‐

rin for the long‐term treatment of pregnancy thromboembolism. A systematic review. 

Thromb Haemost 2014;111:559–561. DOI: 10.1160/TH13‐06‐0510

[83] Schulman S, Kearon C, Subcommittee on Control of Anti‐ coagulation of the Scientific 
and Standardization Committee of the International Society on Thrombosis and 
Haemostasis. Definition of major bleeding in clinical investigations of antihemostatic 
medicinal products in non‐surgical patients. J Thromb Haemost 2005;3:692–694. DOI: 
10.1111/j.1538‐7836.2005.01204.x

[84] Romualdi E, Dentali F, Rancan E, Squizzato A, Steidl L, Middeldorp S et al. Anticoagulant 
therapy for venous thromboembolism during pregnancy: a systematic review and 
a meta‐analysis of the literature. J Thromb Haemost 2013;11:270–281. DOI: 10.1111/
jth.12085

Embolic Diseases - Unusual Therapies and Challenges22



[85] Greer IA, Nelson‐Piercy C. Low‐molecular‐weight heparins for thromboprophylaxis 

and treatment of venous thromboembolism in pregnancy: a systematic review of safety 
and efficacy. Blood 2005;106:401–407. DOI: 10.1182/blood‐2005‐02‐0626

[86] Knol HM, Schultinge L, Veeger NJ, Kluin‐Nelemans HC, Erwich JJ, Meijer K. The 
risk of postpartum hemorrhage in women using high dose of low‐molecular‐

weight heparins during pregnancy. Thromb Res 2012;130:334–338. DOI: 10.1016/j.
thromres.2012.03.007

[87] Bais JM, Eskes M, Pel M, Bonsel GJ, Bleker OP. Postpartum haemorrhage in nulliparous 

women: incidence and risk factors in low and high risk women. A Dutch population‐
based cohort study on standard (> or = 500 ml) and severe (> or = 1000 ml) postpar‐

tum haemorrhage. Eur J Obstet Gynecol Reprod Biol 2004;115:166–172. DOI: 10.1016/j.
ejogrb.2003.12.008

[88] Rodger MA, Kahn SR, Cranney A, Hodsman A, Kovacs MJ, Clement AM et al, for the 
TIPPS Investigators. Long‐term dalteparin in pregnancy not associated with a decrease 

in bone mineral density: substudy of a randomized controlled trial. J Thromb Haemost 
2007;5:1600–1606. DOI: 10.1111/j.1538‐7836.2007.02634.x

[89] Lefkou E, Khamashta M, Hampson G, Hunt BJ. Low‐molecular‐weight heparin‐induced 
osteoporosis and osteoporotic fractures: a myth or an existing entity?. Lupus 2010;19:3–
12. DOI: 10.1177/0961203309353171

[90] Douketis JD, Ginsberg JS, Burrows RF, Duku EK, Webber CE, Brill‐Edwards P. The 
effects of long‐term heparin therapy during pregnancy on bone density. A prospective 
matched cohort study. Thromb Haemost 1996;75:254–257

[91] Monreal M, Lafoz E, Olive A, del Rio L, Vedia C. Comparison of subcutaneous unfrac‐

tionated heparin with a low molecular weight heparin (Fragmin) in patients with venous 

thromboembolism and contraindications to coumarin. Thromb Haemost 1994;71:7–11

[92] Girolami B, Prandoni P, Stefani PM, Tanduo C, Sabbion P, Eichler P et al. The incidence 

of heparin‐induced thrombocytopenia in hospitalized medical patients treated with 

subcutaneous unfractionated heparin: a prospective cohort study. Blood 2003;101:2955–
2959. DOI: 10.1182/blood‐2002‐07‐2201

[93] Franchini M.. Heparin‐induced thrombocytopenia: an update. Thromb J 2005;3:14. DOI: 
10.1186/1477‐9560‐3‐14

[94] Pabinger I, Grafenhofer H, Kyrle PA, Quehenberger P, Mannhalter C, Lechner K et 

al. Temporary increase in the risk for recurrence during pregnancy in women with 

a history of venous thromboembolism. Blood 2002;100:1060–1062. DOI: 10.1182/
blood‐2002‐01‐0149

[95] Brill‐Edwards P, Ginsberg JS, Gent M, Hirsh J, Burrows R, Kearon C et al. Safety of 
withholding heparin in pregnant women with a history of venous thromboembolism. 

Recurrence of clot in this pregnancy study group. N Eng J Med 2000;343:1439–1444. DOI: 
10.1056/NEJM200011163432002

Risk Factors, Treatment and Prevention of Venous Thromboembolism During Pregnancy and Postpartum
http://dx.doi.org/10.5772/67709

23



[96] Pabinger I, Grafenhofer H, Kaider A, Kyrle PA, Quehenberger P, Mannhalter C et 

al. Risk of pregnancy‐associated recurrent venous thromboembolism in women 
with a history of venous thrombosis. J Thromb Haemost 2005;3:949–954. DOI: 
10.1111/j.1538‐7836.2005.01307.x

[97] Mclintock C, Brighton T, Chunilal S, Dekker G, McDonnell N, McRae S et al. 
Recommendations for the diagnosis and treatment of deep venous thrombosis and 
pulmonary embolism in pregnancy and the postpartum period. ANZJOG 2012;52:14–
22. DOI: 10.1111/j.1479‐828X.2011.01361.x

[98] Robertson L, Wu O, Langhorne P, Twaddle S, Clark P, Lowe GD et al, for The 
Thrombosis Risk and Economic Assessment of Thrombophilia Screening (Treats) 
Study. Thrombophilia in pregnancy: a systematic review. Br J Haematol 2005;132:71–
196. DOI: 10.1111/j.1365‐2141.2005.05847.x

[99] Zoller B, Ohlsson H, Sundquist J, Sundquist K. Familial risk of venous thromboem‐

bolism in first‐, second‐ and third‐ degree relatives: a nation‐wide family study in 
Sweden. Thromb Haemost 2013;109:361–362. DOI: 10.1160/TH12‐10‐0743

[100] Kane EV, Calderwood C, Dobbie R, Morris C, Roman E, Greer IA. A population‐based 
study of venous thrombosis in Scotland 1980–2005. Eur J Obstet Gynecol Reprod Biol 
2013;169:223–229. DOI: 10.1016/j.ejogrb.2013.03.024

[101] Gates S, Brocklehurst P, Ayers S, Bowler U, Thromboprophylaxis in Pregnancy Advisory 

Group. Thromboprophylaxis and pregnancy: two randomized controlled pilot trials 
that used low‐molecular‐weight heparin. Am J Obstet Gynecol 2004;191:1296–1303. 
DOI: 10.1016/j.ajog.2004.03.039

[102] Ellison J, Thomson AJ, Conkie JA, McCall F, Walker D, Greer A. Thromboprophylaxis 

following caesarean section—a comparison of the antithrombotic properties of three 
low molecular weight heparins—dalteparin, enoxaparin and tinzaparin. Thromb 
Haemost 2001;86:1374–1378

[103] Duhl AJ, Paidas MJ, Ural SH, Branch W, Casele H, Cox‐Gill J et al, Pregnancy and 

Thrombosis Working Group. Antithrombotic therapy and pregnancy: consensus 
report and recommendations for prevention and treatment of venous thromboembo‐

lism and adverse pregnancy outcomes. Am J Obstet Gynecol 2007;197:457 e1–457 e21. 
DOI: 10.1016/j.ajog.2007.04.022

[104] Rodger M.. Pregnancy and venous thromboembolism: ‘TIPPS’ for risk stratifi‐

cation. Hematol Am Soc Hematol Educ Progr 2014;2014:387–392. DOI: 10.1182/
asheducation‐2014.1.387

[105] Lepercq J, Conard J, Borel‐Derlon A, Darmon JY, Boudignat O, Francoual C, et al. 

Venous thromboembolism during pregnancy: a retrospective study of enoxaparin 
safety in 624 pregnancies. BJOG 2001;108:1134–1140

[106] Pettila V, Kaaja R, Leinonen P, Ekblad U, Kataja M, Ikkala E. Thromboprophylaxis with 
low molecular weight heparin (dalteparin) in pregnancy. Thromb Res 1999;96:275–282

Embolic Diseases - Unusual Therapies and Challenges24



[107] Pettilä V, Leinonen P, Markkola A, Hiilesmaa V, Kaaja R. Postpartum bone mineral 
density in women treated for thromboprophylaxis with unfractionated heparin or 

LMW heparin. Thromb Haemost 2002;87:182–186

[108] Tang AW, Greer I. A systematic review on the use of the new anticoagulants in preg‐

nancy. Obstet Med 2013;6:64–71. DOI: 10.1177/1753495X12472642

[109] Beyer‐Westendorf J, Michalski F, Tirrl L, Middeltorp S, Cohen H, Abdul Kadir R et al. 
Pregnancy outcome in patients exposed to direct oral anticoagulants‐ and the challenge 

of event reporting. Thromb Haemost 2016;116;651–658. DOI: 10.1160/TH16‐04‐0305

Risk Factors, Treatment and Prevention of Venous Thromboembolism During Pregnancy and Postpartum
http://dx.doi.org/10.5772/67709

25




